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?ielc. evidence is no longer adequate to resolve the problems of' 

tephrostratigrceph_:,r, particularly in areas f'e..r f'ran the li;rely volcanic 

In sur:h area::; the deposits are thin, and consequently mo:re 

z.c•il de1telopme~t processes. Under such cor.diticns lithologic resem-

al :.:::.ce of a gi Ve!1 ash to the seme material closer to source rr.ay be 

~he iuentification and correlation of tephra in the uaikato 

Basir1 o:t' the ~Jorth Island 01~ I'Te7r Zeal:md is one such example. These 

t~:ph.ca fern the parent materials of the agricul tu.ral .soils of the region, 

anc. aY•,c, at ccn~iderable distances f'rom the likely sources, these being 

fr,e :E:62ont volcanic centre in Tara.."la1d ~ the Okata:i."la volcani-:: centre in 

t~e Bay of Plenty, a."ld the Tongariro and Taupo volcanic centres in the 

centrai North Isla.nu. In particular, this thesis sought to resolve the 

prcb:!.em of' the identity of' the Tirau ar.d :Mairca Ash beds; whether the.7 

of pec_o6E::n.esis of t!:e s-?:.me parent materials under m.f·fe ring weathering 

c or~Cl.i t:. ons . 

.i.~ the resolution of thi::; problem, ma.."l,Y laboratory techniques were 

exhaustively and systematically investigated, the methods being revie;red 

a.rd. extend.ea in their applicability and their sensitivity being improved 

v;h~:::'E: possible. Physical properties of' the rhyolitic glass associated 

with the samples that were f'olll1.ci to pro•ride usef'ul data were refractive 

index, density, and magnetic properties. 

( 2.) Ref'ractive i!1dex: This classical razthod o~ determination o~ a 
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The use of refr~ctive index for this purpose had 

p;:•e-1iously been aband.onecl because of its lack of' 

sensi ti vi ty. 

'1--' ~ • r 
\. u} :::.peci~•ic gravity: ~he ,ieter::nination of density was investigattd by 

grac.i2-nt techniques using sclutions of acetone in 

bromoform. The natt;.ral variation in density 

exceeded the precision of the tecl-..... "ri.que, but in 

spite of this the method was sh(r;m to have some 

application in tl::e solution of tephrostrati-

graphic problems. 

( c) ?!a~etic properties: Simple methods based on the Guay magneto-

bala."lce were r"ounc. to provide useful information 

on the oagn.etic susceptibility of glass, a"ld. 

were found to be particularly use.f'ul in the 

attempted correlation of the Aokautere .-=ind 

Teviotda.le Ashes. :fore genere.lly, the GJagnetic 

susceptibility vrn.s found. to be a rec:.dy method of 

as3essing the ferrous contents of glasse:::. 

In add.i t:£on to these physice.l methods the glasses were analysed 

As ·;;ell as these techniques, use was ma.de of: mir:eral 

asssri:blc:ges, particularly of' f'elsic minerals; and of the relative pro­

portions of rhyolitic and andesitic glass. The f'orner of' these two 

glasses is easily extracted physically, but the existence and quantita­

tive estimation of andesitic glass, being dif~lcult to determine 

directly, was deter.nined indirectly by inf'ra-red spectroscopic techniques. 

The rela~ive proportions of' these b:o t;lasses ,le.s itself found to be a 

para:r..e te r of' s o:r.e importance in correlation ·.vo rk, ar:d. has been used in 

conj0nc-:ion v;ith a first-order kir~etics mo.:1.el for the weatheririg of 

glas.s to allophc-:.ne to p:-ovide appx·oximate dates _fer the samples. 



~!"",emical, and. ::iineralogical techr1iques of' use in tephrostratigraphy, the 

teciL"1iq_ues ·:rere used to solve sor:ie .specific tephrostratigraphic probler.is, 

in particular, problems involving thin beds -in the ~Jaikato region, and 

so'.!!e problt.::::s i:i long-range tephra correlation. These specific p:ccblems 

There has beer~ a long-standing debate 

over whether the ash beds that make up the 'I'irau 

Ash and ~fairoa Ash sequences are the saiue or 

whether the parent materials dif'f'er. From the 

in:formation derived by the use of' tr:e techr:.iques 

described a1.:::ove, the two ash seq•.1ences "."rere f'ound 

to di:ff'e r: the 111:airoa Ash sequence being both 

older and more andesi tic in ch9.racter than the 

Tirau Ash seq\.lence. The ~:!airoa Ash sequence 

was con side red, as a result of' this -:ro rk to 

und.erlie encl possibly interdigi te.te Yri th 
,... vne 

Tirau Ash. Samples from sites between the type 

localities of the two sequences sho;ved a 

composite c~ara.cter. Chcr::ical analysis c~ the 

rhyolitic gle.ss anc reI'ractive i~dex data 

suggestea, that at least in some localities, the 

Mairoa Ash was contaminated rri th material from 

the underlying Oruanui Formation. 

( b) Oruanui-Aokaute re Correlation: The Oruanui Formation is a ·,,idely 

distributed bed or sequence of' beds in the 

centra.l 1:·Tortl: Island arrd had 'heen previously 

tsntativelJ correl2.ted vri th the AoE.:aute re Ash 
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( c) Or;;n.."1ui-Teviotd:J.le Correlation: The Teviotdale Ash of North 

C:.mterbury is believed by soi:ae to be correlative 

with the Oruanui ar.cl Aok2.utere Ashes. Tha 

o.'.1gnetic and checical properties, ho11ever, 

suggested that thb Teviotdale Ash represents a 

separate eruption. 

'.:'he soils developed on Ka.haroa and Taupo Ashes show elemental 

deficiencies Tihe~ exploited for agriculture. Soils developed on 

similar rhyoli tic tephra of' greater age show no such dei'iciency~ 

Accordingly, the relative merits of such def'iciencies being caused 

either by pedogenetic factors er by initially low amounts of the 

microele~ents in the parent materials was investig2ted. In the case 

of selenium, most of this element potentially available is to be found 

in the glass. Analysis of the glasses from the var:Lous ashes shovred. 

litt:::.e variation in se1enium content, and the results obtained bore no 

relati-:i.:-iship to the agricultural selenium st.-3.';;us of the derived soils. 

Fro!:! t::Cis it ·;;as i::-.fer::-2c. tr.at the seleniu.'11 d.ef'icien.cies are pedogenetic 

in origi...--1, being cai;.:,ec.. principally by the short length of time available 

for the leaching or seleniu:n :from the glass .. In that cobalt tends to 

be en richecl. in the more rn.afic minerals ra.ther then in the glass, 

deficiencies of this ele~ent in the soils d2rived ~rom the F.aharoa end 

Taupo Ashes may be rather more inherent, since the parent tephra 

concerned contain but small amounts of these minerals. 



1 
GID-.TER.AL INTRODUCTION 

The status of research in tephrostratigraphy is such that f~eld 

evidence no longer su.ffices in the identification and correlation of 

tephra. This is because work is increasingly concerned with thin or 

heavily weathered deposits which may bear little li thologic resemblance 

to their parent materials close to source. Accordingly, the research 

~or this thesis has centred on the study of various physical and 

chemical techniques available L.-i the solution of such problems, with 

the aim of assessing their worth in this regard. In the course of such 

a study it has been f'ound 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 diagnostic mineral. 0~ the first type, 

mineral assemblages are an important and traditional example. Usually, 

attention is concentrated on the presence and relative proportions of' 

maf'ic minerals; emphasis is here, however, placed on the relative 

proportions of the f'elsic minerals, quartz,·f'eldspar, and glass. Two 

types of' glass are recognised: a glass of' low density, occurring 

abundantly in rhyolitic tephra and being of' composition similar to the 

rock rhyolite; and a glass of' greater density, virtually inseparable 

physically f'rom ~eldspar and quartz, but whose presence and proportion 

may be inf'erred f'rom inf'ra-red spectroscopic techniques. This latter 

glass is more abundant in tephra of presumed andesitic origin wherein 

the relative proportion of' rhyolitic glass is ver:y low. The relative 

proportions of these two glasses is a runction of the rhyolitic 

character of the tephra and forms the basis of a crude method of dating 

the deposits. 

'l'he rhyoli tic gla;s.3 i tsal:f, 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 

develop~nt of" ideas on the identity of' the~ 'Tirari and • Mairoa A-sl\. 

sequences is described. This particular problem is typical of those 

for which field criteria are no longer adequate to achieve a solution. 

In thio 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 ara concerned with the 

extraction and estimation of the glasses, the correlation of tephra on 

the basis of' minaral assemblages, density techniques, magnetic 

susceptibilities and ferrous contents of' glass, ret'ractiYe index and 

water contents of glass, and chemical analysis. In the discussions 

within these chapters, the applicability of the various techniques is 

assessed with ref'erence to possible differences between the ·two ash 

sequences. 

The final section reviews the use at' the techniques collectively 

as f'ar as the Tirau and Mairoa Ash sequences are concerned. In an 

attempt to assess f'urther the techniques' applicability, they are used 
~. 

to gain information on the areal extent of' the Oruanui ~sh, speci:fically 

to determine whether the Oruanui Ash, i.dentif'ied as such near Taupo 

and in the Waikato district is correlative with the Aokautere Ash in 

the Ma.na.watu 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 Geochenical imbalances forms the closing chapter of this 

section. 

Finally, the broad results of the investigation, together with 

su,;gestions of further problems where the techniques described might 

be useful, are given. 

subject are included. 

Some speculation on future developments in the 

To assist the reader in recalling the nature of specific samples 

a1'1d tephra u.__11.i ts, a Sa!!lple concordance is provided at the rear of the 

volume, f'ollo~vi.ng the bibliography. 
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THE GEOGRAPHIC SETTilIG 
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CHA..DTER 1: VOLCANIC CENTRES AND TEFHRA DISTRIBUTION 

§1-1: Introduction: 

Much 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 

oI' this volcanic material are shown on the locality map (Fig. 101). 

Of these the Okataina,. Taupo, and Ma:~roa volcanic centres have erupted 

material primarily of rhyolitic composition. The air-:f'all deposits 

from these eruptions have been the principal parent material :f'or soils 

in the Bay o:f 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. 1'-JPiC ally, 

andesitic tephra are ct' smaller extent than their rhyolitic counterparts, 

although as is indicated later in this chapter, some older andesitic 

tephra appear to be rather widespread in distribution. As would be 

expected the la..'1.d surrounding the andesitic sources is mantled with 

soils developed from this parent material. 

At sites further away from the volcanic sources, the amount of 

tephra contributing to soil development is rather less. Because 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 e:f'.fect of' making the tephra less distinctive 

in the stratigraphic prof'ile, and also of making its correlation with 

occurrences in thicker section closer to source much more difficult. 

Th1.·s then is the essence ot' the stratigraphic problems to which the , , 

techniques developed in this thesis are applied. Such difficulties 

are compounded by the possibility or the incorporation of tephra :from 

different sources in a soil distant f'rom proposed sources, an~ this 

possibility too is explored. 



PIG. lOl 

Ioc~lity 2a~ of valc2Tiic centres, TTorth 
(.r:,-;--+.,_.,, n .• 77,,,.,.. ~i·r-~ ... "'71 ,i·.-,u, 

Islc::nCt 
Eeine (1972) 

~."ost o:-.: tl:c 
to o:cic:~_11:~ ·tc 

,-~- UC:.J.. - l . .-.. ___ ~.-.. ..1..' . .J ___ \:,:;_ , --...l..!. 

ICey: 

• • S e~'1ar2-te centre 
v-,i thin centre 

• I.:kJOR CITY 
• To'.711. 

02040 
LLL ~Cl. 

·c 8 ~}1:r'.:. () C)11 ·G 1,..:~- i.-J~~~ ·t j_:::1.c -t C· T irC:~ll 

:t,1~ot:1 i:t:.c~ 0~-~~\ ~1..:r:.i ~i:-1c-~ c. r;:~-c~~~e 

TO:;G..:"i.3.I:2.0 

is 

) 



b -

The principal region under study for this thesis is the Waikato-

Hauraki region and the northern portions of the King Countr-J. The 

location of these regions of the North Island of New Zealand are sho"lm 

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 La.'1.d District. Comparing Fig. 101 with 102, it may be seen 

that these regions are at almost equal distance from the 0kataina 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 chamical techniques described 

in subsequent sections of this thesis are made in co~~~ecticn with the 

Tirau and Mairoa A.shes, principal soil-forming tephra in the Waikato­

Haura.'!d. and King Country regions. As a prelude to the discussion of 

these tephras, it is useful to consider the principal tephra erupted 

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

S1-2: The 0kataina Volcanic Centre: 

The 0kataina volcanic centre ,vas the source of a considerable 

number of Pleistocene and Holocena eruptions, the oldest of which is 

sc;re 40,000 years old. With the exception of' the historic Tarawera. 

eruption, the tephras :f'rom this centre are rhyolitic in mineralogical 

composition. Field characteristics of the more recent eruptives :f'rom 

this centre have been described in detail by Vucetich and Pullar (1964) 

and with particular re£erence to the Waikato region by Pullar (1967). 

The older eruptives (older than 15,000 years) are similarly described 

by Vucetich and Pullartiq,q) In Table 1-1 the names, ages and sources of.' 

these taphra are indicated, together with their persistence into the 

Waikato-Haurald. region on the basis of field criteria. 

From the table it is clear that in the last twenty thousand years, 

Rotoma and Rotorua A.shes are likely to be tee parent ashes for soils ln 

at lea.st the ea.stern Waikato-Hauraki region and are U."lderlain by the 
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telescoped column of Okareka Ash and Te Rene .!\.sh on Oruanui Formation. 

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

TABLE 1-1: Tephra from the Oka.taina Volcanic Centre 

Tephra Source 

Tarawera ) 
) 0.09 Mt Tarawera 

Rotomahana) 
Mud (c) ) 

Composition 
(a) 

A 

Occurrence 
relative 
to Waikato 

region 

Historic 
eruption: 
no sighting 
recorded 

Extent of' 
soil 

development 
(b) 

Kaharoa (d) 1.07 Mt Tarawera R Insignificant 

Rotoma (e) 8.0 East Lake R Possibly as 
Rotoma f'ar as 

Morrinsville 

Rotorua (e) 13.5 Lake Tikitapu R Identified 
to Tirau 

Rere7iha..1caii tu 14.7 R No evidence 

Okareka 19 ( f') Mt Tarawera R ) Persists as ( Weak 
) a single bed ( 

Te Rere Mt Tarawera R ) into 'l/'aika.to ( Weak 

(Oruanui 20 )(g) 

'Mangaone 2i 2 ) L. Rotoma and D(3) Probably Exten-
Ma.>1gaone only local sive (h) 

patches 

Rotoehu (i) ca 42 Mt Tarawera. R At least Signi-
to Paravrera f'ica."'1.t 
(j) 

References: Unless otherwise indicated data f'or tephra younger than 

Rerewha_'lcaii tu a.f't~r Pullar ( 1967) 

that f'or older tephra after Vucetich and Pullar (1969) 

(i) Pullar and Heine (1971) 

( 2) 

(3) 

Healy et al., (1964) 

E·,,ai~t and Healy ( 1965) 
in Vucetich and Pullar (1969) 



>3 -

Notes: (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 f'unction of' the 7reathering regime at the time of' 

deposition. 

Vucetich. 

Data f'or tephra younger than Rerewhaka.iitu a:f'ter 

(c) Sampled at Waimungu Road and used as a sample of known age. 

(d) Sampled at Ash-Pit Road (site 10) and used as a 

sample of' knorm age. 

(e) Sampled at Tapapa Road 

sample of' lmo.m age. 

(site 9) and used as a 

( f') Radiocarbon ages are greater than this, but the tephra is 

younger than Oruanui Fonnation itself radiocarbon dated to 

reaso~able 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 

a."l.d allegedly these ho beds together with Te Rere coalasce in 

the Waikato district. 

(h) There appears to be an appreciable interval of' time be-b.veen 

the eruptive episodes that make up the tephra, suf'ficient to give 

'red' weather...ng in some localities. 

(i) This tephra is considered the end of a..~ 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 a~d the difference in pbysico­

chemical parameters (see Chapter 6). 

(j) Rotoehu tephra is sufficiently distinct in the eastern 

Waikato to be used as a lower ma.~ker bed to establish stratigraphic 

relationships, but see text. 
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centre), but since it is invariably associated with eruptives from the 

Okataina centre, at least in the area under study, it is convenient to 

include it in the discussion of' these erupti11es. The Oruanui Formation 

is characteristically pumiceous and is usually a lighter colour than 

overlying ashes; Vucetich a~d Pullar (1969) noted that it lacks the 

~tru~ture of' e buried soil, which is o~ assistPnce in its identification, 

and described its occurrence in the eastern Waikato district as: 

n •••• on the Mamaku Plateau the bed is pale brown and is sandy 

1 oam in texture with a fine white a.sh base with occasional 

chalatoidites and nUJD.erous small ma."lgan.ese concretions; at 

Para~era and Okoroire in the Waikato district it assumes a pale 

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

It is this basal leyer of' white ash that makes the Oruanui 

Formation a very us-e:ful stratigraphic marker bed and as will be indicated 

in the next section, gives a maximum age to the base o-f' the Mairoa Ash 

sequence. 

Rotoehu Ash is another useful marker bed in the Waika.to-Haura."ld. 

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 md Pullar ( 1969) as: 

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

and in ma.-,y- places has a thin layer of loose sand at the contact 

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

Horohoro locaJ.ities, the basal layer is pale yellow compact sa..~d 

and projects as a jutting ledge." 

S1-3: The Egmont Volca.nic Centre: 

The stratigraphy and chro~ology o~ the eruptives from Mount Egmont 

have been recently revie~ed by Neall (1972). The tephra deposits -f'ro~ 

this source are in marked con-l::ra.3t to those :frou.1 the Okataina Centre 

both in foickness a.--id areal extent; Neall states that: 
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"rhyolitic volcanicity is generally violent in contrast to the 

gradual build-up of' composite andesitic cones and the as~oc1ated 

eruption of' comparatively small volumes of' tephras. 11 

A generalised stratigraphic sequence of' material erupted f'rom 

Mount Egmont is given in Teble 1-2. The tephra of' largest areal extent 

and thickness are the Oak..ira and Okato Tephras which, together, are 

identi:f'ied with the "Egmont • shower'' earlier described by Grange and 

Ta,ylor (1933). The combined isopach map f'or 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 allophanic a.~d 

friable, the texture being a coarse sandy clay loam near the source and 

a f"i-.ne sandy clay loam at greater distances. Although the time-span 

for deposit of' the tephras is not lmown, radiocarbon dating indicate3 a 

maximum age :f'or the Oakura Tephra as seven thousand years,. 

distribution and source Neall (1972) wrote: 

Of' its 

"The f'ormation extends as f'ar north as Waitara, although at this 

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

and mantles most land sur~aces in Taranald., outside Egmont 

National Park .....• The distribution shows a broad lobe towards 

New Plymouth suggesting a southerly vector int'luenced deposition." 

The distribution and source ot' the underlying Okato Tephra is 

similar on the basis of' the isopach maps of' Neall (1972). Radiocarbon 

dating of' charcoal f'rom material above and below this latter tephra 

suggests a minimum age of' twelve thousand years a.11.d maximum age 01" 

sixteen thousand. There appears to be appreciable time interval 

between the deposition of' these and older tephra and this may represent 

the limit in age f'or contribution of' Egmont-derived material to the 

Mairoa A.sh sequence, since as is indicated in the f'ield descriptions of' 

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

A.sh dated at twenty thouse.nd years. 
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T.AB13 1-2: Tephras f'rom the Egrr.ont Volcanic Centre (a:rterNeall (1972)) 

Forn:.aticn Members P..ge 
( t/10;, yr) 

Tahura.."1.gi Tahurangi Ash O.22 

Bur:-ell (Puniho Lapilli 2)0.32 
( Punihc Lapilli 1 ) 
(Burrell Lapilli) 
( Burrell Ash ) 

Newall (Waiweranui Ash) 
(Waiweranui ) 
( Lapilli ) 0.47 
(Newall Lapilli) 
(Newall Ash ) 

Un-named ash beds 

Ingler.cod Tephra 

f'...ori to Tephra 

Oa.ku!-a Tephra (d) 
(un-na~ed e.sh basal 

lapilli) 

Ster:t .ksh ( d) 

Oka to -:-·eohra ( d) 
(un-na.2ed ash Ahuahu 

lapilli) 

Saunc.ers A.sh 

------ (e) ---

Carrington Tephras 

Koru Tephra (Koru Ash 
(Koru Lapilli) 

Puke:::.ti Tephra 

Weld Tephra (Weld ash 

5.0 (c) 

6.97 ! 0.08 

+ 6.97 - 0.08 

12 - 16 

16.1 :!: 0.2 

3.,6 ( f) 

Thiclrness 
(T/cm) ( a) 

) 
) 
) 

10 (b) 

- (b) 

- (b) 

60 (b) 
80 (b) 
20 (b) 

- (b) 

- (b) 

125 

10 

100 

75 

20 

10 

( 
( 
( 

Eruption Type 

small air-:fall 

:flow 
small :flow 
small air-fall 
small :flow 

small f'all 

small :flow 
moderate :flow 
probably :flow 

airf'all 

airf'all 

airf'all 

airfall 

probably :flow 

:fall 

fall 

(Weld tuff 
(Un-named ash 
(Un-naT.ed lapilli 

(Not present at site) 

New Plymouth Ashes and buried soils 

70 - 100 (g) 225 

Notes: (a) relative to Oakura Tephra thickness~ frcm type section ~or 

Oa...lrora and Okato Tephras N108/593842. 
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(b) These were essentially 'local' eruptive deposits, frequently 

of' the f'low or "nuee ardente" type. The thiclmess quoted are 

the maximum observed in the region studied by Neall, and are 

suggestive of rest~icted lateral distribution. 

( c) "The unit ma."1tles the present-day topography arid 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, a..~d this assumes no significant time interval 

between the depositions of the uppermost member of the Carringto~ 

Tephras and the Saunders Ash. 

(g) Dates estimated on the basis of" the formation's upper contact 

with the Rapanui Fon:nation and its lower contact with the Ugarino 

Formation. 

S1-4: The Tongariro Volcanic Centre: 

Like the material erupted from the Egmont volcar.ic centre, the 
I ( 

material from the Tongariro centre is andesitic and as expected are of' 

more local extent. Deposits from this source have been recently 

discussed by Topping (1973). There have been a considerable number of 

small eruptions but few are probably of significance to the Waikato­

Haurak:i region and in fact Pullar (1973) gives no Tcngariro-derived 

tephras (other tha..~ the recent Ngauruahce Ash) on his map of "at-surface 

tephra formations occurring within 45 cm of surface, ( which tephra) s.re 

soil forming parent materials," nor: on his map of "near-surface tephra 

formations occurring w·ithin 45 to 100 cm of' surface, 1' for 30 and 15 cm 

isopach. Topping (1973) indicates that the volume of ejectamenta i5 
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about ~S cm typically f'cr t.h.e Tongs.riro-derivecl tephras by the r;;ethnd 

of' Cole ~~d Step~enson (1972). )_'1alogous calculations on some of the 

Okataina-derived tephra give a volume some ten times this figure. 

Considering the distance the :former material would need to have travelled 

to have reached the region U.'1der s tud.y and the small "power cutput, 11 

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 f'rO!Il 

this source, rather than :from Egmont as was earlier proposed. Such 

consideration can however only be made a:f'ter an outline of' the principal 

tephra relationship problem of' the region under study is given, as is 

described in the next section. 

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

The problem cf' identif'ication and dif'f'erentiation of' the Tirau and 

Mairoa Ashes has its roots in the dif'f'icul ties associated with the 

characterising of' tephra that contribute to thin beds. The Mai roa J..sh, 

principally mapped in the King Country, and the Tirau Ash, principally 

described in the eastern Waikato region, occur at sites distant :from the 

' projected sourceti whose tephrachronology and. stratigraphy have been 

cited. Not only this but the climatic regimes are undoubtedly dif'f'eren.t 

and this has certainly af'f'ected the interpretation of' field evid.ence. 

The problem h~s its basis in that early geological mapping in the 

Mairoa locality was carried out by workers familiar ¼~th Taranaki. 

stratigraphy, in particular the so-called ••Egmont shower, 11 whereas 

mapping in the eastern Waikato district, ani in particular, in the 

Tirau lccali ty, was carried out by workers more fa.-niliar with the asr..es 

: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 v;i.th the Okataina Centre. But difficulties arose in the 

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



1967, there was cleF-r disagreement: 

11 .l:.. corrm1on ( tephra) colu.rnn has been examined by both ~'Tard( a) and 

Vucetich and Pullar (b); the former would regard. the top 5211 as 

Hairoa, whereas the latter have mapped the upper portion of 41 11 

as including Taupo Pumice, Rotoma Ash, Rotorua Ash, pinkish brown 

beds ( C) ' ana. a f'ine ash-cap to the yellovr block and white ·block 

(- 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 7taikato 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 '=1aupo" which "f'eathers out westward beneath the more a11.desi tic 

1fai roa Ash." 

::ore recently Pullar ( 1967) writes that near Tirau itself' '1correl­

ation cf' soil horizons with ash beds suggests that the top 27 inches 

most likely comprises the Taupo, Roto:na ana. Rotorua ashes and the lower 

six feet the pinkish brown beds ( Okareka Ash, Te R€re Ash and Oruanui 

Formation) yellow block and white block beds (liangaone La.pilli) and grey 

banded bed (Rotoehu Ash)." .As a result of this Pullar considers thet the 

Tirau .Ash is unlikely to be older than the Rotorua Ash (13,000 years). 

Birrell and Pullar (1973) have more recently proposed that the Rere­

whakaiitu Ash may be involved also in the Tirau P~h sequence. 

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

(b) Vucetich and Pullar have writte!l extensively on the strati­

graphy 2.nd chr::mology of Okataina c!~_vised tephra. 

(c) A descriptive term f'or Okareka Ash, Te Rere Ash and Cruanui 

Formation. 

( d) A descriptive term f'or Mangaone Lapilli. 



?,:,,.;roe. 1-s'r.. Y.-as first n2.rnei by Gr.s..'"1ge (1931) who applied it to "a 

bro·,:n .s...riciesi tic ash v.ith an average thiclmess at Uairoa of two f'eet (60 

c.o) E.L.c.. ·,·;as said by Grange and Taylor to "agree closely ,ri th undoubted 

EgCJ.ont Ash occurring at Stratf'ord and Te Were." Because they observed 

both tt.at the 11 Egr:iont ash is not always brown in colour11 and that the 

profile of Egraont Ash under high rainf'all and leaching conditions 

rese.:::::.bled that developed on Taupe Pumice end Kaharoa Ash where rainf'all 

was also heavy, they proposed that Egmont Ash might be significant as far 

cmay from Egmont as Tirau and Puta.ruru. A composite character of' the 

tephra (a) was implied, with the uppermost layer from Egmont and the 

earlie::!:' layers including rhyolitic material. The material immediately 

beneath 1.~ai ro .Ash has been subsequently considered to be Oruenui Fonna­

tion (':ucetich .s.nd Pullar, 1969) and this places a maximum E:.,ge of twenty 

thousar.d years on the 1iiairoa Ash. This in:f'ormati on together with the 

maxir:n.c c.ge for the Tirau Ash given earlier would suggest that the :Mairoa 

Ash sh8uld underlie Tirau Ash. However, Taylor ( 1953) ind:icated that 

the '.:.'ir-au Lsh "feathers" out under the Mairoa Ash. Consequently, either 

two sources were involved with contemporaneous deposition of tephra, or 

else the two tephra sequences are merely differently v:eathcred. forms of' 

the sal!1e material. 

The possibility of two sources has been refuted by Ward ( 1967) who 

considered that the Mairoa .Ash and the underlying Hamilton Ashes were 

but clif'ferently weathered forms of' the same parent materia1. ·::a.rd 

stated that the presence of' the allophanic Mairoa .Ash over halloysitic 

!-Ia'!lil ton Ash, together with the "laboratory evidence that .;eatheri.'1.g of 

allophane leads to the production of halloysite 
(b) 

suggests that tb.e 

uc:r • - ... 1-- d • a • d f •om tn' e ll1"'J.0 roa sho1'\'er (Mairo::i .A:oh ',, b.v 1.:a.Gll ... O!'l ue J..S .erive I •• c.. - _ 

weatr:ecir.g and elatriation of clay. To o.etermine the source of the 

(a) The work described in Chapter 5 confirms this obse.r.ration. 

(b) Th:i s reft;n. to M. Fieldes' work on dating soils by predominant 

clc:.y type. This is discussed in Sec. 6-1. 
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HartlJ.tcn Ashes, Ward describes a method based on isopach mappir-g: 

"The probable source of the Hamilton ash beds is presumed to be 

either Mount Egmont to the s.w. or a centre in the Rotorua-Taupo volcanic 

f'ield to the S.E., but the thickness of the individual Hru:rllton ash-beds 

when plotted on the map give no clear indication of its direction~ 

Presumably the original thicknesses of' the beds have been affected :::.y 

weather:L~g. To eliminate random ef'f'ects the measurements were grouped 

and averages taken as follows. Taking the ash beds one at a time, a 

circle centred on Mount Egmont was drawn so that half the observations 

lay inside end half' outside the circumf'erence ••••• " The same was done 

with the circle centred on the Rotorua-Taupo volcanic field (previcusly 

ref'erred to in this chapter as the Okataina volcanic centre) and the 

conclusion reached that "the average thickness of most beds in tbe group 

f'ar :f'rom Mount Egmont is not very different from the average thickness 

ir1 the group near to Mount Egmont" but "there is a marked increase in 

thickness towards the Rotorua-Taupo volcanic field indicating that the 

eruptive source lay in this direction." 

Pullar (1967) stated that Hamilton Ash is older than 36,000 years 

because it underlies the Rotoehu Ash. He noted that "Viard is inclined 

towards an age greater than the last glaciation of' more than 70,000 

years. n Either of these ages make the correlation of' Mairoa A~h with 

Hamilton Ash untenable, since the Mairoa Ash post-dates the Orua..~ui 

Formation. Consequ.ently Ward's proposal of' an eastern rather ttan 

western 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 tr,iclmess a mathematical model for thiclmess-dista'1ce 

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 ouch field work over the 

past forty years, the problem of' the identity of the Me.iroa Ash and 

Tirau .A.sh is no closer to resolution, there being still debate as to 

whether the tephra represent differently weathered f'crms of a parent 

u:c.terial from the Okataina centre or whether eruptives from Egmont are 

alsc, involved. A f'urther complication has been exposed in recent work 

by Birrell and Pullar (1973) who recognised andesitic contamination in 

mari.y c,f the tephra of' the Bay of' Plenty and Waikato-Hauraki regions. 

While this in itself' is consistent with the data described subsequently 

in this thesis, they attribute such contamination to eruptives from 

Tongariro a'1.d are thus at variance with Topping ( 1973). In the course 

o:f 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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CEAPITR 2: COLLEC'I·I0N OF S.AJ{PLES: 

S2-1: L"1troduction: 

Samples repreeentative o~ the Tirau and Mairoa Ashes were collected 

at various localities, generally at 15 cm intervals down the strati-

graphic sequence. Where possible, the sampling procedure, included 

either or both the marker beds Ort.1.anui Ash or Rotoehu .Ast. .A.s the 

plates show, in many instances, there is little lithologic difference 

in the material overlying the markers - hence the reason for sampling 

simply on a depth basis. In addition to samples of Tirau Ash and 

Mairoa .Ash, sarr.-ples of other tephras fran localities nearer the 

projected source were taken. These tephra, of known age, were sampled, 

with the intention of using t.liem as dated standards with which to 

cci:::pare the Tirau Ash and Mairoa Ash samples. 

The localities chosen were road cuttings, since the stratigraphy 

here is tYI,>ica.lly exposed for several metres, and enables photographs 

of the site to be taken. 

In the next sections the sites and stratigraphy of the samples 

are described in detail. For reference in subsequ9nt chapters, the 

sample numbers and tentative identifications are summarised in the 

San:.ple Concorde.nee 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 t."1.e 

identifications are uncertain. As a prelude to laboratory techniques, 

an extrapolation of the technique of isopach mapping is described later 

in tr..is chapter. Although the method does not yield diag~ostic 

information on the tephra, it suggests whether or not the field 

identifications made are reasonable on the baeis of the thickness of 

tephra calculated to have been deposited. 
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S?-2: De:scr5.r:tic:n or !'ieJ d sites f"or scG:ple::; of' Tirau K'l.d Mairoa .Ashes: 

The georcra_-chie:eJ localit.;es ~re .;n;.· -t d on-,:;,· 20.. th c..c ... .-.:.~ ... h .. clCo. e - 2g. 1, e .sequence 

f'or t.hE: Tirau kh lying to the east of' the Waikato-Baura.ld. region a>1d 

tho~e for Md rca Ash to the west and in the King Country. In add:i tion 

to these, sasples ·.,..ere taken at other localities to provide 'standards' 

w.hcEe i dentifi ce. tion was rees ona.bly certain. The nature o~ these 

samples is indicated brie:rly in Table 2-1 and those that are used in 

comparison and correlation work in this thesis are given in the Sample 

Concordance. 

TABLE 2-1: Nature of' s8.!liples at collection sites 

Site (Locality No.) 

Leslie Roe.d (1)* 

Tirau (2) 

Findlay Park (3) 

Parav.era (4) 

Kakepu..lc-..i ( 5) 

Mairoa (6) 

Pio Pio (7) 

Hauturu (8) 

Tapepa Road ( 9) 

Ash-pit Roe.cl (10) 

Wnaka Forest ( 11) 

Aokautere 

.Amberley 

Samples 

101-116 

201-206 

301-307 

308-309 

401-406 

407-409 

501-503 

504-505 

601-606 

701 

801 

901-905 

1001-1003 

1101-1115 

1701 

1801 

Used 

A, C 

B 

B 

C 

B 

C 

B 

C 

B 

C 

B 

A, C 

A, C 

C 

C 

Nature 

Late Pleistocene tephra: 
Okareka A~h to Rotoehu Ash 
(Oruanui Format and Rotoehu 
Ash used in correlation) 

Tirau sequence of ashes 

Tirau Ash and Mairoa Ash 
underlain by Oruanui Format 

Rotoehu Ash 

Mairoa underlain by Oruanui Ash 

loess? and Rotoehu Ash 

Mairoa underlain by Oruanui Ash 

loess? and Rotoehu Ash 

Mairca underlain by Oruanui Ash 

Rotoehu Ash 

Oruanui Ash 

Tirau sequence underlain by 
Oru.Enui Format 

Ysah.aroa Ash 

Tephra and paleosols, upper 
Tirau Ashes including Rotoma Ash 

( Possible correlatives of' 
( 
( Oruanui Ash 
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Grio. rei'erences :for the sites gi ve.n ir.1. the Sample Conc:ordar:.ce 

and on Fig. 201. 

A : used as "standard.r. tephra in assigning dates, chemical corz:pcsitions 

etc. 

B used in resolution of' problem of' Tirau and Mairoa Ashes. 

C used in long-range stratigraphic work. 

For the sites of' the Tirau and Mairoa Ash sequences, all sites 

are in road cuttings under :farm land. 

given in Table 2-2. 

The :field data and prof'ile are 

TABLE 2-2: Site data f'or Tirau and Mairoa A.sh deposits 

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

202 61 

Find.lay Park: 

203 45 

204- 30 

205 base or Tirau Ash sequence 

206 material under Tirau Ash seqUence, 

presumably older than 13,000 years (a), 

but no evidence of' its being one of' the 

marker beds. 

San:ple 301 30 cm below surf'ace, very friable sanely 

Site 3: loam 

302 45 ere below surf'ace, Tirau P..sh 

303 61 cm below suri'ace, top of Mairoa Ash 

(soil processes operating) 

304- 76 cm below surf'ace, near base of Mairoa. 

Ash 

305 91 cm below sur~ace 

306 106 cm below surf'ace, a yellow pumice 

posdbly Te Rere Ash (b) 



Parar.era: Site 4: 

Y><=-1.cepu}ru: Site 5: 

307 121 cm below surf•.::,.ce, identi f'ied. as Gruc:um:i. 

308 

309 

401 

402 

403 

404-

405 

406 

407 

408 

409 

501 

502 

503 

50I+ 

505 

601 

602 

603 

604 

605 

606 

Formation (c) (d) 

35 CI:l above base of Rotoehu Ash ( e) 

basal Rotoehu Ash (marker bed) (e) 

45 cm below suri'ace - Mairoa Ash 

61 cm below suri'ace - Ifiairoa .Ash 

81 cm below surface ) Ho apparent 
) 

96 cm below surrace ) :field 
) 

112 cm below surf'ace ) difference 

121 Orua..11.ui Formation ( c) 

136 'loe ss' ( f) 

20-25 cm above base of' Rotoehu Ash ( e) 

base of' Rotoehu Ash ( e) 

30 cm below surface - Mairoa Ash 

4-5 cm below surface - Mairoa Ash 

61 cm below· surface, Oruanui Formation, 

marker bed (c) 

76 cm below surface, 'loess' (:r) 

126 cm below surf'ace, Rotoehu Ash, marker 

bed ( e) 

33 cm below surface - MP.iroa Ash 

68 cm below surface 

89 cm below surface 

rn1 cm. belovl surface - Oruanui Ash ( g) 

104 cm below· surface, Oruar1ui Ash 

112 cm below surface, material immediately 

celow Oruanui Ash 

"' - d s-,_· te 9 •. 901 15 cm a1--i ove base cf Rot cehu Ash ..:.a.l=•a~a n.oe : ..,,. 

902 imnediateJ._y below Rotorua fa.sh 

903 30 cm belowRctorua Ash 

904 61 cm 



307 121 cm be-low sur:f'aee, identifi.ecl as GruoJ1u:i. 

Formation (c) (d) 

308 35 en above base of Rotoehu .Ash (e) 

309 basal Rotoehu Ash (marker bed) (e) 

Parav.-era: Site 4: 401 45 cm below sur:face - Mairoa .Ash 

402 61 c;n below sur:face - 1lairoa .Azh 

403 81 cm below surface ) No app&rent 
) 

404 96 cm belov1 surf·ace ) f'ield 
) 

405 112 cm below surf'ace ) diff'erence 

406 121 Oruanui Formation (c) 

407 136 'loess' (r) 

408 20-25 cm above base of' Rotoehu Ash ( e) 

4.09 base of Rotoehu _.l\.sh ( e) 

Y>C.-~epuku: Site 5: 501 30 cm below surface - Mairoa Ash 

502 45 cm below surface - Mairoa. Ash 

503 61 cm below surf'ace, Oruanui Fonnati on, 

marker bed (c) 

50I+ 76 cm below surface, 'loess' (:r) 

505 126 cm below surf'ace, Rotoehu Ash, marker 

bed (e) 

.!lc.roa: Site 6: 601 33 cm below surf'ace - 1'fairoa Ash 

602 68 cm below surface 

603 89 cm below surface 

604- ~01 below surface Oruanui Ash I -, 
Clll - \. g) 

605 104- cm belov, surface, Oruan.ui Ash 

606 112 cm below surface, material imrnedi ate ly 

celo~ Oruanui Ash 

- .:i s·t 9 °01 15 cm ... a1-iove base of' Rotcehu As.h ~apa~a rtoeu: i e : ~ -

902 imnediately below· Rotorua .Ash 

903 30 cm below Rotorua Ash 

904 61 (!ffi 



905 101 cm below Rotorua Ash, 0!:"uenui Ash 

(banded) (h) 

22 -

906 :fine sand 20 cm above base of' Oruanui Ash 

member 

Notes: (a) on the basis o:f Pullar (1967) op.cit. 

(b) Te Rere Ash is an undated tephra o:f age arou..T1d 20,000 years, 

being stratigraphicelly between Oka.reka and Oruanui Ashes both o:f 

v;hich have 14c dates of' near 20 thousand years. 

( c) Oruanui Formation is the name given to a widespread ash 

deposit of some 20 thousand years of age believed tc originate 

near Lake Taupo (see Sec. 1-3 and Chapter 12). 

( d) Oruanui Formation and Rotoehu Ash appear in the strati-

graphic ~equence as a white or yellow sandy deposit. Clearly 

the material has been much less weathered than the material that 

both overlies and underlies it, and it there:fore persists as a 

e;onvenient marker even in localities where the bed is thin. 

(e) Rotoehu Ash is the name given to a series of ash beds 

erupted :from two sources, near Lake Rotoehu and Matah.ina so~ 

42,000 years ago (see Sec. S1-2). 

( :r) The-se deposits are so-named because of their textural 

c.iff'erence from volcanic ashes in general and anomalous thickening,. 

( g) In this locality, the marker bed ( Orue.nui Formation) was 

su:fficiently thick to sample its upper and lower portions as 

samples 604 and 605 respectively. 

(h) At this locality there is a consid.erable thickness of 

Oruanui Formation, comprising a banded deposit c~ alternately 

coarse and f'ine pumiceous sa.."ld en a fine-grained base of' v:hi-te 

pUJ:l.ice sand, a.nd is sampled from both layers as 905 and 906 

respective]y. 
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PLATE 21 

3am~,led localities in Waikato district where 
ri!":::u Ash overlies Mairoa Ash 

Findlay Park 

l.~----..-
{·;==-===-==--==-'---------

Parawera 

Tirau Ash 
Mairoa Ash 
Oruanui Fonnation 

Rotoehu Ash 

:M:airoa Ash 

"loess" 

Rotoehu Ash 
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PLATE 21 

Sampled localities in \'/aikato district where 
Tirau Ash overlies };:airoa Ash 

Site 3: Findlay Park 

Site 4: Parawera 

Tirau Ash 

Mairoa Ash 

Oruanui Formation 

Rotoehu Ash 

Mairoa Ash 

Oruanui Ash 

"loess" 

Rotoehu Ash 
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PLATE 22 

Sampled localities for Mairoa Ash in western 
·,·/aikato district and northern King Country 

,i te 5: Kakepuh.-u 

~~"l.-=--=-===~~j 
\ 

Tirau and r11airoa Ash 
Oruanui Ash 

Rotoehu Ash 

.. i te 6: Mairoa (type locality for Mairoa Ash) 

__ Mairoa Ash 

- Oruanui Formation 



- 22b -
PLATE 22 

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

Site 5: Kakepuku 

Tirau and T!Iairoa Ash 
Oruanui Ash 

Rotoehu Ash 

Site 6: Mairoa (type locality for Mairoa Ash) 

_ Mairoa Ash 

__ Oruanui Formation 
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It is important to recog.._'1.ise that the id.enti:fication given the 

various srur:ples in Table 1-2 , .. ma.de on the basis of field evidence, is 

but tentative. The Oruanui Formation which ~s very easily recognised 

in the field is taken to be a stratigraphic marker, ru1d is assumed to be 

correctly identified at all localities. The stratigraphic relationships 

of the san::ples relative to this marker are shov;n diagrammatically in 

Fig. 202. This diagram also indicates the relationship of' respective 

thicknesses of the Tirau and Mairoa Ashes at the various localities and 

will be cc:mpared subsequently with that obtained from con~iderations 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 Kaharoa Ash sampled near Lake 

Rerewhakaii tu. These are detailed in Table 2-3 and are used only in 

the tephrachronologic interpretations in this thesis. 

TABLE 2-3: Site data f'or Kaharoa and Rotoma .Ashes and Taupo Pumice 

Site 

Whaka Forest 

(near Waimungu) 

Ash-Pit Roa.d 

(La."lre Rerewhakaiitu) 

Tephra 

1101 

Sample 

Rotomahana Mud. - Tarawera 

eruption 1886 

1103 Taupo Pumice - f'rom paleosol 

1110 Rotoma Ash 

1115 Lapilli bed at base of Rotomr-L 

Ash 

1001 

1002 

upper 10 cm of' Kaharoa Ash 

sempJ.ed some 30 cm above base 

of' Kaharoa Ash 

1003 basal 10 cm of' Ke.haroa Ash 
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1 ·."'. rc .1t materials for Ti r::tu Ash, tephra sequence 
t v~:iffiungu Road from Rc tomahana :M:ud to the 
- .s:. 1_ lapilli of Rotoma ,':. sh 

Rotornahana Mud 

Taupe Pumice 

Rotoma Ash 



PLATE 23 

Parent materials for Tirau Ash, tephra sequence 
at Waimungu Road from Rotomahana M:ud to the 
basal lapilli of Rotoma Ash 

Rotomahana Mud 

Taupo Pumice 

Rotoma Ash 
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S2-3: The V3.riation or Tephra 'I'.r...:i cbess with lcte:ral Dj st~ce:: 

The thickness of' a tephra deposit observed at a given loca]j ty iz 

a function of' the initial mode of deposition., contributing factors 

being the nature of' the erupted material~ the distance f'rom the scurce, 

weather conditions at the time of' eruption, and the subsequent ef•fE.cts 

of weathering and possible reworking. Reference to isopa.ch 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. 

It is interesting that the Rotorua Ash., one of' the U.."lits that may make 

.. 

up the Tirau Ash shows the reverse lateral distribution. This n:.a_y be 

interpreted as the ef~ect of an atypical easterly, in which case it is 

suggestive that the deposited material is the product of' a single outbur~t, 

rather than. a gradual accretion of' several eruptions in a protracted 

volca..'1ic episode • 

.Another isopach distribution that is atypical is the Orue.nui 

Formation. In this case there is rather less directional inf'lu.ence 

which is suggestive either that there was little wlnd at the time of 

eruption or that the eruption was paroxysmal enough to negate such a,,. 

effect. 

If a diagram of tephra thiclmess versus distance is consi~cred, 

as for example Fig. 203 for the combined Holocene tephra, it is readilJF 

seen tLat an inverse relationship holds between these two variables. 

If' this relationships has the form 

where h is the thickness of tephra, s is the distance of locality to 

source, a.'"ld k and n are constants. This cari be expressed as a 

logatl thmic function: log h = leg k n logs. 



?l:e cJ_ i~.c;rs.·:·!1 Gt~ lo\-; c 0:1.s t 1-t1ct e cl_ f:--on is o ~:,,ch 
d.~)_t::i f ~~c tl1.e ccD1Jinec1 ~-IoJ_oce·r1e te~Jl1.r2 .. r:~ of 
:?v_ll:' :i.~ ( l S67), l,2 i-::1g 11 proc1nct s of- e:ri.;.--:::,tions 
6.1J_r·i11:; -c~:G }_2.st 15000 :reG .. rsu, sl10 .. ~"/S ·t~~e 
i~vercc n~t~rc of the rel~tionshi9 

10 

2(.8. 
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Difriculties erise when plotting a function of this kind if the 

value of n is not constant, but worse, since the function is undef'ined. 

at the source (i.e. whens= o), the procedure must be confined in its 

epplication to tephra at reasonably large distBnces from the source . 

.A pre:ferable way of' def'ining the parameter n for a ·wide ra>1ge of 

values of sis by the solutions of the differential equation: 

-dh/ds = 
(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 Pearson (1961)) to be capable of graphical 

interpretation in terms of' dimensionless parameters. These relation-

ships are usually used in the determination of reaction order in 

reaction kinetic studies, but apply generally to any physical situation 

defined by such a differential equation. The dimensionless parameters 

in this case are the relative thickness ( z) defined by: 
' 

z = h/h 
0 

where h is the thickness of' the tephra at the sour~e, and a distfu,ce 
0 

para:neter (a-) def'ined by: 

o-' = 
n-1 k{h ).s. 
0 

For an.y given value o:f n there is a Wlique relationship betwee,,,. 

z and and typical plots are shown in Fig. 204. 
I 

If, then, values of 

z are plotted as a :function of' leg IT, this experimental curve will match 

one of the theoretical curves, except that it will be displaced along 

n-1 
the u-axis by an amount - log k h • 

0 0 
If' the value of n is itself a 

:function ofv, then matching portions of the curves should still be 

able to be f'ound. 

Plots of' z as a function of loguare 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 curven 

of z versus v, indicates that at large distances from the source n = 2 
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and. the thickness is tbus a dire.ct inverEe of' distance, for rather 

lesser c..ist2nces n = 1.0 a"'ld the thickness is logarithmically rele.ted to 

ciistance, and f'or smaller dietances still there is :fractional power 

relationship. The approximate cut-of'f values for the range of z for 

given n :for the plots in Fig. 20S are given in Table 2-4. 

TABLE 2-4: Range of' relative thickness f'or given n at various directions 

f'rom the generalised source of' combined Holocene tephras. 

Orientation. n-value . . 
Relationship : 

fractional 

1 1 1 
( /n-1 )( /hn-1 - /hn-1) = ks 

0 

n = 1.0 n = 2.0* 

;ts = In (h/h0 )_k 1/h - 1/h = ks 
0 

Range cf' z 

E 0.3 

E'.·IB 0.5 

NE 0.1+ 

N 0.3 

mm 0.1 

:r-.rf 0.5 

WI~ 0.26 

w 0.50 

\'.i.:H, o.6 

~ ..., 

SSE 0.8 

SE o.6 

E3E o .. 6 

0.3 - 0 

0.5 - 0.1 

0.4 -

0.3 -

0.1 - 0 

0 .. 5 - 0 

0.16 - 0.26 

0.60 - 0 .. 10 

0.62 - 0 

indeterminate 

o.8 - 0 

o.6 - 0.1 

o.6 - 0.02 

0.1 

O .. 16 - 0 

0.10 - 0 

0.1 - 0 

0.02 - 0 

* Data not available at su:fi'iciently large dista.rice f'rom sour~e to 

determine whether n exceeds 2.0 
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Fr~ Table 2-1.i- and Fig. 205 it :i.s readily seen that there is a 

change f'rom a logarithmic to reciprocal distance relationsh3p at :icw 

values of' z, (that is greater distances). The value of' z at wnich 

this occurs is a :function of direction, being larger for mere 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) 

o:f Taupo material :f'rcr.n the south can be shown by 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 f'ollow the same trends as that already established. 

In that the distances :from the projected sources to the san_pled 

localities is large, and the values o:f 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 

for n = 2, that is 

1/h - 1/h = ks 
0 

whence it can be shown that 1/s ex h.h /(h - h) 
0 0 

For small values of' z, h is very large compared with h and thus 
0 

the thickness o:f the deposit is proportional to the reciprocal of' the 

distance f'rom source. 

On this basis the thickness of' the Holocene tephra ( up to 15,000 

years of' age) f'rom the Okataina volca"lic centre at the sampled localities 

can be estimated, using an h versus 1/s plot in a -v:esterly direction. 

Similarly the corresponding thickness of' the corrJ.bined Oakura and Okato 

Tephras ce..'1 be obtained f'rom a plot in a north-easterly c.irec tic::1 :fro:n 

Mount Egmont (Fig. 206a). These derived thicknesses are given in 

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

)..sh and Okareka Ash at the localities4 These are based on the isopach 

( a) The isopach map given in Pullar ( 1967) suggests that all the erupted 

material originates f'rom the Okata.ina volcanic centre. Since Taupo Pu:nice 

is included in this distribution, this is an approxirr..ation. 
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~aps o:f' Vucetich and Pullar ( 1969) and underly the Holocene tephrt~ of 

Pullar ( 1967) but overlie the Oruanui F·ormation. Thicl::ness-diet2nce 

plots ~or these last tephras are given in Fig. 206b. 

TASLE 2-5: Predicted thicknesses of' tephr~ at selected localities: 

Tep.bra: Holocene 

Thickness-distance 

plot: 

Direction+ 1\T -;r 
••• 'ri. 

0 

Locality * Distance :f'rom Thickness 

0.ka.taina source ( h/cm) 

( .9/Jan) 

0 • 
Find.lay Park, 69 60 22 

Waikato district 

Tirau, P.aura.ld. 60 70 24 

district 

Para.wera, 86 50 19 

Waikato district 

Ka.~epuk.1, 103 25 15 

Waikato district 

Mairoa, King i27 0 13 

Country district 

Ta.papa, Hauraki 53 80 30 

district 

Okareka 

Ash* 

Fig.206b 

N.W .. 
• 

0 

22 

24-

19 

. 

15 

13 

30 

Te Rere 

Ash* 

Fig.206b 

N.W. 
0 

Distance 

Oakura and 

Okato Tephras 

Fig.206a 

N.E. 
e 

from Thickness 

Egmont source ( h/cm) 

( s./km) 

© 

190 27 

206 25 

179 30 

172 30 
I 
l 

129 40 

211 20 

Notes: "'-' Deviation :rrom linearii;y higher f'or these tephra becauEe the 

isopa.ch lines correspond to a higher value of z ( relati,•e 

thickness) than is the case for the other tephra ccnziderea.. 

+ being the direction on the isopach map for which d.a~ is 

used to plot figure. 
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• These lcc~li ties are chosen as the sites fro,rr v.hich 5ar:;.,le::. 

ere collected, see Chapter 2. 

This data is plotted in Fig. 207, where it would appear that the 

"Egmont showers" are su:ff'icient to contribute even to the deposits on 

the Karr:a.ku Range and :further that the ejectaments ?rom th~ Okataina 

centre contributes to the total thickness at Mairoa. 

It is important to note, however, that this is but an idealised 

consideration and talces no accou..~t o:f local variation caused by 

rtinscavenging and the e:ff'ects o:f weathering and wind. The concept is 

of use however in assessing whether f'ield identif'ications are likely to 

be correct, as is shown i..~ the stratigraphic sequence field data 

superposed en this data. One :further point of note is that the 

material ~rom Egmont is shown on Fig. 207 as underlying the Holocene 

tephra deposits. There may, in :fact, be interaigitation o:f the 

deposits :from the two courses; but the total thickness will still be 

conparable. 

L~ the interprP-tation o:f the observed stratigraphy in relation 

to the estimated thicknesses of" the deposits it is probable that tlce 

member of the "Egmont showerr' lowest in the stratigraphic sequence 

predates the oldest Holocene tephra-bed, and certa.inly the upper 

Holocene beds are younger than the young.est "Egmont shower." This is 

not to say that the deposition of" some Mairoa Ash does not post-da.te 

some Tirau Ash at soree stage within these limits. Thus, sample 304-

near the base o:f the Mairoa Ash ( as identified at F:i...1.'ldlay Park) is 

likely to be predominantly "Egmont, 11 but sample 401 also identi:f'ied in 

the field as M:airoa Ash is not, on the basis of' Fig. 207 to be 

necessarily considered as incorrectly identi:fied an~ in f'act, an 

Okate.ina-derived Holocene tephra. 
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It is note1-.-orthy that the predicted anri 0bservec th:icmesses 

concur well :for the more eastern of the sites of the ~'ie.il-::e-to distrie·i; 

(viz. 2, 3, For site 5, ( K.a..tepuku) , the precli cted thickness 

exceec.s that observed: this may be explained by erosion. At J,r.airoa 

it.self, the observed. thickness is greater than pr1;:dicted, for w.b.,__i_c)-: the 

□ost likely cause is incorporation of other material by local re17orking 

or perhaps by accretion of material from the Tongariro Volca...11:ic Centre. 

S2-4: Conclusion: 

In this section the geographic locality of the region under study 

in relaticn to the recognised sources of' late Pleistocene and Holocene 

tephra has been discussec., and pos:::ible correlations of the Tirau and 

I.iairoa Ash.es considered. On the basis of idealisea_ thickness 

relationships it appears that at least tv:o sources for the Ti rau and 

Mairoa Ashes are involved; one being Egnont, vrhere the most likely 

contributions (having regard to the likely chronology of' the deposits) 

are the Oka.to and Oakura Tephra; ancl the other beint; the Okata5ne. 

Volca...11:ic Centre. Minor discrepancies between observed and predicted 

thicknesses of' deposits do not entirely rule out the possibility of' the 

accretion of' material from the central volcc.nic region. Subsequent 

che.pters will develop f'urther the distinction between the two sequences 

anc the relationships to the proposed parent materials. 
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CF...t..PI'ER 3: Review of' Tech.>tlcues in Tenhra Correlat~on: 

S}-1: Introduction: 

Much tephra correlation has been achieved in the past by field 

data. The presence or &bsence of' certain mineral components or 

li tho logic f'eatures has been the principal cri tericm used in identif'i-

cation. From these in situ obsert"ations the distribution of' the 

tephra have been computed on the basis of' observed thickness. From 

such data the areal. extent, volume, and source may be determined. 

However such a method requires that the tephra unit is, in :fact, 

identifiable in the f'ield, and thus in its strict applicability usually 

is restricted to regions sufficiently close to the source that the 

thickness of' tephra is at least 15 cm, unless there is some specif'ic 

diagnostic criterion which persists even in very thin deposits (as, 

f'or example a drama tic di:f'f'erence in colour). As has been shown in the 

previous section, the tech.~ique can be extrapolated to predict thick­

nesses cf tephra in regions where they are not easily identified .. 

This is, however, certainly no proof of' the existence of these tephra 

in such localities since, as Wilcox (1965) indicates, there may be 

nmajor irregularities caused by local rainscavenging of the eruptive 

cloud. a.."'ld by water re-working of the original deposit." 

This section, (Part II), then is devoted to describing, end devel­

oping techniques by which tephra may be characterised, and specif'ically 

this chapter describes and reviews techniques that have been previously 

applied. In fact the techniques fall into two bread categories, those 

that involve characterisation of the whole tephra and those that involve 

the separaticn of' specific components and characterising the tep,1:.rc. on 

the basis of the presence of· such components or on the basis of some 

physic~l or chemical pe.r8.I!leter associated w:i th that co:npcner..t. 'I'he 

relationships of such methods are indicated in Fig. 301 below, and are 

.. discussed in some detail in subsequent sections of this chapter. 
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83-2: Yfnc] e Tephra Methods: 

The mo.pping of' tephra by isopach mapping is of' course a whole 

tephra method. Such a method implies some other criterlon is availeb~e 

to identii'y the tephra. J,..n example of this is how the presence of 

chalatoidites is used as a diagnostic indicator of Oruanui Ash~ as 
... 

described by Vucetich and Pullar (1969). In a more general way the 

presence and proportion of specific minerals has bet:n used as an 

indicator for tephra. Ewart (1966) and Cole (1969) have found thet in 

New Zealand the mafic mineral ai,semblages of tephras are usually 

distinctive near the source, although Wellman (1962) found such an 

approach less useful at greater distances. Generally, hov,ever, su,:::h 

investigations are based mere on field evidence, and rely on the presence 

of certain diagnostic minerals rather tha.>1 the assemb1age. For mafic 

minerals, Pryor (1969) and Nelson and Cochrane (1970) have described a 

"f'ingerprint" method using x-ray dif'fraction. While this does not 

e~ploy the complete tephra unit, in that the method does not involve the 

separation of' a specific component, it is included here. t.n analogous 

method could be suggested f'or the felsic minerals (f'eldspa.r, quartz, etc) 

but is complicated by the presence or glass. This renders the use o~ 

x-ray· dif'f'raction impracticable but infra-red spzctroscopy is a i.eiable 

proposition. In:fra.-red spectroscopy has been used to study whole 

soils (Fieldes et al. (1972)) effectively by coneideration of' the 

dif'ferent clay Itlnerals fonned from tephra of various ages. 

Certain techniques are applicable because of the specific nature 

of the deposit: f'low deposits have been characterised on the basis of 

their bulk porosities (Ross and Smith, 1961) and pumices have been 

characterised on the basis of their ferromagnetic minerals (1fomose et 

al., 1968). 

Chemical analysis of whole soils and tephra units.has been u~ed 

• (Jack, Le.jole a.rid 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' v:.hole Sar:Jples of ash deposits e.:r-e gene:r.::.lly 

not helpf'ul :for correlation purposes because variations v,it.hin 

the same deposit resulting from diff'ering aT.onnts of' primary 

phe~ccrysts may be greater than the variation between separate 

ash deposits." 
... 

This is, in f'act, the essence of' dii'f'i.culty 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. 

S3-3: Single Co□ponent l!.ethods: 

Attention is being increasingly f'ocussed on the physico-chemice.l 

properties of' particular minerals, but there has been little attempt to 

extend already-known techniques or to apply techniques from other f•ields 

of' stucy in such characterisation. A particularly useful component of 

tephra :for this purpose is volcanic glass; cl!ld in this thesis techniques 

used for charecterising this material are reviewed and extended. In 

some cases these techniques are improved to the point where the error 

associated with the tecbr1ique is less than the mean discrepancy of the 

paremeter obtained by replicate determinations. 

:t should be noted that, in attempting identification and 

correlation of tephra by the use of' parameters affecting one particular 

component, the assumption is made that the component is invariant of' 

·+ SJ. .,e. Wilcox (1965) in this regard, notes: 

" •.... if one constituent can be concentrated in suf:ficiently 

pure f'onn. ...... its chemical analysis is comparable :from one 

s8!:ple to the next." 

While this may be true f'or some chemical elements and physico­

chemical properties, it is not universally true, particularly those for 

which leachir1g and hydration ef'fects me.y be irriportant. Of' particular 

note in this regard are the iron contents and refractive indices o:f 
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glass, which >:r.ay be expected to be dependent or. conditions prevc.ili"1s 

at the site since deposition. 

in subsequent chapters. 

Such effects will be described in detail 

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 inherent 

identity. Again.t an appropriate 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 decimal places 

(i.e. ±0.803). However., by so doing, the effect of hydration of the 

glass w.b..ich changes the ref'ractive index by up to 0.002 is neglected, 

and fallacious correlations would thus be possible. 

However, the success claimed in correlation by compositions of' 

minor a.nci trace elements in glass (Rankin, 1973) and ti tanomagneti tes 

(Kohn, 1970) suggests that "lateral" variation in the physicc-che~ical 

para-neter is usually of secondary importance, and likely to be 

obstructive in tephra correlation only where compositional di~ferences 

between the minerals involved are exceptionally s:nall. To this extent, 

glasses reflecting as they do the magmatic composition at the time of 

eruption are probably likely to show significant difference~ between 

various eruptions, these di:f:ferences being suf':ficiently great to render 

as minimal the post -er~ptive eff'ect on composition. 

Since it is usual f'or any radiometric date to be achieved by 

anaJ.ysis of' a specit'ic mineral, it is useful to consider dating 

tec.hniques that may be applied to volcanic glass, and attention is now 

turned to this. 

S3-4: Dating Tecr ... -rri.gues: 

Jfost dating o:f Pleistocene a..'1.d Holocene tephra in New· Zealarni has 

been done by radiocarbon ciethods. Such a method is only of use ,~here 

the thickness of material erupted is suff'iciently great tc oven;r.elm 
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trees. Of this Vucetich a".ld Pullar (1969) write: .. 
llrr,h ~ 14 ,. ,e c.egree of agreen:e!":.t between the ages of' the C samples and 

the deposits varies considerably. Dated materials giving best 

agre:ement are wood charred by the ash or peat immediately below 

the ash-bed." 

Accordingly, except in areas where thin tephra beds are underlain 

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 mentioned. 

Conce:ivably, such dating techn..-i..ques could be applied successfully to 

N.Z. glasses, as in f'act has been done elsewhere (for example, Robinson 

and Marvin ( 1967)). Some interest has been shown recently in ~ission 

track dating of Pleistocene volcanic eruptions recorded in deep sea 

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

r-;evertheless much dat:ing has and, undoubtedly, will continue to be 

done by indirect correlating methods. .An example of' such is the 

identification and dating of' late Pleistocene tephra in turbidites off' 

Hawke Bay on the east coast of the North Island of New Zealand (Lewis 

and Kohn, 1973). Here identif'ication and dating was achieved on the 

basis of titanomagnetite compositions. Another indirect method involves 

the amou.'1.t of' glass that remains after weathering. Ruxton (1968) noted 

that there was a relation, analogous to first order kinetics between 

glass contents a~d radiometric age. This tecb.nique is modified and 

extended to give tentative dates f'or the formation of' the Tirau and 

Mairca Ashes. Such a technique, of course, requires reference to dated 

tephra v.here the glass can be similarly extracted, just as do methods 

mentioned above that involve correlation by composition • 
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S3-5: Conclusion: 

T!::e purpose of' this chapter has been to review the principel 

approaches that have been used to identif'y and correlate tephra. 

The re::r:eining cr>.apters in this part of' the thesis will critically 

exarr:;r;.e so!!!.e of' these techniques and assess their usefulness with 

particular reference to the problem of the Tirau and Mairoa Ashes. 



C'rl.J>,P.1'8 L_: The 1 denti:fic~tion and Remo'17al of' G-1a.ss f'rom Te;::,h"!"as ,;nd. 

Soils 

Sl,--1: lntrcduction: 

As indicated previously, a particularly useful ccmponent i..-i 

tephrostratigraphy is volcanic glass. The presenc~ of' glass i>.1 the 

f'ield is usually taken 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 glass in tephra is of' two types, a low density glass and one of' a 

higher density. k3 will be shown, the f'onner can be removed without 

significant d.i:f'ficuJ.ty, whereas the latter is intimately mixed with the 

• 

f'elsic minerals, and, in particular, with quartz and f'eldspar. In this 

chapter tecbr...iques are described for the isolation of the low density 

(rhyolitic) glass and for the identification and estimation of' the 

higher density (andesitic) glass. 

S4-2: The Recovery o~ Rhyolit;c Glass ~rom Soils: 

The :first stage in the isolation o:f this glass is the liberation 

of the primary II',ineral grains from the surrou...'1.ding matrix of' allopha.i.'lic 

cle.y. Chemical techniques for this process are described. elsewhere (-i) 

but ultrasonic cleaning is also effective. To saf'egt.ard against the 

possibility of' the differences in a physico-chemical parameter be:i.ng a 

function oi' cleaning procedure,, as was claimed of' the refractive inc.ex 

by Steen and Fryxell (1965) it is important that this process be as 

ste.ndard.ised and reproducible as possible. 

For the present purpose a Kerry ultrasonic probe was ~sed at 

maximum frequency and intensity settings on a slurry of about 100 grems 

of dried ash crushed through a sieve of opening 250 microns in s001.e 100 

ml of water. The slurry was normally subjected to ultrasonic vibration 

f'or about five minutes during which the slurry was kept agitated zri th a 

magnetic stirrer. (2) • 
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( 1) By this means s omc of· the magnetite was lost, and the .c::.af'i te 

f'raction of' the sample is therefore slightly U...'1derestimatec .. 

( 2) This is purely on the basis of' appearance: these "less r.ee.the:red" 

s~rr:ples usually gave a pale brown or yellow slurry when mixed with 

water, w.b.ereas the "more heavily weathered" sample gave a dark 

br~~n slurry usually of higher viscosity. 

The precise tiIBe needed to remove the allophane adhering to the 

mineral grains depends on the amount of these present: lesser weathered 

samples with larger mineral grain content ta.king rather less time than 

the mere strongly weathered soils. The grains were then allowed to 

s:Ll"lk to the bottom of the container and recovered f'rom the overl.:ting 

allopha.:iic suspension by repeated washing with warm water ar..d dec6.rlta-

tion. The grains were f'inally washed in acetone and set to dry under 

a heat :i.c..mp. The loss in weight during this extracticn procedure is 

largely that oi' allophane, al though inevitably small a.mounts of f'inely 

divide~ non-~llophanic mineral grains are lost. It r.ould be expected 

that samples that hs:ve been subjected to active soil-f'orming processes 

would show a lower yield of' non-allophanic material than that tephra 

protected. by rapid burial. This can be demonstrated in the prof'iJ.e at 

Whaka Forest (site 11) where the yields are lowest at the top of' the 

recognised paleosol a.~d higher at the base. This data is presented in 

Table 4-1. A similar e~~ect is observed in the Oruanui beds at Tapapa 

Road (samples 905 and 906). 



Sa=ple 

1101 

1102 

1103 

1104-

1105 

1106 

1107 

1108 

1110 

1111 

1113 

1114 

Yield of' Non Clay ~fate rial as a Funct.icn of' Posi ticn in 

Yield (~) 

28 

50 

75 

73 

57 

46 

51 

63 

59 

71 

65 

57 

51 

Stratigraphic Seouenc?. 

Stratigraph:i..c Relationship 

top of Paleosol 

parent lapilli 

'A' horizon of paleosol 

'A' horizon of paleosol 

) reverse trend may be due to differ...1....~g 
) 
) weathering regimes, ground-water f'J.ow, etc 

.As can be seen in the lower part of' the Whaka. Forest profile, 

other factors may modify the ef'fect of burial, specifically a chc.11ge in 

the weathering regime, and changes in the ground water f'low (particularly 

if lateral f'low becom6S appreciable). 

fully subsequently in Chapter 6. 

These effects are discussed more 

The yields for the samples making up the Tirau ar..d Mairoa Ash 

seque~ces are given in Table 4-2. It will be clear that there are 

marked differences between sites, if the yields for the Oruanui and 

Rotoehu beds are compared • 
• 

of 0rua.nui being 1.0 • 
• 

P.lso shown are scaled yields on the basis. 
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Tt..BLE 4-2: Yi€lds of' Non-Clev Mc.ten al in Sequences qf• Tirau anc1. lr:airca. 

Ashes 

Sa!!!ple Yield (%) Scaled Yield Sample Yield (c$) Scaled Yield 

901 24 0.65 401 16 0.94 

902 20 0.54- 402 11 o.65 

903 17 0.47 403 7 0.41 

904 14 0.38 404 11 o.65 

(905 28 0.76 405 20 1.17 

( a)~ 906 45 1.21 (a)406 17 1.00 

407 16 0.94 

201 16 ( c) 408 24 • 1.41 

202 8 (b)409 58 3.40 

203 5 

204- 5 501 8 1.14 

205 10 502 6 o.86 

206 4 (a)503 7 1.00 

504 8 1.14 

301 21 0.41 (b)505 12 1. 71 

302 20 0.38 

303 12 0 .. 33 601 37 1.12 

3C4 9 0.24 602 38 1.15 

305 26 0.50 603 37 1.12 

306 9 0.24 (604 42 1.2s 

(a)~ 
(a)307 52 1.00 605 24- 0 .. 73 

308 22 0.42 606 34 1.00 

(b)309 43 o.e2 

Notes: (a) :field correlation: Orua.."lui Ash 

(b) :rield correlation: Rotoehu Ash 

(c) sequence not accessible to Oruanui and Rotoehu, so sca1ed 
• 

yields not determined. 
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It is of' interecst that the scaled yields for Mairoa .Ash appel::.r tc 

be larger than those :for the samples :from the Tirau Ash sequence, and 

that in spite of' the higher rain:fall at most of' the sites f'or Mairoa 

Ash, it has a low clay content. The low yields ~or the samples at 

Tirau (site 2) and Kakepuku (site 5) can probably be linked with lateral 

ground water f'low ( see Chapter 6); since the yields are all lower than 

expected, even sample 503 (which is believed on f'ield evidence to be 

Oruanui Ash). 

After the separation of' allophane, various mineral classes were 

separated by density t'lotation in heavy liquids assisted by centrifuga-

tion. Various modif'ications of the basic ideas have been made, as 

discussed by Marshall and 3ef'f'ries (1945) and Mueller (1967); in the 

present case constricted centrifuge tubes have been used, employing a 

rubber stopper attached to the end of' a glass rod to close the constric­

tion to f'acilitate the separation of' f'loating and sinking grainD. 

Initially a 7Wo solution of' acetone in bromof'orm of' density 2.42 gm/m.1. 

was used, in which rhyolitic glass f'loated and all other minerals sa-rik. 

These latter grains, upon recovery, were subjected to the same treatment 

but using bromoform itself (of' density 2.86 gm/ml). In this case the 

me.:f'ic minerals sank and f"elsic minerals such as quartz and :f'eldspar 

floated. The recovered fractions were all washed with acetone to remove 

any remaining bromo:f'orm and were then set to dry under heat lamps. 

Such te~hn..iques have the inevitable result of' generating large 

volumes o~ br~~o:f'orm-acetone mixtures of' density too low :f'or regeneration 

as a density separating reagent by adding further bromof'crm. The most 

ef'fective means of' recovery appears to be to wash the bromo:f'orm with 

water, thereby removing the acetone and subsequent drying of the product 

with f'used calcium chloride (Muller and Burton, 1965). The recovery of 

bromoforr:i can be enhanced by using a sweat-box, modified af'ter ',foo 

~1964), to recover the bromof'orm f'rom the calciuo chloride. The purity 

of' the recovered bromo:f'orm can be assessed by its density, or more 
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rapidly by :its ref'ractive index. The apparatus used in this the::.is 

to recover bromoforw i·s shon= i·n F· 401 nu J..g. • 

The rhyolitic glass was subsequently puri:fied magnetically to 

remove ar1y iron-bear . .1..ng weathered products of' low density. For this a 

Frantz ~~gnetic separator was used, with a forv.--ard slope of 20°, a 

0 
side-slope of 10 , and a magnet current of' one amp. On the basis of' 

a no~ogram of Hess (1966), the pure glass, invariably white or pale 

yellow in colour, is essentially non-magnetic. With some samples, 

particularly of Mairoa Ash from Mairoa itself', considerable brown magnetic 

material was removed in this way. This material gave no significant 

x-ray diffraction peaks (A.G. Hogg, pers. comm.), but differential 

thermal analysis cur-,res were suggestive of' gibbsite (N.B. Milestone, 

pers. con;m). This last possibility is inconsistent with the material's 

magnetic properties unless it is contaminated with hydrous iron oxides. 

Sl..-3: The Identification and Estimation of' J.ndesi tic Volcan; c G-le.s~: 

P..n andesi tic glass would be expected. to resemble in composition 

the plagioclave feldspar andesitew On this basis a silica percentage 

o~ some 6qib is expected (Deer, Hoitle a.~d Zussman, 196?). A comparison 

of' plots of' density and refractive index as a function of silica conte~t 

( for example that of George, 1924) with similar de.ta £°or quartz and 

feldspar ( van der Plas, 1966) suggests that this material would be hard 

to separate physically. An instrumental method f'or confirming the 

presence of this glass and for its qua.~titative estllnation 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 be~ recognised. Simon and McMahon ( 1953) v;rote: 

"One of' the most significant uses of the in.f'ra-red method is its 

ability to analyse for amorphous materials such as glasses, 

whether these are natural volcanic glasses like obsidian or 

synthetic glasses like pyrex." 
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In mineralogical studies, infra-red. spectrsccpy wa~ applied in 

the determination of' properties of' quartz anu vitreous silica (Gaskell, 

1966; Ya..~agase and Sugionhara, 1970), and also in the detennination o~ 

structural analogues of' glass (Wong a.mi .Angell, 1970). Of' greater 

significance, minerelogically, however, was the application of' the 

technique to clay minerals (Fieldes, 1955). Fieldes, Furkert and Wells, 

( 1972) subsequently gave the in:rra,..;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 to use inf'ra-red absorption to identify glass it is necessary 

to pretreat the sample to remove clay minerals. Further in order to 

dete:nnin.e andesitic glass, it is necessary to ensure that the sample is 

free of' rhyolitic glass. 

The technique of' separation of' mineral grains as described thus 

far has separated the rhyolitic gla~s, the clay (allophane) and the ma.fie 

minerals, thereby leaving in one fraction reldspatic and siliceous 

minerels and such andesitic glass as may be present. This glass would 

be expected to show an absorption spectrum. similar to that of' rhyoli tic 

pumice on Fig. 402. Infra-red spectra of representative felsic 

f'ractions (Fig. 403) 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 inf'ra-red absorption pattern has 

been described by Lyon (1967) as: 

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

spectra where patterns change with composition and progressive 

ordedng (as in the beginning of' crystallisation). Glasses can 

oI'ten be treated, therefore, as separate phases where infra-red 

sr,-ectra appear in addition to those. of' any crystallir..e material 

.. present." 
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Ifo:re specii'ically it has been stated that 11 f'rom stand.at-d calibration 

curves obtained by using individi:.al pure minerals, and with the a.id of' 

synthf.:tic r:iixtures of' t.i-,e di·"'gnos+1.·c rn-inerals. the t.,_. d ,_ -'" = - _ ~ que.n l~leS 8.11 ~y:peS 

of' minerals present in the unknown sanples can be rapidly determined" 

(Lyon, 1963). 

The di:f~iculties o:f quantitative analysis by inf'ra-red spectres-

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; 

Duychaert s, 19 59) . Ref'erence is :frequently made in studies o:f this 

kina to the difficulties in reproducibility, arising from the grinding 

o:f the sample. It is claimed by Fieldes, Furkert and Wells ( 1972), 

:for e.xa..'!lple, that the absorption peaks of' quartz become more pronounced 

with grinding. More typical, however, in the observations o:f Fieldes 

.. 

and Furkert ( 1966) th.at pea..1c heights become less marked with increased 

grL'1ili.ng. This is usually attributed to a loss o:f crystal structure. 

Clearly this grinding problem become~ven more significen t when mixtures 

cf minerals of di:f'f'ering hardness are involved. In the present study 

synthetic mixture of' borosilicate glass or rhyoli tic volcanic glass were 

required to be mixed with quartz or :feldspar. The glasses are m'.lch 

harder than the latter minerals, and it was f'ound that unless the mixture 

was heavily ground, the potassium bromide disc contained inhomogeneities 

presumably caused by the glass. If' the mixture was ground suff:i.cien tly 

to produce satisf'actory discs without 

of the feldspar absorption was lost. 

such inhomogeneities, reuch 

For this reason, and also f'or 

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 o:f the structure of penicillins. 

Quantitative analysis using the disc preparative method is ust...ally 

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



lengths on curves derived from standard spectra. :F'requently it is 

su:"f'icient to cor:1.pare relative intensities of' appropriate absorpticns, 

(F • 1 ~ F , ie _a_e s, ur.;re rt and We 11 s 1972; Lyon, Tuddenham and Thompson, 1959). 

In ei th.er cc:..se the method 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) = E c d 

where Io and I are baseline and peak intensities respectively, E is 

the extinction coefficient and d the thickness of the disc, then a 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 a.~ internal 

stand.a.rd whence it could be shown that: 

( log ( Io/I ) sample)/( log ( Io/I ) standard) = c onst. :r.: 
concentration 

This is to say that the concentration of a particular compo~ent was 

the ratio ot, the absorbances of the compcne.."lt and of the internal 

stanc.ard., whose proportions are known by setting up appropriate 

stanciard.s. The difficulty in mineralogical applications cf this 

analytical tecl-'..niqve is f'inding an internal standard whose principal 

ab~orption di:t'f'ers signif'icantly in wavelength both :from the silicates 

being determined a.~d from the mulling a.gent,and whose subsidiary 

absorptic,ns are such as to negligibly complica.te the spectra of silicates 

by absorbing at their diagnostic wavenumbers. As can be seen :fro:n 

Table 4-3 and in the typical spectra of f'e1dspathic and siliceous 

minerals reproduced in Figs. 402 and 403, such a stru1dard -would 

conveniently need to have its only significa.11.t absorption at a wa.venur!!ber 

-1 
higher tha~ 1500 cm • There was found to be no suitable compound to 

use in this way and thus it was decided to use an absorption given by 

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

•s tar1dard. 
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Tt..BLE 4-3: Principal Absorption Wavenumb•er~ f' r H' ld th· ' - - __ o - e spa ic anG. 

Siliceous Minerals 

Mineral Diagnostic wave­
number ~or quan­
titative analrsis 

(- I -1,(aJ 11 cm ; 

rhyolitic glass) 

Diagnostic wave­
number (not 
quantitative) 

( i /cm-1)(b) 

andesitic glass ~ spectrum characterised by absence 
of' absorptions other than at 

quartz 

feldspar 

690, 795 

580 

~ 500 

540, 620 

Other 
absorptions 

800, 1050 

1080 

980, 720-780 

(a) These wavenumbers used in the calibration curves described L"l 

Sec. 4-4-. 

(b) These wavenumbers are diagnostic for the mineral b~t the 

(c) 

absorbances are usually too low to be used quantitatively. 

-1 
lfote that all silicates absorb in tbe regions 800 cm and 

1000 
-1 

cm 

From Table 4-3 it is clear that since all silicates absorb at 

-1 around 100 cm , the absorbance :fer this bread peak can be considered, 
I 

at least to a :first approximation, as representative of' the total 

silie;ate. Thus the ratio of the absorbance of feldspar and quartz at 

their respective diagnostic frequencies to the total silicate absorbance 

is expected to be a linear function of the concentration of feldspar 

and quartz relative to the total silicate. The calibration curves 

subsequently described are based on this premise. 

That all silicates absorb in the region of ·moo 

that lends itself to se!l".i-quanti tative interpretation. 

-'i 
cm is 

In general, -:he 

lower the proportion of quartz e.nd feldspar tbe broad.er is the abscrption. 

There is some tendency for the wavelength associated with this peak to be 

slightly corr:posit::i.on-dependent. This was established by co:nparmg the 



~i:;ectra .from varicm: s_ynthetic mixtures of' silicates. However, there 

is a secondartr a-oso.,...,.-~i·on at 1,>-130 cm-1 
J ~~~ - ~ , which is independent o:f 

composition e.nd it is at this wavenumber that the absorba."1ces f'or the 

total silicate absorption have been calculated. 

c.4-4: Calibratio~ Curves :f'or In:fra-Red .!LY12lysis of' Felsic Minerc::Iz: 

l,~ixtures of' glass and orthoclase were prepared by weighing out 

appropriate amounts o:f the materials, :followed by intimate mixing and 

grinding. A mull was prepared of' the whole specimen, and then the 

infra-red spectra of' the mull contained between potassium bromide 

ri~dows was obtained. For the glass portion o:f the mixture, rhyolitic 

vclce.r..ic 6lass (extracted as previously described) was used. J...J..though 

this differs corr.positionally :from the andesitic glass the technique 

seeks to determine, the in:fra-red spectra are taken to be the sa=!e, 

in:fr·G.-red spectra being rather more a f'unction of' structure than 

chemical compcsition. TYPi~al o:f the spectra of these synthetic 

tixtures are those presented in Fig. 404. From such spectra the 

intensities are evaluated and hence the absorbances obtained. In the 

analysis the background intensity is taken to be that intensity at which 

the line joini!lg the upper regions of' the peak intercepts the wavenumber 

i..r1 question. This is shown diagrammatically in Fig. 405. The ratio 

of the absorbances of the feldspar to total silicate absorptions are 

plottec. as a :function of' proportion feldspar in Fig. 406 wherein it is 

seen that the nature of' any other silicates present is of no cons6quence: 

in that there is no systematic bias or clustering of' points corresponC:ing 

to a particular type of synthetic mixture. When lir:.ear regression 

ztatistics are applied to the data the results given in Table 4-4 are 

obtained. 

The same analytical procedure can be applied to infr~-red analysis 

for mixtures conta:ining quartz. In this case the procedure is com.pl:\.-

~ated by the nature of' the diagnostic absorptions, v.hether the 

absorptions should be considered as peaks in their own right or as 
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shoulder:; to nei 6hbourin,e; absorptions (see Fig. 406). 

lineer regression ar.z.1ysis of spectra of standard mixturts, tho spectrel 

intensities o:r r.hich have been modified as previously described 

given in Table 4-4. 

are 

TJ..ELE 4-4: Linear Regression Statistics for Deteminaticn of qu&rtz 

and :f'eldspar in synthetic mixtures. 

lineral analysis (M): :feldspar quartz quartz quartz quartz 

Wavenumber ( p /cm-1 ): 54-0 780 780 690 690 

Absorption character: peak peak shoulder peak shoulder 

Pare:neter: Correlation 

coef':f * (r) 0.977 0.862 o. 751 0.861 0.955 

Intercept (b) -0.0026 0.064- 0.002 0 .. 055 -0.0094 

Slope (m) 0.004 0 .. 004- 0.002 0.001 0.0009 

r is the correlation coe:f:ficient :for the straight line Y = mx + b, 

where Y is the absorbance ratio and Xis the mineral proportion. 

Clearly for best results a relationship of high correlation 

coet'ficient and high slope is desirable. It is apparent :from TabJe 

-1 4-4 tha~ for the 780 cm peak, the calibration curve o:f absorbance 

ratio versus concentration has a slope comparable to that obtained for 

feldspar analysis. The higher correlation coef'f':id.ent that results 

from treating the absorption as a peak in its own right indicates th.et 

this is the preferable analytical ~ethod. 
-1 

Fer the 690 era peak, the 

correlation coef'f'icient f'.or the peak treated as a shoulder is much higher 

thar. when treated as a peak in its own right, but the J.cv, slope of the 

curve indicates that such analysis is of 1ow· sensitivity. 
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In this chapter procedures have been described f'or the recovery of 

rhyoli tic glass and f'or the determination of' vitreous components in the 

f'elsic f'raction, being those minerals of' density greater than rhycJ.itic 

glru:s (.£3! 2.42 gm.cm-3) &nd less than that typical for mafic mine:-a~s 

( -3 > 2.8 gm.cm ). In:f'ra-red spectroscopy has been shown to be a 

suitable technique f'or the identif':i. cation and detenninat ion of' quartz 

and f'eldspar in this f'raction; the andesi tic glass being taken to be 

the balance of' the f'elsic minerals. In the next chapter the relative 

proportions of' these f'elsic minerals and rhyolitic glass (herein 

ref'er!'ed to as the leucocratic mineral assemblage) are considered and 

in Chapter 6 the relative proportions of' the two vitreous co~ponents 

are interpreted in tenns of' a kinetics model f'or weathering. 



S5-1: I!1tr0duct; on: 

7he recognition of' mineral assemblages has long bee.n used to 

differentiate tephre., particularly where different sources ar-e implicated. 

e.r!d preferably where different tephra are envisaged. In e:ffect 

corr-E,lation of' tephra on this basis makes the implicit assurr;ption that 

identity of characteristic assemblage indicates identity of strata. 

While such en approach is at risk o:f being prey to the Neptunist f'allacy 

(Eicher, 1968) concept is undoubtedly reasonable over a limited area, 

wherein it is claimed (Fieldes and Weatherhead., 1968) that in spite of 

possible cornro;nution and redistribution o:f the original material: 

"in general sufficient material remains associated in sand 

fractions to permit identification of the principal source 

rocks." 

In th.is chapter mineral assemblages are considered on the basis o:f 

dens~ty and on the ba~is of the relative proportions of' the leucocratic 

minerals. Because of' the doubts cast by Wellman (1962) on the use o~ 

rn.ef'ic oineral assemblages little investigation has been made of' these 

in tr~s research. 

s5~2: Ui...~eral Assemblages on the Basis of' Densitv: 

Fieldes and Weatherhead ( 1968) give typical mineral assemble.ges 

for rhyolitic and andesitic parent ashes, and these together with 

typical densities are grouped in Table 5-1 in terms of' glass, felsic 

minerals, atd mafic minerals. In this table it is assumed that the 

glass present in andesitic tephra is largely andesitic and thus of' a 

density consistent with that of f'elsic minerals, wh;le it is taken that 

the gla.s s oi' rhyoli tic tephra is taken to be rhyoJ.i tic and theref'ore of 

lower density.* 

* These density relationships are ccnzidered in gre~t detail in 

Chapter 7. 



--------------------------------
TABLE 5-1: Mineral Assemblages of Rhyoli tic nnd ./\nnesi tic Tephras: 

Mineral Typical Density Rbyolitic Tephra Andesitic Tephra 

/f!Jfl..Cffi-3 ------- ---
( a) 

Mineral Glass Glass Mineral Glass Class 
Proportion Proportion Proportion Proportion 

, __ , 
e;lass (Rhyolitic) 2.30(b) • 60( c) GLASS ....... 60 - GLASS • • • • • • • • 0 

L L 
v glass (ruidesitic) 2.60(d) - ) 30( 3) ) 

quartz 2.65 V. L. ~ FELSIC ...... 30 V.L. ~ FELSIC ....... 70 

~ M 
~ andesine £1! 2.69 - 40 

alkali feldspar 2.56 - 2.63 30 ~ - ~ 
biotite 2.7 - 3.3 - ) 5 ) 

hornblende 3.0 - 3.5 ~ ) 
1 10 

l hypersthene 3.96 1-3 
) 

M.AFIC • • • • • • • • 5 ) 5 MAFIC ....... 30 
) H ) H 

augite-diopsido 2.96 - 3.22 1 

l 
5 ~ ilmenite 4.70-4.78 - 1-5 ~ ) 

Vl magnetite 5.20 1 ) 1-5 ) "' 
,_ r 

Mineral and class proportions are expressed in percent whole tephra. 
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( a) unless 0 +-1'•.c,,-,.J..· "'e .,_ i. d d- • t· f D H • .., ,~- .. ..: s ... 2 .. e , ensi ·J..es ro::n eer, .. owTe and Zuss~~n ( 2) 

(b) eYe..luateci by technique descrir-ed in Chapter 7. 

(c) &ll glass in rhyclitic ash assu:i:ed rhyolitic. 

(ci) If' a:-~desitic glass re~lects the pla.gioclase composition of 

e.r..desine, then its SjO~ proportion is expectedly some 6C;;S. By 

the plot of' George (1924) of density versus Si04 content, this 

gives a density of sane 2.60 gm/ml. (See also Chapter 7). 

(e) all glass in andesitic tephra ass~~ed andesitic. 

In Table 5-2, the proportions oi' minerals given are of' the material 

retained af'ter ultrasonic cleaning and f'or comparison with the literature 

values given, it is assumed that the ultrasonically cleaned material is 

comparable to the sand fraction o~ Fieldes and Weatherhead (1968). As 

is shown on the literature-derived plots the proportion of' maf'ic minerals 

shows a relative increese with age and weathering presumably due to the 

£'aster weathering of' g:a::;s a."ld :feldspar. From the plots of data, Fig 502 

derived. in this study it is seen that the marker bed, Oruanui Formation, 

shows a greater proportion of' mef'ic minerals in some of' the more 

westerly sites. 

at these sites. 

This is probably a result of' more intense weathering 

Thus, a strongly weathered rhyolitic tephra may tend 

a 
TABLE 5-2: Density .Assemblages of' Sand Fractions of' Sequences of' Tirau 

Sample 

201 

202 

203 

204 

205 

and Mairoa Ashes 

pt PM 

(%) (%) 

64- 29 

62 29 

75 20 

65 27 

68 29 

Pld 
(%) 

7 

7 

5 

7 

3 



- Cl 1 ,_,...,.. -
TABLE 5-2: continued 

SE.:!:..ple p PM PH 
f ?,,} (%) (~) \, 

206 35 55 10 

301 68 21+ 8 

302 70 21+ 6 

303 57 32 11 

304 43 52 5 

305 11 73 16 

306 44 48 8 

307 60 34 6 

401 52 34- 14 

402 45 41 14 

403 45 44 11 

4C4 59 35 7 

405 57 37 6 

406 (b) 

4-07 35 53. 12 

501 52 30 • 19 

,,.."',... 
:)Vt:. 40 41 19 

503 3U 50 20 

504 28 47 24 

505 33 53 14 

601 ( c) 40 49 11 

602 ( c) 55 40 5 

603 (c) l4-0 55 5 

604 65 29 5 

605 73 23 4 

6o6 7 87 4 



T.ABiE 5-2: continued 

Semple 

901 

902 

903 

904 

905 

906 

p 

(ifot 

56 

53 

62 

73 

75 

36 

PM PH 
(gf) (%) 

37 7 
I 

41 6 

33 5 

23 4 

23 2 

53 11 

(a) the allophanic content of' the ashes is thereby ignored. 

(b) not available. 

( c) strongly weathered, abu.'ldant brown glass. 

to the same region of the ternary diagram as an adesitic one. Thus 

density assemblages can distinguish with certa5nty fresh rhyolitic 

tephra :'ro:n other material, but is less able to resolve between an 

andesi tic tephra ar.d a weathered rhyolitic one. 

A clearer distinction between tephra t_ypes is likely if' allowance 

is made f'or there being two types cf' glass in diff'eri:cg proportions and 

this is described in the next sections. 

S5-3: Leuco~ratic Mineral Assemblages ;n Tenhra Identi:f'icaticn: 

Using the analytical procedure described in the p~vious chapter 

the proportions of' quartz, f'elcls,par and andesi tic glass,,, the leucocratic 

mineral fraction may be :round. This can be converted to proportions o~ 

andesi tic glass~ rhyoli tic glass, quartz, and fe]dspar in terms of the 

ul tre.sonically cleaned material ( the sand :fraction) or to the orio.nal 

ash. These proportions are shovm in Table 5-3. 
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'.l'AllLE 5-3: Proportions of quartz, feldcpar, nnclesHic elass, and rhyolitic e;lass in the ultrasonically cleaned 

product ( sand. fraction) and the r.rhole sample for sequences of' Tirau and Mairoa Ashes. 

---
Sample Ultrasonically Cleaned Product Origina.l Ash 

Proportion Quartz feldspar Andesitic Rhyolitic Quart;z Feldspar Andesi tic Rhyolit:i.c 
gl11ss glass glass glas.'.l 

(P ✓lo) (PF/&) (PG /~) (PG;%) (P Q/fo) (P~) (PG- /~) ( p ~ /1i) 
'-l' a r a r 

---------
201 8 20.5 0 46.2 ·j .3 3.3 0 7.75 

202 6.7 14. 3 5.6 43.7 o.6 1. 2 O.L~7 3.70 

203 7.0 11.9 0 62.0 0.4 o.6 0 3.26 

204 7.5 14.1 3.2 54.3 0.4 0.7 0.15 2.57 

205 9.0 14.5 2.9 53.6 0.9 1 .lt- 0.29 5.20 

206 16.3 22.9 11.6 21+.B o.s 1.1 0.57 0.12 

301 5.0 11.0 5.6 36.0 1.0 2.3 1.2 7.6 

302 3.8 9.3 8.2 32.5 o.s 1.9 1.6 6.5 

303 7 .1 11t,. 2 8 .. 3 35.6 0.9 1.7 1.0 l~. 2 

3Qlt 8.9 10.4 25.5 29.6 0.8 
'.Jl 

1.0 2. lJ. 2.7 0\ 



TABLE 5-3: continued. 

----
Sample Ultrasonically Cleaned Product Origiilal Ash 

Proportion Quartz Feldspar .Ana.esitic Rhyolitic Quartz Feldspar .Andesi tic Rhyolitic 

(P~) 
glass glass glass glass 

(P gflo) (PG/%) (PG~) (PQ/~) (PF/'°) (PG /lo) (P /lo) 
G a r a r 

, __ 
305 19.0 32.3 19.0 6.7 4.7 s.o 4. 7 1.6 

306 5.4 20.3 12.6 47.5 0.5 2.0 1.2 Li-.6 

307ou 5.5 11.9 13.2 li-5.B 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 

309RE 4.8 5.6 16.2 17.3 l1-.0 4.7 13.5 14.,-1-

l1-0·1 5.9 17 .l+ 7.8 30.3 1. 29 4.98 

402 8.3 17.8 13.6 23.0 1.J.1-3 2 .l+l-1-

1+03 10.9 19.2 10.1 32.8 0.73 2 . .35 

404 9.3 15.6 7.5 46.5 o.84 5.20 

lf-05 9.0 19.2 7.9 li-7 .O 1.60 8.35 
406ou - - - - - - \J1 

--..I 

l-1-07 13.8 21~-•'+ 12. 7 15.2 2.J+ 1 ?.87 



TABLE 5-3: continued 

-
Srnnpk Ultrasonicfl.lly Cleo.nod. Product Or:tv.nal Anh 

Proportion Quartz Feldspar Andesitic Rhyolitic Quartz Feldspar Andesitic Rhyol:i.t:Lc 
glass elass glass glass 

(P~) (P~) (PG- /,b) (PG~) (P /1n) (PF/~) (PG/~) (PG /s) 
a r 

Q 
a r 

408RE 

409RE 8.7 17.2 0 14.6 0 7.7 

501 10.0 13. 2 . 4.4 21+. 8 0.32 1.83 

502 7.6 19.4 10.9 20.0 0.63 1 .15 

503ou 15.2 25.3 6.6 16.5 0.48 1 . 21 

504 16.9 19.8 8.0 12.5 0.70 1.09 

505RE 21.3 18.3 6.o 6.6 o.69 o. 75 

601 24.7 1~ .• o 6.1 "5.5 9.30 5. 28 2.3 1.3 

Go2 15 .l1. 13.1 1 o. -1 3.7 6.co 5.05 3.9 1.4 

603 18.6 12.2 22.3 13 .4- l~.02 2.64 l~ .9 2.9 

60i+ OU 8.2 1 8. 1 11.0 56.5 3.1+3 7.6 0.5 23.6 
OU IJ1 

605 0J 
5.3 10.8 5 .1 70.0 1.30 2.6 L3 15.7 

606 22.3 9.9 5.5 2.5 7.65 3.4 1 .8 0.9 



TABLE 5-3: continued. 

-
Sample Ultrasonically Cleaned Proa.uct 

Proportion Quartz Feldspar Ande~litic Rhyolitic Quartz Feldspar Andesitic Rhyolitic 
glass glass glass glass 

( P a.ffi) (PF;%) (Jl G /;~) (P /s) (P ql:fi) (P /~) (PG~) (PG /s) G F ~ a r a r 

901 16 2 18 56 3.7 0.4-8 4.1 13 

902 19 3 18 53 3.8 0.60 3.6 1 o.6 

903 16 5 12 62 2.7 o.83 2.0 10.3 

904- 12 7 14 73 1.7 0.98 2.0 10.4. 

905°u ~ ~· 8 2 9 71 ~ 2.3 0.57 2.6 20 
( 3 2 . 5 83 ) 

906ou 16 5 32 36 7.2 2.30 1.1+ 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. 

--------- . ·- - ... 

·• 
\Jl 
\.0 
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F:ieldes a.'1.d ;';'°E-atherhead ( i968) give "mineral frequencies" :::'or soils 

derived fro~ various tephra types, but do not distinguish between 

rhyolitic and andesitic glass. However the data suggest that the sand 

fractions :from soils of a..>1desi tic origin tend to have higher quartz and 

f'eldspar relative to their total glass content, than those of rhyolit:i.c 

O!'igin. This ca~ be illustrated by means of a tern~ry diagram; ~or 

which the proportions of' quartz, :feldspar and glass for Table 5-3 are 

see.led so that their total is 10~; 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 s&~pled 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 a.shes resemble the rhyolitic tephra frn~ the literature. 

fl.n alternative representation is to plot the system: quartz, 

feldspar, ando-gla.ss, a.>1d rhyo-glass as an orthogonal projection of' a 

tetrahedron (Ricci, 1966). On this projection each vertex represents 

one of the ~our components. If, as previously, andesitic tephras are 

taken to contain andesitic glass as the principal glass, and rhyolitic 

tephra, rhyolitic glass, the literature data used earlier can be again 

emnloved to demonstrate the different parts of the diagram to which - ., 

dif'f'erent tephra-t_y--pes plot. 

indicating the direction of' increasing age .. When the scaled data of 

Table 5-3 is similarly plotted (Fig. 505), it is again seen that the 

Mairoa ~..sh appears to be andesitic, the Tirau Ash and members o~ the 

Oruanui Fonnation rhyolitic, and ma..~y samples from the Waikato region, 

as for example 303 - 306 1 4-02 - 4-05, and 501 - 502 appear to be compo~:i te. 

P..J:J an indication of' the present-day composition of' the remnants o-f the 

tephra, the ratio of the rhyolitic to andesitic glass contents (R) is 

usef'uJ.. 

equation: 

I;robably pref'erable is the para'lleter ex defined by the 

o<. = R/( 1 + R) 
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since it takes the value O f'or a tephra that is totally andesitic and 

1 .O f'or or:e that is rhyoli tic. This "rh_yoli tic parameter" is presented 

~s a :function of' position in the stratigraphic sequence in Fig. 506 a.~d 

in tabular f'orm in Table 6-4. From this data the f'ollow.ing conclusions 

emerge: 

(i) that the Tirau Ash has a high value or. .. Clo(", suggestive or. .. its 

being a rhyolitic tephra 

(ii) that the Mairoa Ash has a low value of"°"' , suggestive of" 

its being an andesitic tepbra 

(iii) that at the sites in the Waikato region, for samples above 

the Orua.nui Formation there tends to be a gradation from lower to higher 

values of'O( as the stratigraphic column is ascended. 

In using 0< as a correlat:ing parameter, the assumption is 

implicitly made that the rate of' weathering of' the two glass types is 

comparable, and f'urther that the mode of' weather:ing in each locality 

has been similar. These aspects will be discussed in detail in 

Chapter 6. 

A.~desitic components of' Tirau Ash have been recognised by Birrell 

and Pullar ( 1973) on the basis of' exa.."1lination of' rhyoli tic tephra.s 11 by 

andesitic or be.saltic constituents o:f the sand fraction such as andesine 

:feldspar and augite," but they 'do not give any quanti ta.tive estimate of' 

the extent o:f 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 dominantly rhyolitic, and that samples 

from localities in the Waikato region lying geographically between these 

sequences at their type localities are cc~positc in character. 
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S6-1: Introc.ucti on: 

J-._s the primary minerals of' which a tephra is c orr,posed becc::ne 

involved in soil-forming processes, there is a progressive decre&se in 

these sinerals and an increase in the arnourlt of secondary w.inerals. 

Principal among the latter are allophane anc halloysite. Fieldes 

( 1955) showed a sequence o:f tephra of' di:f:ferent age me.y display clifferent 

inf're..-red spectra of' their derived soil depending upon whether glass, 

allophane, or halloysite were present, see Fig. 601, an.a. in fact, 

proposed a reaction sequence whereby glp....ss weathers to allophane and 

thence to hallo.:ysite. Un:fortunately, in the present case, the tephra 

are not sufficiently old to give appreciable halloysite end the spectra 

of' allophane and glass are not really distinctive enough to use the 

infra-red spectra of the soils as parameter indicative of' age. :So,•;ever, 

there are su:fi'i cient primary minerals, in particular, glass, to consider 

rec.ction models :for the loss of these minerals during ,-:eathering. In 

this chapter, such models are developed f'or various reletive weatherir,g 

rates anc initial compositions of tephra and ages are evaluated by 

re:fere~ce to samples of' known radiometric age. 

It should be stressed at the outset that the method aims to 

provide an estimate of the age of' the tephra ~ithout the necessity of 

relying on inference from stratigraphic relationships. Because of 

the nature of this model and its attendant assumptions, the dates 

provided should be regarded as tentative and representative of the 

first attempts at dating of' the samples o:f Tir&u and 1fairoa Ashes 

the~selves. 

Ruxton ( 1968) has claimed that the weathering of volcanic gla.ss 

can be represented by the reacticn: 

Glass + water----,.. allophane + solutes 

(with gas and acids) ( silica c..nd cations) 
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Be asserts that since water is added at a relatively ccnstant rate, and 

the solutes are similarly removed, the rate of' reaction is propori:.io!lal 

to the concentration of' glass in the deposit, and there is thus an 

analogy with f'irst-order reaction kinetics. His data on glass contents 

for dacitic tephras of' known age yield a relationship of' the f'orm: 

-kt 
C = C e 

0 

or equivalently: 1n C 

where C is the concentration 

initial concentration of' the 

0 
-lnc==kt 

of' glass by weight at time t, C is the 
0 

glass (at the time of' the eruption) and k 

is a c cnstant. In this case c may be readily detennined since it is 
0 

considered that all the ashes of' the sequence initially had the same 

composition, and :rurther that this composition resembled clcsely that of 

recently erupted material. That a Nrst order kinetic relationship is 

observed over the last 24,000 years, implies that the weathering rate 

constant k has been constant throughout this period. 

Ruxtcn ( 1968) suggests that the weathering cons tent is prh:1arily 

a function of' inf'iltration, 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 eviden;::e of' cJ-': :-,,atic 

changes in the last 20,000 years associated with the end of' the last 

glaciation. Accordingly, the rate constant k is not expected to be 

invariant rith time. Also there is the difficulty of assigning a value 

to the initial concentration of' glass, since this is dependent on the 

value of' o(.., the rhyoli tic parameter. This is discussed in Sec. 6-4. 

Before proceeding to this, however, the relative ease of' weathering of' 

andesitic and rhyolitic glas~es will be conside~ed. 

S6-3: The Relative Weathenng Rates of' Volcanic GJ.esses: 

There appears to be a conflict in the literature over the relative 

weathering rates of' glasses and their relationship to feldspars and mafic 

mineraJ.s. Aomine and ':Tada ( 1966) give proportions of mine re.ls in 

differentially weathered ash-beds. From this data relative-rate 
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constants ca_ri be evaluated if it is assu.rn.ed that first order ldnetics 

apply in all cases. This data is presented in Table 6-1, and f~o:-u 

this it is seen that th~ t - ra e constant for glass is signifi~2.ntly higher 

than for f"eldspars which are in turn greater than f'or mafic minerals. 

T.A:SLE 6-"1: DJ_•pfl - t·a1.,... t' • ... .teren i 1,ea nerl.Ilg: Interpretation in T~rws o~ 

Relative Rate Constants. 

Weathering Regime 

Mineral Allophanic ash-derived 
soil to halloysitic 
soil ( a) 

Allophanic pumice derived 
soil to halloysitic 
soil (a) 

C 
0 

c 1nfc/c7 k (b) 
0....1 rel 

C 

magnetite 2.7 2.7 0 0 1.2 1.2 0 

hyper5thene-
augite (c) 11 8.9 0.21 0.15 3.7 2.2 0.51 

feldspar (d) 23.8 8.1 1.08 0.75 24.5 14.8 0.50 

volcanic 
glaSs (e) 54- 13 1.43 1.00 59 8.9 1.90 

(a) on basis of' Fieldes clay fonnat. sequence see Sec. 6-1. 

(b) relative to rhyolitic glass k l =- 1.0 re 

(c) includes all non-magnetic mafic minerals 

(d) being andesine-labradonite 

( e) being both rhyolitic and a.'1.tlesine glass 

0 

0.27 

0.26 

1.00 

This result supports the statement by Ru.."-::ton ( 1968) that "the tctaJ. 

element loss is from the glass." Aomine and V:ada ( 1966) consider that 

the wee.theri..-rig of glass proceeds by a. "desilication to6ether with a 

remarkable loss of bases although the a~ount o~ iron oxides and alumina 

remain essentially constant." If the weathering of other minerals were 

to occur by a similar process then there might be expected to be s o:ne 

relations.rip bet\';een the rate constant for weathering and con,position. 



Data for this is p~ • T bl 6 2 o~ven in a e - ~~d plctted in Fig. 602 for the 

minerals that .Aomine and. Wada describe. 

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

Function of Relative Rate Constant. 

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

Reduced Potential Reduced Ratio 
Potential Potential Potential 

(d) (d) 
s Sr B Br S/B 

quartz 0 100 00 0 0 0 

magnetite 0 0.27 0.003 0 0 0 

hypersthene- ) ( 50.1 1.59 0.07 0.802 0.0013 
) 0.15 ( 

augite ) ( 48.9 1.¼ 0.78 0.024 0.016 

andesine ) ( 58.1 2.18 6.48 0.29 0.13 
) 0.75 ( 

labrad.orite ) ( 53.0 1.74 4.34 0 .. 15 0.08 

glass 1.00 72.4 4.38 7.98 0.52 o.·12 

(a) relative to glass 

(b) being the total Si02 content 

(c) being tne sum of the Na2o a~d K2o contents 

(d) relative to the oxide sum: FeO + Fe 2o3 + A12o3 

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 frequency of successful 

molecular collisions (A) and the activation energy (E*) by the so-called 

).rrhenja.n relationship 

k = A exp ( -E'''/RT) 

it may be that the composition is related to the frequency fe.ctor. 

Further, from what has already been assumed about the s:iJ:nilarily of 

vreatherln~ processes, the values of the activation energy E'"" for the 
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Ve.rious cinerals are probably fairly si.inilar. Since the co!1stant 1,, is 

related to the numbsr of' eff'ective "collisions" that result in re.s.ction 

it mey well be dependent on tl1e concentration o:r basic oxides in the 

st~ucture> and thus the empirical relationship between a kinetic 

parameter (k) and a thermodynamic para"!leter (composition) has theoreti_cal 

justification. 

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 maf'ic oxides. Thus it would be e:x.--pected on 

this argument that basaltic glass should weather but slowly and might 

thus remain even after prolonged weathering. 

Weatherhead (1968) write: 

Of this Fieldes and 

"in soils from basaltic parent materials, glass persists strongly 

in the sa..'1.ds af'ter andesine is no longer detected, suggesting that 

ar.y stable soil of considerable age .... may contain foros of 

glass resistant to weathering." 

From the kinetic interpretations described in this section~ it 

w-ould seem that andesi tic glass ( which may be taken as compositionally 

resembling the plagioclase andesine) may be predicted az having a rate 

constant some 0.75 times that o~ rhyolitic glass. 

kinetic relationships are: 

ln (er/er) = kt 
0 r 

and 
a a"\ 

ln(c /c l = kt 
0 ,; 

whence on eliminating kt, reduce to: r 

= 

a = 0.75 

<:,,. 

C 
0 

Thus, the relevant 

kt 
r 

In these expressions c and c 0 are the present and initial concentration 

of the respective glasses in the tephra samples and the superscr~pts a 

and r indicate andesitic and rhyolitic glass respectively. Frcn this 

it can be shown that the relationship between the rhyolitic parai:1eter 
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R = R0 exp (- 0.25 kat) = R0 exp (- 0.19 krt) 

This is to say that the rhyolitic character is itself' a t•unction o:f time. 

Using the previously described relationship betwee.."1 c{ and R, and 

considering the a.bove expression in term:.; of' a loge.rith."'ilic series, 

neglecting all higher order powers the equation. 

is achieved. 

that: 

- d. = 0.05 kt r 

Since the product kt may not be negative, this requires 
r 

Cho > d. 

This relationship reflects the observation noted when discussing ~ineral 

assemblages that it is difficult to distinguish older rhyolitic tephras 

fro~ possibly younger andesitic tephras on the basis or glass contentso 

It can be seen :fran this last equation that there are too many urJmown 

para;neters to enable dating of members of' the stratigraphic sequences 

under study. Assistance in overcoming this diff'icul ty can be ef'f'ected. 

by consider-ing the climatic dependence of' the rate constant and the 

variation of' the rate constant with time, both of' which are dealt vrl th 

in subsequent sections. 

T.te order of' ease of' weathering proposed "by Aomine and Wada ( 1966) 

di:f':fers signif'icantly :from those of Fieldes and Swindale ( 1954) 2.nd 

Jackson and Sher.nan (1953). Their sequences in order of increasing 

stabil:ity to weathering with the minerals used in .kcmine and Ylada 

underlined are given below: 

increasing stability 

Jackson and Sheman: basic volcanic glas~. olivine, h,.Yoersthene, biotite, 

augite, amphibole, anorthite, epidotite, bytownite, an.cleslne, 

oligoclase, muscovite, garnet 

Fieldes and SV1:i.ndale: oliYine, aug:i te, hypersthene-bas; c volcanic e:lass, 

zeolite-biotite, muscovite-volcari.ic glass (acidic), I'elosncr-ou~!'"tz 
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Fieldes a~d Swindale ( 1954) postulate tha,t acidic ( rhyoli tic) volcanic 

glass weathers at a rate comparable to that of feldspar and mor-e ~lonly 

than basic volcanic glass. This conclusion is ir.consistent vd. th 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 

"a small tendency for basaltic magmas to f'onn glasses and ( there is) 

ready e.1 teration o:f 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 

structurally dependent, and the stability series indicated above suggest 

that fr2mev.-ork structures are less easily weathered than simple:::-

silicates. The members o:f the sequence are plotted as a function of 

the silicon to oxygen ratio (effectively a structural parameter) in 

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

are usually less rea<illy weathered. )..lso given in Fig. 603 is a plot 

of the minerals of these sequences showing the variation of' the ratio 

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 f'or increasing ratio 

of' basic oxide to silica, and that U1e ease of weathering increases ri th 

decreasing stru~tural complexity of the mineral. It is probably a 

fortuitous combination of these factors for the minerals. Aomine and 

Wada (1966) give, that the structural ef'f'ect is outweighed by the effects 

of canposi tion. As a consequence of' this, it may be reasoned that, for 

minerals of comparable structural complexity, compositional relationships 

dictate the relative rate constants. Such an interpretation does rot 

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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SG-1...: Ruxton' s 'rfoathering 1fodel l,fodif'ied :f'or a !,:ixetl Techra Dei::c~;it: 

Jt has already been shown (Ruxtcn, 1968) how if' the ccncentrat:i.on 

or andesitic and rhyolitic glasses are respectively ca a.~d cr at the 
0 0 

t ;rne o~ rut· • b d b tl t • a d r d ~. i e pion, ana are o serve su sequen y o oe c an c, an 

further that the appropriate rate c onstar1ts f'or weathering are k and 
a 

k then the appropriate rate equations are: r 

1n (ca 10a) t ( r / r) o' = ka and 1n co' c = kr t 

It may be shown that the variation of' the rhyolitic parameter with 

ti.me is s:na.11 and can to a reasonable approximation, be neglected. This 

is tantamount to neglecting the difference in rate constant between the 

·two glass types. If' this is taken to be the case, therr the initial 

concentrations of' the vitreous components of a mixed tephra can be 

derived f'rom estimates of the initial concentrations of glass in tephras 

either entirely rhyolitic or entirely andesitic. 

Various suggestions for the value of c f'or different ash types 
0 

have been made as given in Table 6-3 and plotted as a ~unction cf' 

in Fig. 604-

TABLE 6-3: Estimation o~ Initial Glass Contents for Varlous Types o~ 

Tephra 

Consia.eration* Initial Concentrations Ref'erence 

+ 

( a) 

(b) 

(c) 

rhyolitic 
glass 
r 

c /o/o 
0 

30 

60 

andesitic 
glass 

c~o/o 

30 

30 

30 

ignimbritic 
glass+ 
; 

c-/o/o 
0 

90 

Fieldes (1966) 

Fieldes re-;d 
Weatherhead ( 1968) 

ccrrespond to similarly labelled data columns in Table 6-4. 

ignimbritic glass is rhyolitic in ccmposition, but because of the 
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nature or the eruption that gives rise to it, it may be more 

pumiceous a..~d certainly representa greater proportion of' the 

volcanic ejectamenta. 

+ The estimate for ignimbrite taken to be that for Taupo Pumice 

a:rter Ewart ( 1963), andesite taken as 30S as f'or the other 

considerations. 

I r a 
f values of c and c are small, errors in the ratio and hence 

the pare.meter kt is subject to appreciable error. One way of 

circuor..renting this dif'f'icul ty is to use the ratio of' total glass 

observed to the total glass estimated as existing initially, this 

initial value being determined by the rhyolitic para~eter,o<. . The 

plot of' total glass content as a f'unction of d-. is of' course linear in 

a r 
all cases. Since this is not so f'or plots of c0 and c0 versus or. 

(see Fig. 604-) errors are f'urther reduced by this procedure. 

Values of' the kinetic parameter kt a.re evaluated in Table 6-4 
t 

f'or the various considerations. In that the ratio cofc0 exceeds u..~ity 

for the Or-~a..~ui For.nation samples under consideration (a) suggests that 

this may be unreasonable. Consideration (c) was included to determine 

whether the assignment of ignimbritic character reduced the considerable 

di:ff'erence between the values of" Oruanui Formation and Rotoehu A.sh end 

the rei:taining ,shes in the sequence, but the e:f"fect 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 o:f the Tapapa Road site, the maxim.um is reached just above 

the Oruanui Formation. At Mairca it is noteworthy that the upper 

portion of' the curve is missing, there being only the function :f'ran 

near the projected maximum to the Oruanui Formation. This attests 

either to erosion of upper members or to the non-deposition at Mi::iro3. 

of the material that gives rise to the rising part of' the cul'."'~e at cthe? 

sites. A less distinct but simila.r trend. is evid.ent for the Kal:--8ptiku 

(Site 5) samples. 
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That the pare.meter h."i; shov.s a maximum is highly suggestive or 

cli.Liatic variations ri thin the last 20,000 years and. is similar to the 

plot based on soil ~orma.ticn data ot' Vucetich to be discussed in Sec. 6-8 

T.ABLE 6-4: v.,alua.tion o~ Kinetic Parameter (kt) cm Basis of' d... and 

Values of' c • 
0 

Sample t oc.. ct t t Io/ t) t t ., t; t) 
C co C ln(c /c) lntc 0 c 

(%) 0 0 ln'-Ct C 0 

(a) (b) ( c) (a) (b) ( c) 

201 7.75 1.0 30 60 80 1.355 2.04-8 2.330 

202 3.17 0.89 30 57 74.5 1.244 2.882 3.158 

203 3.26 1.0 30 60 80 2.216 2.919 3.202 

201+ 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 o.69 0.17 30 35 38.5 3-772 3.912 4.017 

301 8.8 o.87 30 56.5 73 1.228 1.858 2.--:12 

302 8.1 o.so 30 5,11- 70 1.309 1.897 2.154-

303 5.23 0.81 30 54-.5 70 1.749 2.333 2.594 

301+ 5.10 0.54 30 46 .. 5 57 1.772 2.207 2.408 

305 6.29 0.26 30 38 43 1.565 1.796 2 .. 805 

306 5.86 0.79 30 54. 69 1.635 2.216 2.4-65 

307 * 31.05 o·.,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 

401 6.27 o.so 30 54 70 1.565 2.153 2.L,.14 

402 3.87 o.63 30 49 62.5 2.048 2.538 2 .. 781 

403 3.08 0.76 30 53 67.5 2.273 2.847 3.088 

404 6.04- o.86 30 56 72.5 1.605 2.226 2 .. 489 

405 9.95 0$84 30 55.5 72 1.103 1.720 1.?,81 

407 5.28 0 i:;• • ::x+- 30 46.5 57 1. 737 2.172 2.375 
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TABLE 6-4 cont. 

Sa!:!ple 
t o< t t ~ lo ~ t t ( t; +. 

C 
\,, 

C C C ln( ct/c ") ln(c /c) lr, C Cv) 

(%) C 0 0 C 0 

(a) (b) ( c) (a) (b) (c) 

4-09+ 7.70 1.0 30 60 80 1.363 2.C'J;.8 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 3.324 3.547 

503* 1.69 0.72 30 52 66 2.882 3.430 3.665 

504 1.79 0.61 30 48.5 60 2.830 3.297 3.507 

505+ 1.44 0.52 30 46 56 3.037 3.461 3.657 

601 3.61 0.36 30 41 47.5 2.120 2.436 2.577 

602 5.33 0.27 30 38 43-5 1.726 1.959 2.104 

603 7.75 0.38 30 42 49.0 1 .. 355 1.687 1.845 

604-* 21+.c6 0.99 30 60 80.0 0.219 o.s,16 1.197 

605* 17.04 0.92 30 58 76 0.566 1.228 1.492 

606 18.85 0.05 30 32 32.5 0.,465 0.528 0.545 

901 13 0.76 30 53 68 0.837 1.406 1.654 

902 10.6 0.75 30 52.5 67.5 1.Cl;.O 1.601 1.853 

903 10.3 0.84 30 55 72.5 1.072 1.694- 1.953 

904 10.4 0.84 30 55 72.5 1.061 1.686 1 .. 946 

905* 20 o.89 30 57 75 0.406 1.0'+7 1.327 

906* 16.2 0.53 30 46 57 0.615 1 .. 041+ 1.258 

(a) on Fieldes' (1966) criterion, tbe mru-.imum glass contents of toth 

rhyolitic and andesi tic tephras is 2~ 

(b) based ·on Fieldes and Weatherhead (1968), 3Q6 glass in andesitic 

tephra, 6<Y0 in rhyolitic 

(c) as f'or (b), except assume rhyolitic tephra is ignimbrite and has a 

glass content of 8(% 

* field identif"ied. as Oruanui Ash 
+ field identified e...s Rotoehu P..zh 
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Rather thari the empirical method described in Sec. 6-4, the value 

of initial glass conter.1ts may be s· bl. ~ d +h b • p 1 - • e ~a is!~e on~ e asis O! a lophane 

contents. Fieldes (1966) gives an indication o~ the conversion o~ 

glass to allophane f'or the two principal tephra types a~d his data is 

presentec in Table 6-5. 

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

derived soils ( af'ter Fieldes (1966)). 

Parent ash type Soil type Feldspar Gla.ss .Allophane 
(c~) (c~) ( G _p__;%) 

rhyolitic tephra (fresh tephra) 60 30 ) 

' J 

" II yellow-brown 45 5 ) 15 
pumice soil ) GR 

) 
t1 tt yellow brown loam 35 15 ) 12 

andesitic tephra ( f'resh tephra) 40 30 ) 
) GA 

" ti yellow brown loam 15 15 ) 50 

Fro:n this table it is seen that in the fo:t'Dlation of a yellow brown 

loam i'rOi!:. rhyoli tic tephra, 12 grams of allophane form f'or every 15 

grams of' rhyoli tic glass that are lest, and similarly in the :formation 

of the se1ne type of' soil from andesitic tephra 50 grams of allophane 

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

0.3 CG = 1.24 CG 
A R 

= 

Now if an ash deposit is considered whose rhyolitic character is o<. , 

then: 15o1. grarns of' rhyoli tic glass are lest to :for;n 12 o(. g:?:"2.r.1s of 

allcphane, and 15 (1-"" ) grams of' andesitic glass are lost to fo:rn: 

( 1- ot-.) 50 grams of' allophane. 

But the tv:o "allcphanes" e.re not distinguished so that 15 c1,.. gr2rr.s 

of rhyolitic glass appe&rs to result in (50 - 38ol..) grams of alloph2"~e, 

as does 15 (1- ""-) grams o~ a...ndesitic glass. 



Her-:ce t.b'c! ratio of' 'lest' rhyolitic gla2s to allo:rhDnc is 

o</(3.3 - 2._5o<.) e.nd t::e ratio of' lost and.esitic glass to alloph::....'1e is 

Thus the initial glass c onr:entration can he 

expressed in terms of the present glass concentration and the a.J.1 ophane 

content by expressions of' the form: 

where A is the weight loss on ultrasonic cleaning and is assumed f'or t.~e 

purposes of' this calculation to be totally composed. of' allophane. On 

this basis, values of' Cr and Ca may be calculated and hence the kinetic 
0 0 

pare.meter k t def'ined by the equation: r 

TABLE 6-6: Estimation of' the Kinetic Parameter (kt) 

Allophane and G-lass Contents 

c ... co 
Sanple o<. A ~ """'?.. 

201 1.0 83.8 7.75 112.5o(a) 

202 o.89 91.6 3.70 77.89 

203 1.0 94.8 3.26 121.76 

204 0.95 95.2 2.57 101.58 

205 0.95 90.1 5.30 99.00 

206 0.17 96.6 0.12 5.92(b) 

301 o.87 77.0 7.6 65.1 

302 o.eo 80.0 6.5 53.5 

303 0.81 88.5 4.23 58.23 

304- c.54 90.5 2.74 28.1 

305 0.26 75.5 1.64 9.19(b) 

306 0.79 90.0 4.63 55.63 

307* 0.77 41+-. 7 21+.o 4-8.3 

308 0.25 77,.7 2.03 9.02(b) 

on Basis of' 

0 
1n(CG/CG) = kt 

R R 

2.68 

3.05 

3 .. 62 

3.68 

2.93 

3,,89 

2.15 

2.10 

2.63 

2.33 

1.72 

2.49 

0.70 

1.49 
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Sa!LpJ e A c~ 
co co(' 

~ ln( GjvGi = kt 
,c 

309+ 0.52 57.0 -;4.38 29.20 0.71 

401 0.80 83.6 4.98 54.30 2.39 

402 0.63 89.5 2.44- 34.66 2.65 

403 0.76 92.8 2.35 50.61 3.07 

404 o.86 88.8 5.20 69.14 2.59 

405 0.84 89.3 8.35 68.18 2.10 

407 0.54 81 .1 2.87 25.58 2.19 

409+ 1.o(c) 47.0 7.70 66.45 2.16 

501 o.85 92.6 1.83 65.72 3.58 

502 0.64 94.3 1 .15 36.04 3.45 

503* 0.72 92.7 1.21 41+.78 3.61 

504 0.61 91.3 1 .. 09 32.13 3.38 

505+ 0.52 88.5 0.75 46.77 4.13 

601 0.36 62.5 1.31 11.31 2.16(2.16)(a.) 

602 0.27 61.5 1.43 7.58 .. 6~(" 6° -. I • I ' • -~ J 

603 0.38 62.8 2.90 12.90 1.49( 1 .1.a) 

604-* 0.99 57.8 23.60 93.Go 1.38 

605* 0.92 75.5 15. 70 85.20 1.69 

606 0 .. 05 66.o 0.85 1.51(b) 0.58 

901 0.76 77 13 54.6 1.1+4 

902 0 .. 75 80 10.6 53.2 1.62 

903 o.84 83 10.3 68.3 1.89 

904 o.84- 86 10.4 70.4 1.91 

905* c . 89 72 20 78 1.36 

906* 0,.53 55 16.2 30.7 o.64 
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( a) Q 

that GR exceec.s ·ioo1: indicates that not all the i'reight loss under 

ultrasonic cleci!ling is due to allophane 

(b) lcw values of' are sug£Cstive of' loess, see Sec. 

( c) '1.'his sample is supposed on field evidence to be correlative vn.th 

309 and 505 

(d) evaluated :from corresponding equation f'or andesitic component 

Field recognition: * Oruanui Formation + Rotoehu Ash 

It is clear f'rom Table 6-6, in which this data is presented, that 

the trend of' values down the stratigraphie sequences is the same as that 

previously established, although the absolute magnitude of' the parameter 

d.i:ffers a little. These variations ruay arise from an over-estimation 

of' the allophane content, since, as has been previously pointed out, the 

weight loss in the ultrasonic cleariing may include primary minerals of 

fine grain size .. 

In order to use this technique to date tephra, it is necessa..···y to 

co!lsider the nature of' the rate constant k. Cle&rly the constant is 

related to climatic variables and t.itis correlation is explored in t..1-ie 

next section. Subsequently the rate consta.."lts obtained on the basis 

of present-day climate are compared with the product kt for identified 

Orua.nui 1'..sh samples, and the variation of' rate constant over the last 

twenty thousand years considered. 

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

Ruxton (1968) 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 hydration of glass ( to be discussed in Chapter 9) he 

concluded that temperature was less significa"lt in determining the rate. 

Rainfall data for the Waikato-Hauraki and Y..i.ng Country regions may 

be estimated :from a map by de Lisle ( 1967), shovm in Fig. 607 and 



l 

0.24 

n ?•'1 
V • '--L 

0. 7.6 

0.7.2 

....., ·" 0 ' .. \ ... / :,_; 

:!:nfiltration 
(I)~ 

100 200 
., 

.,,. • ,, 

" 
,, 

/ 

• 

"" ~.infa1 l 
,,, (R) 

- 762. -

--- (?, I/cm.yr--'-)---• 

( :eta te const2,nt 
,_ 
:\.. in units of 9er thousand years) 



~Jist.::.~iQ:__:_tio~: l)f r"~_ir17~:777 ir1 -~11e ·:/c\i\:2 .. tc.)­
=:;.~ .. 1.J_l_....:.\~.:i ~-,i!.i :ci~c_:: Co1-.,-1.:1t:T~/" 1,"\egions, bo~:::,ec1 
0:::1 ~----- l~l'.3,-cj ('--.,- De T,i c,·l 0 r, 7 Co':'7') 0.·11.c-: '.\\:-r:,-r_ 

,_; - ....... - • --- '--' ..... _,. , '-•- • -....,, V ....., -

·:.J ::..---i, ~:.:G::: l: '.:: l -c ~ ~ -~~~ :r~ J_ ~7 c:.:·.l i -t; i c:= s =:1~or·i \··/t .. L c::i 

~-'·- .~·::. )~_C:3 ·.·.:r:_,i-,c-; -t~--==-'.-:-J:·1 fJr :c~:~-:Jlv~:~11.z tt:;.e 
- . -... ,....,, --~, ,. - .... -' . -' __ , --- ,_, __ .. .l ..... 

..; . .:.i~ 

7 
~1cin-:'":'>~?.1 7 i11 c~:1.~~rr sl1.o\:n.1 thus: 

i 
I 

( 

! 
i 
\ 

, 

\ '' 
~)) 3.8. e,lr~_1: 

==-~::.rO o·:-1 .. r 
"\ 

i 

76b -

-- . ., 
:!2,l.t'l.01..l 

:140 
J 

l~O 
;' \ 
\ \ 
' -~-



- 77 

overprL~ted ~ith site localities f'cr this thesis. In:filtration e;an be 

a.$sessed a.s the dif'f'erence between rainf'all and evapctranspiraticn. 

This latter parameter is dif'f'icult to estimate on empirical grounds, 

although Thornthwaite (1948) proposed a relationship between evapo­

transpire.ticn (PE) and temperature (T) of' the f'orm: 

PE = cTa 

where a and c are constants which vary geogra.phicaliy. Since there is 

a decrease in temperature with altitude a relationship between potential 

evapotranspiration and altitude might be expected of' the :f'orm: 

PE = c(T - kh)a 
0 

where T is the sea level temperature of' the site in question, his the 
0 

altitude, and k the altitude coe~ficient o:f temperature. 

Waikato district, this becomes: 

PE = c(13 - 0.017h)a 

For the 

A lcgarith:nic plot sho~n in Fig. 608 indicates a value of' 'a' of' 0.8. 

A direct plot is also given in this f'igure which as expected f'rom the 

value of" 'a' is almost linear. From such an estimate of' potential 

evepotranspiration and the rain:f'all data, estimates of infiltration and 

thus o~ rate constants may be made on the basis of present climate for 

the sites under study. Such constants are given in Table 6-7. 
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TABLE 6-7: Calculated We,athering Rate Constants for Sites or Tirau and Mairoa Ashes: 

Site 

Tirau 

Findlay Park 
(307) 

Elevation 
(h/cm) 

110 

166 

Parm·rera 153 

Kalcepuku ( 503) 67 

Mairoa ( 604) ) 400 

(605) ~ 
Tapapa Rd ( 905)) 300 

(906) ~ 

------·-----------------------
Potential Rainfall 

ev apotranspirat:i on 

(PE/( cm.yr - 1)) ( a) (R/( cm . .yr-1)) 
(bJ 

67.7 126 

67.5 139 

67.5 139 

68.0 152 

65.5 228 

64.0 254 

Infiltration 

( I/( cm.yr - 1)) 

58 •. 3 

71.5 

71.5 

04 

122.5 

190 

Rate Constant 

3 -1 (k x 10 /yr ) 
( c) 

O.Oli-0 

0.048 

0.052 

0.060 

0.118 

0.132 

Rate c onstmt 

(k x 103 /yr-1) 
( a.) 

0.13 

0.18 

0.01 

0.08 

0.11 

0.1,,.7? 

·-----------------------------------·-

-..J 
(i) 



( a) Interpolated :f'ro:n Fig. 608 

(b) after d.e Lisle, Fig. 607 
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(c) interpolated f'rom Fig. 6o6, being L~e present-day rate constbnt 

calculated £'or dacitic ashes after the method of' Ruxton (1968). 

(d) being (1 - d... ) f'or 0ruanui glasses, the mean rate constant over 

the last twenty thousand years 

It is of' interest that the present-day rate constants rise v:ith 

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 f'or 

sane sites, and enables the comparison of' data f'or sites at which the 

Oruanui Formation was not available f'or e.nalysis o~ glass content. 

S6-7: Correlation of Kinetics between Tephra Seauences: 

Frcr::1 Table 6_,-+ &""ld Table 6-7, it will be seen that the est:i..roa.tes 

of' the kinetic parameter f'or the samples of Oruanui Formation dif':fer 

from site to site. As is evident in Table 6-8, this does bear some 

rele.tionship to the present climatic dif'f'eremes. This data is plotted 

on Fig. 609 whereon it is seen that the correlation is better between 

T.ABLE 6-8: Comparison of' Rate Constants Evaluated on Climatic Basis 

and on Basis of Glass Content of' Oruanui Formation: 

Site 

2 

3 

4 

5 

6 

9 

Rs.te constant 
:from present­

day climate 
k 

C 

o.~o 

0.01+8 

0.052 

0.060 

) ( 
) 0.118 ( 
) ( 

) ( 
'\ 0.132 ~ ) 

Sample No. 
(Oruanui 
Formation) 

307 

503 

604-

605 

905 

906 

Kinetic 
parameter. 

k X t 
( 1) (2) 

(0.50)( 3) ( 0.60) (4 ) 

0.54 0.70 

(0.57/ 3) ( o. 74) (4 ) 

3.43 3.61 

0.92 1.38 

1.23 1.69 

1.05 1.36 

1.04 o.64 
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(1) on basis ot' gla0s contents 

609 ~r~u Table 6-5. 

plotted as closed circles on :?-'ig~ 

(2) on basis of' g1a.ss and allophan.e contents 

circles on Fig. 609 from Table 6-7. 

plotted as open 

(3) interpolated f'roru solid line, Fig. 609 (see text). 

(4) interpolated f'rcm 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 evaluated on the basis of glass and allopbane contents. The 

deviation from linearity ~or 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 th.at for 

s&~ples 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 

lateral ground-water f'lov,. On the basis of this diagram, and assuning 

no lateral ground-water flow, t..he kinetic parameters for sites 2 a..""ld 4 

can be interpolated: the values obtained are given in parentheses in 

Table 6-8. 

R0~Qcir6 the kir.etic parcmeters to that t'or Oru~~ui, kt= 1.0, the 

parameters ~or the samples may be correlated from sequence to sequence 

and this provides the basis o~ a crude method ot' geologic dating, 

provid~d the variation of rate constant with temperature is known. 

S6-8: The Var:'i ation of Rate Constant with Time: 

Vuc-etich (1968) has estimated the rates o~ soil development ~or 

soils derived t'rom volcanic ashes over the past twenty thousand years. 

His "degree of soil development" are evaluated on ped.ological criteria, 

ar.d 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 f'rom tephra, there is a 

certain correlation between glass contents a..~d soil development. 



If' Vucetich' s de.ta is plotted as in Fig. 610, it is see:i that the 

f'unctioc1 shows a marimll!!l, reminiscent of' that obtained at the Findlay 

Park and Farawera sites f"or the "kinetic parameter" :from glass contents 

of' tephra o-f' this maximi;.'1l. Vucetich (1968) wrote: 

II ..... it is inf'erred that the rate o-f' soil development increased 

rapidly about 14.7 thousand. years ago, which corresponds to the 

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

development is attributed to the temperature beccming warmer at 

that time." 

This is an interesting conclusion in that it conf'licts with the 

propostl f'or a cold stadial at about 15 thousand years ago by Brodie 

(1957) and Suggate (1965) f'or more southern a.~as of' New Zealand, a~d 

the postulated cold period in the Waikato region between 12,000 and 

16,000 years ago, during which the f'inal deposition of' the Hinuera 

Fomation might have occurred (Vucetich and Pullar, 1969). Vucetich, 

in f'act, made the implicit assumption that the increased weathering 

rate cf' the soil-f'ormer (glass) can only be due to increased temperature. 

Refer-ence has already been ma.de to the f'act that weathering of' glass is 

more dependent 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 section. 

S6 D f S • 1 D , +. K· et· Int"'.,...,..,re-+--4- ·or.· -9: egree o 01 eve~opr:i.en~ - a in ic ..;.._..,, vc .... ::.. _,. 

For the reference site described by Vucetich (1968), suff'icient 

data is provided to calculate the present-day weathering rate ccnstants 

on the basis of' altitude and assessed inf'il trat ion by the methods 

previously described. This data is sh~~n in Table 6-9. As SU.'Tling th at 
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for Kaharua ash t..l-1e age of' the tephra is e.lso the eff'ect::_ ve time fer 

weathe!'ing, the kinetic parameter (kt) c;:;.n be evaluated as the prcduc"t 

of the age and the present-day rate consta~t, making the implicit 

as Sumption that the preser.t-da.y rate constant has been ef'fecti ve ever 

the last thousar1d years. 

Now Frost and Pearson ( 1961) indicate that 11a general equation 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: 

= ln(c /c) g,o g 

holds, were d is the degree of' soil development of' the tephra being 

dated, d beiri.g the degree of' developraent at deposition a"'ld d 00 the 
0 

degree if' the tephra remains unburied :f'or infinite time. 

TABLE 6-9: Evaluatic;n of Weathering Rate Constant for Vucetich Site X 

Parameter 

Elevation (h/m) 

Potentitl evapotr~~piration 
1..P.E./cm.yr J 

Rainfall (R/cm.yr-1 ) 

Tuf'iltratic~ (I/cm.yr-1) 

Weathering const. (k/1o3yr-1 ) 

Age of' Kaharoa Ash ( t/1 o3yr) 

Product kt 

Value 

360 

66 

127 

61 

O.Ol.i4 

0.9 

0.0396 

Ret'erence and Notes 

Vucetich (1968) 

Fig. 608 

Vucetich ( 1968) 

being R - P .. E. 

Fig. 606 

On such a basis, if the original deg:ree of soil development is 

taken as zero, d 00 is evaluated as 26. Accordingly, from the degrees 

of' formation, kinetic parameters can be evaluated. Further to this, 

using e~timates of the time f'or v.ceathering of the respective tephras 

before subsequent burial, weathering rate constants can also be evaluated. 
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Tbe results of' these calculations are &icwn i.l1. Table 6-10. 

T.h.ELE 6-10: Kinetic Paramete:?:"s a.11d Weathering Rate Ccnstants for 

Various Tephras 

FoIEation Estimated degree Age of' Kinetic Time for 
or me:nber of' soil develop- :f'onna- parameter weathering 

Tarawera 

Y..aharoa 

Taupo Pum:5-ce 

Taupo subgrp. 
9 - 13 

7la;m-ih.ia Ash 

Whakate.ne Ash 

Ma.muku Ash 

Retana Ash 

Taupo subgrp. 
16 - 18 

Waiohau .Ash 

Rotorua A.sh 

ment at top 
formation 

Note 

1 

2 

1 

2 

2 

2 

3 

(d) 
(a) 

3.5 

4 

5 

Rerevma.l.:aiitu Ash 4 

0kareka Ash 

Te Rere Ash 

Orua.l'lui Ash 

1 

1 

1 

of tio3 
( t/10 yr) kt 

(b) (c) 

0.08 

0.93 0.0392 

1.82 0.077 

0.039 

5.18 0.077 

7.05 0 .. 077 

7 .. 33 0.122 

0.148 

1 t.20 0.167 

20.7 

~ 20 

20.5 

0.215 

0 .. 167 

0.039 

0.039 

Notes: (e.) a:f'ter Vucetich (1968) 

(b) af'ter Birrell end Pullar (1973) 

( t/1O3yr) 

(b) 

o.86 

o.89 

1.58 

4.25 

1.87 

0.30 

-z i:; 
.,J • .,, 

6.o 

? nil 

? nil 

Rate 
Const8 

k 

(d) 

0.04-5 

0.086 

0.049 

0 .. 018 

0.041 

0.04-3 

0 .. 006 

(c) being defined by the equation: kt= ln(26/(26 - d)) 

i.e. taking d 0 = 0 and de:,= 26 

(d) evaluated from ~~e product kt where tis the ef'fective 

t:uie f'or weathering of' the tep:i:ra 
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Of particular note is that, while the ld..netic para~eter goes 

through a maximum in relation to the tephra' s age, the rate constant 

shows no such -..,·ariation, being re la.ti vely constant except for the 

Rotosa and Whakatane Ashes and the late Pleistocene tephra, the latter 

of' which were probabJ.y little weathered before burial. 'rhis 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 mich 

Vucetich's kinetic analysis appears to overlook. 

It will be noted too that the values for the ld.netic parameter 

obtained 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 

rather than soil formation. This difficulty is easily overcome by 

plott;rig the ld.netic oars.meter (kt) as a f'unction of time, scaliiig the 

parameters such that that f'or Oruanui Ash is U.Yli ty. Such a plot may be 

demonstrated to be identical to Fig. 610 a.'1.d forms the basis of' t..li.e 

assignment of' dates f'or the members of the Tirau and Mairoa Ashes. 

S6-10: .A.ssigru:;.ent of' Dates to the Tirau Ash and. Mairoa Ash: 

If the kinetic parameters of Table 6-1.- are r·educed so that the 

kinetic parameter for Oruanui Formation is unity, the results givem in 

Table 6-11 are obtained. Interpolation of' this on Fig. 610 enc.bles the 

assignment of approximate dates. For sequences in which the Oruanui 

Ash was not identi:f'ied ri th certainty, values of' the ld..netic par-d.Dleter 

for Oruanui Ash required f'o r scaling purposes were inf'erred from the 

relationships between kinetic parameter and rate constant show:r1 in Fig. 

609 and Table 6-8, assuming in all cases tha.t the Ash is rhyclitic • 

.11..lso given in Table 6-11 are the corresponding reduced para'lleters ,•;:here 

the parameters were initially determined f'rom both glass ana alleged 

allophane ccntents of' the soi.ls. 
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T.ABLE 6-11: Reduced Kinetic Parameters a_r1n_ Derived Ages: 

Samnle Reduced Assigned Reduced .A.ssigned 
kinetic Age kinetic Age 

parameter parameter 

(1) (2) (3) (2) 

201 4-.09 10.6 4.46 11.5 

202 5.75 ) 5.10 12.5 
) 

) 203 5.85 ~ca 13 5.90 
)ca 13.5 

204 6.18 ) 6815 )-

205 4.70 14.4 4.90 14 

206 7.80 

301 3.45 8.5 3.07 7.5 

302 3.51 8.5 3.00 7.,5 

303 4.30 11.0 3.75 9.5 

304 4.10 15 3.33 16 

305 3.33 16 2.46 17 

306 4.10 ? ? 

307 1.00 (20) 1.00 (20) 

401 3.80 10 3.26 7.5 

402 4-43 11.5 3.60 8.5 

403 5.01 12.5,14(4) 4.15 10.5, 15.5 

404 3.96 15 3.50 16 

405 3.03 16.5 2.84- 16.5 

501 ) ) 
) ) 

See note ( 5) 502 ).21: 1 .o See Note ( 5) )ca 1 .. O 

) )-
503 ) ) 

601 2.66 1.,66 18.5 
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~~nT~ ~ ~1 ( • ) -.r...D.u.C. o-, ccnti...'lue,:3. : Reduced Kinetic Pera~eters end Derived Ages: 

Sample 

602 

603 

604=:c 

605* 

606 

901 

902 

903 

904 

905* 

906* 

Red.uced 
1 • +. Kine ... ic 

parameter 

( 1) 

2.13 

1.82 

1.00 

0.75 

1.34-

1.52 

1.62 

1.60 

1.00 

1.00 

Assigned 
1!..ge 

( 2) 

18 

18.5 

(20) 

(20) 

( 13) 

See note (5) 

( 20) 

(20) 

Reduced .Assigned 
ldnetic Age 

para.'11ete r 

(3) (2) 

1 .21 18.5 

1.08 20 

1.00 (20) 

1.22 (20) 

2.25 6.5 

2,.37 7 

2.95 7.5 

3.00 8, 16 

') ➔:, .... ',,., 17.5 

1.00 (20) 

Notes: (1) kinetic parameter reduced relative to Oruanui, the kinetic 

parameters being those established on the basis of glass contents 

alone. 

(2) from Fig. 610. 

(3) reduced lr.:i.netic parameter as in (1)., the initial ldnetic 

parameters being those established on the basis of both 

allopha..'1.e and glass cor..tents. 

(4) value obtained depends on the 'side' of' the ma.xi.mum 

considered appropriate 

( 5) negligible variation suggests post depositional mixing of' 

beds 

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

depth of bur:i_al • 

. Ages of tep.hra established by radiocarbon dati.."1g shown: ( ) 
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Such a technique cf' dating makGs the inh€r·ent as::;u,.11ptio;.1 ~h&t the 

depositional seqt;.ence is the same or at least comparable in each cc.Ce, 

as both oetween the sequences and between a given sequence and Vucetich' s 

site X :for which the time dependence was d.eri ved. To this extent the 

.t.. .._ • f' esvm.avion o ages between 14.7 and 20 thousand years is of' lower 

reliability, since Vucetich gives no tep...l-1ra of' th;is age - since at zite 

X, this is suf'f'iciently f'ar f'rom the Egmont centre to have received 

negligible amou.T).ts of' the Mairoa material. Nevertheless, it would 

appear that the Tirau ash beds span between some 11 and 15 thousand 

years and the Mairoa sequence predates this but post-dates the Oruanui 

Formation of 20,000 years age. 

0~ interest is the observation that material recognised in the 

f'ield &.s Mairoa ash is younger than the uppermost bed sampled at Mairoe 

itself·. This might suggest that some of' t.11e upper l!lembers at the Mairoa 

locality might have been e~oded, or alternatively that the bed may be 

contam.;12.ted with tephra of' greater age. That the direction of' thfrming 

of the Mairoa ash is to tbe east suggests that the latter possibility is 

more likely. The most likely contaminant is the underlying On.::z.nui 

Formation; such incorporation is likely to be the reason for the failure 

of' this dating technique to resolve the stratigraphy at Kakepuku (site 

5). Results f'rom physico-chemical and cherrical anc.J..yses con:rirru the 

likelihooa cf the inclusion of Oruanui glass in these samples. 

S6-11: Conclusicn: 

In this chapter procedures f'or obtaining an estimate of the a.ga of' 

tephra on the basis of glass contents has been described. In so doing 

it has been assumed that the rate cf loss can be assessed on the basis 

of the v;eight loss of glass ex:tracted and that for a given we2.the:r-irrg 

regime this weight loss may be adequately described in te~s of' a first-

order reaction. This model, previously proposed for dacitic eruptives 

was moa.if'ied to render it applicable to raixtures of glass types. It 

was however necessary to propose a sem:i.-empirical method of acbiev:i.ni; 
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the initial glass concentrationc, and in order to reduce the variables, 

such that an ul tiffiate solution might be rossib1e, the weathering :rates 

of' and.esitic and rhyoli tic glass were assumed the same. Actually the 

rates do dif'fer a little, as was shown by considerir..£ the rates o~ 

weatherir..g of' minerals comparable in co~position to the ~fiO glass t;vpes. 

For the New Zeala11d case, the model is f'urther cmiplicated by the 

variation of the rate constant with time. This has been assessed with 

reference to pedological criteria which gave a curve f'rom which 

approximate ages could be interpolated. In so doing, the tacit 

assumption is made that the weathering of glass is the principal 

contribution to soil development. As a consequence of this dating, 

the Tirau .Ash would seen to be not older than about 13 thousa11d years, 

and the 1lairoa Ash older then this. That at Mairoa itself' the youngest 

rnel!!ber of' the Mairoa Ash sequence is some 17 thousand years suggests 

either erosional loss of the upper portion of the sequence, reworking 

of the r.:.aterial and inc.:orporation of' older material into the tel)hra bed. 

It should be noted that the dates obtained by this method are but 

approximate. Apart f'rom the limitations described above, the assumption 

is also implicitly made that thera is negligible movement of clay 

minerals within the profile and an insignificant loss of' minerals by 

means ether 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. 



CH.J....PI'~ 7: THE DENSITY OF VOLCANIC GLASS AS A TEFHRL CCR.'.'.?.ELA1'TO?-T 

P P..R..AJ·11ETER 

S?-1: Introduction: 

The density of' a glass shard reflects its bulk composition, end 

may therefore ~lnd application as a parameter in tephra correlation. 

Not a great deal of' work has be en done on the density of glasses in 

geology al though the parameter is widely used in forensic work. Wilcox 

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

density measurements: 

"The intrinsic specific gravity of' the glass of' the shards would 

be a useful characteristic, but unfortunately no convenient method 

of' measurement is available in the presence of the many inclusions 

o.nd. bubbles." 

Ross indicates that volcanic glass exhibits three principal habits 

which are described by Ewart ( 1963) as: 

"Or.e tyPe being c caposed of' glass which originally enclosed 

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' al.most flat glass plates, formed by 

the :fragmentation of' the walls which enclose large, flattened~ 

lens shaped vesicles •••.• A third t.Ype is fibrous and represents 

Fun:ice fragments." 

Although there is a complete grada.tion between these types, it is 

clear that the disquiet of' Wilcox is only of signif'icance for the third 

type, and there is in f'act no justifiable reason for condem.'1.ing density 

as largely unsuitable in tephra correlation. 

Since much of the expertise in density measurements of materials, 

and glass in particular, has developed under the auspices of' f'orensic 

science it is appropriate to revien its usefulness and. the techniques 

developed in this field before attempting tephra correlations on the 

basis o~ den~ity. 
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S?-2: 'T'ecl---'1ioues in the Detemi11e.t:i.on o:f' Dens:Uy of G-1:'!~e.: 
,_ -. 

The correlative value of a tecb.J.,ique is obviously of great 

importance in forensic wcrk, and over thirty years ago statisticel 

experj'""ents described by Nelsen ( 1965) shewed that the chance of two 

rando::ly ch::;sen glass San!ples being identical is ver:l smcll, this cha.nee 

of' iden-:.i ty decreasing as the ace uracy of' the deterninati on is ir:.crea.sed, 

as is 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 

terr.pe rs. ture. 

Nelson (1965) describes the latter technique as enabling the 

separation of glasses differing in density by O.Q00024 gm.cm-3. The 

principle of the method is to heat a suitable liquid, the density of' 

which is st:.ch that the immersed chips of' glass rest on the bottom of' 

the con~ainer, until they just rise. He notes that it is pref'erd:,le 

~at to arrange the procedure so that measurement is made when the glass 

chip s-;nks since a f'loating chip may be held at the surf'ace in spite of' 

its having a greater density than the liquid because of surface tension 

effects a~d convection currents. In such determine.ti ons a bromo:f'orn-

x-ylene rni;;:-',.;ure of' density 2. 5 gm/ml was used in a water bath c ontroJ led. 

+o n1 °c to - .v • Similar procedures are described by Kind and Summerscales 

(1966). 

T.A.31:E 7-1: Indications of Accuracy in Determinations of' Density in 

Forensic Applications 

• 

Glass Sa'!lpled No. of samples De:!1s i ty Range Reference 

-------------------------------------
non-optical glasses 

bottles 

headlights 

Lucas headlights 

100 

30 

50 

6 

2.21+1+7 - 3.1278 (96 within 
ran.ge of' 0.4887) 

0.0225 

2.4658 - 2.4-970 

0.0005 

1 

2 

3 

4 
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Ref'erer~es: (1) Gamble, Bird and Roche (1943) 

( 2) Finch and Williams ( 1958) 

(3) Green a.."ld Burd (1949) 

(4) Nelson ( 1959) 
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A procedure such as this is likely to be time-consltlling, although 

very accurate, and is there:f'ore perhaps not be :f'avoured for routine 

density determinations. By contrast density gradient methods are more 

e&sily set up and,because the result can be photographed, the densities 

of' the glasses can be more readily compared, especially if' they encompass 

a range of valuei, Nelson (1965) described the formation of' a Graded 

density column f'or f'orensic work stating that the sensitivity of' the 

tech.•.-ique v.as proportional to the length of' the column and the o.e!'!si ties 

of the constituent heavy liquids. This column was made by successive 

a.ddi tion of' progressively dilated heavy liquids, having a rather la.--:-ger 

volurr:e of the enc.-member than of' the inter.nediate members so as to 

11 enable the f'ull range of' the gradient to be maintained fbr a conz:i.d.erable 

time." 

Density gradient columns have been in use for many years, f'or 

example, Sallas (1891) and in general can be divided into two categories, 

one ?.'!lereby the gradient is :f'omed by miring techniques and the other in 

which it is f'ormed as a result of diffusional processes. TLe former 

have the ad:'lrantage in the rapidity with which the gradient can be set up 

and the capability of modification to give different gradient pro~iles. 

Various methods are described by Anderson (1955). One such method 

(Jones, 1961) is illustrated in Fig. 701. The way in 'l'±ichttthi::: sirr;ple 

apparatus, which enables the rapid establishn:ent of a colurz. of' 1:.quid 

d ~ + • +· " k • graded in density and having control1e c .. arac .,eris .. ics wor. s is 

described: 
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111·; • • t· h vpcr: SUDJe::: ing t. e el!lpty column to reduced pressure the low 

d.er_si ty liquid j s drawn through cock B and replaced in the chaffiber 

by M sh density solution fro:n t.he beaker. A grac.ual and even 

i.r..crea.se in the density of liquid in the chaober and theref'ore of' 

the liq~ia. dra.vm into the column~ is ensured by continuous mixing 

with an electromagnetic stirrer. The liquid rises steadily up 

the colun:n, there being little disturbance by the inf'low at the 

base. When the vertical tube is filled, cock Bis closed and 

the column is ready f'or use ..... " 

The teclmique as illustrated is for 'light' a~d 'heavy' liquids 

which dif'fer in density by cnly a small amount. When such an apparatus 

was constructed, dif"i'icul tien 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 

v;:i thdravm bef'ore the high density fluid enters the chamber. Thus the 

r&.te of a.scent of the mixed solution up the col\LITl...'1. appears to be a 

functio~ of density. P..dd to this the dirficulties of evaporation of 

the diluent (usually acetone or alcohol is used as t.he diluent, with 

bromofonn as the heavy liQuid) and it is appreciated that such mechanical 

devices probably have little application in mineralogical work where 

gradients over a wide density range are usually required. Muller and 

Burtcn (1965) describe smilar apparatus for mineralogical application 

which operates under grevity rather than 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-demanoing 

forensic applications. 

The original method f'or establishing a gradient of density was 

simply to allow diffusion to occur at the interface of two miscible 
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liquids of dif~ering density (Galileo (1665); Fick (1855). While such 

a 5 .1"ste--c, -... ·s -... ·n:-·pr,..ct.1.·c,:;ble i·n th t ·t t· • ht l t - ~ -~ - - .e presen si ua ion in tl a t1e ime to 

set up a column in this way would be inor-'lu.inately long, and much of both 

the hee.-_.y liquid and the diluent would have evaporated, the principle is 

fundamental to all diffusional columns. In order to reduce the ~ime 

fer dif:f'us::.on. to render suitable column characteristics, dif'fusional 

columns are usually made by laying aliquots of" progressively decreasing 

density ( Goin and Kirk, 1947), or by a "slip-under" method in \\'hich each 

layer is introduced through a capillary tube and slipped under the 

preceding layer (Fortuin, 1960). The procedure :f"ollcwed in the present 

study was that of Woolson and Axley (1969), using 1 ml. aliquots added 

slowly f'rcm a syringe tube (without needle attached) to a 10 ml 

graduated centrifuge tube held in a slanted position. Some mixing of· 

the layers as the aliquot is added is inevitable but this has been 

claimed, in f'act, to be desirable (Boyer et al., 1946; Linderstrom, 

Lang ~S37). The tubes were generally prepared in batches o~ four, 

loaded with suf'i'icient material to give clearly def'ir.ed bands and then 

centrif•uged gently to f'acili tate the settli."1g of' the added material into 

bands. Lew and Richards ( 1952) claimed that tt.e gradient characteristics 

of the column. are not af':fected by centrifugation; and this has the 

further advantage of' reducing the time that any iron-bearing mineral is 

in contact with the heavy liquid. Following this the positions of' the 

bands v;ere then noted and the column is characterised. 

S7-3: The Characteristics of' Density Gradient Columns: 

Woolson a.'P'ld Axley ( 1969) do not inc.:icate hew they characterised 

their columns. It is possible that they did not do so si.'1ce they 

consider that: 

' 1 a possible error equal to or less tha.>1. the difference bet'Vieen 

t..c adjacent heavy liquid layers is inherent in the system. 11 

In the present case the added aliquots dif'f'er by about 0.05 gm/ml 

in solution density and t'urther, on this basis only, a step-wise gradient 



A ~uitable me:tr..oc. o:f characteriSi,.'1g the colurr.n 

is by ,.ri thdrawic.g small aliquots from various leve]s j_n tbe c:ilumn and 

d.ete mining their ref're.cti ve index. Twenty nicroli tre portions removed 

wi tn a syri:nge causes minimal disturbance to the gradient, but it is 

necesscry to work prog!'ec sively down the colUic:.c"! since there is a 

signif•icant overall volume diminution. If the refractive indice~ of 

the stc.ck liquids are determined as a function of their densi tit es, then 

the relationship between density and coltl!IL~ 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 repre~enting the meF.n 

residual of' re:fractive index at the particular height. Typically the 

r::iee.n residual is some 0.00005 units of refractive index. The relation­

ship between refractive index and density is also ehown in Fig. 702 for 

which the slope lrnfaf is 0.116. From this the error i.~ density 
.. 

c0rrespc~ding to the cean residual of refractive index is 0.001;.. gm~cm-J. 

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

variation in glass density. 

Both the density and refractive index of liquids are functions of' 

temperature. On the basis of their coe:ff'icients o:f expansion, acetone 

and bromof'orm have a temperature coeffi.cie..."1t of density of - 0.0011 and 

( -1 -1) ( ) - 0.0029 gm.ml K respectively Chemical Rubber Co., 1972. 

Temperature coefficients of' re:f'ractive index are not tabulated for t~ese 

tv.o liquids, but typically this parameter is of the order of 0.0004 to 

- 0.0007'. (K-1 ) (Hinnar.i, 1966). The effect of this on the relationship 

between ref'ractive index and density is such that if the tempereture of' 

the stock's olutions used to generate the refractive inc.ex-density curve 

differed by 1 K from the temperature o:f the column, there would be an 

error o:f some 0.003 gm.ml-1 introduced in the density assigned a given 

band. Of' course it matters not that the refractive index and density 

determinations are made at dif'f'erent temperatures, providing that for a 
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re:!:o,·ed :frorr,_ the ccltll:ill and of' the stock solutions are rr:e.d.E: at the same 

tesperatu~e~ and th2.t the determination of' density of the stock 

c olutions and the recording of bc.nd positions are also !!!ade at the sa'l:le 

te~perature (but not necessarily the same as t~at 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 furthennore the gradient achieved is 

unstable and eventually disappears." The disappearance of the gradient 

was investigated by sampling columns of the same batch after allowing 

them to stand for dif~ering lengths of time. Typically, the column 

"collapses" around the mid-point of the column, and eventually a liqt.:id 

colum..11. of nearly unif'orm density is obtained~ as is sbovm in Fig. 703. 

The collapse occurs primarily because of dit'f11sional processes, but is 

probably &ided by the evaporation of the diluent (acetone) ~rom the top 

of' the column., and photochemical dissociation of the broruoform. 

S?-4: The Dependence of Density on Particle Size: 

To determine the effect that particle size has on the observed 

density of the glass, batches of colum.'15 were loaded with various sieve 

fractions of identical glasses. Typical. of these is sample 110 

(Rotoehu Ash) shown in Plate 71 for which the sizes are,f'rom left:greater 

than 250 microns, between 125 and 250 microns, between. 75 a11d 125 microns 

and less than 75 microns. The differences that ar-e obvious on Plate 71 

arise because the grains in the larger size fraction are not "liberated." 

Muller and Burton (1965), who use this term do not indicate whether the 

r~on-"liberaticn" of grair,s arises because of an inherent dependence of' 

density on particle size or because of buoyancy effect in the colw.m 

that prevent the larger grains ~rom settling. In ar(r event the mean 

density is the same for all sized particles although the range tends to 

be greater for larger particles. This is in an interesting comparison 
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PLATE 71 - 96b -

Dependence of density of rhyolitic glass shards 
with particle size 

(Sample: glass from R.otoehu Ash (11,0) ) 

Particle size 

less than 
75 microns 

75 - 125 
microns 

125 - 250 
microns 

.o·rea ter thc.n 
L> 

250 microns 

I 

! 
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PLATE 72 - 97a -

Density of glass from Okarelta Ash ( sample 101) 

Note the two bands of particles in the column 

Particle size 

less than 
75 microns 

75 - 125 
microns 

125 - 250 
microns 

greater ths.n 
250 microns 



since the 1:1esh of liberc.tion 2.ppear.: to be 125 micro~IS in t½a"'; t:-:e hand. 

character- is clear for narticles of this and smalJ.er size, and s:Lrice 

:nost of' the glass pe.rticles are of cospareble size (see 'I'able 7-2) it 

is adequate to use urisieved samples ot' glass for density determinatioLS. 

TJ:.BLE 7-2: Proportions of' Glass of' Various Size Fractions f'or 

Sample 
No. 

301 

30J+ 

307 

Representative Samples 

Particle size ~) 

Representative less than (75-125) ( 125-250) greater 
of 75 than 250 * 

Proportion 
lr<1 by weight) vo 

Tirau Ash 37 38 23 2 

Mairoa Ash 56 36 10 0 

Oruanui Formation 65 33 42 8 

This proportion should be very small, since dried ash was crushed 

through a 250 micron sieve prior to ultrasonic cleaning. 

S7-5: Lateral Variation of' Glass Densitv: 

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

at distances far :from the projected source: 

"Variations in the composition of' erupted material can take 

place during the course of' the:, eru.ption end have been demonstrated 

in some historic eruptions...... But in mari.y cases original 

variation appears to be averaged out i..'1 transit by turbulence and 

shearing in the ash cloud and locally by mild reworking immediately 

a:f'ter initial deposition, so tJ1at the makeup of' the resulting bed 

is remarkably u.'l'lif'orm throughout its geographic extent. It is 

l ~ 

hardly to be expected that a particular ash-f'all deposit WDU~a. 

he:ve one set of' primary constituents at one locality, and another 
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set at anoth~r loca]ity, 2.nd aJthou;E;h i:;ariP't.ions occur :Cro.ci ple..::e 

to place in the size of' p.s.rticles 2.nd in the proportions o:f the 

constituents, r2.::-ely is 211,:,r pri:nary constituent to'.:;ally 12.cking 

in a se.I'1ple. Like~~se there m2.y ~ea range of composition of 

sample of the a.sh ...... 11 

This is indicated in Table 7-3 -.vhich compares the clensi ties of 

the glasses in the Oruanui Fonnatio!1 and Rotoehu Ash as recognised in 

the ··.fa.ikato district with those of the same tephra uni ts on the 1famaku 

Ra.tJ.ge (Hauraki District). 

Such correlations assume that the density of' tne glass is not 

significantly affected by weathering. The princ::.pal ,'leathering eff'ect, 

at least, initially is hydration, as is discussed in Chapter 9. Ross 

arid Smith ( 1955) note that the addition of ~ water causes an increase 

in density of Arroyo Hcmclo glass fron 2.3~- to 2. 37. Thus density 

-3 discrepancies of the order of 0.04 gm.cm may be explained o~ the basis 

of weathering. Unfortunately, this is verJ nearly the same as the 

maximum variation of glass density between Imo-mi tephras, and th..is may 

lir:ri t the use of' glass density in heavily weathered soils. For the 

present case, this probably means that samples fr~~ the Y~kepuku site 

cannot be reliably correlated by this technique. A correlation is 

attempted for the three sites in the ":faikato district in Table 7-4, 

wherein it will be noted that glass fror.i sa:nples f'rom Findlay Park, 

tentatively recognised as Tirau Ash, have slightly higher densities 

than those [;lasses from samples prepared as Uairoa .Ash at Mairoa. 

J..t Parav:era, the semples from immediately above the marker bed, ( Oruanui 

Formation) which 2.re un-named on field evidence, "bear closer den:::ity 

relationships to Mairoa Ash at Ma.iroa than does the alleged 1,Iairoa Ash 

higher in the stratig~aphic sequence at Parawera. 



·---------------------------
TABLE 7-3: Late:;:n.l. Variation of' G-la.ss Dens1.ty ( in gm/ml-1): 

Mamaku Plflteau Findlay Park 

TE RERE 
ASH ( 104~: 

2.29 - 2.32-(306):2.28 - 2.29Ca) 

Parawera Kakepuku Mflirorr 

ORUP.NUI 
FORMATION: 2.27 - 2.29-(307):2.28 - 2.29-(11-06):2.27 - 2.3/b)_(503):2.30 - 2.3/c)_ (601+):2.28 - 2.30 

( 105) 

MANG-AONE 
LAPILLI: 

( 109) 

ROTOEHU 
ASH ( 110): 

(112): 

·(116): 

Correlation: 

2.30 - 2.33. 
• '?, ( d) 

'(308):2.31 - 2.32 ~(li-08):2.29 

2.27 - 2.3olt(309),2.30 - 2.32-((409),2.31 

2.30 - 2.33~ 

' I 
2.27 - 2.32) 

on ba3is of density; - - - -

- 2.31 

- 2.33 - ( 505) :.£.!! 2.31 

.. ..., ____ _ 
on basis of field evidence. 

(a) on field evidence is possibly Te Rere A.<Jh but on a density basis is possibly Oruanui FormD.ticn. 

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

(c) density higher than expected. 

( d) Co:nparing se.mple 308 with the Rotochu Ash semples from Mama.ku Range and Mangaone Lap:illi sugge.3t5 th.1t 

it might be Mangaone Lapilli since density does not concur with t.h~t of glass of upper Rotcehu Ash. 

·----------------·---------~-

-\ 

0 
,:) 



Tf...:SLE 7-4-: Densi tics of Glo.Zs Shards f:ro;n Ti:r-a.u anci. 1.fa::1roa J..she.::: 

Finrl.l.sy Park Parawera 

Sample Density Saople 

( f/gm.cm-3 ) 

301 T 2.30 2.32 401 T-M 

302 T 2.30 - 2.32 402 M 

303 M 2.30 - 2.32 403 

304- 2.30 - 2.33 (40!+ M? 
( 

305 2.30 - 2.31 (405 

306 2.28 - 2.29 406 OU 

307 OU 2.28 - 2.29 

Key: M: Mairoa .A.sh 

T: Tirau Ash 

Density 
I -3) lf/gm.cm 

2.30 - 2.31 

2.31 - 2.32 

2.31 - 2.32 

2.27 - 2.33 

2.28 - 2.30 

2.,27 - 2.31 

OU: Oruanui Formation 

M&iroa 

Sample Den!:;:i t .... :l 

(f/grn-c!::-3 ) 

602 M 2.28 2.30 

603 M 2.28 2.30 

601.,. OU 2.28 2.30 

It seems that the density or rhyolitic glass shards is not as 

useful a correlative parameter as might be hoped because o:f the large 

natural ve.rie.tion in glass density. This is presumably the re:::u1t of' 

weathering and tends to mask e.ny inherent di:freren~es in the initially 

erupted glass. 

· S7-6: ,P._11 .Attemct to Isolate Andesi tic GJ.a.ss Tii th a Density Gradient 

Method: 

It has already been noted that andesitic glass is not easily 

separated: one way that was attempted was to see v;hether it would. show 

up as a band in a density gradient over the appropriate range or 

solution density. Thus colum...'1s were set up v.ri th a density range f'ro::i 

2.4 -2.9 gm~ml-1, for which plots analogous to those described earlier 

are shown: 
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Character-ls tics of density gradiE=nt column over density :ratite 

-3 2.4 - 2.9 gm.cm : Fig. 704. 

:Sffect of time on characteristics of der,..sity gradient column 

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

Because 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 andesi tic 

ash, the felsic f'ractions of samples 601 and 602 were adc1-ed to prepared 

columns. 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 

-1 
solution of density 2.57 gm.ml was used to senarate the components of 

the felsic fraction by the method described in Chapter 2 for separating 

rhyolitic glass, mafic minerals and the felsic fraction. This 

particular density value of 2.57 gm.ml-1 was that mid-way between the 

obser-ved bands. The fractions recovered by this tecrBique were then 

mulled e..~d their infra-red spectra detennined. From the quantite.tive 

analysis of these spectra the proportion data given in Table 7-5 were 

derived. 

Fran Table 7-5, it is clear that the lovrnr band observed in 

Plate 73 is primarily composed of glass and quartz, while the upper band 

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

felsic assemblage estimated by the combination of density techniques 

with infra-red e.nalysis of the c o..·11pcnents of the o'bse rved bands ,ri th 

that obtained by infra-red analysis of the entire felsic fraction as 

described earlier. From the data of Table 7-5, and. the proportione.te 

weights of the various density fractions (Table 7-6) the proportions of 



2-.5SO 

_, 
r• 

t~·-. 575 

~ 
C 

~51 :::;hr-? ,·y·- • _,, ~ 

') 

'~ 
',--1 
0 

·rl 

0 
> 

C 

f~-. 5 5 5 
:,., 
() _ _, 

---, 
I 

Cli~~~r:J.cJceTis·tics of cL2nsi t~r gr[~ .. die11·C colt12~2:1 
v\.re~r ·t}~_c: c~cnsi t:r 2.---~·.rJ.[:e 2. f~ to 2. S c:;.1lr2~ 

being Tilots o~ solution ref~~ctive inde~ 
c. fv_:_~8tio::1 8:f c:2l1)~:.1~·~ heicl:t, ·2~1cl c1e1.--isi t~/ o:: 

~-~tJc:: sJlu.ti.011;:; 2 .. ~; := .. f"i..J..:._1c~i0:1 of r2:r:-~cti\r2 

2:4 2.5 2.6 

l. 5:'cJ --+-I --.-------l-1 ---r-, --+----r-I I 
6 J. 2 3 4 5 

( h/ ,cr,ro.d. ' crn.) 

2.7 

J 1 



=·'IG. TJ5 

:::;ffcct o~r ti;·t:-2 01:.. c]1~\r~;_c~t;e1--is.-tic:~ of 
') 0 
L.. -

I 

0 

.,.... 

ci8ll:~ i-~~~,r 
o::1/YJl 

• 
l 
I 

I II 

- 1820 -

0 l,;\ 0 . • • co 
co °' 

-----
02 

I I ,~ -·~ ~...-, 

..._., 

• 



r 

I 
t 

PLATE 73 - 102c -

Density of components of felsic fractions of samples 
of I\Tairoa Ash (601, 602) 

The whole fraction shows a density distribution like that 
shovm for sample 603 (Plate 74). Here the bands have been 
separated physically prior to 2,ddition to gradient column 

Sample 602 

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

this band shovm 
by i.r. spectrum 
to be feldspar, 
q_uart~, & glass; 
by density the 
feldspar is 
-plagioclase 

Sample 601 

upper band 
(alkali feldspar) 

lower band 
(quartz, andesitic 
glass, plagioclase) 



TABLE 7-5: Detem.inc.tticn of' A'1desitic GJ.e.ss Concentration in Felsic 

Fraction 

Proportion 
of X in 
fraction 

X 

quartz 

feldspar 

-glass 

2.52-2.54+ 

Semple 

601 602 

Density of recovered material 

/gm.cm-3 

* 2.57 + 2.60-2.61 2.57 

35:!:13 

21:!:7 

44:20 
+ 

45-11 

2.60-2.61 

3+1"\ -c. 

density of separa.tory re agent: a :fraction of' suspended mat e,ri. al 

was also retained. 

+ ran 6-es of density are of' bounds in density grRdient c olunu·1 

,1, proportions are 10C¼ - proportion of' quartz and feldspar 

quartz~ feldspar ar.d aLdesitic glass in the total f'elsic assemblage can 

be established. This data. a..11d that obtair1ed earlier are given in 

Table 7-7 in which it may be seen that the proportions of' quartz and 

f'eldspar agree to within 1,::f,&. The discrepa..'1cy for the proportion of' 

and.esitic gle.ss is greater because its proportion is evaluated by 

difference. 

TABLE 7-6: Proportions of Felsic Fraction of' Various Density for Ma.iroa 

Ash Samples 

Density 
- 'Z 

/f!J:'J-.Cffi-' 

2.52 - 2.54 

.£§; 2.57 
2.60 - 2.61 

Sample 601 Sa~ple 602 

Proportionate we::_ght (%) 

18 19 

a _,, 

73 

10 

71 



TAELE 7-7: Comparison of Proportions of' Quartz, Feldspar, ar..d Ancesi tic 

Glass for Tvrn Determinative Methods 

Sazi:ple Method Proportion Proportion Proportion 
Quartz Feldspar Andesi tic 
(%) (%) Glass 

(1o) 

601 A 53 30 17 

B 44 24 32 

602 A 40 34 26 

B 44 23 33 

A: Infra-red analysis of whole felsic f'raction ( the fclsic fraction 
_;: 

being of density 2.4 - 2.8 gm.cm~). 

B: Inf'ra-red analysis of material separated as bands in a density 

( -1 
gradient colurr~ f'rom 2.5 - 2.8 gm.ml solution density). 

Van der Plas ( 1966) gives a series of' density lirui ts f'or the 

separation of plagiocle.se, alkali feldspar a11d quartz and these are: 

- 'Z 
less than 2.59 gm.cm j 

2.63 - 2,.67 

2.67 - 2.89 

alkali feldspar 

albite and quartz 

quartz and plagioclase 

be.sic plagioclase 

On this basis the upper band, which encompasses the density range 

7. 

2.52 - 2.55 gm.cm-J (corresponding to a position in the gradient colu.,nn 

of 6.5 - 7 .o grad. mls) would be identif'ied as alkali feldspar and the 

lower band of density 2.63 grn.cm-3 (5.0 gre.d. mls) would be identif'ied 

as que..rtz. Accordingly, the andesitic glass, which infra-red ana.lysi s 

suggests is concentrated in the lower band has a density near to that cf' 

quartz. It should also be noted that Fielcles and Weatherhead ( ~968) 

note that plagioclase f'eldspar, which a.re of comparable density to 

andesi tic glass, are common in rhyoli tic tephra in Ne-r. ZeaJ.and. 



prcmir;.E:-r:.t in all SE!Zlplet-: in cmdesitic se.mples it beir,g co:r,pN'ed of' 

quartz and glass in rhyc,li tic samples it probabJy being plegior:Jec:e 

The occurrence of' alkali :feldspar with abund.e.r:t 

glass is considered by Fieldes end Vfoe.therhead ( ·1968) to be ind:i cative 

of accretion of' rhyolitic tephra and implies rhyolitic conte..."ri.nation ef' 

the Mair-0a Ash, since it is in clear evidence in those Sar'.lples. 

S7-7: Conclusion: 

In th4 s chapter the use of' density and in particular density 

grac..ient techr..iques has been assessed as a possibJ.e means of' correlating 

tephra. With rhyolitic glass, the technique is limited not so much by 

the accuracy ~f determination, but rather by the ride natural variation. 

This d:i stribution of' densities is probably related to minor dif.f'erences 

in chemical co~positicn or to dif'fering hydration ef'I'ects. Nevertheless 

certain tephra possess associated glasses of' suff'iciently diagnostic 

density to enable th.is property to be used, in particular t.he gJess of 

the Orti.::mui Formation, v.hich has a lower density than i~ typical for 

rhyolitic glasses, arid the glnss of' the Okareka Ash, f'or ...-i1ie:h there 

appear to be two co-existing glasses of marginally d.if"f'ering denzi ty. 

Density gradient techniques may be use:ful in obtaining f'urt.her 

inforI!lation about the felsic mineral assemblage. Specif'ically, such 

techniques coupled with quantitative infra-red anaJ.ysis confirm that 

andesitic glass is of the se.me density as quartz and plagiocJ.ase. In 

fact, andesitic glass may be referred to as vitric plagioclase, s:Lice 

plagioclase is inferred to be present in samples not containing 

significe.nt andesi tic glass because the correspond.int; band is still 

evident in the gradient column. The existence of' alkali feldspar in 

all samples whether of' considered rhyolitic or andezitic origin strongly 

suggests that rhyoli tic material is present in al.1 tephras studied in 

this work. 

t 
see Plates 74 and 75 
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PLATE 74 - 105a -

Density distributions for felsic fractions of 
mairoa Ash 

r.Tairoa Ash in 
the Waikato 
district, sample 
403 

lower band (601) 
primarily quartz 
and andesitic 
glass 

upper band (601) 
alkali feldspar 

Mairoa Ash in 
King Country 
sample 603 



PLATE 75 - 105b 

Density distributions for felsic fractions of 
sample~ representative of Tirau and Rotoehu Ashes 

Rotoehu Ash 
(sample 409) 

This tephra is 
said to be 
dacitic 

lower band (601) 
primarily quartz 
and andesitic 
glass 

un~oer band 
alkali feldspar 

Tirau Ash 
(sample 202) 

rhyolitic tephra 
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C--i/:.P'l'~ 8: l,IJ.Gi'JEI'IC STVDIE:2 PJrn IRON CO!~TE\J'l'S 0:<' VOLCJJUC GI.J.SS3S: 

S8-1: IntrcductioE: 

Oi' bt!lk properties of' glass, Cheo ( 1963) v.-rote: 

"The inde1: of' re:frac tion is an excellent clue to chemical 

cor:iposition. It varies inversely with silica content and 

directly with the :ferrous ion content. Since the :ferrous ion 

content re:flects the magnetic susceptibility of' the glass, the 

index o:f ref'raction and the magnetic properties are use:ful to 

predict or check the chemical data. 11 

This statement made in respect of' tektite glasses provided the 

impetus f'o~ development o:f suitable techniques :for studying magnetic 

properties and refractive index, the latter o£ wnich is considered in 

det~il in Chapter 9. In this chapter, the techniques of' deteIF..ination 

of' mag:r.etic susceptibilities are &escribed and then the resulting 

:fe!"rous contents and the term of' :ferric ratio is considered in terms 

of' their being correlative paremete rs for tephra identif•foation. 

!:8-::>: }fagnetic Susceptibili ti el'ld Ferrous Conten-!: of' Glass: 

* Ch&o ( 1963) gave a plot of' magnetic susceptibility versus :PeO 

c~tent in tektites which is ef'f'ecti'\"'ely a straight line. Linear 

regressior. statistics on. his data yield the equation: 

X = (1.5692(Fe0) - 0.339) x 10-G 

for v.hich the correlation coet•ficient is 0.98. The value of the 

intercept - 0.339 x io-6 (e.m.u./gm) is close to the values given by 

Hurd ( 1966) f'or pyrex glass and thus seems a reasonable estimate of' the 

suscept:i.bili ty of' the ircn-f'ree gJ.ass. 

Sen:ftle and Thorne ( 1959) indicate that the total susceptibility 

is related to the susceptibility of its constituents by a relation of' 

the form: 

strictly mass 

+ X ( ···) C (~~~, 'Fe 11.1 Fe ~.J...,_/ + X , g 

-1) susceptibility (of' units e.m.u_gm 
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where Y?e(:::) 2nd c7 e(ii) are the susceptibility a.r1:i proport:i.on o:' tr..e 

ferrous ~~ecies, v ___ (1·1·1·) ~~a C ( ) 1 ·,, , c.:.u "'e iii being the corresponding 
~ e ~-

parc.,:!.!e:.ers :for ferric species, and Xg the susceptibility of tbe base 

(i.e. iron-free) glass sin.ce tekti;les c on-:cin only a small amount of' 

ferric oxiQe the term Y.,,, (iii) C~ (iii) is negligible and accordingly: 
r<e - e 

)~ (ii) = 1.5692 X 10-4 / ~e e.m.u. gm 

where the species referred to is ferrous oxide in glass. .As expected 

this dif'r~ers somewhat f'ror!l the vaJ.ue f'or f'ree ferrous oxide 

(X = -4-1.00 x 10 e.m.u./gm), (Chemical Rubber Co., 1972). 

Glass extracted from the Taupe sequence of ashes was sufficiently 

iron-rich to be separable on the Frantz magnetic separator. On the 

basis of ne&surement techn.iques and the nomograrn relating instrmental 

settings to mass susceptibility (Hess, 1966) tbe mass susceptibility is 
/" -o 

1.8 x 10 e.m.u./gm. Enart (1963) gives the ferrous oxide content of 

la:pilli fro:n Taupe Pu.in.ice as 1.351 and the :ferric oxide as O. 75':s. 

SubsU -tc.--cing this in-'.;o the last-given equation yields a suscepti1:>ility of 

This confirms that the magnE. tic 

suscer,rtibili ty can be 1·;holly ascribed to ferrous oxide. The glasses 

extracted f'ron aJ.l other samples were too feebly magnetic to be separated 

on the Frantz separator and an alternative method was sought. 

S8 3: Detenninetion of Suscentib; 1; ties by the Guoy Method: 

In this tech..~ique susceptibility is deterr.1ined by rating the diff­

erence in saP-J.ple W':oight in the presence cnd absence of' an inhomogeneous 

magnetic field whose strength is greatest at the base of the sample and 

leas-!: at the top. For the present study, use was made of a modified 

1,:ettler balance which had been f'i tted ri th a movable permanent magnet in 

its base. 

The experimental arrar1gement causes there to be a balence of' 

sa91-etic 2-nd gravitatior.2.l forces. Mulay ( 1972) indicates that this 

• • b "'ented by thP. eu'"'Uf"~"i· on: r2latio,1sr-.:::..p 8ay e repre.... - ~ - • 

= 
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const::mt, b. Zi is tl-,e chc..r.ge in weight of' s 

the Sci!Lpie wher. the magnetic f'ielc. is applied ar,cl removed, _t,. is the 

cross-~ectional aree. cf the tube, H is the magnetic field strength"' 

K3 is -the me.gnetic st:s ceptibili ty ( the susceptibil:Hy per u.c,i t volu:ne) 

of' the se.n:ple, and X _ is the corresponding parameter for air. Now air ... 

( -~, the rnagletic susceptibili _.cy K of uni ts e.m.u.cm J J 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 becanes, in terms of the magnetic field 

strength: 
1 

H = f 2g ~ W / A( X d - }\. . ) 1 2• 
l s s s air 

This equation is directly applicable to liquids, and using acetone 

as a calibrant, the mag!1etic :f'ield strength ca~ be determined as a 

f'unction of the height of liquid in the tube. This data is given in 

Table 8-1. From the above equation: 

cili/a. ~ w s = H/2 AW ' s 

i.e. dH = (E/26W) dllW 
s s 

where dH and d fl W are the errors in magnetic field strength and weight 
s 

change respectively. Typically, in the case of acetone, the weight 

di f'f'e re nee is comparable to its associated error and thus: 

dH ~ H/2 r-.., 

,vr'd.ch gives a typical error of'• 1000 Oe. 
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T.ABLE 8-1 : r. ~alibration of' Data for C-uoy Balance I: Evaluation of' 

Mag~etic Field Strength as a Function of Height of' Liquid in 

Materials constants: 

Filled height 
(h/cm) 

2.00 

3.95 

Li- .45 

5.45 

6.45 

7.15 

the Tube. 

Calibrant : acetone 

X 

d : 

- 0.5081 e.m.u.gm 

0.787 gm.cm -3 

Magnetic f'ield strength 
(H/Oe) 

1530 

2640 

2260 

3450 

4050 

3450 

-1 

Per the experimental set-up used, t~eref'ore, the use of' liquid 

calibrants was not satisf'actory. 

The dsterminate of' the susceptibility of powdered solid is more 

dif'f'icul t than that of' liquids because: 

tt ••••• it is almost impossible to powder solids to the same 

pe.rticle size and to pack them unif'ormly up to a mark in the 

tube: this introduces variations in the volume of' paramagnetic 

air held in the pockets of' the sample. Hence a correction must 

be me.de f'or the susceptibility of' a:i r pockets in the powdered 

sample by including the contribution: 

K. (1 - W /v.d) 
air s s 

due to the air entrapped per cubic centir:,etre or the solid-air 

mixtures ••••• " - Mulay ( 1972). 



·, .. fl• ~ .. muc.:...1 ice. L,J.011, the or:i.gin&.l expres:::ion becc::nes: 

-K. -t-K. (1-V:/v.d) 
air air s s 

H = 

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

Pumice (sa!:lple 1~C4) as a standard. 

TABLE 8-2: Calibratio~ Data f'or Guoy Balance II: Evaluation of' 

Magnetic Field Strength at Various Values of' Packed Height 

using a Glass Sample of' Known Mass Susceptibility. 

Viater:-i.als Constants: Sample: 1104 (Taupe Pumice) 

Mass susceptibility: 
=6 -1 

X = 1.8 x 10 e.m.u.gm 
s 

Density: a_ = 2.3 s 
-3 gm.cm 

11) 
Nature \ Packed Height (h/cm) Magnetic Field Strength H/Oe 

+ 1. 2 850 

+ 1.9 2260 

+ 2 .. 7 3580 

+ 3.5 3900 

+ 4.6 1+140 

+ 5.4 4060 

+ 5.5 3940 

+ 
,. .. 
b., 3940 

0 1.35 850 

0 2.10 2370 

0 2.7 3?.:40 

0 3 .1 3380 

0 4 .. 2 3580 

0 4.9 3520 

0 5.5 3450 
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i!16icates whole t:;less. Both were c c:isidered to hav£: the se=:e 

The pacn:r:_g ratio (h,hf t) is much larger for 1101+ th2.n in 

other samples, al though the den~i ty of the material is the S8l.le 

as that c,:f other ,slasses. 

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

given in Fig. 801. It is noteworthy that the derived value of' H is 

greater for smaller particle size. This is probably the pref'erred 

interpretati en to O:"i.e that says that the susceptibility is itself a 

function of :particle size. The latter argurrH:>nt would suggest that fi..ne 

particles might have a lower :ferrous iron content because of greater 

proportion.?.te leacr.:in6 , and this ,7ould be reflected in a lower value 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 separator, and this was not observed. Frcm an empirical 

point of view, also, this possibility seems u.~likely in that if, for 

TABLE 8-3: Comparison oi' Iron Contents for Diff'erent Detenninative 

Methods 

y( 2) 13\ 
FeO/FeOt 

);_(4-J Fe0( 3) FeO/FeOt Sample Total Fe as ·""( o) FeO'- 1 ~( +) 
F·eot (%) (i) 

201 1.25 1.6/ 5 ) 1.20 0.96 1.23 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 

201+ 1.31 1.28 0.95 0.73 1.83 0.80 0.61 

205 1 .. 37 1.23 0.90 o.66 0.94 0.75 0.55 

901 1.23 1.60 1 .13 0.92 1 .05 a.so 0.65 

902 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 o.so 

904 1.37 i.46 1.05 0.76 1.07 0.80 0.58 
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(1) tcta~ analy::i~ by ato:nic ebsorption, see Sec. 10-2. 

u -~ ., +>-,n .,_. ...-. 1-, (T?· 
• J. ~._. ~ .J, .......... CL,lC,!1. OJ. .i.l ..I, 2.g. 

0 
201) . 

,,. 
(2) 

(3) evaluated fro:-:1 the reJ. ationship: X = (1.5692.FeO - 0.339) 10-o. 
X , 

( ') • .::; .r• ... -E>'-- f-c>.! 8"") '+ using,. as a lunc..::i.on 0.1 11 \-''.LG• ui .. 
+ 

(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 comparable to the total iron ccntent, as is demonstrated in Teble 

8-3, v;hereas ratios of ferrous to total iron is expected to be less than 

unity. Such ratios are obtained on the basis or the upper curve of 

Fig. 801 a.,,.-1d it is on this basis that the ferrous contents shovm in 

Tab1e 8-4 were determined. The ratio of ferrous to total iron content 

(both exuressed as FeO) is also given in Table 8-4. T.Ypi ca1ly, the 

+ -1 
error in the susceptibility measurements is some - 0.02 e.m.u.gm 

which yields an error in the f'errous content of some :. 0.013 ~FeO. 

TJ.. ... ELE 8-4: Mass Susceptibilities and Ferrous Contents of Glasses f'rom 

Tephra Sequences in Local.ities 2, 3, 4, 5, 6, 9 and 10, and 

~elected members of the sequence at Site 11. 

(·i) 
Nature' Sample 

No. 

+ 201 

+ 202 

+ 203 

+ 204 

+ 205 

+ 301 

11'.ass 
susceptibili11 

(X/e.m.u.gin ) 

1.23 

1.56 

1.38 

1.03 

0 QI 
• ..,4 

1.C4 

Ferrous( 2 ) 
Ccntent 
(Feo;%) 

1.00 

1. 21 

1 .. 10 

o.87 

0.82 

o.88 

1.25 

1.23 

1. 26 

1 .31 

1.37 

1 .12 

Ratio: Ferrous 
to total iron 

(FeO/FeOt) 

o.Bo 

0.98 

o.87 

o.66 

0.60 

0.78 
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T.?..BLE 8-i,.-: COLt~ !'lUEJ 

Natur/ 1 ) ~&.:nple !1:ass Ferrous(,.) "'o.,_a, Ratio: Ferrous ... l, .l.c-, 
!·Jo. susceptibililY C .,_ , ::::' Iron ) J to total iron on ... en,: 

(X/e.m.u.g,n-') (Fee;%) (FeOmFo) (FeO/FeOT) 
.l. 

0 303 1.02 0.86 1.22 0.70 

0 304- 1.20 0,,98 1.24 0.79 

0 305 o.69 0.65 1 .11 0.58 

+ 306 1.02 0.87 1.29 o.67 

+ 307 o.86 0.76 1.34 0.57 

+ 308 0.56 0.57 1.06 0.54 

+ 309 0.75 0.70 0.99 0.71 

+ 401 0.98 o.&+- 1.06 0.79 

+ 402 0.96 0.83 1.08 0.77 

+ 403 o.87 0.77 1. 24- 0.62 

+ 404 1.05 0.89 1.23 0.72 

+ 2,.05 1 .. 29 1.04 1 .. 23 0.84-

+ 406 0.57 0.58 1.24 0.4-7 

0 407 1 <; 15 0.95 1.23 0.77 

+ 4-09 o.63 0.61 1.04 0.58 

0 501 0 .. 98 o.84 1.15 0.73 

0 502 0.98 0.84 1.17 0.71 

0 503 1.22 0.99 1 .18 o.84 

0 504- 0.99 o.85 1 .19 0.71 

0 505 o.83 0.75 1.15 o.65 

0 601 o.69 o.65 1.09 0.60 

0 6o2 0.56 0.57 1.16 0.49 

0 603 0.40 0.1+7 1.33 0.35 

+ 604 0.81 0.73 1.36 0.53 

+ 605 o.88 0.78 1.38 0.56 

0 606 0.53 0.55 1.37 0.40 



TABLE 2-4: co.r:tinutd. 

( .. ) 
Nature'' li'e ........... ou" 

~ -- ':"'(2) Ratio: Ferrcv.s 
to total iron 

(FcO/FeOm) 

+ 

+ 

+ 

+ 

+ 

+ 

Notes: 

Ccn"ten't 
(FeO/'.s) 

901 1 .05 0.89 1.23 o. 72 

902 1.08 0.91 1.13 o.so 

903 1.42 1 .12 1.28 o.87 

904- - 1.07 0.90 1.37 o.66 

905 0.74 o.69 1.46 0:47 

906 1 .14- 0.88 1.411- 0.61 

( .. '· I • I + indicates particles of glass are smaller than 75 

0 denotes unsieved glass. 

(2) from relationship X = (1.5692 FeO - 0.339) x 10-6; 

(X/e.m.u.gm-1), (Fe0/1o). 

by atoT~c absorption. 

.1. 

microns, 

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 irox1 oxicle content 

c--) r-··) 
and a slightly lo~er (Fe 11 /Fe' 11i )ratio than those representative of 

Tirau P-fh. There ars, two pos~fbilities to explain this: 

( .:' .J../ the FeO content decreases with increa.si11g age, 

(ii) the glass f'rom Mairoa .Ash is of substantially different 

initial co:npositio~. 

These possibilities can be checked by plotting the ferrous to 

ferric rati0 as a function of age, using the dates previously tabulated, 

and by plotting the ratio as a fu."lction of the rhyolitic character o:f 

the whole ash, and these are presented in Figs. 803 . and 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 

the di:fi'ering protection of the various samples from oxidation af'forded 



- 114a -

::?e::CT'J,).:; ···::~,1. i'c:cric co:::-:.tents 2.!1cl r~t~L0~3 for rh~:oli tic gl2.sses 
fr'o:·:--L sc1 t!_-;..1.sc1cGs of Tirc~u .P-..sl'1 c"nd T.~2.i1~Jc~ J\.E;l1 

r1 __: -~ •... .., _ 
...:.. _j_ ·-- l-t 

be els 

i 
:2.s.tio: 

fTT\ 
l-'e'--1 

f r 

3 

2 

]_ 

0 

j 1.0 
( ~T-) ..,_ .l_-1.J_,, 

J:' 8 

C.5 

0 

t 
t 1.0 

77 (II) 
J.' e 

..... .,... ,jl~o/c:~ L· .. ,;.:> ...L: ....., .. / 

0.5 

Orus.nui 

I 
~ 

··1 
I~---

........ ·f 
i-.....,.---1 

"' .,,.,_.,,.-,..!....; - ~ ..C O .l ;lL<-·,. u .L '.)TI a.I 
• ! . : 

201 205 

(901 
(207_ 
( 30]_ 

~ ---1 __::_._... ~ ...... _ 

...,__ 
·.:..:-



I-'2:::-:rou:_; :·,_::.:,:_ :?c:~::..~ic c0:·~tsnts 2.n:;_ :cc=,.tio~3 :ai~ 
fTo:·:1 :-c:0;cu2:.,s2,: o:i." 'li::,_,,~:u _\;_:; 11 c7.1.:,,._, :,;2.i:ro2 i.sl-i 

...:__i._. 

I 
( -;- ,- \ 

n --1.....i... ~ 
1:.i e 

i 
( -:-,-,- \ 

-, ..!....~- ,I • 

.f..' 0 

1 

7 

7 ,, 
;_. 'J 

l. c, 

r, ') 
V •::....... 

• - •• :~, ....... -~ 
~, ..!.. '-· . 

5 

C:ruG.nui :D'o:rmation ~ 

~ ,: 

Ki't 

406 

G. 
.r \. 

.,'1 \ , . 
-Lj -

.ll'.:::•c, 

~;~tf 
llS 

........ 
..... ~ 

I 
I 
I .. p-

;;;_ -~ I --
1 

I 
I 

GO/j. 606 



2.0 

1.5 

1.0 

0.5 

-:-:i ~ ,rr 
~· ...L • ... :.-. 

l 

to ferric C Ol'lt e11-C 8 Of r}1~T8 lit j_ C 

~ge of the te)h~as. 

end ferric contents ~re evaluuted as 
:?er2.~o-'._:_s oxide ) 

0 

• 

• 
• 

• • 
• • • • • • • • 

• • • • 
• • • • • • • 

• • • 
• 

- 114c -

• 

0 
I ----,----,---r-----y---1----•- I 

5 ltJ 15 20 

OnJ.s.nu.i 
?onno,tion 

-:i 

( t / lO-'. }'T3.) ~ 

·t1otoehu 
~:\s11 



1.5 

1.0 

0.5 

0 

?erric to fe::.~ro,_rn rGtio in rhyoli tic g1e.ss 
2 = P, i\_;_~1c~cio21. of· tl-ie rh:roJ_i _!cic cl1.0 .. rc.c-te:~ o:t· 
t~~c -c c .:l~~c~~-

0 

I 

R r{otoe.hu As:n 

T Tirau Ash (type sectio~, site 2) 
M ... ,.. • "'! (. • - •..t.. ,,,... 

c .• 3.l:C02; AS.rl ---cy:9e S8C""Glon, Sl L,8 b; anc1 site 5) 
o fi--.on Geouences 

... ~sJ.1 in ~,72'Jil---;:2,to 
o~ ~i~a~ Ash and Xairos 
district (sites 3 and 4) 

M 

( -r~r\ 
7o 'j_..l ) 

M ~ '-" 

ITT\ 

l''e \T) 

0 

0 0 
0 M T 

R 0 

R 
0 T 

M 0 0 
M 0 0 0 0 0 

0 
0 

T 

0.2 0.6 o. E1 

___ "_frqoli tic character------,~ 
of tQ-)il::::'D, 

0 

R 

T 
T 

1. () 



115 

by vario~s depths of' overbu1-den and by va:dati.ons in climate. Fig. 

804 a decrease in the ~erri· c to f'e .... rou~ rP-ti· a w"" th J·,,cre si· 1" .L ,._ - ~ .... . .. a 1 6 

r+iyoli tic character. The worth of this latter relationship is a little 

QUbious, because for the ash samples chosen in this study, there tends 

to be a relationship between rhyolitic character and age; the older 

tephras be:ing more a.'1desitic. The ratio o:f' the f'erric to ferrous oxic.e 

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

S8-5: Y.i.netic Relationships of Iron Oxides in Glass: 

If' it is enyisaged that the iron is itself' not leached fro:n the 

glass, but is only lost af'ter oxidation, the following sequences of 

reaction r:1e_y be emrisaged: 

2 FeO( ) ~Fe O ( ) glass 2 3 glass 

Fe O ( )---+Fe O ( ) (with structural breakdown) 2 3 glass 2 3 leached 

Thus the ferric oxide contained in the glass is effectively the 

inter:ned.iate in the sequence. These reactions are undoubtedly diffusion 

cor:trcll.ed ana. accordingly may be considered as f'irst order. Subject 

to time independence of' rate constants the values of these oxide co."ltents 

may be evaluated on the basis of' series kinetics from equations given by 

Frost a.11.d Pearson (1961) as in Table 8-5. 

TABLE 8-5: Ccncentration Dependence with Time f'or Series First-Order 

Reaction. 

Species Symbol 

FeO( ) ( 
glass ~ 

A 
0 

A 

p, 

Fe O 1~ ) 2 31..1.eached 
C 

Kinetic Relationship 

(initial concentration o~ FeO in glass) 

A e 
0 

-& 

(A0 /K - 1 )( e -"'C - e -KC) 

(A0 { 1 + (Ke-t" - e~.;(1;)/(1 - K) }) 

Relative concentrations, cf.. p Y, defined by 



-t.ni::; table K i c:. the rat2· o of r,:;t.o .,_ .,_ ,~ " cons L,A.n ,,s of the f'irst to the 

secoLc. step oi.., the re2ct-..1." on f"_e~es - "1:"' k t • k • t· • 
- .L.L ana 1.. = .1 wr,ere 1 :i..s ne rc.T.e 

constar:.t :for t:1e f•ir~t process end t is the time. Combining the f'irst 

t,,_,.o c:'"l these equations yields: 

1-.s the reaction proceeds ~ decreases so that the ratio of ferric 

to f'errous contents would be expected to show an increase with time, 

provided K > 1.0, the exact rate being dependent on the relative values 

of'~ and K. There is inadequate data to evaluate the relative rate 

conste.nt with certainty, since the initial iron oxide content is not 

Eo .. ever, i~ the glass from the Taupo sequence, of Ewart (1963), 

is assumed to be but little altered, and further that the glasses in the 

::.equences were initially similar to Taupo glasses, then the relative 

rate constant (K) is about 3.0. 

~errous oxide is rate determining. 

SB-6: Co!!c' usion: 

This is to say that the oxidation of' 

M~gnetic susceptibility measurements on rhyolitic volcanic g}ass 

ere a good, but not universally applicable,parameter for correlating 

tephra. Glass f'ra:1 tbs Taupe sequence of' eruptions cen be separated 

reauily by magnetic methods and such techniques could be used to 

dete:::-:nin6 its presence in localities wherein it has not been thus far 

sc.igr.t. Such a method, depending primarily on the ferrous content of' 

the glass., is likely to be usef'ul only f'or canparatively unleached 

glasses (which implies either young tephras or tephras protected f'rom 

weather-,.JJ.g processes) or :rrom glasses having an initially high f'errous 

content. 

For other glasses the magnetic susceptibility may be of rather more 

limited use in correlation, although the variation within a strati­

graphic sequence may give some indication of likely identifications4 
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SiC1ilarly, the 1 ... ~rrous to f'erric ratio n:ay be djagnostic, a.'1d since it 

geEera.lly rises wi tn. increasing exposure to the eff,:::cts of' weathe1~ing, 

it may be ir~d.L:ative of· the age of the glass. The ferrous to f'erric 

ratio can be considered on a kinetic basis which suggests that the 

oxidation of' ~errcus ion witrQn the glass rather than the loss o:f'·~erric 

ion 1'rom the glass is the rate oetermining process in the achievement 

of' a given :f'errous to :ferric ratio. 



S9-1: Inb~o~uciicm: 

As was th~ c~~e •"+h d ·t r ~- • d - -- ,:lv.,. €!1Sl Y, re~ri:?.Ct-J.Ye J..n ex is a good guide to 

bulk co~pc~ition. In a review of tec.bniques, Wilcox ( 1965) cbser-ves 

that the ref're.ctive incex of' the e;lass is li.Ir-.ely to be none o-r the 

f'eatures expected to be consistent throughout the extent of the ash­

:fall deposit~" but adds a note of' caution: 

"The re:fractive index of' the glass increases with hydration end 

the general agreement in refractive index of' ash shards of a 

particular :fall over a wide range of climatic envircI"~rnents may 

there:fore rest on a generally similar degree of hydration •••.• " 

Tht...s ref'ractive index can .. '1ot be usefully discussed without 

reference to the water contents of' the glass, since this aff'ects net 

cnly tbe -.,.alue of the index, but also the accural'.\y with which the 

deter~~nat:cn needs to be made. In tr.is chapter, techniques used f'or 

tr.e measure8ent o:f refractive index are critically examined prio~ to 

their application to glasses f'rorc the sa.'11p1es un.der study. From the 

data obtained f'rcm the sa~ples, a method of geologic dating based on 

the w2.ter contents of rhyolitic glasses is examined. 

S9 2: The Accuracv of Refractive Tndex Dete:rminations: 

In most petrological work ref'ractive index determinations are 

carried cut on the stage o~ an ordinary petrological microscope by 

successive trials in immersion media of slightly diff'er.J.11g • red"ractive 

index. Dodge ( 1949) estimatec. that :rcr such a. tecbnique with crushed 

mineral grains using a set of' liquids of' interval 0.002 u.nits of' 

re:fractive inde:-: gives an accuracy in re:'ractive intex of :!::0.001. 

Ross and Smith (1955) have noted in their deterreinaticn of the effect 

of' ·water on refractive index that this chenges the fourth decimal place. 

They note the difficulties of' preparing a set of liquids accurate to 

four decimal places, and cerlainly they need. to be checked more 
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freo"""'"'---lV + l-crn • t- l d • _v- .. v-J ~,!.I=. is rcu in'~-Y one :i.n petrolor:y laboratories. TLe 

lic;uid::; cEn o:' ccJrse 1:e mixed and when a liqu:id cf' appropriate !'efrac-

tive index is cbt&ined, then its re~ractive index can be dete:nnined en 

an Abbe refractometer. This is a clu."D.sy procedure and further requires 

that the ref'ractomete:- and microscope stage be at the same temper2.ture. 

This 1 ast requi.remer:t usu.ally necessi te.tes the stage being cooled by 

circulating rrater, which also passes through the ref'ractometer, since 

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

increase significantly with-time. 

t..11 of these dif'f'iculties can be circuovented by the use of' a hot-

stage method. .Al though th:i.s methocl is referred to in many texts en 

m:i croscopy ( f'or example Chamot and Mason ( 1958) and Hinnawi ( 1966)) it 

SE..e:ns to have f'ound little acceptcmce in petrology. 

:found application in f'orendc work (Rees, 1968). 

It has, however, 

N ,c:,...n (,:cr:q) - e- .J,.. ... v.. • .,,,, :,1.., , :for exanple, in a study of headlight glasses, 

found it possible by this technique to distinguish glass shards over a 

+ re~ractive index ra!'lge :from 1.5100 to 1.5220 to an accuracy of -0.0001. 

Earlier wo::-k by Finch and Williams ( 1958) enabled the distinguiSf'..ing of 

refractive index of glass c~ips from bottles whose refractive indices 

varied between 1.5~ 20 e.-'11d 1.5170 ( a range of 0.005) and a similar study 

on :f:.f'ty headlamp g1asses by Green and Burd ( 1949) enabled similar 

determination of' glass chips over a 0.003 unit range. Clearly, then 

this tee hr!.ique seems best able to achieve the accuracy required if wat_er 

contents are to be considered in relation to re:fractive index, a.rid it 

will now be described in detail. 

S'?-2: DE:term-ine.ticn of R6f'ractive Tndex bv Thermal Va.riat; on !let.hods: 

The hot-stage method, fir·st described by Gaubert ( 1927) and Elm7lons 

(1928), invclves heating the sample, immersed in a suitable liquid whose 

ref'ractive inc.ex van.es w::i.th te::;perature in a known manne?", until 

equivalence of refrrcctive inde;~ is achieved. The temperature at which 
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ci:,n be used, al though the P,,::~J,;:e 

In principle it is pcssi 1::-le to 

rc-ap;.e&rs, i.1'1 r.h:ich ce.se the coincidence temperature, f'ro:n wh:i c.h the 

re:f'!"'aet:i ve inc ex is determined rr:ay be taken cs t!::e mean. 

is not always practicable, sometimes because of the temperature involved 

( see Sec. 9-4) or because of the high optical dispersion of' either the 

mineral or of the liquid. This latter difficulty can be overcome by 

using rnonocrome.tic light or by a "double variation method" described by 

Grabar anc. Principe (1963) whereby the varic.tion of' refractiv€: inc.ex 

with both temperature and wavelength of li.€ht is employed.* One o:f the 

advantages of' the thermal variation method is that unless much of the 

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

air bubbles, or by heating the si:-ecimen such that the liquid is near its 

boiline point, the detenzinati ve process can usually be repeated. m;my 

tiines with the same specimen or even the same gra:i.n. 

The principal requirement :for this technique is of course the hot- -

stage. Heated stages that may be attached to biologicei-type micro-

scopes (i.e. microscopes vtl thout revolving stages) are available but 

the sc:rr,ple holder can usually only talce ver-J small samples crushed 

between t~o cover slips, and, of' great disadvantage, the position of tee 

sample cannot be altered while heating is in progress. Much to be 

pref'erred is a hot-stage microscope with provision to move the slide 

ab cut the st~ge even while heating is in progress ( see Fig. 901). Hot-

* It is an interesting comparison with the forensic work given 

earlier that these latter authors e:::timated an e:xperimente.l error of 

::0.0016, but consider that if two glasses were present in the smne 

sample, a dispersion di~ference of' 0.0008 could be observed. 
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to those 

hca.ted by c-i:::-culatine: hot water, in the:t althoU£h the latter cc:..'1 be 

cc,upled to a re:rractometer f'or determining the refractive inc.ex of' t.be 

liquici at the particu1 ar temper&ture, equilibriur:: o:f the circulating 

Y:ater nE:ed.s to be est&tlished betweE:n readings, thereby inordi...."lateJy 

increasinG the dete'!"::::lir:.ation tice. 

Clearly in this technique, the estimation o:f temperature is o:f 

paramotmt importance. The usual errors in this regard arise because 

the microsccpe slide may not be at the seme temperature as the heated 

bJock in v.hich the thermometer is usually placed and because of the 

time-le.:=: betv,cen observing t.be minerb.l and. noting the temperaturc. l,,n 

estimation of' the magr..i tude of' the f'irst of' these can be made by using 

thermocouples to monitor the temperature difference between the top of' 

the slide and the heated block. This is negligible for the Y's.Ofler 

model used ( see Fig. 901) but is significant -for the modified micrcscope 

t_ype e Erlier menticr:.ed. The overall ef'f'ect of' the two sources of' error 

can be determir:ed b_y establishing a calibration curve of' thermometer 

temperature versus slide temperature, the slide temperature being 

d..e:f'ined by the observed melting points of' knmm orge..[;ic compour1ds, or 

by tbe ref'ractive index of' standard glasses or minerals. A very 

ef'f'ective mcthoC: of' removing the time-lag error is a simple pulse 

arrangement in a thermocouple monitcring circuit as shown in Fig,. 901. 

With this arrangement the operator simply depress~s a svdtch when he 

observes the coincidence temperature and this action is registered on 

the temperature-time trace scribed by a recorder. 

S9-4: The Choice of' Im::n0rsicn Ified-ia for the Thermal Variation Method: 

The rr.cst suitable liquids f'or this tec.hnique are· those -::,hose 

refractive index varies in a regular, and preferably linear, man~er w.i th 

temperature. If' the latter is the case, then the temperature at which 

the ref're..ctive index of the immersed solid equal~ that of' the liqcid is 
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in v.h::ch n 5 is the rerre.-etive index of the sc1id, T is the ter:ip0r1oture 

at v;.r-1::cL. -'-'- 0 re .! ,,... :\. ·... ~ fl, • • - ,.,,,~ • .L.:J cuir.c,:i.u.ence: 01. re.!. ract.ive index, n is the refractive 
e 

inde:;: of thE: liquid at temperature 0 , a..r1d d."'1/dT is the temperature 

coeff'icient of refractive index fer the liq_uid. 7 generally between 
... 

O.OOOl;. anc. 0.0007 JC 1 (Hinr:2wi, 'i966). It is desirable that the liquid 

chosen should have a lcw vapour pressure over the temperature interval 

corresponding to the refractive index ra...~ge of interest to minimise 

evaporation of the specimen preparation as the determination proceeds. 

Vapour pressures of liquids have been tabulated (Che~5cal Rubber Co., 

1972) 0!1 the basis of' equations of the form: 

log p(v) = 0.2185 A/T + B 

where p( v) is the vapour pressure and A and B are constants. Atmos-

phe,.~c pressure, being the vapour pressures of a liquid at its boiling 

point, ca.:1 be analogou::;}_y expressed as: 

log p(a) = - 0.2185 A/T(b) + B 

where T(b) is the normal boiling point. From these two expressions, 

r-:' 
the reduced vapour pressure H may be expressed: 

.....-
leg 1( = 0.2185 A 1/T(b) - 1/1'. 

Now the refractive index of a pure liquid varies with temperature by 

the relation: 

n = n(e) ( d.ri/dT)(T - 0 ) 

where n an<i n( 8 ) are the ref'ractive ind.ices of the liquid a.t temperatures 

T and ',' re spec ti vely. 
/' 

Combining these last two equations yield an 

~ 
expression f'or H in terms of the ref'ractive index: 

,,...-
log H = O.2185 A. t (1/T(b) - (dn/d.T))/(n8 - n + (dn/dT) 

This function is plotted for selected liquids in Fig. 902. The liquids 

deemed to be most suitable for deterl'.!lining minerals of lo....- refractive 

index ( such as rhyoli tic glass) are shewn as broken lines, liquids 

suitable for minerals of rather higher refractive index ( quartz, feldspar 

and and~si tic glass, for example) are shown as solid lines. Attention 

is drawn to the particularly low vapour pressures of ni trobenzene and 
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0-nj tro-toluene over tl,e refrE-ctive index range 1.49 - 1 .53, v,:bich v;c,u]d 

make th€~,e 1".1eclia part:._cuJarly suitable f'or the !::Ucce!:sive dei::erm::.!:dic:1 

of a suite oi' leucocr~t-_: '.". m •.. -ir..!"r·als -in one • t· ... ' - - - -- - ~ specimen prepara 10n o .. • tr;;e 

f-c.:nple. It would be :po.e.eible in :f'act to use either of these liquids in 

the deteminatio~ of' the refr&ctive index o~ rr~olitic glass but their 

high tcxici ty by comparison with anisole makes the le.tter pre:t"erable. 

A f'ur-ther consideration in the choice of' immersion media is the 

value of the coincidence temperature in relation to ambient. Heat loss 

ef'f'ects and clouding of' the cover plates become greater at elevated 

te:nperat-1.res ar.d as a geP-eral rule, if' the coincidence temperature 

exceed~ 350 Kit is wise to seek an alternative mediu:n. 

S9-S: Te!!'.perature Coefficients of Ref'ractive Index: 

One c:f the criticisms of' the tec.hnig_ue of thermal variation 

refractive index determinations is that the assumption T!.eeds to be made 

that the refractive index of the solid changes by an insignificant 

a.-:ic1.:...-:t v;i th changing temperature ( Chamot and Mason, 1958). Most 

proponents of the technique refute the criticism, but do not ot'fcr ar-y 

guide as to how the viability of the criticism may be tested. L"l 

ea:pirical estimate of this eff'ect ca.'11 be acJ..ieved using the coefficients 

of exnansicn and the ref'ractivity of the materia1 under consideration. 

NO'"•~ t:be; ex:pression for the temperatm·e deper.dence of re:f'1•active inC:.ex 

may be wri. tten as the dif'f'erential eg_ua.tion: 

d.n/ d'l' = -,µ 

The where)'-- is the temperature coef'f'icient of refractive index. 

relationship between density (f) a.>1d volurr:e coefficitnt. of' expznsior. 

( -cJ-) mcy be expressed in terms of' a diITerential equation: 

ap/aT = 
Now density and refractive index can be rele.ted using the Lorenz-Lorentz 

(p • t 19i:;3) •• fonrul~ arting on, ~/ 

= R 



the re::"re.cti.vi ty, a ecnstant dependent en structu:r·e type or 

mole--." 1 "-,..a ra t ". 
:.i.: - ~ ---- r c.r..gen:cn , 1.1 1.s the :::clecular ~ight and K a const&."1.t. 

Fro=: these relatio!1ships it can be shown thet: 

f 2 2 1 f< = ol- (n + 2)(n - i)/6n J 

The preciictive value of' this relationship is demonstrated in Table 9-1 

for various liquids and solids, and the ~emperature coefficient of' a 

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

temperature coe:f:ficient of the glass is sane 40 times less than that of 

the liquids used. For the medium., anisole, the coincidence temperature 

:for vo2canic glass is about 320K (some 30K above ambient temperature). 

For such a te.mperature rise a reduction of' SO."!le 0.0005 cni ts of' refractive 

TABLE 9-1: Evaluation of Temperature Coefficients of Refractive Index 

ty an E:npirical Method and Comparison with Literature Values. 

Substa.r:ce 

u.d.line 

v.-a.ter 

polysty-
rene 

perspe.:,: 

6 la:as 

State 

liquid 

liquid 

solid 

solid 

Re:fracti 't_re 
index 

(n) 

1.331 

i .587 

1.491 

solic. ~ 1.50 

3 

3 

Coe:ff'icient 
of' cubical 
e'.Al_)ans!qn 

- ( o../K ) 

85 X 10 -5 

21 -A 10-5 

X 8.6 X -io-5 

X 8.5 X 10-5 

2.55 X 10-5 

Terep.coefficient 
of' refractive 
inclex ( calcuJ.a-

ted. ~ 
-(j{/rC ) 

6.2 -1.._ 
X 10 • 

7.8 X 10-4 

18.6 X 10-5 

_i::: 

14. 7 X 10.,, 

1.5 J>-
"0-5 
' I 

) 

'.I.'emp. 
c oeffid.ent 
of' re:fractive 

inciex (f/ K_,) 
(literature) 

5.0 X 10-4 

8 X 10-4 

_i::: 

~~ 14 X 10 .., 

______________ , ________________________ _ 
Data c~ refractive index is that near 20°C (293 K). All lite ~at ure 

dc:.ta aI1d materials consta..-,ts are f'rom Ke.ye and Laby ( 1966). 

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

discrepar:cy of' 0 .. 0005 magnitude. This y:ould of course have no bearing 

0 ., th,,, .,...efractive index relationships in :fo:::-ensic work in that St;ch 
.1- -·- .. 

studies involve the determination of" glas se.s oYer tenpcrature r-ar,ges 

-'- t' • ef'_-f0 ct: ~•r10.' e..l:::o bece.use intere:s';; is suff:i.ci er:.tJy small to nega.,e .ras .__ - ~ 

b t 1 °•-1--er tt.1ar:• 011 a'--,solutt'J values. t • on ,-.e] ~.-i·ve values e ·ween sarr:p EeS r~.vu - r. • 1.; cen rec;. - - .a. ... 
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e.notbe-r. Eo,·;ever, in studies wherein the glass is being related to 

sose external variable, as for ex"'rnple ~·:-.en m-te ont~-....+-eo ,-,.,..._c, • "· ....,_, .,,, . ,,a r C. "'·-'-"•> C"U'-' O..:J..r:.g 

considered, allowance should be made for this effect, althou&½ the error 

Of'+h ••• .,_ .. - .,.,e c.e.:eminc. ... ion is usue.lly of' comparable magnitude. 

S9-6: The Denendence of Refract;ve Index on Part;cle Size: 

It will be recalled from the discussion of densities that there did 

appear to be scxne variation of density with particle size, although 

there were doubts whether this phenomonen v1as real or apparent. One 

way c:~ assessing this is by determining refractive indices of' various 

size !'!-actions f'or glasses. For comparison with the density data, the 

same sieve fractions were used and. representative de.ta is presented in 

Fig. 903. In this diagram, it is seen that the coincidence temperature 

at v:-hich the refractive index of' liquid and glass concur generally rises 

with ir-creasing particle size. This is to say that the refractive index 

is higher :for smaller shards. This effect is particularly marked in 

glasses frcm tephra that have been subjected to prolonged soil processes, 

as for example, samples 302 and 304. The eff'ect is less obvious in 

gle..sses of tephra buried shortly a:fter deposition, as f'or example, the 

Orue::ui Formation and Rotoehu A.sh. This size dependence is probably 

relatec. to the greater susceptibility of' smaller sherds to show 

hydration e:rfects than their larg~r counterparts. The only exception 

to the size dependence encoun.tered was the upper portion of' Okareka .Ash 

in v.-b.,ch the trend of' ref'ractive index with size is reversed; this may 

be rela-!:ed to the double-band density character of' the glass pr·evious1.Y 

ref'erred to. 

The range of values of' ref'r-acti ve inde~s:: is co::ipar2.ble f'or 2.11 the 

size fra:::tions, and this suggests tbat the increasing clensi ty distribu­

tion for Jarger sized particles previously noted is related to the 

problen of grain "libe ration 11 rather than being a f'unction of the 

material. The variation of refractive ind.ex with particle size 
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in;:.: ~+ t' ~ -.,_!_ca. ... es .ne neea. to specif'y the size of' _p2.rticle being determined, i11 

this thesis the size f"raction determin.ed he·~ea.,.....er ;s ""ht h - - J. ., ~ ,_ _a, w ,o:::;e 

constituents are of" less than 75~ diam8ter. 

S9-7: 7he Use o~ Statistics in, Pf' t· T d D ~ • ~· .• e rec ive ~n ex e.::erm::rne...,:i.ons: 

The refractive i.>:.dex of' a glass was generally determined e.bcut 

six times, or more lll:nt1·1 cons,_·e.tent e 1 t ht· d _ - . re~u~ s were o~ aine. The values 

obtained ?.-ere averaged, as were the mean residuals ( the mean di:N'erence 

between the mean and the constituent values). The mean residual is 

taken to be the determinative error, and is typically sane 0.003 u..11its 

"'.,'J-,en the: re:f'ractive index of' the glass o:f the Mairoa Ash sampled 

at M2.iroa itself' was determined, the upper members were f'ound to have a 

higher mean residual than was typical. A closer ex~.ination of' the 

contributjng data indicated clusters of readings arou.-id two ,ralues. 

Thus the 11airoa Ash contains tzro rhyoli tic glasses of di:ffering re:frac-

t::.ve ina.E:x, ·,·fr.ich ind.ic:ates that either the one source erupted tv.-o t_ypes 

o:' rbyolitic glass, or that more than one source was invobred. The 

re:fractive indices f'or the l,!airoa Ash sequence are given in Fig. 904. 

The lor.er valued gla.ss is not found. in ether loca1 ·i ties where Mairoa P....sh 

is suspected, but as is discussed in the next section, these refractive 

inw.ces are nevertheless lower then is the case for rl:wolitic glasses 

associated with the Tirau Ash sequence. This may be evidence for the 

interd.igitation of the tephra units, although at these localities the 

mean residuals for the Mairoa .Ash glasses are not significantly greater 

than their Tirau Ash enalogues. 

s9-8: Refractive Indices of Gl2sses "Fro□ Ma;roa .Ash end ;-'ir2u Ash: 

For the sequences of ashes previously described., the refrac-tive 

indices of' tl:.e associated rhyoli tic glasses are given in Fig. 905. Oi' 

particular signif'icc.nce is the f'act that the gla.sses of the Tirau Ash 

sequence of ashes have a higher refractive index than their rfoiroa 
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e.r.alogue::. t.cco:rdingly, a seqt;en.ce shor;3.ng a grado.tion ( o:n f•ielC. 

cri te r::..a) from Tirau J..sh to Mairoa Ash ar:id thence to Oruanui For:::;ation 

would be expected to ~how a minirrr.im in the profile. This is, in :ract, 

observed. As will be sho·,m subsequently, increasing age may be 

expected to increase the refractive index because of .hsdrotion e:ff'ects, 

if' the ~"eathering regime and chemical composition of the origina.l1y 

erupted glass have bee..'1 invariant with time. Tnat there is a minimum 

in the curve is suggestive that either or both of these factors are 

involved. 

It is noteuortby, however, that the refractive index that de:f'ines 

this minimum varies from site to site, as does the value of the refrac­

tive index oi"' glass considered in the field to be f'rom the Orua'l'lui 

Formation. The variation in this latter case may be due either to the 

ef':fect of' its being mixed v.-i th the overlying Mairoa glass or to v:eathering 

eff'ects. It has already been noted that glass WBathers initially by 

hydration. In Section 9-9, t.his hydratien process r.Hl be treated in 

more detail; sui':f'ice it here to say that hydration increases the 

ref'ractive index. Accordingly, one migit expect that the ref'racti ve 

index migb.t rise with :L"l.creasing inf•il tration f'or a gi v-en glass. Such 

a variation is shovm f'or Oruan.ui glass in Pig. 906. On f'irst appear-

ances such a correlation would appear to be suste.ined, but curiou;:;ly, 

sample 307 as...-iates fro:n the correlation line while 503 lies on it. 

This is curio;;s be:!au.Se on the basis of' glass contents, the empirical 

estime.te of' infiltration for the Kakepuku site (503) is rather too low, 

whereas that f'o r Findlay Park ( 307) v.-ould see.'11 to be reasonable. Since, 

in fact, the refractive Ll'ldex values of samples L:.06 and 503 are close to 

the lower values associated with the Mairoa Ash St,:;quence, it nay be that 

these samples ere Orue.n?.J.i gJ.ass contaminated with glass of' the Mairoa 

As:-1 , and that the ref'racti ve index of Ori.1ar;.ui glass it.self is lar·ge]y 

independent of the loccli ty in which it is f'otmd. Such a conclusion is 

in agreement with the conclusion reached by Steen and Fryxell (1965), 



;U.:.i'.'1.':.1:J ti·.;e in.iox l'l!ln cion~hips b3t\'Wt:n 

con·~~i~.;i11e1tc,·~ :.t1~C. uncontn.n1i.nr.. tci:i.. ci:!..as,:;o;,,1 
ol j ~1i:cc:,a ~i..sh [tn2. 01tio.nui li'orm::.. t.i.un 

Oru;l.nui 

610.ns of Lic;h 
refractive 
in,lcx. p :ccb.:1 b ly 
ty p 1.c a.l of 
uncontu.1!d.ncl. tcc1 
Oruanu:L glo.ss , ...... , 

; :- ··, ' • 

·---, i .-. M 
.'., ·1 .; -. r, ·1 '."> . :.· ., ·:. i 
l,.., ~: .• \.,.-.;. Ol ::.:;lCI.SS,· l--7 _1 • 

. . . " .. l \ 

:cc:fi:>ac ti vc .i.nl~,x gluss 

QC 'I'") r:·,11 \<•t·1 ,' ••:-• < i, •• -· 1-,. l,r,r; 1 , •• •. 
- - - - - - - -"~ •• _...... ' l 

• • • . ~-~· ,:.'.~~:~":'?r.' ~:,s1_1 . _ .. _.:. ··: .. ~ .. _.·., ~-'.9~:i::~ ::::>! -., 
~,..;..JJ...,o. i.:;.u u ·1 -·· ·1•r1:"'., , .. ,,,.. ...;;.... .. • J •• ~ 

-~'-·· <.;, :-.. ~.-,.:·;,/-~·--_:.: .. ,~.-;;:_·fJ·:<~-,;_ ~: in 

• I) •• or I.L.ir\oa I~s1!. 
in Kin;;_ Countri 

probc1bly a 
mixture of 
conntituont 
glac[H~s of 
::;._,mples 601 
ancl Go2 

h._(,,._,J· ·...L-J: I , 

Go··;::; i 
;; ;-j .. _· .I 

'I•. 1• 

•l,;...at,.-:•-

Go2 Gol 
c;lass of low :cofr~ic­
-ti ve in,lex, prob.:J.bly 
typical oi:."' uncontarn­
•-inatcd T,':.:l.iroa gla,:,s 

.. '~~'l.J~ ... r\~11t: t:.t(";n,J.: 1·c!fra.etiv::; in::..tx of glans 
oi' Oru2.r,u:L Porr,1:.1. tio n vs im~iltr:i t:i on 

(Suc:11 a CCJI'l''i.!:l::tLion i'!lplies tl10.t diffcr1n.:; 
1,y:.lrc..tion .:-:.oc.ounts fol' tl1c VJ.l'io. tioL in 
1~ofract:Lv0 inc.ez) 

1.:000 

t 307 ''0'.) J< 
.1 -ji 90G 
Go5 f 

l .. li.995 

~ .4.990 

- • _7-:7·: :_-: -~·t·'-'-·· ;:-· 7-.. ~ - ow· 
-. ··:.' .• ..... :,; .·. ,, _:_ ... ',r c,r; . , .·' -1- I .~-;,-,:,:i 

_; - ~ "/:;;:{_:':-j_~J -~~:.:-;·.>:~_: 
1 .li-9t30 

30 hO :;o Go 70 80 

Infiltru. tion (inn.yr -i ) 

Sunple 1 05 i::, of lovrer­
rcfr'o.C ti v~ ind.ex thc,n 
expoctctl~ On this model 
thin raay be explain.:itl 
as re~ulting from a 
lc~ser hyu.ra.tion 1)ccm.we 
of greo. tur (lepth of btu·ial 

[,1 0 ;·.J l.j 
(_) : ! {_) H 
: ., ti· Hi c~ 
(J I·~ f"1 

'J '.) 
0 0 0 \.Q 
1-'i ct- d· n 

(.) J-.J, G) 

::-: f)J <~ 
;_/ <D 
I-'· Hi 
() lj ;-J, 

~;-' 0 ::; 
:J ;~ 

ct Cl 
;_:,-J () ~·~ 

J.J, 'J 
(!J ;.... 1-:; 

: J (() 
c+ ~1 f...J 

(D ~ f0 
·d f.J, c+ 
;·y' i.J, 

lj l-cj 0 
p O :.::; 

11 :-:'.~ I..J, •· '·, ' ,. 
Ul P l·J• 

ct•::J 
Q i.J, Ul 
0 0 
:j rj o~ 
d- Cl 
(.0 pd· u c:-t- =~ 
f-'· (i) 

::-; <l Q 
;J p ::; 
d· I-~ 
<D f-J, l--1 
r2.J C) ~' 

( • .., C: .~l 
.-,I ·, 

:J t~ 0 
j,J, \-.J 
ct (:) I-'· 
rs 1-1• c:+ 

ct j..J, 

;.:~~ (IJ () 

ru w 
JJ, ... (:CJ 
1-1 J...J 

o fJ PJ 
i...J \::l ,+ Ul 

(;) i"\) 
;:::.-. ~3 

1·,"1 m c" ... ~ ,.., 



128 

their e:xr,erirner..tal technique was such that all but the largest diff'erencc:s 

in rei'rac-ti ve index due to var:.abili ty in hydration would be masked. by 

the determinative error. 

It i'r.l.11 be recalled that two rhyolitic glasses were fomd in the 

f.:airoa 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 Oru.e..llui, then, with the 

knoi7ledge of the "average" refractive index the degree of' contamination 

may be estimated. Suen estimates are given in Table 9-2. Similar 

ef':fects may be expected between the lower Mairoa ar:d Oruanui gle.sses in 

other sites; corresponding data for the Kakepulru site are included i.ll 

Table 9-2. 

TABLE 9-2: Estimation of Contamination of' ?.hyoli tic G-las s f'ro:n OrJ.anui 

Sample 

Formation and Mairoa Ash. 

Ref'racti ve 
index 

Proo. 0 ruan ui 
glass (!b) 

Uncontemina:t ed rhyolitic glasses: 

Mairoa(a) 1.4977 0 

Oruanui 1.!.;.992 100 

Contaminated rhyolitic glasses: 

501 1.4980 20 

502 1.4979 27 

503 1.4984- 47 

60/b) 1.+583 35 

602 1.2.-983 46 

603 1,4983 47 

406 1.4-980 20 

407 1.4993 100 

Prop. Mairoa 
glass ('%) 

100 

0 

80 

73 

53 

65 

54 

53 

80 

0 
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Notes: (a) These v2.lues f'ro!D. the U'D_ per l.-.r .• ~-=1·oa s~q"<:>rJ· r.<:, t=~ ~1-· - "e-.c - - ~ v.-c ;_,c;, ,, v f.'.. c...:O o ,:, 

recognised on basis of' ref'racti ve index. 

(b) mean determined value: this value is inhE:rently weighted. 

to allow f'o r the proportions of' the constituent rhyoli tic glasses. 

On the basis of' this table, it is clear that ther-e has been some 

reworking of' the material that comprises the Mairoa Ash sequence. This 

of' course has some bearing on the ages previously assigned, and these 

ages may be corrected by the use of' the equation: 

p X 20 
g(OU) + p g(M) x \,1 = t 

where P represents the proportion of' Oruar..ui ( OU) or Mc.i roa (1,f) glass 
g 

in the rhyolitic glass, t is the age of the ash deposit allor.ing for 
m 

the correction, end t is the age found in Chapter 6 (efi'ectively a 

weighted mean age). Under these conditions the age of' the 1'1airoa Ash 

seqU£:nce is betvreen sane 15 and 17 thousand years at Mairoa itself. 

This is in closer a~cord with the dates f'rom the more easterly sittsz. 

Because of' the uncertainty of' the weather:ing rate constant f'or the 

Y.akepu.ku zite, such correction procedures do not give a~y more satis­

factory estimates of' the dates than have been _given previously, in other 

words, for the purpose of' the above equation t is uncertain. 

The possibility exists of' a similar kind of' mixing betv,een the 

Tirau and !lciroe. ashes themselves, and such an eff'ect may account -for 

the tendency f'or the minimum in the ref'r&!tive index versus strati­

graphic position pro:files to be at lower indices for the more westerly 

sites where the Mairoa Ash component is more prominent. Since, hOiv-ever, 

the aepo.sition of the sequences is, by the correcti.on proc9d.ure j,J.st 

d; s us sod r""the ~,. rr.ore contemporaneous than would be sucg3sted b_y 
~ C ~ , - -

Chapter 6, such mixing would hav·e little eff'ect on the assign,-ncmt of 
/ 

age. Such interdigi tat ion effects m.<".y however lir:;; t the usef'ulness <~f 

• .co bul'- 1 "' o.c> gl ~,..,.. +r•,; ~ is ciesc1•1"'oeu.:1 il~ chemical f'..nalysis O.c ' K sarnp e.., .c '-·''-"'"'· v -~- - - -

Chapter 10. 
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It will be rece.lled from when the tecr...nique of the r·ef'ractive 

index determination r.as beinP' des~.,....;hen'. -'-h•t .._h t .._ 1--1 b ..., _.,_ ..... _ ~ l, .a '-'· e emperal,ures cou..:..... e 

noted. ,,:1ereat the Becke line disappeared anci where it re-appeared. 

These teZ:perature diff'erences are indicated on the upper cur.re of' Fig. 

905. ~r001 this plot it is seen that there is a tendency for glasses 

associated with the Mair'Oa Ashes to have hj_gher values of' this parwneter 

than those of the Ti rau .Ash. It is dif'f'icult to ascr-lbe a reason for 

this, but it probably represents diff'ering strains set up in the glass 

because of dif'f'erent eruptive mechanisms in the ejecting of' rhyolitic 

glass f'rcm rhyoli tic vents and andesi tic vents. The recognition th.at 

rhyoli tic glasses are associated with andesi tic erupti ,res is a f'act of 

itself' ·,.orth noting. 

Correlation of the ref'ractive index of the glasses comprising the 

two secuences with possible parent glasses is dif'f'icul t because of the 

cor.t.e.,,-,nation of' the tephras. The glass f'rom the Rotorua ash (samnled 

at the 'I'a.papa Roe.d site f'or Tirau Ash) and the Rotoma Ash (sampJ.ed 

rather nearer to source) are simila:.- to ti1ose comprising the Tirau Ash 

sequence as far as reI'ractive index is concerned. This does not 

conclusively prove their inclusion in the sequences, but they arc 

certainly more likely to be present than the glass f'rom the Taupo 

Pu::iice eruption wl-.i.ch has a significantly higher refr.?..ctive index. 

Mention has already been made of' the ef'f'ect of hydration on 

refractive index, and it is to a discussion of this that the remainder 

of' t.:tls chapter is directed. 

S9-9: ',72.ter Contents of Volcanic Glasses end their Effect on Refractive 

Index. 

7i"a'cer contents can be experimentally d.eterminecl by heating the 

specmen and measuring the Joss in weight of the sample or by mee.s~ring 

the vol~e of water quantitatively absorbed.. The former, which may be 

• - " a 11physical" rrcethod, suffers f'rom tbe drewback that: c onsia.e reo. 



and to so:ne extent the alkali metals, it also requires the absence 

ol ~n_n.~.+_7+,,ents ti-,.,,t a.,...e ....... ,,.-,-1 o-··d-· d - "d • - - - V v'-< .w k .... ec:.oJ. y Al c..Se or reaucea .ur::;__ng 

icni ticn, chlef D.wong whl.ch is ferrous ion. 11 - (Ha.xv:ell, 1968). 

This obj~ci:.ion not ref'.loved by 11 chenical 11 metho:is, since 

the s~Tiple is still heated - the difference being that the ~ater content 

is detsnnined by qua.~titative absorption. Under these conditions the 

only augmentation on diminution of water content is that arising f'rom 

oxidation or reduction processes. In the case of ferrous ion this 

process may be w-ritten: 

+ 2Fe0----Fe 0 
2 3 

FrC!Ii. the staichio'.Tietry of tr,i~ eq_uati on, each percent change in the 

:5'e0 content cheJ1c;es the water content by only 0.1'"0 (by weight). 

Experir:ients by Drysdale et al. ( 1963) confirm that this effect can be 

ignored ex~ept for these gle.sses in. v;hich the ferrous content is 

exceptionally high. The equation is probably 

"I...T O -r., (ii) ___ .., (iii) + 
l, 2 + .;.< e( ~ ) .re ( 1 ) g1.ass g ass 

better renresented by: 

OH­
(glass) 

The existen-::e of' hydrogen in bubble cavities as required by such an 

eq_Uc:.tion has been disputed by Friedman ( 1958), aYJ.d it may be that 

attributing ve.r~~at:ions o-f' ·water content to this precess is u.TJ.necessary. 

It is usual to tabulate the values of' water contents at two 

temoeratures, generally a.t 105°c (H2o-) and near 1000°C (H20+). In 

fact, water is lost at all temperatures and the precise vrater content is 

said to be as dependent upon the duration as the te:nperature of dehydra­

tion (Butler, 1961; Ca~~ichael, 1960) and it has been further suggested 

that weight loss data should be interpreted in collaboration 'nth dr,.ta 

frcr.n dif'ferential therr'.lal analysis ( Chalmers, 1964). It is interestj_YJ.g 

to compare the var·io::is water contents for dif·ferent determinative 
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methods anc:. this is dane f'or some literature data en pU..'Tiice gltc~ t-es in 

Te.cle 9-3.. 

1 ::.:,- I"\+ va ue ., 2 ..., , 

In general the vreight loss at red heat j s very nearly tLe 

2:d, as expected, since the pUBice gl2sses are vesicular, 

the result;;; :from the physical deterninations are usually ma.rgir1e.:lly 

higher than those chertlcally determined. The relationship beb·eeri the 

0 -105 C and H2o is more erratic. For the investigation 

o~ the samples f'cr this thesis, the good agreement of' values for a 

weathered glass of' low vesicle content (member 19 of Table 9-3) suggests 

that water contents of' glasses may be useful in correlating tephras. 

For rhyoli tic glass, Ross a11d Smith ( 1955) note that there appear 

to be tv:-o di:f'f'erent types of' water present as f'ar as the structure of' 

the glass is concerned: one which is initially present when the glass 

is f'irst erupted, .emounting to some tenths of' a percent and remo,red only 

with di:f'f'iculty; and another v:-J:-1.ich is acquired as a result of post-

eruptive v;reathering. Glasses with water of the first type only are 

termed "ccsid:ie.J1s," those which have both are "perlites." 

authors showed that on d.ehydrat:L'lg a. perli te an obsidian could be 

formed. On the basis of' the temperatures required to expel these two 

v.-ater types, it vmuld seem that the "obsicliat111 water should be iclenti-

f'ied Tii th part of' the H2o+ and the "perli tic" water with the sum 

Ross ar~d S.nith ( 1955) also obsel.""led that the ratio of the change 

in ref'rective index on dehydration to the water less ..as essentially 

conste..>Jt f'or each cf.' perli tic and obsidia.>1 glasses. A plot of refrac-

tive index versus water contents thus ha.i two distinct p::!.rts as is shovm 

in Fig. 907, the short ste,ep portion being associated with the lc-ss of' 

"obsicia.n" water, and the flatter portion ,tith the loss of' perlit:ic 

water. 3y plotting values of' the change cf refractive index on c11?.hy-

dration as a :['unction o:f water contents :for other data given by the~e 

· ~• t these 1~·e c 1 Of.€ .._o .L.hi"" 1.ine f'o~ .A""rcJ·ra T-:cndo .s.uthors, it is see~ "na , ..:.. _,_ ~ L, "· ~ -- - - ... 

glass ( plotted ;;:.s the solid line on Fig. 907) • 
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TABLE 9-3: Comparison of Water Contents of Rhyoli tic Gle.~~es Determined "Physically" end ''Ch8mi call.Y." 

~lass Sample(a) Vesicle 
content of 

a~rnociated 
pumice 

Taupo Lapilli( 3) 66 

Member 5 60 

Member 8 62 

Member 14-D ~upper 63 

(lower 70 

Vfo.imihi a ( 15 ) 

Member 19( e) 

Member 24- ( upper 
( 
( lower 

Member 25 ( upper 

~lower 

73 

35 

55 

50 

58 

65 

Phys:i.cal d.e termination 

at 105oC(b) 

w1~ 

0.40 

O.L1.0 

0.65 

0.61 

a.Go 

0.34 

1.63 

0.67 

0.62 

0.46 

0.58 

at red heat ( c) 
•!T ;-r 
~i,z/0 

2.73 

3.31 

3.00 

3.22 

3.18 

2. 71 

3.53 

2.76 

4.45 

l+.CO 

2.1+3 

total 
w /;& 

3 

3.13 

3. 71 

3.65 

Chemical 
deterniination 
·-----

-'-H~O H,o· Total 

w0 '~~ w 6//o 

0.74 2.63 3.37 

0.86 3.20 4.06 

o.a2 2.87 3.69 
( r) 

3.83 ~ 0.40 3.14 3.54-

3. 78 ) 

3.05 0.46 3.47 3.93 

5.16 1.63 3.52 5.15 
(r) 

3 .1+3 ) 0.41+ 4.36 4.80 

5.07 ~ 
( r) 

4.46) 0.48 3.92 4.40 

3.01 ~ 

Ro.tios 

( d) ,,, 
1!T ' 1, I") 
/11 ~ 

- 1•; w4 i,5 

vr 
.:l 
••r 
"6 

0.5/i.. 1.0J+ 0.9.3 

0.14-6 1.03 0.92 

0.79 1.05 0.98 

~ 1.53 

( 1.50 

1.02 1.08 

1.01 1.07 

o. 78 o. 78 

1.00 1.00 

0.63 0.72 

1 .c2 1.06 

1.02 1~01 

0.62 o.69 

0.74 

1.00 

( 1.53 
( 
( 1 .4-1 

( 0.96 

~ 1.21 
--------------------------------.a ---

..l. 
·.._-1 
\.'-I 



TJ...EIZ 9-3: 

H otes: (a) 

bulk co:r:positicn~ 

( 1::) CO'.!:p2.r2.ble to H2o- determinations f'rom point of view of' 

c.eb.yo.ration ter:iperature. 

( c) Comparable to H2o+ determinations f'rcm point o:r view of 

dehydration temperature. 

( d) Di:f'f'erences are quite marked f'or water lost at low 

tenperatures, rather less so f'or the other ratios. 

(e) AlthoU£h tbere is no def•inite correlation betv,ee:c. vesicle 

cc!"ltent anc. thE: ratio, it does appear ths.t the r.:.tios tend to 

unity as the glass becomes less vesicular. It is also of 

interest that this sample should yield this result, since in sp:1 te 

cf' the sim.ilari ty in chemical composition to the ether gla::ses it 

is ::;laimec. by Ew2.rt to be ·weathered .• 

( f') m-.art c..oes not inci CE;.te v;hether this is a mea.11 value, but 

in tl-...at it is r.ot designated as "upper" or "lov.er-11 it J::1ay 

:presumably be ta.ken to be a mean ve.lue. 

In o~er to determine the water contents of' g1asses on the: 11&s:is 

of re:f':ca.ctive indices rather than by direct dctermir~atior..s of water 

•cnten-'- so:ne o+..,_.e-:-- parar.,;_eter is needed to define the refractive inc.ex I.: • ~ i.,, ' _,, - -

of e.nb.yd rous glass. Only then ca-ri va.lues oi' the change in refr~_::;ti. ve 

index of' hyc.ration, and hence the r.ate r contents, can 1.:)e determined. 

S:;?-1 o: ?2.-rameters CorrcJ.at.; ve v,l th Re:fr&.ctive Incl8x of' .Anhydrous G7 a:::;ses 

Exe£ination or the data on ref'racti ve index ar.:d density of tekti t.es 

,~1--,,,,..,, ( -1q6-;;) a_nd si~:.lar data :f'or synthetic glasses .....,.,...c;;.v \. • ..,, .., ... &r1d. Laby, 

1966) yields a rele.t:i.onship given by the equation: 

n + 1.251 
0 

Since both tektites and synthetic glasses have very lcv: wa.ter-



contents, it is reasor..a~le to assume that the plct cbtained :.s of' dry 

respecti \·ely. 

!{ow the densitv of' a P-lass doe~ "ary 1· '+l • +1.. h .:i • ., ~ - , _ s J..gn.., y vn. c.u . y._,_raticn. 

Tilley (i322) claims that the density of a glass was reduced :f'or 

increa..sing water content, but Ross a"'d Smi·th (-:9,;5) ·n the st"" -•u _ _, J.. • --CY, 

alrea.a.y ref'erred to, suggested that the density was increased and their 

data is represented by the equation: 

f= f' 0 
+ 0.0086 W 

where -;:: is the water content. I(ov; for the :f'ormation of' perlj_tic glass 

fro::: ccs:..d.ian the rel&.t:ionship betv;een refractive index B.nci w2ter ccntent 

over tr,e range AC can be expresse'.i as: 

n = n + o.co39 "'Y (frciTI. Ross a.rld. Smith (1955)) 
0 

Co~bir..i:lg these three equations yields: 

W = 323n - l-1-04 33.3 f 

':'he di:ff'icul ty with this approa~h is the large error introo.nced 

beca~e of' the range of' density values. Typically the principal band 

-3 
spans a density range of 0.02 gm.cm a.na. this would introduce an error 

of some :'.:o.$& in water contents. By comparison the meen residu~l fer 

refractive index (about 0.0003) introduces an error of about O.f.0. 

Since on Fig. 907 a change of O.~ in water content has an attendant 

change iL refractive index of some 0.002, and this is considerably in 

excess cf' the differences in refractive indices of' the various glas::.:cs, 

densit:-1 is not a good para.meter to use as indicative of "a.n,.1--iydrous'~ 

ref'ractive :L~dex • 

. k1other approach is to use the relationship between refractive 

jndex end the proportion of a constituent oxide. Since the refractive 

index is a bulk cooipositional parameter dependent on all oxide components 

such a procedure may be of douht:fcl v:due (:.fo.tthec:s, 1951), but n.cverthe­

less since composition data can be c-bte.ined to e • .ri ac~ure.cy compe.rab1e to 



tLc.t of tr.c ref'rs.ctive inc.ex methods 2escribE:cl the theoretical c,bjectior1c:, 

The ol:Yious co:r:pc::::i tional ::--elaticn­

sLip is tb:,t "betT.EE:n .silica co!1tent c:.nd :refract::_ve index. 

tae:;e of this choice, as shovm in pJots by George (1924), }fa.ttbev,s ('!951) 

ar.:o. ChLo (1563) is th2.t the relationsrtip is not rC;gular. By contra.st 

the rele.tior..ship of' refre.ctive index to :'errous cxide contents i::: 

essentially linee.r as is shown by the high correlation coef'ficient when 

linear regression statistics are applied to the raw data f'or tektite 

glasses. A similar rE:lationship was assumed to hold f'or pumiceous 

rhyoli tic glasses f'rom Ewart ( 1963), f'or which the linear regression 

statistics are shown in Table 9-4. The correlatior. coe~:ficient is 

lower in this case because of' the :fev;er data points and because of' the 

lower accuracy in the refr&.ctive index determinations. 

TP..BLE 9-4-: Linee.r Regression Statistics: Re:fractive Index (n) vs 

Ferrous Content (Fe0/,6). 

Para.'I:eter Tektites 

Correl~tion Coef'~icient (r) 0.966 

Intercept (b)+ 

Slope (m)+ 

1.4668 

0~00773 

Dehydrated Volcanic Glass>:' 

0.864-

1 .. 4757 

0.0057 

* -::-efractive indices of dry glass eve.luated by subtracting f:::-cm the 

measured refraction index the increment in re::'re.ctive index 

detennined from the water contents by Fig. 907 .. 

+ Intercept and slope those f'or the equation n 0 = m (FeO) + b. 

As indicated previously the ferrous oxide proportions ca.".l be 

conveniently determined from the magnetic susce:ptibili ties, and thus it 

is possible for water contents to be detenr.ined indirectly, on the basis 

of physiochemical properties. 



SS-1 i: 

!t ,-;&::. d.ecuced earlier that ref'rz.ctivE index was effectively 

independent of site. To d~termine whet.be r the water contents of' vclc&nic 

gless are also independent of site, v-:ete!· contents of glasses from 

Oruanui Formc:ticn may be determined as in Sec. 9--Ji, c2.r.d considered in 

relatic~ te, present conc.i ti ons prevailing at the sites. Data for th:is 

is given in Table 9-5. If' the water contents were ten:cperature dependent 

they r.ould 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 inf'iltration (wl--,ich genere.lly 

increases v:ith altitude). Such a conclusion is of course consistent 

with the model of glass weathering previously mentioned (Ruxtcn~ 1968), 

ar.d it clso concurs with the results of the experir:lenta.l dif•f'usion 

studies carried out by Friechnan, Smith and Lons ( 1966) who considered 

that the concentration of water in the hydrated glass is ind.ependent of 

the hyd.ration temperature. 

Tne low v;ater content of sample 503 is surprising in that other 

evidence has suggested that the material at this site has been more 

heavily weat.hered than expected on the basis of climate, and that 

additional water, pemeps by lateral f'J.017, has aided the wee.thering 

regime. There 1.s also the possibility that some of the hyoration shell 

of the glass has been removed, as is described in a later sectim,_~ It 

is e..lso of interest that glasses low·er dcvm in the depositior:al sequence 

of' a given tephre have a lower water content than their counterparts 

higher up the sequence. This is shown clearly in samples 604, 605 and 

905, 906 2-l:c. is presu:nably attr:ihuted to the lower sample being protected 

from the rigcurs o:f climate and soil fomation virtually since c.eposi ticn, 

ar.d is indicc:.tive of' a very re.pie depo::;i tion of the O~u.anui Forr.n&t ion. 

It is of' interest to compare this situe.ticn with that of' Rctoma A.sh ar,d 

its basal lapilli. In this case glass of the lap:illi bed has a higher 

water content than the overlying Ash (see Table 9-6). Th:i.s suggests 



TABLE 9-5: \i"nter Contents of Orurmui G-lnsses from Various Sites : Compnrison with Site Data. 

'.!THter Content Data Site Dnt.ii_ 

---·-· --- ( 6) ( 7) 
Fe0-content( 1) n ( 2) n(3) '(4) ( 5) Sample An h.n vr Elevation Infil trE:tion 

(%) 0 {n-n) {1) 
( :!:o.o:,;~) (!0.0003) (~0.0003) (-) .0806) ( n-0.0003) ( -0. 1'1.&) (h/m) ( I/cm) 

- - -
307 0.70 1.4797 1,49911- 0.0197 0.0149 11-.15 150 66 

li-06 0.53 1 .1+787 1.11-980 0.0193 o.01L1-5 4.03 138 69 

503 0.90 1.21-808 1.4984 0.0176 0.0128 3.55 60 8!+ 

60~. 0.65 1.47911- 1.4.993 0.0199 0.0151 l+.20 ~ 
( 8) 360 162 

605 0.70 1.4797 1.4992 0.0195 0.01li-7 4.07 ) 

905 0.63 1.4793 1.4997 0.020!.1- 0.0156 4.33 ) 
(8) ) 270 182 

906 o.85 1.4806 1.1-,.998 0.0192 0.01lf4 11-.00 ) 

105 

- ~- -- -- -- -----------· ---~- ----- --- --

--
Depth ot' 
Burial 
( d/crn) 

121 

121 

61 

( 101 
( 
( 1 O'+ 

( 101 
( 
( 1 ·l/+ 

---

. .>. 
1..,: 
l'J 
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Table 9-5: Notes: 

(1) on b&sis o~ megnetic susceptibility measur~ms~ts, see 

Chapter 8. 

( ?) 1 t ' ~ eva ua ea rro~ relationship n = 0.0057 FeO + 1.4757. 
0 

(4-) allowing f'or the "obsidian water" in the perlite: an 

increase of' 0.0048 units of' ref'ractive index over the "dryn 

value is attributed to the water content of' the glass prior to 

eruption. 

' ( 5) being ~ n/0.0036, the slope of' the refractive ind.ex-per] i te 

/,.-1 ,-1 
Vi"ater content relationship on Fig. 907 being 0.0036 1,.,:, water 1 • 

(6) e:f'f'ectivel_y a temperature dependent parameter; de Lisle 

indicates a decrease of' some 0.5K for each 100 m increase in 

elevation. 

(7) being the water surplus, evaluated as before as the dif'f'erence 

between estimated. rainf'all a..l1.d estimated e·.rapotranspiration. 

(6) values of samples of' these.me tephra lower in the strati-

graphic sequence. These would be expected to have lower water 

contents becav.se they have been protected by ever-burden since 

deposition. 

that there was a reasonable time interval between the deposit:J.on cf' 

these layers - suf':t"icient :for hydration of' the basal lapilli to occur 

to a considerable degree bef'ore the rate of' hydration was sJ.owed. down 

by subsequent buriaL 

EG.rlier in th5. s sect.ion, it was noted that there w2s some tendency 

for higher values of water content of' a given glass to be associe.ted 

with higher infiltration rates. This is, hovrnver, but a Tiinor feature 

and considering the sme:11 variation of' v,ater contents for the large 

variati.cn in infiltration, it is pr-obably <'. reasonable a.ppro.::dme.ti.cn 

that the water content is site independent. If' this is the case, then 



TAI\LE 9-6: Derived Water Contents of Glasses frcm Tephras of Knovm Age. 

'----·-· 
Feo/1/ 1) ( 2) ( 3) An 

'(l,_) w;:,(5) t/10\rr Parent Anh Sample n n /rn • 
No. Ferrous 0 

Content (n-n) ( :!:o. 11o) 
0 

.A 

Rot om.ah an a 
Mud 1101 0.90 1.1+808 1.1+970 0.0162 0.0114 3.16 0.1 

Taupo Pumice 1002 0.45 1 .Lf-78!¼- 1.4930 0.0146 0.098 2.72 0.93 

fuiharoa Ash 1-103 1.45 1.4839 1. 5020 0.0181 0.0133 3.67 1. 75 

Rotoma Ash 1110 0.65 1.4795 1.~.995 0.0200 0.0152 4.23 7.33 

Rotorna Ash 1115 
(busal lapilli) 

0.45 1.4.7s3 1.!¼-997 0.0214 0.0156 4.60 7.33 

RCJton10, Ash 901 o.so 1.!i}302 1.+995 0~8193 0. 011¼-.5 4.00 13 .!+5 

Oruanui Formation (see Te,blc 9-5) 4.0 - l+.3 19.85 

Rotoehu ADh 307 0.63 1.1,.793 1.4,987 0 .. 0-194 0.0146 4.05 ) 
) 

409 0.55 1.4.788 1.!+977 0.0-189 0.0141 3.93 ) 41,7 

505 0.67 1.!f-795 1 • .!+,987 0.0192 0.011.iJ+ 4-.00 ~ 
-----~•-, - • ___ r _ ___,,. ______ .,.__..._ ____ .._,. ___ ._ 

_, __ ,. _____ .... _____ ------....... -·--·-

Notes: ( 1) - ( 5) o.s for Table 9-5. 
.; 

_,,.._ _________ .. _____ ,,,,, _____ ,,,_., ____ ~-- G 



the water co:1tent of' glas~ s!iould be a function of age. 

Sir:.ilar considerations to that in Table 9-6 can be applied to 

glass t'ro::a the Rotoehu J.sh with analagous results. Interestingly, the 

v;ater contents of the glasses of the Rotoehu Ash and Ortianui Fo!""...!B.tion 

are siGilar despite their considerable difference in age. At this 

stage, it is appropriate to consider the variation of water content with 

age by reference to samples of glass of known age and data for tb..is is 

presented in Table 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. 

Fran the diagra.r.is it is clear that the function rises rapidly a..'1.d 

then levels off. There appears to be a slight drop in water co::.tents 

with ir.creasing age above about 15 thousand years, although this is 

witPin the error of ~o.1;1o imposed by the determinative method. Because 

the fu.".!eticn is e:ffectively constant abo\~e ages of about 10,000 yea:r-s, 

it is probably not pc:.rticularly useful as a dating technique. 

that the:re is clearly a cJ:,.ange i!'l mechanism a.s hydra.ti on proceeds is of' 

-interest and it is to this that attention is now turned. 

SC?-12: Y-inetic AsRer:ts of' the Variation of· ?Tater Content ;·tith A2:ed 

G-}ass. 

Data given :r,.,r water contents of very old glasses in the United 

States (I.r.ett et al., 1970) show water contents comperable to those 

obtained here, suggesting that if the f'unction is exhibiting a maximum 

it is at low values of age. Frost and Pearson ( 1966) describe series 

reactions wherein one component is the intett!'!ediate of a react::.cn 

sequence. For the hydraticn of glass, such a series of reactions cc:.n 

be e!1visaged as: 
I II 

gl&ss ( obsidian)~ hydrated glass(perli te)--+ e.llophane. 

vrhere reaction I is described by Ross and. Smith (1955) and reaction II 

is that process of V;eathering of glass propo~.ed by Fieldes ( 1955). 
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per1ite, it ~nr::r 

be infe~1~d that perlite is an intermea~~-~e i~. t~ _ ~- - -" • !le process. 

constancy of' the i",ater content further ;,,;plies that the reaction sequence 

nay be c cnsid.ered to exhibit the kinetic::; of' a c!1ain re:action ·v.i th a 

stati cno.r,y state, which has as its criteria (Frost and Pearson, ~966): 

" •.••• that the intermediate (perlite, in this case) is very 

reactive compared with the original reactant end also results :L~ 

the concentration of (perlite) being very low. The ••.•• 

condition (that t >> 1/k2, where k 2 is the rate constant for 

p~ocess II) ensures that the induction period has bee.~ passed. 

Usu,-.,1 ly where the stationary-state <C.pproximation is applied the 

:i."'ld.uction period is irnmeasurabJ.y short so that the method car1 be 

use:d with conf'idence." 

T~2s kinetic approach is similar to the mechanistic consideration 

of' Fried.'I:an, Smith .?J1.d Long ( 1966), who state:d that since perlites 

typically contain :Jome 3-4:1' water and have hydration shell thicknesses 

o:f' so:ne 20 microns, perlites do not attain greater .hydration thickne3se:o, 

nor presumably water contents than this because: 

"···•• the stress r.ould be so great that a crack would form at 

the interf'ace between the hydrated and u...r1...l-iydrated glass, and the 

process of hydration would start again. tt 

This repee.ted process may account :ro r the observation of' Ev:art 

and Field.es ( 1962) of' there being no systel!latic variation in strain f'cr 

glasses of differing history. Such a hypothesis of the hydration 

precess gi.,....ing rise to strain is at varierice with an earlier idea by 

1:arshall ( 1961) that the strain features in perli tes resul tea. frm 

ther.n&l strain during cooling, and that the high wc.te c contents ere the 

result of absorption of water into the fractures. The other possir:ile 

expl&naticn, that of' the 6lass becoming saturated so that no fu:::·the!' 

hydr,:;.tion is possible, is satis:factory in that it explains the cmstancy 

of' water contents in all but the yo1.mgest 6la.sses, buJ..; it does not 
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re&.ciily explain the occurrence of' allcphane as a weathering product of 

volcar-.:.ic v.ass. 

Fciedrr.en, Smith and Long ( 1 S66) described the hydration cf' 

obsidia."'l~ to f'orm perlites as conforming to the equation: 

2 
X = ~t 

where x is the depth of hydration, tis the age and~ is a constant, 

said to be related to the d.if'fusion constant. P.n earlier paper by 

Moulson and Roberts ( 1961) 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 sque.re root of the time f'cr which the flass was heat-2d .• They gave 

an ex1..1ress:i..on £'or the dif1 .. usion coefi'icient as D = (ll 1 2/16t)( a2/a2 '1 ~- " i 2 ' 

where d 2 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, end presunably a!L~ydrous, specimen. 

linear f't.:.n.ction of' sur:t'e.ce water ccntent a...11d 1 is a function of the depth 

of hydratior.. Accord.ing1y, it woul.d seem that the surficial water 

content is a function of the depth of hydration. 

w2 = c(D)t ~ c'(k'n}t 

Thus: 

where o(D) is a constant, being a function of the diffusion coeff1ci6nt. 

New, such constants usually are related to the temperature by expressions 

of' the f'orm: 

~ or D = A exp (- E/RT) 

L-ri this expression, the so-called Arrhenian d8pendence, A is a 

pre-exponential f'actor~ E is the activation energy for dii'i'usion, and R 

and T are the gas constant and the temperature respectively. 

deteminations of' water contents at two dif'fering terr.peratures: 

__ exp [ ( E/R) ( 1 /T 2 - 1 /r) ] 

Consequently, = exp~ [ ffe. . ( 1 /T 2 - 1 /T 1 ) ] 

-1 
Estimates of' the activation energy are arou..'1.d 20 kcal.mol so th2t -Lhis 

relationship becomes: 



( ,:.2h '\ ' ~ /'"~/4 ) 
). 

1 :-.4/m ln ••11 v1; + u ..1..1 = J.n\. ''1 "2 + 1 o"-!--,tr,.., 
L 

The, values of.' tesperature used in this equation are the effective 

hydration te:raperature of' which :B'riedman, Smith and Long ( 1966) w-:r-lte: 

n~,h- ""n t. 1.. ~ t · t 1.. c:: e~ rec ::nre .uya.ra ·icn emperature is not the c.verage te:r.perature 

but rather an estiIT!ated temperature at which hydration pro~eeds at 

the ind.ic2.ted ra.te if' this temperature is rr:ainteined const2ntly., 

• • • • • In nature, the ef'f'ective hydration temperature depends not 

only on the maximum temperature, but also on the length of' tiine 

that the high temperatures are maintained. The hydration rate 

n::.easured on objects hydrated under natural conditions is an 

integrated rate." 

These authors do not ho17ever give the basis of' how this 'integrat€-:d 

rate' might be calculated. 

Hendy a."'1.d Wilson ( 1968) gave the variation of' temperature with 

time, or: the oasis of oxygen-isotope measurements in stalactites. 

Their curve is pven in Fig. 909 where it will. be seen that there is a 

rna.xi.olll:l a.round 9,000 years. This mec.":.S that the effective hydration 

te~per&ture for glasses older than this is probably a little less then 

1 .. oc ( rp ,~r,..) J . L-..,0 '- • For glasses yowiger than this, the efrective hydration 

temperature is aa.equately represented by: 

T( 0 c) = 0.223 t + 11 

Since there is only a two-degree rise in temperature between the 

present-day and the maximum this will have but little ef'fect on the 

ef·fective hydration temperature. Accordingly~ all the glasses, at 

least as old as the Oruanui Formation, have hydrated under essentially 

similar effective hydration temperatures. This enables the conclusion 

to be reached that the plateau in the w&ter-content age plot (:E'ig. 907) 

repres£nts the end of the ra.r1ge of applicability of the relaticn: 

2 
X = ~t 

and. is not the ef'f'ect on the kinE:tic expressions of' signif'ica.11.tly 

dif'f'cring temperatures. 
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C enc 1 u c; ion: 

'I'he re:fractive index of a 6lass she.rd i.s an indic.s."cion of' its bulk 

chernir-try, but is certainly af'f'ected b.Y hydra ti on ai'te r ,,;,eat.hering. 

Tr~is ef'fect is greatest over the first ten thousand years, after ~,hich 

tirne th:: water content ( as detemiined ty an ind:i.rect method. reqt.:iring 

infarsaticn on refractive index ana ferrous contents of the glas~) is 

essentially constant. Accordingly, for glasses older than this, any 

significan.t differences noted between the refractive indices of tv;o 

glasses probably represents a different eruptive rather than post­

eruptive history, provided that the post-eruptive environment is similar. 

The re:fractive index bears but a minor relationship to diff'erences in 

post-eruptive history occasioned by diff'erences in weathering regi:nes 

and depths of burial. Such possible relationships, consistent as they 

are -rri -:h the raising of the index with. great hydration, are complics..ted 

by tte mean index obtained representing, in some cases, mLxtures of 

rhyoli tic glasses. 

In general, it is noted that the rhyolitic glasses of the Tirau Ash 

sequence have higher refractive indices than those associated ,nth the 

rtairoa A.sh sequence. T·he ind.ices of gla.sses of the former sequE:nce 

correspond. ver'J nearly to that of other predominantly rl,yoli tic tephra: 

Rot o:t:a .A.sb, Rotorua Ash and Oruanui Fom&.tion, for example. That the 

refractive ind.ices of the glasses of the Mairoa .Ash are lower than tbeir 

Tirau J.sn counterparts, in spite of' their probable greater age on the 

suggests that this diff'erence is com.posj_ ti::mal 

At the r.~airoa Ash type section (&.t Mairoa itself) the 

extracted rhyolitic glcss wa.s fO\md to be of two distinct reJ'rac".:;ive 

incii.ces, a higher valued index of' about the value of that as::;c,ci2.ted 

7,rith Tirau Ash and Or;,ianui :5'ormation and. one of a lower value. 

provides c on:'innatory evidence f'or the I-,~airoa Ash deposit being 

om oc·te at least in its upper portions. C p --l , 
7he net decrease i:i 

refr.:.ctive index as the stratigraphic c olunn is descended at the 



inter...r:ediate site ( like Parawera) pro"bably further test:if'ie.s to th:i s 

co:::.i:;:isi te ch:::.r:::.::;ter. If' the lower refr&-ctive index :is considered to 

be indicative of' dif'f'ering cheoistry, the ashes identified as Rotoehu 

Ash, belov.- the Orua."lui Formation marl:er bed, appear to have ref'ract:ive 

indices atypically lOV\' for rhyolitic ashes. 

In c:?:'d.er to be able to achieve the accure.cy needed in these 

ccmparisons of ref'ractive ind.ex, better determinations cf refractive 

index vrere needed than is usual to petrological investigations. The 

technique used of determination by thermal variation is described and 

is oI"' central importance to a study of' this kind wherein the diff'e rences 

in refractive index are so very small. As a result, the pessimism 

expressed: at least among New Zealand tephrastratigraphers, about the 

worth or refraction index of glass shards as a~ identification technique 

may be dispelled. 



C:·U.Fl'Z:'1 -:o: CHEGCLL jiJ\;_41;ys1s OF VOLC.ANTC G-IJ..SS. 

S10-1: Introduction: 

The chem::.cal analysis o.r glass shards as a. tool in the correle.tion 

of tepr.ra has been used successful}y in the Uni tea. States and recent 

WDrk i!i.c.icn.tes that such analytical methods are lil::ely to be usei'ul :i..n 

l;e;, Zt::c:.J.c..nci. tephrostratigraphy. The principal assu..•nption in the method 

is that the composition of' the glass is constant throughout the areal 

extent o~ the tephra. For a paroxysmal eruption this is almost 

certainly justif'ied, but is rather less so where a sequence of eruptive 

events contributes to the same tephra deposit. _A,s is shown on Fig. 

1001, ~~ is possible that s~e o~ the tephra units may not reach the 

dis ta.'1 t s ource s: the telescoped column of tephra units at a distant 

~:;,_ te may or may not be representative of all the members erupted. 

may have a prof'cu.'1.d. ef'f'ect on the correlative i;ower of glass analyses. 

Tecbniques of' analysis !'all into the broad categories of' bulk an.d 

si~gle sharrl methods. or modem instrumental methcds atomic absor_pti:in 

an.::. -;;:-ray f'luorescence are representative of' the f'omer vd th electron 

pro'be techniques representative of' the latter. The important dif'ference 

is th2t bulk methods give an appropriately weighted mean of the che:nical 

co:::·.positi0!1 of' the number of' shards comprising the specioen wher-2as the 

ot:;er methods enable the co:nparison of' single shards within and 1,etween 

tephra units.. BuDc methods, theref'ore, are able to correlate a.11alyses 

oi' glasses f'rom dif'ferent distant sites to each other an.d to correlate 

glasses whose member .status is known. They are usually inept at 

resolving correlations between shov;er bedded tephra units close to source 

with telescoped tephra from distent sites. For this latter problem 

sing~e shard methods are pre~erable. 

e] ement s in New Zealand by spark source mass spectrorr.etry noted that: 

"the technique is best appJ ied to the relatively ho!!logeneous or 

poorly-bedded eruptive tephra." 
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Lri. tXa.T.ple of the c o:npar-lson betv:een hulk cYid sin["le shard tech­

niques i'1 correlaticn by chemical analysis of' glass is the distinction 

between the Mazama Ji.Sh 211d Glacier Peak Ash of' tr.e United States. 

Powers aP..d. "'.7ilcox ( 1964) presented data for chemical analyses of glasses 

of knm-;-n identi:fica-tion and elso :ror analyses of glasses they considered 

correlative f'ro:n sites :further :from the projected sources.. This raw 

data and some derived parameters are presented in Table 10-1. For 

eff'ective correlation the diff'erence in proportion of a given element 

between the known glasses ( which are compositionally distinct) should 

exceed the dif'f'erence in proportion between the two glasses claimed to 

be correlative. 

ReI'erence to Table 10-1, the renults for which were obtained by 

Fowers arrl Wilcox ( 1964) by bulk methods, indicates that there appears 

to be consid.erable variation in the proportions of' certain of the 

ele:ne::-"ts, in particule.r of" iron an.d the alkali metals. In the correla-

ticns ci tee. i.n TabJ.e 1C-1, the differencs in proportion of' t.b.ese elements 

in glasses claimed to be the same exceeds that di~ference in proportion 

L~ glasses kno-;vn to be di:ff'erent. This is tantamou..11t to sa,:,ring that 

there is a dependence of ctemical composition on post-depositional 

histo!"3r. However, Smith and Westgate ( 1969) in analysing glass of' 

the 1.:e.za,"!!a .A~h by electron probe techniques considered. that: 

"pest-depositional chc> .. nges in alkali cont'2nts are apparently not 

sign:.f'ice.nt, a.."1d these elements are good for distinguishing ash,::?s$ '' 

I~ this statement is te.ken to be true, then the discrepancies 

described. earlier can only be related to the possibility of' dif'ferent 

glasses be;ng represented at the near-sou~ce and dist~nt sites. 

that tr.ere appearz to be a dependence of° the potassiu~ content of a 

61ass....-ith age (see Sec. 10-3) suggests that there may be a post­

depositional change of glass composition. 



thesis r-21 cte to the correle.tion bet'.".'een dista:i-t site:::, bulk netl:od:o o:' 

aria}ysis e.re 2de g_uate .. .P-..s v:ill be seen subsequently, liowever, ti1e 

infcrws.t ion obtained by cherai cal ane.lysis in no way negates the !leeci f'or 

data frco other tec.r.niques. The remainaer o:' this chapter explores the 

applicability of' chEcical anaJysis of' gl~ss in I1ew ZeaJ ana tephra 

studies and examines the inter-relationship of' chemical data with 

physico-checical parameters. 

TJ..BLE 10-1: Comparison of literature data for a single-eruption te:phra 

21tl a _probably episodal tephra - chemical analysis ( Compo!.'ition 

tlata f'rc~ Powers 2nd ~ilcox) 

I II II-I III IV III-IV III-I 

Oride Proportion major oxide (i) 

Si02 72.39 72.25' -0 .. 10 73.01 74.67 -o.66 0.62 

Al,:,0~ '!4. 79 14.79 0 15.08 14 .. 54_ 0.54 0.23 
- :> 

rfl•o sJ. 2 0.4-3 0.46 0.03 0.30 0.23 0 .. 07 -0 .. 13 

Fe,..,07. 0.58 0.73 0.15 0.65 0.35 0.30 0.07 
L J 

FeO 1.27 1.32 0.05 1.14 0.65 0.49 -0.13 

MnO 0.06 0.05 -0.01 0.05 0.03 Oo02 -0.01 

MgO 0.52 0.61 0.09 0.73 0.1+5 0.2s 0.2-1 

GaO 1.58 1.83 0.25 2.30 2.32 -0.02 0.72 

Nti.20 5.21 4.90 -0.31 3.72 :,.68 0.04 -1.49 

K20 2.77 2.95 0.1s 2.89 3.05 -0.16 0.12 

P?Ot:: 0.09 O.C7 -0.02 0.13 0.03 0.10 0.04 
~ ::;, 

Notes: I : near source; sa'!lp1e from Rogue River, Oregon, u.s., 

postulated source Crat~r Lake. 

II: sample far from source, Ba1~r Creek, . ,. ... 
J,!Onvana, u.s . 

II-I : rE:-latively small dif'fe rences apart frcm geochemica1ly 

mobile elements, consistent • +. vr.1.. .,;n one-event .... erupi.:i.on. 



n c..tes: cc:'.:tinued: 

I -r...­
.L.L pl!I:li<;e en f'le..."lks of Gl2-cier Pe,.:.k volccno .. 

III-IV •. IT t 1--\ 0 .e t.1at cli:f:ferences in tl:is coJ.u::nn ar-e typica~_}y 

lari;er than in the II-I co} Uu,n. 

T.,..._. _... 
.... .!.J..-.l 'For e:f:fcctive cor1·elaticn, (II-:) end (III-IV) should. 

be less tr..an (III-I). 

S10-2: kalytical Tec.bniaues: 

There is an extensive litereture dealing with analytical tech:niques 

f'cr gla.s se s, but f'or the pre sent purpose, rapid instrumental methods were 

soucht that yielded ana.lyse.s f'or a wide range of' element.s, introducing 

the possibility of' 11 f'ingerprinting" the various glasses. Jack, Lajoie 

end Ca.::::::ichael (1969) a.~d A.~AC (1974) have described tte use of' x-rsY 

fluorescE-nce in the "fingerprinting" of obsidians, and most of the 

e.nalytica.l data ref'erred to in this thesis was obteined using an Of.:.TEC 

energy dispersive x-ray f'luorescence spectrometer. I'or these determina-

ti ens the :finely di vicled glass powders were placed in sample containers 

vtl th a v:indow of' "Mylar" :f'ilm in the base. This method of' sample 

preparation precluiied the determination of' magnesium and socliurn in th'3 

glass. Standard gla.s s samples were not available, so concentrat:i ens in. 

the glasz were detem:inecl rela.tive to a calibration curve oe:f'::ncd by the 

analy:3is of st.ar.dard rock samples. These latter, being W-1 (a d:i~baDe) 

and .Af;.J-1 (an a?"!desite) were chosen as being compositionally similer to 

rhyoli tic glass, and r.e re finely ground, mixed intimately with pov;d.ere:d 

cellulose in ratio one part rock to three of celJuJ.ose, and pres~ed in a 

die at 
2 

tens/cm pressure. To defir..e 011 the calibration 

curve a disc of pure cellulose was also pressed. Tte elelT'ental p:r·opo!'-

t5.o!'ls determineo. in the glass would be expected to differ fr-cm U,ose 

obtained by other analytical meens because of the dHution of' the 

stc.:.nd.ard.s relative to the glass and becau:::e of possibJ e matri~ effect.s. 

In Table 10-2 are given the elemental ccncentrs.ticns for glass f·rcm 



F..ncl the d2ta oi:.,t& .. ir.;ed by x-::oy 

fl12.c;.re zcer.cs 

thi r-1 col_,,..,,,..,_,_ .; ,..., th ,,., b~ • "'1- X -r; """ - =.,_, .w.t .,e ... a 1.e J..S .,;,ie . • K.,~. data scaled to com.pa rabJ.e 

silica~ ccntents, the fourth to co~stent al~~inil.l!!l. Tl:.e x-re..y 

fluorE::c-cence resul t:s sco1ed to constant silicon are in better agrceri:1=-ffL 

TABLE ~0-2: Comparison of· analyses of' gless f'rom Taupo Pumice 

(%) 
c:; • 

~..l Element Proportion Proportion (%) pu1 

after Ewart by X.R.F. E E 

E p pl PE.(P Si/P Si) p ~- (P .AJ./P J1) .E E 

C:. 
-i 33. Z'9 61.43 33.29 36.4-0 

PJ. 6.99 11 .. 80 6 .. 40 6.99 

Fe(II) 1.c5 ' ) 
) 1.58 3.25 1.76 1.92 

:5'~(III) 0.53 ) 

r.:g 0 .. 18 

Ca 0.97 1.95 1.06 1.16 

Na .:. t::" ..,,,. _,,,It.. 3.49 1.90 2.06 

K 2,.37 4.13 2.23 2.1.+1--.,. 

Jt:r1 0.077 0.190 0.103 0~1'i2 

L'1s-c,rusent; ORTEG, mo]yboenurn target, &...'1.ocle voJ. ta.5e 3CkV, &noc.e 

carrent 20 ffiicroarr:ps ~ count time 200 secs .. 

Analysi~ for sodium probe.bly af'fected by "Mylar" windov;. 

with the previously published data. than are the results scalec. tc constar:t 

aliziiniura. Accordingly, a."'.l. adjustment :ractor o:r 0.54- r-.ay be eppJ.iec_ to 

the concentration vc:J ~t::s obtained by x-ray fluorescence analysis to 

render the=i cv"?parc:.ble to tl:ose obtained by other meth<ls. On Fig. ~002 

the res tilts of' e_nalysis of ir::m. and manganese in various sampies by :x:-ray 

fluorescence a,.-.,d. atomic absorption methods are co:npared, the :fo::.-rrcr- 'being 

corrected as described abcvE:. G-oocl correlatj_on is acb.ievec., SL'S[:SZ'.:ing 

that the anc:.lytical date obtained in this thesis me.y be c cmp2-recl 17:. th 
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a.I!alyse::, cl:te--i>:ed by ot.i.-,:::,:· determinative methods. In that t.be ad ~ic:3t-

merrt f'2.ctor mc.y vary f'rc-:n element tc elerr:ent the co:1centration v&:lee~ 

pr-eser:tcc in tLE; tables a~-e not corrected in this way. 

S10-3: !,~E,ior Elel:!!ents in GJ e.ss, ar..o their Relations.l:ips w-itb Pbysiec 

CheTical Para~eters. 

In ? able 10-3 the major element compositions of variouz identif'ied 

glasses a:re given. It will be noted that even f'or Oruanui Ash, consid-

ered essentially to be a one-event eruption, there are signif'icant com-

positionel dif"f'erences between glasses f'rom dif'f'erent sites. A plot for 

exa.r::ple of silicon versus aluminium contents f'or alJ. gle.sses gives a 

scatter cU.agra.rr, of' low trencl (Fig. 1003). However, when a speci :f'ic 

glass (of Orua..~ui Formation) is consider~d, the expected inverse 

relatior'!ship between these two elements becomes apparent. Of particular 

note is that the 1inc defi.>1ing this relatio!lship pe.sses through or ne2.r 

the plotted points of' tha rhyolitic glasses associated v,ith the Mairoa 

J.~.h :::eqc:ence at the more westerly sites. As expected there is a 

decrease in ref'racthre index for rising silicon content; this is shown 

for Cru.anui glasses in Fig. 1004. J;_gai.YJ. this trend is probably indica-

tiv•e of' the cont.ar:'ii nation of the glass from the Oruanui Formation at the 

more we.s terly site with rhyoli tic glass associated with the 1fai:.:-ca Ach 

sequence. There is no signif'icant correlation between refractive 

indices anc silicon contents for all glasses, since there appear to be 

i!?J.portent compositional di:f'f'erences in elements other than silicc11 r,.hich 

precluc.e such correlation when the refractive index is measured so 

accurately. This represents a....'1. extreme example of' the dif'f'icul ties in 

ref'racti ,-e ind.ex versus silica content plots for glasses of' dif'ferer:t 

volcar..ic- suitez described by Matthews (1951). 

J._ _plot oi' -ferrous content of' the glc1.Zs ( as FeO) as a f'uncticr.. of 

a.luniniuT. co:!1tent i.z given in Fig. 1005. That the points characterising 

volc&.nic gl.s.ss lie close to a li,.>;e extrc::poJ.a.tecl f'::::-om the correrpond.ing 
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'l'.ABJ,E 10-3: Cor:1paci.son of l,fo.,ior ElRmcmt Compositions of r,.Jc1ssefl h.v X-Rey FJ.uorezcence. 

---- --·-- -------

:Element 
, ___ 

Tephra Sample Al Si K Ca Ti Mn Fe 
No. ----- _ ... _, ___ 

Proportion/~ CXRF)':' 

-
Okareka Ash 101 10.809 72.928 4.769 1.433 0.187 0.117 1. 616 

0ruanui Ash 105 9. 74.0 71. ·J 01 4. 794- 1.4-58 o.19Li. 0.136 1. 850 

307 12,L,.,59 65.351 4.4.70 1.392 0.194 0.129 1.902 

605 15. 299 60.293 4.369 1.21.15 0.216 0.128 1.975 

1+06 11. 038 69 .2?.l+ 4,383 1. 6_;>4, 0.193 0.119 1. 799 

0ruDnui 
Breocia 905 13.271 68.4.19 4.596 1 .601 0.220 0.114 2.179 

601+ 12.956 58.356 4. 211 ·J .360 0.189 0.111 1.902 

Rotc-ehu Ash ~ 109 11.377 73.1Li-9 4,788 1.238 0.210 0.153 1.387 

i 11L1- 12. 215 70.280 L1-,647 1.317 0.200 0 .111-3 1.374 

(116 11.104 65.951 4.4-87 1,}51 0.200 0.137 1. 319 _, 
\_]1 

upper 308 12.014. 71.566 4 .. 793 1.374 0.15G 
\.N 

0.203 1 .4.07 



--
TABLE 10-3: c ontinucd 

-···•----· 

Element 
_ .. -

Tephra Sample Al ~ . 
u1 K Ca Ti Mn "'e 

No. ---
Proportion/~ ( X.RF) ~• 

--
lower 309 12. 571 71.571 4.525 1 • 7l1-1 0.203 0.162 -1 .400 

lower 409 12.032 73.971 4 •. 379 2.030 0.196 0.1L1.8 1. 353 

Rotommana 
Mud 1101 10.986 70.673 l1-.618 2.061 0.251 0.109 1 • 891+ 

Rotoma Ash 1110 12. 793 67. 601f. L1-. 722 1.124 0.192 0.163 1.L~55 

Lapilli bed 
of Rotaua Ash 1115 11.191 62, .• 349 L~.4.22 1 .2·19 0.217 0.137 1.522 

Rotorua Ash 901 ·j 1.149 68.069 5.158 1.157 0.192 0.152 1. 6L1-9 

Knharoa Ash •i002 9.788 613.311-2 5.694 0.776 0.141 0.135 1. -178 

Taupo Ash 1103 11.795 61.11.25 4.13l1. 1.951 0.3L1-2 0.190 3. 2/.,8 

l:1airoa fa.sh 603 11.586 66. 7li.8 i~. 700 1.327 0.2?A 0.109 2.099 -.~ 
\ .. Tl -- --- --~- - -~-

:!: Percentages given are 1.84. times real value, Sec. 10-2. 



·1 J...• , • .ca re a ... ior:.::..n.:i.p 1. or tektite glasses sugg:ests th2.t ~..lu::iinitm~ might rer::air.. 

cor..st2:t d.uring v:eatheri!:og, as was co!lsidcred by Ruxt~ ( 1968) to be the 

case. I-:ow there is a close relationship between alu-n:Lr;iuin conte:r;ts and 

re:fracti ve index i..'1 tektites ( see Chao, 1963), thereby adding justif•ica­

tion to tr..e procedure of' establishing dry ref'ractive indices on the basi~ 

of ferrous contents as was described in Chapter 9. 

A major dirficulty 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 f'rom leaching under high-in:filtration conci.itions. 

more $triking is tLe variation of' potassiQu contents. Fro□ Fig .. 1006~ 

it is clear that the potassium contents are higher in glasses at the top 

of the stratigraphic sequence and decrease regt!larly down ~he sec;_uence. 

Maso!: ( 1958) indicates that the melt is likely to become enriched in 

potassitx::1 as dif'i'erentiation proceeds, so that glass sampled f'rom hj_gher 

in ari eruptiiTe sequence might be expected to be more pote.ssic than gla:o ro 

lower in the sequence. Such a trend is chown for members of' the Rotoehu 

sequence in the insert to Fig. 1006. Potassium contents of' the 

rhyoli tic gl&Sses of' the Tirau Ash and Mairoa .Ash sequenl'.'es are shown in 

Fig. 1 OJ6, on which are also given the i.sochrons based on dating by 

glass contents of' soils. Fro:n this there would seem to be a correlc:!ticn 

between potassiu~ loss and the age of' the tephra. On these grounaz the 

earlier-given statement by Smith and ·v.-estgate ( 1969) on the invad.ance 

cf the alkalis in glass would appear to be re:f'utec .• 

It is of' note that the titanium content appears remarkal>J.y co:nstcu1t 

:for glas::es of' g-.lxen parent tephra although then~ is no great va:d.ation 

in its conccntraticn. 'l'he cli ffe rer~ ce s in man6 a.'1ese 

quite st ri1d.ng as is indi :::ated by the Mn/Ti versus Fe/Ti plot of Fig. 

1007. Fro:-n this it mey be observed that the rhyoli tic glass of the 

Tirau Ash sequence has a higher r.::a..'1ga.'1.eze and lov.--er iron content -than 

has.re the rhyolitic glasses of' the Viairoa. Ash sequence •• It is of' 
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particulc.?.' significance that these latter :r-hyolitic gl;:sses plot in the 

$aIDe area. or the di.::.grarr: as do those of Oruexiui Forme.tion: it rnss te 

~... 1- ~ C' t "'o:-n es ~~ ,. t.. t- 1 • t • l • t' " • • • • c;;,<- t::G.u ~ =co C.u L-J'.C ruyo l 1.C g ass accompa._>;.yJ...'1g ne ;·.:a:;._roa _;.-;.sn J..S 

glass :fro::i the Oruanui Formation. 

' s··,.,.•,a t f' .,... ·1· ~- 1 • ' • t +· .,.. ..r. 2Icu ..... r ype o .1.-1.e a aiagram w.11.cn snov1s gree er separa .. :i..on .1. or 

dif'f'ere:nt tephras is given in Fig. 1008, v,here 1fo,1Fe ratios are plotted 

as a :function o:f Ca/K ratios. Here it may be seen that there is a 

satis:factory separation on the diagram of' various "pure" glasses. The 

plotted points o:f values :for the stratigraphic sequences again concur 

with the correlations previously established. .Again, however, the 

p}otted. positiuns £'or the rl:yolitic glasses of' the !fo.ir0a .A.sh and of' 

Orua.'lui Formation are similar. 

I'ra:!1 this discu..ssion it may be seen that the major element 

co:nposi tion does not make significently clearer the distinction between 

the l!:er.:::bers of the Tirau Ash and Mairoa Ash sequences thaJ1 has a1.reacly 

been ac~...::..eved, but tends to emphasise further the composite nature or 

the :>eds. In that the major elements, being generally geochemical]y 

active, are likely to be aft'ected by hydration and lea~~ing properties, 

e...."ly cc::::-reletion by such elements is likely to be, severely he.!!!pered. 

Because of the lower geochemical mobility of certain minor and trace 

elements, correlation and distinction of' glasses ma,y, perhe.ps, be more 

readily detercined with rei''erence to such elements, a.'1.d it is to this . 

that attention is now tun1ed. 

S~0-4: Einor a..-rrl Trace Elements ;n Glasses: 

The characterisation of' obsidian artif"acts by x-ray fluorescence 

with reE-pect to minor elel:lents has recently been described (P.HJ..C, 1974). 

In the case cited, ":fingerprints" were obtained, being :L'1tensi -ty versus 

v1avelength plots, and ccmpe.red.. 1.'i:inor elements f'ound to vary in 

diff'ere::1t obsidians included copper, zinc, arsenic, rubi.diu.'!l, strontium 

and zirconium. In Table 10-4 are given the concentrations cf' copper, 
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?J.31E 1 G-·4: !,(inor and Trece Elemer:ts in Volcanic G-18.S!:OS.., * 

Element 

P2.::-ent Samp~_e Cu Rb Sr Zr Zn Cu + 

Tei:·1-,.ra 7-~ 0. 

Proportion% Intensity c.p.s., 

Oruanui 105 0.020 0.025 0.018 0.029 0.1057 9.072 
_t..sh ** 

307 0.022 0.032 0.020 0.036 0 11.8653 

605 0.002 0.018 0.023 0.043 0.350 7.2129 

Orua."1ui 
Ercccia** 905 0.012 0.04-7 0.023 0.034- 1.3432 4*0753 

604- 0.007 0.023 0.820 0.030 0 1.3624-

RGtc-e.hti ( 112 0.025 0.035 0.017 0.020 0 11.29? 
t_sh ( 

( 11!+ 0.001 0.034 0.020 0 ,, 021 0.1361 0 
( 
( 115 O.CJ42 o.s66 0.019 0.017 0 15. ·12? 

308 0.21!+ 0.027 0.018 0.021 0 71.0953 

309 0.00.:'.;.. 0.030 0.026 0.030 0.3189 3.8012 

409 0.071 0.028 0.028 0.037 0 6.3109 

?. o t ~~ e.na 
t:uG. -1101 0.021 0.032 0.025 0~023 0 9.5574 

?..o to.::ia Ash 1110 0.009 0.067 0.017 0.026 0.8911 4.1682 

:Basd 
Le.pilli: 1 'i 15 o.oo-; 0.043 0.021 0.031 0.6146 0.1224 
Rotom2. .Ash 

}i.otoru.a 901 0.001 0.032 0.015 0.030 0 . .!;-229 0 
,._ c:o!,-. 

.l"l. ......... 

:Kaha:--oa 1()02 0.019 0.048 0.011 0.012 0 C. C.•. :- -v.,..;,-,-:J) 

_!.. .. ~h 

Taupo ~ 103 C rn-:: 
• ...... ·v..,1 o.c:47 o.s27 0~047 3.0329 o.S6co 

F•um:ice 

!1~airoa. riSl"l 6C3 Oi.053 0.·'.)40 0.020 0.,023 0 19.2338 

'l'ira.u Ash 202 0~890 0.051 0.822 0.033 0 32 .:~4.33 



* 

** 

b,y wavelength dispersive 7...R.F. analysis, cc~cer,trntions c.re 1.34-

t.::..se3 real values (see S2c. 10-2). 

ircluded because negative concentr~tion values so~ctimes found in 

e__rialys:l s for copper. 

':'r:ese t-.·,-o merr,bers make up the Orua!:ui Formation, see Chapter ~2. 

rubidill:!!, strontiUCT, and zirconium, in selected volcanic glasses, 

together vri th the intensity of the zinc and copper peaks. 

':.'here appears, however, to be a higher content of' copper in 

gla.sses associated with the ilairoa Ash tha.'1 is typica_l :f'or other ashes, 

al 7.hough there is considerable variation in copper contents arnong glassl?.s 

believed to be correlative. The copper concentrations as the lcgarithrns 

of' peck intensity are plotted on Fig. 1009, and indicates the trend of 

':'1-,ere are minor di:f'f'erences in rubidiU8 and zircon:i U.'!l contents, 

but r::u s:.gnif'ica'1.t veriat:ion in strontium levels. A plot of' Rb/Sr .YE, 

Zr/Sr "'T'1 glasses of' dif'f'e:rent tephras show some distinction 'between such 

tephra (F:i.g. 1010). Such a plot is less helpful in the case of glasses 

f'rom the Tir1a.u a.'1d Mairoa Ash sequences; for this a plot of' Rb/Zr ratio 

as a r-cnction or stratigraphic position is gi,;en in Fig. 1011. In Fig. 

1011 :-utidiu.,'"1 to zirconiuru r2tios are plotted as a :function of strati-

graphic :i:os:i.tion. J..s a general rule glasses of the Mairoa Ash sequence 

are associated v,ith larger values o:r this ratio than are their Tirau Ash 

cot.,::,terpart:s. Sample 202 of the type Tirau P.sh sequence has a.'1 

ano::1alouzly large ratio which is not readily explained. 

Tl-.:.e plotting of' elemeri.tal ratios to separate ~.rar:Lous e.sh shc1~t{ers 

en the basis of their trace element composition is 1;0: as useful :::n the 

problen of the Ti rau J..sh ar:d Mairoa .Ash as mig.ri:t have been hoped cm the 

bas:i.s of v;ork on the :rare earth components in glass by R.ar..'!dn ( 1973) and 

the elemental composition, particu}arly of' trensition netals, in 
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'l'he cliflic~l ty· in th_j_~ p:rc1:,a'bly 

analy si· s '"•e-.i·_n 6- a b.,, ~ one c- 1 • t • • f' ..., u.i.~ -- 0.1. per-w .. ps vi ::.~:. c col'!lponent:s o .. several eruptivE 

events separated both in place and time, ? ... .nd also to pos-z-deposi ti encl 

S10-5: The Va.nation of Chenical Co!!lnos-ition ,·rlthin an Eruntive 

Sequence. 

P.ankin (1973) has indicated that dif':ficulties may arise in tephra 

correlation between multi-bedded ashes near the source and sL~gly bedded 

a::he s f'ar :f'r an source. Ref'erence to Figs. 1007, 1008 and 1010 indicate 

thCct tr:.er-,s is, :f'or exa!Dple, a considerable variation in t~e ratio for 

the sa:::.ples of' Rotoehu .Ash, which at the site :from. which sa..'Ilples vrere 

taken (Leslie Ro ad) shov;sd a cc:!1s id.e rable thic:lmes s of' shower-bedded 

tep..l-ira.. Even more noteworthy is the substantial di~ference in 

co::nposi tion betv,.een these and the samples recognised as Rotoehu Ash 0:1 

the basis of their stratigraphy in the Waikato district. It is 

interest.ing to compare the8e results v:ith those f'or Rb;.:( end Sr/Ca 

ratios. These two ratio are expected to vary in the progression of' fu'l 

eruptive sequence. Of rubidium, Mason (1958) writes: 

0 T.r..e only major element Rb can replace should be K, arid this is 

f'ou.'1d. to be true. Ru.bid.ium f'orms no minerals of' its own, being 

alY.-ays incorporc: .. ted in potassium minerals. Since Rb+ is consid-

+ e rably larger th2.n K , rubidium is ad.!Ili tted into potassiU!!l tninerals, 

e.nd accordingly the Rb:K ratio increases with increasing dif'fer-

entiation ••... rt 

P..b/7: ratios for selected samples frol!l the sequence of' Rotoshu .t-_sh 

sampled. e.t Leslie Road. (Haurakl district) are given in Table 10-5, 

wherein it mc:.y be seen that the ratio inc~e~ses do,m t(J.e ~e q_ 1.1ence. If' 

a gradient exists in the magma chember z uch tbat Rb/.K ratios are as 

v~.c•on t1c:;3) suggests .... c;;...;:,' ... \ ,/ __,. -
highe]1 at the top thru1 lmver down, th8n if is 

ejected. from the vent the first deposited 111aterial would be expected. to 



haYe the h:cb.ert ro:tic and si.::bsequent dep0sjts to be of' lo·::':·r rr.tios 

the trend cbser~ed. 

c,btc.ine:d. i!1 the 7Taike.to c.istrict sucgests thet these latter e.re 

associe.tea. with the later phases of' the eruptive seq_'..lenGes, sugt:-:esting 

tha:t the e,jsctamenta w2-s T.ore widely dispersed for later mcsbers of' the 

sequence. 

Mason (1958) notes that strontium tends to be admitted in place of' 

calcit.18, a..~d that its ccncentration is expected to rise as cr-ystallisa-

tion of' the magma proceeds. There is also the possibility of strontium 

being captured by potassium minerals ar;d for this reason the Sr/JC ratios 

are alEo gi·•len in Table 10-5. 

TABLE 10-5: Variation of"' Elemental Concentration Ratios within the 

Rotoehu Eruptive Sequence. 

Sanple No. Rb/K .Sr/Ca Sr;.tC 

( Leslie P..02i sequence) 109 0.0052 0.0132 0.0034 

112 0.0074 0.0138 0.0035 

114 0.0074 0.0153 0.004-3 

116 0.0147 0.01!.;..1 0.004.2 

( "'-i.k .,__D dC:. _£!.l..' district) 308 0.0056 0.0131 0.0038 

309 0.0066 0.0149 0.0058 

409 0.0064 0.0137 

The Sr/K ratios Yary in similar ma"lner to the Rb/K ratio, al though 

the Sr/Ca ratios diff'er from the trend expected on the basis of Ma~on 1 s 

stater:ie~t. The id.entification and correlation of gJ.a.sses on the br::.sis 

af' strontiu::n contents and r3.tios between far f·rorn scurce te_pl--1ras e.ncl 

mul ti-bec.ded ashes is not as clear as was the case for rubidium cmtents 

and ratios. However, the correlation is undoubtedly- assisted by tbe 

ae;e trend with potassium contents already noted. 



Si_c-;1~~ ~t.uG.,ie~- or t'- 0 • ~ ..... .. '· ,.... "" - --~- - - - • 1 :1e ruanui .r 01T:J.a1.,10:1 m.2gn..._, L'(:; expectec. to c:lve 

rather ::i..E:ss variaticn in ratiosy but the problem r:ere is conplic2ted hy 

the re • • • 1 h ... :::ei..>:g n;-o mer::oers of t is for.nation, ;,hose gla.ss may be in-'..er~n:i.xecl. 

This p!"oblem will be specifically describE,d in Chapter 12. 

I~ appears then that the correlative ability of glass compo~itions 7 

particularly between glasses observed in singly-bedded deposits and 

multi-bed deposits, is to some extent dependent on the element or ratios 

considered. T'nis seems less a problem in comparison between tephra 

wiits. 

S1O-6: Conclusion: 

F.r.ile the value of composition data in the solution of' proble:ns in 

tepbrostratigraphy should not be overlooked, neither should the chem2.cal 

ac'1.a}ys:.s cf' glass be seen as the solution to all correlation and :i..denti-

:f'icaticn proble:c.s. As has been suggested. previously correlation appears 

to be sore readily attained between single beds far t'rom source e.nd 

sinsle :::eds near to souree tha.>1 of' the forDsr with .i;::ul tip le ash bees near 

to sou:.'.'ce .. This is well-evidenced in the case of Rotoehu Ash, whose 

co:nposi tion as a single bed in the Waikato b.;,ars a complex relationship 

to tb.e multi-bedded deponit SP.mpled on the Mamaku Range (Hauraki district) . 

.As -:-tith other techniques described, the Druanui For.'.lation marker bed is 

p 2 r':;i-:t.:.12.rly amenable tc ccrrelation, particularly once the two mer!'ber 

stc.tu.s of' this bed is allowed for. 

'Ihe chemistry oi' the glass does not in general offer a satisf'ac­

tory c.:;..stinction between the Mairoa Ash and Tirau Ash sequences, the 

greete.st iistir.ction cccurring on a p1ot where the amounts of iron a.na 

ma.ngfu'1E'C:e relative to ti tan:i.u11 are cospered. Such a plot might sugr:est 

that -the gla.s::oes from Tirau Ash contain more sc1nganese and. J.ess i1·c~ than 

do the:.r t.:airoa Ash counterparts. It is interesting that there :i.s some 

· h b • -" h • l ' .:.. suggest::..on on t e as:i.s O.L c enuca aa ... a, that the glass of' the \'air0e. 

A.st is coffipositionally similar to that of 0ruanui Formation; refractive 



inc.ex data hc:.s previously Eu5gested contar::inction of this J...::ind. 1"01· 

ultimate resolution of this possibility recourse would need to be m20.e to 

electron ITtic:r·oprobe analysis of individual shards. 17ith regard to tr&ce 

elements there does see:n to be a trend for the glasses frm J.~airoa .Ash 

tc have e hie;t.er ccntent of copper a"ld rubidiu.'!l than their Tirau .A:::h 

counterpar'.:,s, which may be due to either a difference in e!"Uption t,y-pe 

(primarily andesitic rather then rhyolitic) or to a di:ff.'erent stage in 

mag:natic d.i.:f:ferentiation having been reached at the time of eruption. 

Finally, it is to be noted that the idea of' the ":frozen" nature of 

glass, as being indicative now of.' or-igin2.l composition, is probably not 

justit'ied. There is good evidence for post-cepositional less of 

potassium. by leaching :from the glass, and this e:f:f'ect is probably not 

confL~ed to tbis element: the variation or silicon content ender 

di:ffer:ing r.eathering conditions end water contents vrith age may also be 

indicative o~ this. This, combined with the already mentioned 

clif'f'icul ties o:f correlating f'ar f'rom source to near source beds 

necessitetes considerable care being taken in the correlation or tephras 

by this method. Rather than being seen as a cure-all for all tephro-

stratigraphic problems, chemical an:?.lysin should be seen as one f'u.rther 

tool in a series of' possibly useful tec.hniques to be applied to e. given 

problen:. 



P.tJrr THREE 

A?.PLIC.P..TIOH OF TEC::·-If'HOUES 



11: 

S11-1: In tro::rnct-i en: 

Thrcughout ths S€c end part of' this thesis, the applicability of' 

the v2.r:.ou~ tecr..r..icues described have been assessed v:i th particc:la;~ 

reference to re.solving the problem of whether the 'rirau and },!airoa Ash 

beds are of' intrinsice.J..ly dif'ferent orig::.n. or vthether they merel_y 

represent dirf'erently weathered products of' the same parent material. 

In this chapter all the in~ormation derived about this problem as a 

result o~ the investigations ot' the various techP.iques will be revier.ed 

in order that the solution to this problem ot' tephrostratigraphy mey be 

appreciated.. 

S11-2: 1,f; neralor-i cal Investigations: 

~he members o~ these two sequences are allophanic tephra-derived 

soils at depths of' some 30 to 120 cm below the present ground surface. 

The sasples taken of' these sequences fro~ various localities were first 

ultrasonically clear..eci to separate the cls.y minerals from the primary 

minera2. grains. The yield of' minerel grains was higher for saII:ples 

believe.a to be representative of' the Itairoa Ash sequence than those of 

Tirau J:.sh; this being surprising in view of' the f'act that the Mairoa 

Ash occurs typically in regions of higher rainfall (being at higher 

al "!:i tuc.e) than does Tirau Ashe This observation, al though o:f itself 

possibly specio\;.s, was, hO'.'le~,,;er, suggestive that the weather:L>1g of 

different c:£h t_ypes ;night be involved. 

The material recovered from the uJ trasonic c1ear:.ing, eff'ectively 

a "sa::.cl £'r&.ction," was examined, particular attention being paid to the 

vitreces cozponents. Th::s, togeth&T ;,;.:.th considet·,,ticn of' th:: :rel&th·e 

• h.L },:c,,•e ar, a._ .. .,,pr•e,-.i· eble e.ndesi tic co::r:pcnent wJ,ile the 'l':irc:u Se(luence ra:i.g,. L, --• - - _ 

esta_l·lj ste:i both t!:.e presence and p:::-cpo:r.ticn of' and.e:si t~c gla::,s, onu 



ratio Cf ~l-,·-~1=t· t ' • .,_. J ,.,.1.., .;. ic .c anc.esJ. ..,ic g .e.ss. 

r::.r-t ~r··c.- 1-'10··1' 1· " -'-hat 1 • - • ...,,·vv ct· , J ·{lJ...:.., t..-.. SO..mp .... es rec G.[IT.l sea. 2n the f'ieJd as 1.':e.iroa 

£s1:. h20. lcw values o:f' the rhyclitic p&rm:eter ( d-..) v;lcerH.s those 

reccgn:..~ed a::o Tirau Ash are characterised by higher values. 

?ro::i -tl~s in:fomation, estiwates of' the initial ainounts of gJ_ass 

in ashes for various values of' the rhyoli tic parc:..r;:ieter:, and some indi.ca­

tion as to the probable variation of' weathering rate with time the 

tephra residua may be dated. In so doing, the implicit assU!nption 1s 

IT!a.de t}-rat the weathering r2.tes of anc.esi tic and rhyoli tic gl2sse:::, are 

On this basis, the deposi ticn of' Tiro.u 1-...sh would a:r:,pe::jr to 

coYer tl:e period. f'ro:n about 10 - 15 thousand years ago, being underlain 

by :.~a.irca. Ash which has 0ruanui Formation as its lower bound. ~qt 

i-.fairc,a i t~elf' the dates indicated for the Ifairoa Ash, appeared oJder than 

for th5.s tephra dated at other sites. 7.'hil e tr.d.z c ou1'.l be at t:ri butec. 

to tr..e e:::-osicn of' the upper □embers, the thickness of ash deposited. at 

!,:2.ir0a is actualJ.y greater than that which might be expected on the basis 

d' the extrapolation of i sopach data. Studies of the refractive index 

of the rhyoli tic glass indicate that a significant prc,portion is the ssme 

as the 0rue.nui g1ass. Corrections f'or this accretion reduces the ages 

of' the -'-.0p and base of' the Mairca Ash to "'i4 and 17 U:ou:::e.nd _years 

rezpecti ve}j7 • 

:Sy comparing these tentatively assignea. dates of the sequences, 

volcu.:.ic centres, the principa.l component of· the Tirau Ash Eequen~e 

woulc st-el:! to be the Rotorua c....rid Rerewhakaiitu .Ash, anu :;:os:::::.bly ::.ot:or.:;:.. 

0e.J:1.2re. &..."le. 0knt o tephras. 
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cl~ f'fer-sn-:. samples at various gi tes. This has some ef:f"ect on tl-:e 

therefore, also af'f'ected the atternie.nt properties o~" !",~frc:ct.ive :.r,dex, 

der-sity, and magnetic susceptibility. As far as the density of glRss 

was concerned, the natural var-laticn in the glass (as evidenced by the 

~idth of the bands in the density gradient columns) exceeded the 

differences bet-r.een sanples. Hov;ever the densities cf glasses :from 

b0th sequences v.rere slightly higher than that of the glass from the 

i.:.nc.erlyi..>16 Oruarn.:.i Forr.::aticn, suggestive o:f a clifr''erence in c omp0sition. 

:<'or re1"racti.ve index, the natural va.r:i.ation was less than the 

dif'fereDce b.:;;tween the various samples: the rhyoli tic 61asses e.s SC>ciated 

'\"li tt !/droa Ash generally had lower ref're.ctive in.a.ice~: than did the 

glass or Tir~u Ash. In tha.t the water ccrrtents, eveluated irdirectly 

fro:r: the dif':f'erence between the "wet" re:f'ractive index Teasure2 and. a 

"dry'' value obtained from the ferrous contents of the g1e.ss (i tsE,lf 

deter:nined f'rcm magnetic susceptibility measurements) are very Si!D.ilar, 

this difference in :refra.ctive index presll!I!.ably re:!_:'resents a dif'1"erence 

in che'""; cal compc,si tion. The glasses or the '.:'irn.u. .Ash sequence ha.ve 

similar refractive ino.ices to the glasses of Rotoma and Rotorua Ashes 

an& of Ort:a.nui For.nation, so that, although the refractive index 

tecb.n.iq_ues are able to distinguish the !,!a.ire-a A.sh er~c. Tirau Ash glasse~, 

there are clifficul ties in relating these glasses to possible parent 

saterials on this basis. 0r1e f'urtt.er poi.nt of inte? .. est 211 refrc:cti"'ve 

ind.ex r:-,e2.surei'1ents is tl:e observetion of there 1::-eing tr.-o 

glac:-.se.:: associated with the Mai:::-oa Ash e.t Ifairoa ~.tself, one of lo-..: 

ro"ractive index, and the other of' refractive index more typiceJ o:f' 

OrUanui Fonnation and other rhyoli tic tephras. This is clear evidence 

of' the contempora.neot1s incorporation of ejectamer:ta from at le.s.st two 



te oc1e .?Le. \Ceiroa Ash the other, or al ter!,at::.. veJy of re-0:;orkinc of the 

f:laterial to includ.e previously deposited r::eterial. 

ratios 2...>:.f cc:ncentra.tion~- are also suggestiYe of these possibilities. 

?he inter"-relat;o,--,efrios on +he b-c::J·s of' m:ac:-,-,et·,,.. su"'cL"Dt~h~,c:~-ie" 
.. _._ ........... _.,j. ............ c;.,._._ .... .U.U5!.i -.\,., t.J '-'.1... --U...!..-....L.V-~ U 

f,_o • ) 
\ v e;ive ferrous contents and f'errous to ferric ratios are diff'i cult 

to evaluate. In general terms, the ferrous to ferric ratio is lower in 

~!airoa Ash's rhyoli tic glass than in that of Tirau Ash, al though the 

total iron content of Jv:airoa glasses is greater. The position is 

complicated by the geochemical mobility of' iron. Geochem:ice.l mobility 

is a problem the.t besets the use of chemicel .?.nalysis in tephrostrati­

graph.y: thE: chemical c:o:nposition data clearly shovrn t.r...at in tepJ-:ra 

expo:::ed. to and. inccrpcrated in the soi1-f'o:rming process, the volc&r:d.c 

glaz::; -that remains oay be significantly dif'ferent in composi tior:. :f'rtn 

For t!1is renson, chE:mic2.l dcta may be no r.:Jore 

usef'ul ir: tE,:r-~rostre.tigrc:,phic correlatio!'l than mineral a.ssemblae;es e.nc. 

phys::..co-chemlcal parameters. In the case of the Tirau and ~fa.iroa .Asr:es 

svch data pla.ys a conf'irmatory rather tha.!1. an i!J.i tinting roJe :i.n their 

iclenti:~:ication and correl~tion. 

S11-4: I,j_stribut7on oi' the Tirau a."1.d. !fairoa Asbes: 

Eaving demonstrated clear differences betvreen the 'b.10 tepl:.ra 

sequences a.nd attributed them to clifferent sources, it is of interest to 

ascertain their distribution across the Tlaikato region. In Fig. 1101 

is shc-;.-n a distribution plot based on the rh_yoJi tic pal~'.::cter. 

been '.'nentioned., low values of' this parameter indicate ?..r1desi tic 

accretion, high values indicate an ash of rhyoli tic cha.ractcr. The 

r:b.,yoli tic Tira;; Ash at least as far east as Findlay Pa1-k anc pcssibJy 

i:; repr.ssented at Tirau itself'. At these more ea.stern sites the ir.2rkcr 

bed ( Crua'1ui Formation) is separate<:. from the !.fo .. iroa Ash by pr:iGJ.a:·ily 

rhyoli tic r:iaterial that probably is representative o±' the 0kareka Ad: 



ind.ice~ e.re consi Ge r4ea. indicative of !Jairoa J_::;l-i. 

the refrective incex is higher in the eastern sites; it mt::.:; 1)e inferred 

that there is sane mixing of' the glass of the tl->.inly bedded 1,fo.i:-oa Pr;h 

v,ith gJ.a::;s o:f the Pleistocene bec.s ref'erred to abo·..-e. 

This problem of' the intenningling of glasses causes uncertainties 

in correlation by chemical composition. However it is possible to gain 

so~e inf'ormation about the tephra distribution on the basis of element 

conce~trcticn prof'iles. Glass extre.cted f'rom the middle of' the rfairoa 

As..h sec uence seems to be rather lower in menganese than the upper f'-'"1d 

lower r::.embers and this minimum in the profile can be tracea. throughout 

the distribution of' the tephra, as is shown in Fig. 1103. The 

distr~cution o:f the two tephras can thus be traced by a number of 

methc0~, but it ,,oula seem that the most consistent are those thet re1y 

on the vc:.dation o:f tephra tj,-pe, as evioerced by the rhyoJ.i tic param0ter 

and. the re:fr·active index, rather than by the small variations in 

cherr.ic&l composition. 

Elcctrc:i m.icroprobe studies on individual glass s.11.ards, rather 

tl--zn tulk analysis would enable an assessment of the amot:.nt of inter­

!I!:,_xing of' 5lasses derived f'rco the various tephra, ancl thus perhep s 

penni t a more accurate distribntion to be cropiled. I.~ addition, fo~ 

ree.sons outlined earlier, such a method might enc:ble better correlation 

of' the glasses with proposed parent materials. '.:'here is reason for 

opti<--:iisc. i!l this rega.rd., in that refractive index studies we:r-e cape.1,le 

of res o1v:Lr:!g two tlasses in a w.ixture in the Mairoa Ash after dete rrr.inine; 

s11-::: Conclu~ion: 

The problem of the identity o:[' Tirau and Mairoa Ashes -.,;-hich has 
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a:r,pear tc be resolved b_y the application of chesical and ps.rticularly 

physico-che:dcal techI1iq_ues. Laboratory studies inc.icete mineralocical 

d.iffer-ences, a."1d cii:'ferences in the vitreous ccrnpcnents that sug62-st 

that t!-:e 1,~ai:?:·oa Ash is of' primarily andesitic origin whereas the '.I'irau 

.Ash is prherily rhyoli tic. The rhyoli tic glesses associateo. v1.i th the 

deposits .:ere examined, and there were found to be differences in 

refractive index and che!!!ical composition, al though the usefulness of' 

these tec.r.niques was hampered by the possible influence on bu1k 

properties of there being more than one glass present. These 

cJff'ercr.ces ,rere consistent v;ith dif'f'erent glasses being priJ:Jarlly 

res.r-onsible :f'or the two sequences. Crude methods of dating by glass 

contents suggested that the 1fairoa .Ash seq_uer.ce was older than 'T'irau 

.Ash. In that the former sequer.ce appears to be contaminated ~1th 

Orua.nui Formation, wbich underlies the sequences, tbe ages of the 

1{airo-"J. Ash sequence, p.s.rticularly at ~fairoa. itself may be over-e::tirr:ated. 

If' this is not the case, then the upper members of' the Jfairoa Ash a:r-e 

not represented at Mairoa. This is unlikely if Egmont is considered to 

be a significant source of' this material, and this provides indirect 

eviclerace :for tr.ie inclusion of' glass within the !fairoa deposit that was 

not tleposit~d contempora.~eously$ 

The probable pa.rent materials have been propos~d on the ba3is or" 

these derived dates. Because the Tira.u and Mairoa _!:._shes appear to 

correlcct j on v:i th parer.t materials would need to be eff'ected by the use 

of electron :nicropro½e :otua.ies on indivicJt..'.e.l ~naros. 



S12-1: 

The Oruanui Formation, e.s has bee.n ear·lier mentioned, is :rhyol~ Uc 

tephra U.'1i t!:, chc.r2.c teristically 1i ttle -r:eathe:.:-ed, that 5 s reco,cnis::ible 

ever ci large portion of the northern half o:' the North Island. 

Attnbuted to a sou:-ce Ecar Taupe, the d.eposi t has been d.atea by ra.a.io-

carbon methods at tvienty thousa"ld years, and forms a convenient marker 

bed beneath the Tirau and Mairoa Ashes in the ":Vaikato-Hauraki region. 

Tvrn members are :frequently recognised: a lapilli breccia ( Oruanul 

Br'E:ccia Member) and. an underlying chalazoid.ite-bearing (Orua'1ui Ash)unit. 

Tbere a.ppears, on the basis of' radiometric dates, to be little t:.me 

in:.e!"\·al betv;een the deposition of these semc-ers and it v1culd seem that 

tl:e depcsition of' the :formation occurred in tvro principal events. Beds 

0£' si!:L:.lar e.ppea.rance i:.o the lcrrnr of' these units .have been described in 

the= !.:e.na,'."f:.tu district, e..".ld as f'ar south as North Canterbury. Thi.s 

cha~ter· ex:plores the rossibil::. ty of' these J.atter oc curre!'lces being 

The techn.iqt.:es described in this t.l-1esis have ;;,o far b£,en 

u.:;st3. in the solution of a problem where the beds were at c~siderable 

di star.ce frc-m source m-:d the stratigraphic rela:tionships were uncertain. 

I::1 t£"1e p:-e:::ent ca.:ie, the tephrostratigraphy is clear, in that the bed to 

l'JE: c:xasined is clearly c.ii'ferent fro:n surrounding material, but the 

d.istence over ,•:hich correlation is to be atte0pted is considerably 

greate:--, c:m.d. span1: widely ciifi'er'.D1g cli!llstic end weather:L'1g regimes. 

It has already been noted that the glass of tJ-:ie Oruanui Formation is 

che;::::.cally distinctive, but nevertheless the probler.:s of correl&tion 

rith parameters that vary with the geochemical mobility o:f' elements in 

resp or:: ~e to we.9.~hering ::::.ay be expectec. to be the prfr,clr::al di:f'f:t ~ul -ty 

ir.. :ouch lone-range strc.tigraphy. 

S1 2-2: Correl 2.tion of· Oruar.:ui Ash - Pre•.rj 0 1Js -Vlork: 

Jr:ention has been made in an early chepter of the .;;hi te or pale 

Ve, 1~··· 1~,..,; JJ; be,~s of Oruanui A~h which &re found in the northern ha~ r 
w ..!.. V,t O.tJ....._ · -- u. 
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it h2.:, bee!l 

frequent occurrence o~ 

chal2znicii te~ virtually c c:-1:fi:ro.s its i dentif'icati O!l. 

Q,. 00 " • t (.,,. "' '"'O-'' • ·.., h J.- .ric: ~ 21;. • L I J & .s;..mi..t.ar as . interbedded with loess has been 

desc1·.il::,ecl b_y Cowie ( 1964) and Rhea ( •i968) pointed to the 'f'aupo volca..11.ic 

centre as t~e source, although there was no real evidence for his 

proposal: 

"The Taupo-Rotorua volcanic district 100 miles to the north, is 

the most probable source of the ash, but the erratic thicknesses 

m1d the indef'ini te upper bounc.ar-y of the ash preclude a deter-

cir.&tion of ori,;;in f'rom the direction of' thickening." 

I":ever~beJ.ess, Vucetich and PuJ.Jar (1969) proposed a correlation with 

''The lonest shov.er-bedded ash &"ld a~h-lapilli of the Oruanui A.sh, 

totalling 60 in. ( 150 cm) in thickness at the type sec.tion ( of 

OrUE-nui Formation) are provisionalJ.y correlated with Aokautere 

_!,.sh ::.n the lfa.nc1Y:atv. district. If this correlation is sustained 

the Oruanui Ash Menber will be rede:fined: the name Ackautere .Ash 

to apply to the basal shower beds a.11d Oruat1ui Ash to comprise the 

che-1 a.z oidi te ash bed .. ,t 

Recently Ranki.!1. ( 1973) has studiea. the trace element composition of 

selected. gl.s.sses, of which glasses from Orua11.ui A~h and Aokautere Ash 

were two, and cor2cluded that these two i'i"ere in fact identical. !'Iowever 

the Oruanui }'or:nation is composed o'f' two members which Rankin assumed 

had the same chemical properties. From data already presented ( in 

Table 10-3 :for exa~ple) there are differences here that may be help~Jl 

in deter!Ilininc; the distribution and perhaps giving some insight into 

the eruptive history of' this deposit, and thus a further exe.11Jination of 

the Oruanui Formation and Aokautere Ash may be useful. 
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at this ciist.&n.ce fros the source, 8I'-d is a m2.ssive bed, 2_'1d differs ir;_ 

As a.'1. ultimate test to an,y correlating techniq_ue, Vucetich 

(pers. co:::irn.) has suggested that Teviotdale .Ash, found in Horth Canterbury 

in the South Island of New Zealand might also be correlative with Orw.nui 

' . .t-.S!l • The f'ield and site data for these samples a.re given in Table 12-1. 

71,i=.LS 12-1: Field e.nd Site Data for Tephra Deposits possibly Correlative 

with Oruanui ?orrnatio~. 

Sasple 

Aokautere 
l-1.Sh 

1701 

Site ( Loce.lity .Aokautere 
( 
( Dis'.:rict Mana,watu 

?Je2.rest Palmerston 
clir;-;ate station North 

Rainfa.ll 92 cm 

Potenti&l 
eve.po-trans­
piration 

In:fil t ration 

68 c::n 

24 cm 

0.02 

incluc.ecl f'or comparison. 
Plate 121 

Teviotdale 
Ash 

1801 

P.mberJ.ey 

North 
Canterbury 

Ashley 
Forest 

88 era 

65 C2 

23 cm 

0.02 

?..ate consta.r1t taken es that at 
See Table 6-7. 

Oruanui 
Ash 

( ') 'I 
801 \ Lj 

. ( 1) 
Oruanui 

Formation 

905, 

Hauturu Road Tap2.pa Road. 

King Country Haur·aki 

c.12 

~vE.lue.teo fros ini'il tration vs re..te co11stant de.t2. of P..tL'CtC!"~ (1 c{,q' 
.,/ -- .._,) 

?Ig. 606. 
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.PLATE 121 

-Oruanui Ash in the King Country 

Site 8: Hauturu Road 
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-PLATE l21 

Oruanui Ash in the King Country 

Site 8: Hauturu Road 



e.re 

U:.e te.s::._s of· co:np'.:l!::itio.!l. data. 

S'i2--3: 

Po::; t ule. ted Corre J 9.t:Lve Ten.!:.ras. 

It has been previously noted that the glass contents of' the members 

of' the Orua--iui Formation are higher tha'1 ,wuld be expected f'rorn the 

c1eposi t' s age. The glass contents of the whole member, a.11.d of the "sand 

fra~tionn resulting i'rom ultrasonic cleaning are given in Table 12-2. 

Or- ti:,is t&-ole it may be seen, not onJy that the gla!os contents are hit;h 

but U::at thosE o.f the upper members are higher than those lower in the 

sequence in the eastern 1V'aikato district ( samples 905, 906). Yucetich 

and ?ullar (1569) have suggested that the upper mer.nber (Orua...-iui 3reccia 

Mes be r )1 havj_rig a similar distribution to the Tau po Ptn:Ji cc Fori:1ati en, 

rui;::.t r..&.vf, resulted f'rc:n a "nuee ard.ente" type of erupt:.on. The r&.pid 

b:ir::..;;;.l cf the underlying Oruanuj Ash Me:r,ber by this mean.s could well 

acco.;r:t for- the Ash 1,1ember itself' having a higher glass content then 

would be expected i'or a rhyolitic tephra on the cr-lteri.on cf' ag€. In 

other localities the Oruanui Ash has been svg,sested as being p:-ote~ted. 

fro:c we2.thering by pre.vious and subsequent accumulations of' loess. 

'I'he Taupo Funi.iC'e Formation contains prese.>1tly abcut BC~ rhyolitic 

glass in sections protected from rigorous weathering (farn.rt, ·196.3). 

If plots of' the proportion of' glass remainin6 versus the proporti.on cf' 

clay fer the samples nre considered, using the Ta1,;.po Pu!r,ice Fomc.iticn 

a.s i!'1c.ic ative of an ig.nimbri te ( "nuee ardente" eruption type) as is shmm 

i~ Fi[. 1202, it may be obser'!ed that some of the identified ex;o<:c:res 

of 0::--.lE.nui For-mat ion are more akin to ignimbri tes the.n to rr:yoli t:.c 

tep:lra. The diagram also indicates that ce::rtain exposu:.:-es of' 0r~121.u.i 

Ash are conte.mL11ated by andesitic e.ccretio~s, since they lie rather 

1 to ., h- fi" elo., J;>or a-ndesiti c te:r-hra. than mic<± t be exnected. It c o .se r :.; '" . ~ . _, _._.., .. 
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81a.Es a"ld. Clay Contents for Tephra Deposits possibly 

Ort..la.!'1ui For::::ation 

I,~ e.!~e-'-0~ Plateau ( 
( 

(,- - . r..aura.'Cl.. district) ( 

Oruar.~::. ~o mat ion 

(King Coun.try and ( 
( 

Waikato d.istricts) ( 

Orll<"-DU::.. 

A • ( v.u.n· C!' .i-.s.n - •o 

Cot.n:.:--y) 

f ... cl:e:..::tere 1 . .,,1-, --· 
( var;~·-·~~ .. ) 

.~~ ,;,.C...,~(.A.i.,-\,,,1, 

Teviotf..a.le Ash 

( Canterbur.v) 

Corre] ative with Orue..riui Fcrm.ation. 

S e.:3ple 
Ko. 

105 

905 

906 

307 

601+ 

605 

801 

1701 

1so·; 

Clay ( 1) 
Content' 

(%) 

71+ 

72 

55 

48 

58 

76 

69 

40 

24 

GJ.ass 
..,0 t ~ v n .en.,( 2 ) 
of sand 

(c1a) 

72.5 

78 

32.8 

45.8 

56.5 

70 

48 

68 

94 

Glass 
Content of' 

Yi'hole 
Sample 

(%) 

19 

22 

15 

21+ 

23.6 

15.7 

15 

41 

71 

( 1) "being the :proportion weight loss on ul trasonir: cleaD:i..ng. 

( 2) The "s:;.ntl" tejeen to be the material recovered after ultrasonic 

c 1 eaJ1ing. 

The precision of' assignments of tephra character from a die.gram 

such a2. Fig. 12C1 is no gr-enter than the 1·.:orth of' tl:e e.ssu..'7lpt3.on th.e.t 

the c}.a_y content of the sc:.r;;.~,1e is the wsig!:t loss on ultrasonic :.:J.ean5..ng. 

The e::-,;:i rical justification of the diagra,r, is show!1 in the i1:set of Fig. 

1202: se-=iples of cJ... -va]ues corre~ponding to rhyoli tic and andesi·Uc 

-tep.hrn plottir,g into the appropriete fields of Fig. ~ 202. This Gicgra-n 

' . 1 . . t -'-·. ~ • -! 1 C '~ of' "'C • 1 fo..,..,..,.,r+ • on• rr.?J:es tne 1mp-1c1 assurnp .... ion 0.L s. Sl.ffi.L arm Q,:; '- ..,J::._ -~,uc.c-J. -.,. f'or 
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are ye2.lo-,.; bro-.im earths and. yellow bro0,-.,n puni~e soils, c.nd '.:-his r:-&y 

affect the validity of Fig. 1 :::_02 for the ~e latter Ashes. Further, 

such e plct makes the i::n:plicit assu:nptirm that the cley content i:o< 

dcriYecl solely fro:-:i foe glass~ which alt.hough substanticJ.ly true for 

sa.~ples cf rhyolitic origin, is not quite 2s valid for these of' andesitic 

o:cigin, and certainly questionable f'or mixtures of' volcanic ejectamenta 

and other sedimentary material as may be the case for the samples of' 

Aokautere a1'ld Teviotdale Ashes. 

~-~ alternative method of establishing the nature of the eruptive 

depo~i t is by the kinetic interpretation of glass contents as described 

in Cha_pter 6. For the present purpose, ho.1ever, an ace of' 20,000 years 

be assumed, and the rcean rate constant over the pe!'lod established. 

v7hen, for example, sample 905 is conside:red to be ignirr:bY-itic an.a s&rnp1e 

9C5 :..s 20nsidered to be a rhyolitic tephrec, the saJr.e rate consb:nt is 

obt2nsd., thereby attesting to the worth o:f' the identification o:::" tl:e 

f'orr..:er as the Oruanui Breccia 1fomber a"Yld the latter as the Oruenui Ash 

ffte.,mber. Since sample 105 is from a nearby locality a similar rate 

cons-ta!"lt would be e:;:pected, and is indeed. obtained if the sample is 

ccnsiaered to be a rhyolitic tephra. 
••I By d.eterillining the ra"tio of the 

rate ccn~ta.--;t over the past twenty thousand years to the pr·esent-dc0r 

rate constant, e. pe...rameter is obtained that is si te-indeperident, proviaea. 

r, • H' -'- • h • t • " • • 1 ~ ~... t 1-. c- • + s " that the post-uruanui ..; or;na1,ion _,is ory is ~2m::... ar e-1, r.e ~,2.,e U."lue:c-

~onsi. clE= ra::ion, a11d enables the rate consta-it data to be ccrnparec for 

dif':f'erent sites. This data is given in Table 12-3. 

':'he results fr:n. this table sugiest that the 0r.i2.rcui Breccj a 

a nearcy lccali ty appears to be the ash-me!Tber, if the ,..:limatic recirnes 

at Mai roa and Hauturu Road are simllar. ~ypicall_y the rntio of the 



TAf:LE 12-3: Evnlunt:Lon of Menn Tlnte Con::itnnt.'.i :oin•~:f, Dcpo::i·Hion of' OruLmui Po1mation I'ro:n Dlo~s Content::i in 

\'tho I e 1kmbe r c1nd Relat:i.on~:hip wi tb Prc.'.icn t--Dny Const.:mts br.wecl on Estimates of InfH trnti on. 

--- ------
Semple No. Member Status ( a) 

Asdgned in Assigned f'or 
field calculation 

Ea~ tern Haurak:i Di strict -
( B ( f) 

105 A ( 
( A 

( B 
905 B ( 

( A ( r) 

906 A 

}fairoa District (King Country)-

( B ( r) 

~ A 

( B 
604 A? ( 

( A 

605 A A 

Glass Content Rate Constants 

,,m 
.... 

0 -% 

90) 
) 

60) 

90) 
) 

60) 

90) 

60 ~ 
90) 

60 ~ 
60 

C 
.-.:, 
·a 

AQ 
1.., 

22 

15 

';Tc; 
·20 

( 0.079) 
( ) 
( 0.058) 

( 0.072 ) 
( ) 
( 0.050 ) 

( 0.091 ) 

~ 0.069 ~ 
,..., ~ 0 .068 ) 
~). 6 ) 

( 0.04-7 ) 

·1 s 7 .• . 0.067 

kfa'j 
C 

0.18 

0.18 

0.18 

0.16 

0.16 

---------·-
Ratfo of rat/e) 
constan.ts k,..,0/k 

,:. C 

B A 

0 .liJ+ . ;_0.33:, 

• > , •. ,.. 

.•• I' ·, : 
0.28 '0.3o • 

, . . . < ~ ••• ~-: -~· 

. ' ' : ,.·. : 

' . ' . ' ~ 

0.51 ·•'_:~·I· 0. 39.·• 

O.l~2 • ,. . . ' . ~ 0.29 
. ·, ,• 

··0.1+2 

~'-
--.J 
([\ 



________ , __ , ___________ _ 
TABLE 12-3: continued 

s~unp1 c No. 

801 

T?"aikato District -

307 

Member Str:d:;u~(a) 

Assigned. in 
field 

(F) 

As signed r or 
calculation 

( B 
( 
( A 

( B 
( 
( A 

Glns s Content 

C (b) 
0 

% 

90) 
) 

60) 

90) 

60 ~ 

C 
~ 

15 

?Ji-

Rntc Con::itnntn 

k (c) 
20 

( 0.091) 

k ( d.) 
C 

( ) 0.13 
( 0.069) 

( 0.067) 
( ) 0.06 
( 0.045) 

____________ .. _____ _ 
( (' ~ 

H n t ·i o of l'D. te , 1 

C On ,, t •111r ", Jr ;'Jr 
~ ,~, •.•• ·20 '"c: 

B A 

o.69 0.53 

0.75 

.. } 
.At this locality the Oruanui Formation has a significant and.esi tic component in that .- = o. 77. 

This affects the estimated. value of C , ana. hence:-
o 

( B 
71 l 307 ( 

( A lf-6 
24 

( 0.0.5l1-) 
( ) 0.06 
( 0.033) 

0.5G 

Lone range te,r.:hros tra.tigraphy - ( D 90) 

1701 (Aokautere Ash) (1?) 
( ) 
( A 60) 

lf-1 
( 0.Ol¼.0) 
( ) 0.02 
( 0.019) 

0.50 .££; 1.0 

-~ 
--.1 
-..,J 



TAI:LE 12-3: contini.1ed: 
, ___________________________________ _ 

Sample No. 
( ' a1 

Me:nber Status 1 G-J.ass Content 

As si;ed in As~;;;;;;;~(b;~-
field calculation ~ ~ /o , 

Rate Constants 

kW 
·20 

k [a) 
C 

~C; 

Ratio or rate 
cons tan t.'.l k,.,,. .. ,/k 

t.:.u C 

B A 

-------------,-------------------------------------------------------------·----·---
1801 (Teviotdale Aoh) (F) 

( B 

~ A 

----·-----------

90) 
) 

60) 
71 

( 0.013) 
( ) o.c?. 
( - ) 

0.65 

(a) A represents Oruanui Ash Member, B the Oruanui Breccia Member, (F) indicates that correlation w'ith 

Oruanui Fo1mat:i.on in doubt as well as member status. 

(b) ror rhyoli tic tephre. CO = 6Cf,6 arter Fie1des cmd Weatherhead ( 1968), for rhyolitic breccia, CO !': 90~ 

ofter Ewart ( 1963) for Taupb Pumice. 

( e) mct;,n rate constnnt 0•1er lo.st 20,CO0 years. 

(cl.) r&.te ,;onstimt based on infiltrntion e:::t:l.mate;:; (see Chapter 6). 

(c) rnsmber correlation cm basic of similarity of ratio indicated l,y shading thus: p,y,, ,,-v:J 

(r) included for ccmparison, although member status certain. 

-~--·---... - - -----..---------., -~--------- -·' ·------·--•--·----------·-·- ·-• .) CG 



rier::..vec. rate 

Th~ s sugge!.ts a basic&l]y simil2.r post-deposi tic,1:al 

histor.:t at all :'i'"aikato sites.* 

If" the; l-_0k2.utere a:::h is correlated v;ii::h 0ruanui Brc:ccia, t.o:;.en the 

r2. tio v;-c,ulci 2.ppe&r to ao·ee well v~-i th the 0ruenui Breccia encl Orue.nui 

Ash sa:npled in the Waikato. However the tentative correlation on 

i'ield evidence is of' Aokautere Ash with 0ruanui Ash (Vucetich and Pullar 

'i969). Under these conditions the ratio value obtained for sample 1701 

is lo,.-er the....ri. expected, but this may reflect a protected wea.t.r.ering 

envircr,~rr,ent since in !LF;Il.Y localities .kokautere Ash is U"1derlain and 

cYerJ.2-in by and. inter·bedded v:ith lcess ( Co,d.e, 1964). 

From these results it appears that Ackautere Ls~ haE been better 

preser~ed than 0ruanui Ash, as indicated by the glass contents an~ 

It is interesting to compare fais resuJt wi_th 

tLe ccr:clusion ree.chec. by Birrel} ancl Pullar (1973) using T2,.rr .. m's rec::.gr-nt 

af. en indicator of' weather:ing 2xtent: 

r:?e.-, sites he.ve beer~ four1d v,here 0ruanui A.sh appears to have been 

exposed to weathering for a lone period of tise, as it was 

generally covered wl t.h lcess be,i'o!'e Holocene t€pl-,ra.s fell DY'!. the 

Hor;eve r.-, tte very lov; Tar:,m-extractable ,9,luminiu::1 and 

i rcn values for ( e) san:1ple • • • • .. f'rom a site vrhe re no loef. s c-crv er 

is apparent and the similarly lo,; levels of' the values at all 

other sites, sugge~t that both 0ruanui and Aokautere teph::Ts ar·e 

ino.e€d only very weakly weathered." 

e.nd 1~~c:.iro~ sequence -tl-.1at mc-u1tle Ore.2J.~t1i FcrnH;tion in the ~:ta.:Lkato 

are cor.:sioe red to have been deposited n,=,arly c orr;;empore.neo:..1sJy. 



Ten!-:ra. 

The me.jcr arid trace elcn.ent coIBposi ticm.::, of the recogr"isec. Oru2.nul 

co:-::pc..~-ed with correspc1,ding data for the Oruanui Ash :f'rom H2uturu Road, 

the J...c.,kc.utere Ash ancl the ~eviotdale Ash give::1 in Table 12-4 . 

. All of' tbe samples have high levels of calcium and levels of' 

pota.5si~~ similar to that of known 0ruanui glasses. The Teviotdale 

~t...sh hc:..s a rather higher iron content than the other samples, but apart 

f'rc:n this there are no signi:fica.YJ.t dif'ferences in major and trace 

eJe~2~t corr.position. As in Chapter 10 tr~e saspl6s are plotted o~ a 

J.'in/Fe vsrsus Ca/K plot (Fig. 1203) whereon it is seen that the a.ata for 

6::!..ass from thE; Oruan.ui Ash from Hauturu Road plots with out questicn in 

ti:e zor;e for o-!.:her glasses :f'ror.i Jmovm exposures of Or·u~nui Ash, 

Aokauterr.: Ash glass plots nee.r this zcne, between the zone for /-.sh fu"1.cl 

the TeviotdaJe Ash :: s signifi.ccntly difi'erent. A 

pJot c:· Zr/Ti versus Rb/Sr for glasses extracted :from known tephras is 

gi VE:!1 ir.. ::.'ig. 1204, :frc1:1 which the sar,e conclusions emerge. Tl1us on 

the be.sis of' the che!l!ical compositions, the correlation of' Aokal'tere 

and. Orua:-:ui .b.shes is sustained, but the pro:r:,osed correl2tion wi -th the 

Teviotd~le P...zh is untenable. 

It is interesting that the glasses are not significantly 

dist:::..ne;uis.b.ed by refractive index and derived parameters, as is ~hc,vm 

in Ts.1:: le 1 2-5 . Nevertheless those glasses considered. to be o:f 

icnir:1t-r.:. ·u c (b1-eccia) origin do have hig,he r refr.s.ct:·.;e indices thm, do 

t!le ;;l~3zes of the ash-bed. which they overlie. 

might te expected to have a higher refracti-,;e j_r.:dex, perhaps bec2ti::.E: of 

the £"~eater surf'ace a.ma available ~or hyd:::-ation and pci:;sib}y ·t,e(.:2,'..lSE: o:' 
v 

higher· initial Yrater conter..ts resul tine f':rc.m a high vapour pres cure in 

must be conceded. that the se.:ne resi;.It would be observed. if' the hydration 
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TALLE 12-11-: Chein:i.ce.l Composi Hon er Glas~ frcrn 1'ephras pNHllbly CoJ.--i-eJ.at.ive with OruDnui 1i'onrntion. 

--- - -- ----
Element 

, __ , 
Sample Al Si K Ca Ti Mn Fe Cu Rb Sr Zr 

___ , 

Concen tra.ti en/'~,:, 

Oru.e.nui 
Ash (801) 14.32 62.16 11-.41 1.40 0.20 0.13 1 0') 

-✓, o.c1 0.026 o. ~9 0.029 

Aoko.utere 
J\sh (-1701) 10.29 73.95 1+ .• 72 1.68 0.23 0.11 1.88 0.032 0.039 0.026 0.033 

Te-vict,iale 
A:,h ( 1001 ) 10.15 72.43 4.68 1.95 0.25 0.13 2.32 0.011 0.038 o.021i- c.031 

* Concentration values by X.R.D., values are ·J .&1- times real concentration, see Sec. 10-2. 

----- ---- ··--·--

• 

..... 
(i'"J --~ 



of' v1eter contents :fer sar:-,ple~ 

t.!-,s :.c.-: tcr o:' 1•,chich j s overlain by the breccia, but v.nich a.pc.rt f'ran 

this .h2-;;c unclergone !3L'I'.ilar post-clenosi tioD&l 1,; .,t, . .,,.._.) atte ,,, •. ,,. to +he J:' ._..,_...,. ·......-J..._r ..., ,._,...., ._..,_ 

correctness o~ the ~ormer statements. 

':'r:.e Teviotd2.le glass has an ar1omalously high me.gnetic suscept-

ibility, and by the method of' Chapter 8 yields a higher f'errous content 

th.sr" tl:e total iron content determined by x-ray f'lucrescence. Clearly, 

thi :o u:comalous magnetic susceptibility is related to f'actors other than 

t::-:e :'e:cro~s content~ end serves to again dispute the correlation of' this 

bed ;•,i th Oruanui Formation generally and ,tl tr: the Orua.nui Ash Member 

end. .t,.8~:& 'Jtere .A.sh spec:if'ically. 

T.LBL: "12-5: Refractive indices, iron contents and de::-ived. ,:ater 

conte!1ts of' glasses :f'rom tephra pos si.bJy correlative v;i th 

01,uanui Forn.1.utie:1:.. 

( 1 
Re:f'ractive I~dex 

er,;:. 
J v_, 

9G6 

6r,• 
v--,-

605 

( -' L) 

I ' ) ~ _..._ 

(B) 

(A) 

( 0 r L!Z..."1.Ui 

1-!sh) 

( 1,497/ 6) 

t 1.4987 

1.495'4 

1.457i 6) 

1.li-993 

1 .4.992 

1.4994-

170 i ( J.oJ,:autere 
J._sh) 1.4-959 

~ 0.98 

) 

0.53 

o.85 

0.65 

0.70 

0.70 

0.53 

0 ... 90 

0.53 

(4) 
n 

( '2.) 

0.0164. 4.1 

0.0174 4•4 

1,.4789 0.0205 5.4 

1.4806 0.0171 4.3 

1.4794 0.0199 5.2 

1.4797 0 .. 0195 5.0 

1 .4797 0.0197 5.1 

1 -4787 ,'.).0193 5.0 

1.1;.soe 0.0176 45 

0.200 5.2 



T..!:-;:,LE 12-5: continued 

1.4993 

801 ( C ruenui 
.Ash) 1 .4993 0.60 

f-\ 
n UJ 

0 

1.5053 not 
determined 

1.4791 0.0202 

.,,. r·..,. 
! :~.) 

{ r:' 
"':"1!';\, _.· J 
Ii 

Cl,) 

5.3 

So::i.e of' this data previously presented as Table 9-6, included 

here I'or comparison. 

(1) as meesured, attendant error of' ::!::0.0003 

( 2) :fros magnetic susceptibility measurements. 

~rcn relatj_on: = 
being the dif'i'erence n 

0.0057 (FeO) 

:n • 
0 

( 6) on &.verage larger shards than is us1.12.J; this proc2bly accounts 

for the lcwer re~ractive iniex. 

this clerived. velue exceeds that obtained for total Fe by X.R.F. 

deterraination. 

(A) on the casis of' glass proportions taken to be the Oruanui 

Ash Member. 

on the basis of ,glass proportions tcl::en 1::e the On:.snui 

:2reccia 1!,en:iber. 

S12-5: !,'.ech2...a."littic Ir:ml icaticns: 

As has been previously indicated ( S10-5) t!-.. e rt:.bidium to 

This ratio .::.nd tie :nember ~tatus of the sample on the ::i~sis of cJat:s 

,,.,.,,,.,t· eT".,..S is civen in Table i 2-6$ 
.... \,.Ii. ,I. _... ... -- ._,, 



TJ.J:U I'.c:.t::..os for C-}p_.zses 

Merr:bers of Or1v . .nu:: '."orm.:.tion. 

3C7 

605 

905 

1701 (;,okautere J.sh) 

30~ (Crus~ui Ash -
Bauturu Road) 

1 EC.1 ( '2:'eviotdale Ash) 

Member Status 

Ash 

Ash 

Ash 

Breccia 

Breccia 

Ash 

Ash 

Uncertain 

Rb/K 

0.0071 

0.0102 

0.0055 

0.0082 

0.0059 

0.0081 

Sample qos, Yrrich is certainl'-· Oru:::.nu-._· Brecc-i "'• l1as a hi" ~hp1• nb/v. _ ✓ - J -~ • 6-•~ aL ~\.. 

If' this ::_s compared with data :f'ro.21 the 

Rcto-2:::u 1-:..sh seq_u&nce, it v,ould. seem that mag:r!atic dii'f'erentiatlon is a 

part o:f' th.: eruptive process since the Rb/K ratio may be inf'eri"Ec1 to 

increase both up the stratigraphic c olumr1, and up the magma chamber. 

Deposits of' raixed glasses irnuld be expected. to show ratios between the 

value !"'or the Ash-member er.cl the Breccia, and suggests the.t the 

Aokaute !'e Ash, scmple 801, and. Oruanui Ash, &.s recognised in the 

Waikato, nay be composite. It is of interest that the ra.tio :ror 

'i:'eviotc.e.1e Ash is virtually identical to that of P.oke.utere .Ash, ru1d is 

tr-e cnly evidence suggestive of a correlation betwee~ these two ashes. 

S1 2-6: Conclusion: 

'::"'!'1.ere is alz:ays the desire to extend tl:.e uss o:" ::eLalytical 

te:::}1-,-,iq_ ues to ureas that may approach. the limits of th2. applic&.bility. 

The challenge of correlation of ashes over □any hundreds of miles :is 

indeed. arawing, and e. tentati•,e correlation of Aokcc.utere, Oruanu:i 8.nd 



me,r.! o""- ..:'/ ... , e ,,. r- r.c....... • , • ... l 
1. • .... ....\,..;...::1J.. ~ .r ... v ... :-...:, .1.~ sucn a cr1a1. er:ge. On. the basis of tcchr1iq U2 .s 

Fo~a ticn ca"1 'be pozi t:!_vel.y· .sustained. 

m.ateri.al reccgr:isea. 

north of the proposec. source as Oruanui I.sh may be contwninated ,·rith 

On tl:.e basis of P..b/K r2-:i 'JS, 

this contar:tlnation may be estimated as some 4Cfb. Tevi otdale Ash 

dif'fers markedly f'roP.1 the Aokautere and Oruanui Ashes in its high 

magnetic susceptibility of' the glass. Compositionally its glass does 

ap~ear dif'ferent f'rom the others but it has been remarkably well 

preserved., as is evident f'rom the high glass content cf' the deposit~ 

J~lthou,::;h c:lt:.,ental ratio plots that give good separaticn of' various 

tephra suggest that the Teviotdale Ash is net correlati.ve with Oruanui 

Fo:roa.tion, it has a similar Rb/K ratio to Aokautere J..sh, which provides 

some ev:a.en._:e for a correlation. The v.~ather-i...ne and post-depositional 

h:-_stor,:;• ct the site of' '2.'eviotdale .Ash is so dif'ferent from those d; 

which C:-·c.a.nui ..l..s.h, and to a lesser extent, Aokaute:re .A.~h, are reccgnise:i, 

that tl:e limits of' applicability of these physico-chemical technig_Ues 

I:Jc'-Y be being realised. 
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RJ-fl:'OLITIC GU.SS 

S1 3-1: ..,.::troduction: 

It v.-as mentioned in Chapter 6 tha".: volcanic glass v,eathers 

ra:i:,ic.ly. I:f volcanic glass constitutes a large proportion of the 

orit";inal tephra, ti.,.en much of' the resulting soil chemistry must 

originate ~rom the glass. Wnere the vitric component is exceptionally 

high, as in ignimbri tes, the glass may be the only source of' chemical 

elements; as the rbyolitic character decreases the effect of other 

minerals beccmes more apparent. Thus the soil chemistry will bear less 

rel2.tions:iip to the gl&.ss chemistry, the more andesitic the tephra. In 

addition, t.he older tbe soil, the more likely it is that signific.snt 

contr-ll:,utions may have been realised f'rom the more ::ilo,dy weathering 

ciner2.ls. .Accordint;ly, in this chapter attention Tui.11 largely be 

focusseQ on soils developed on relatively young tephras, in partic~lar 

..... • • , .,.. '1: T t" s (1 q "l OU"' a "ears ~~o'\ .L.n' ~ .,nose nc ri veu. 1. rom -c 1e aupo erup ion . .___; c 1 ..,an .1 ... ct{:, 1, " ""' 

r2.haro2. Ash ( 930 years ago), and tl:e Tirau .. Ash. 

On the basis that soil chemistry is related to the chemical 

composition of the parent glass, the availability of a given element 

for agriculture m~y depend on: 

( i) the amotm.t of the element initially within the glass, 

(ii) the rate o:f dec.:omposition of the glass to free the element 

to the soil, 

( iii) the ":fixing11 of the freed element by soil processes, so 

that it is unavailable for plants, 

(iv) the leaching of the element from th2.t part of the soil 

profile accessible to pla.'1.tS. 

It may be readily appreciated that if the amou.'1t of a given 

, J.. in the glass is lower than is required for agriculture, then the e .... e:ne:':1" 

soil is inherently deficient. If, bow-ever, the reserves of the eJ..e;nent 

in the glass are high, then any elemental deficiency in the soil 
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a.c quire:i, 

f'ro::1 -;:~08 soil or by a. lack of time for sufficient [;lass to h2ve 

we2.-therE:c. to meet the 2.gricul t~·al requirements. Gi"obs (i961) ref'ers 

to the proble::n of e.gricul ture in the pu.r:1ice country in: 

rr ?!:e v olce5 c a2hes of the Bay of Plenty are higher in silica 

enc lower in metallic ele~en~s such as Co, Ni, Cu, Fe, V, Ca 

and Mg thaJ1 average sedimentary rocks. Moreover, and especially 

in the pumice soils weathering is at al'l early stage and Sll_;_'Jplies 

of elements to pla.l'lt roots are derived mainly from the least 

st.s.ble minerals. .Available Al al'la. Fe are generally high ~7hereas 

avc.ilable Co, Ni, V or B may be lov1, clue either to slov1 decom-

~csition of a mineral or by partial fixation by f'ree }.l or Fe. 

::12r_e;e pumice soils aid yellow brorm loams may be unable to meet 

cle::-~a!1o..S for all nutrients required. by rapid.ly groring plants." 

.:?-:.-.J bs ( 1961) a.oes not discount the possibility of the origin El 

mater::.2.l being iILl-ierently unable to meet the agricultural requirsmcnts. 

A.1alysis o:' glass enaoles this very important aspect to be determined. 

In r~e,7 Zeala"ld agriculture the trace elements cobalt s'l.cl selenium are 

of con~ic.ere.ble economic signii'icance 2nd the elerEent supply, soil 

availability, a.'1.d agricultural demand will be considered I''or these 

ele:nen ts. 

Seleniu;,1 and Cob2.lt in Mapr.1as ano. Glasses: 

or the ciistribution of' cobalt in relation to ma.gmatic difr~eren-

tiatic!1, !:ason (1958) vrrites: 

"T::-te bivalent cobalt ion is practically the same size as the 

:errous ion, and cabal t should thus be camouflaged in ferrous 

It is fou.."ld ho-;zever that the Co: Fe r2.~io is t::"22.test 

in ee.rly-formed minerals and decreases steadily with increasing 

:r2.ctionation. The effective radius of cobalt is, treref'cre, 

so::,.ey;-hat less tha:1 the radius given above and is .:r_r;par-ent1y almost 

icie:,tical with that of ?i1g, ••..• the Co:I.~g rat:io (is) almost 
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a mag,,,2. is rsrr:cved in the early :'or:ned BE.g~es1 m miner&] s, 

3i!1ce Yolcar.:ic glass~ and particularly rhyolit.ic glass, is pro1n,bly 

repre-se!:.tative of' an advru1ced stage of oagr;atic differentiation, the 

amou.'l~ of cooalt in glass is expected to be ver.f small .. By comparison 

"the relative concentration of' sulfur a'"ld chalcophile elements (like 

selenium) probably increases in the late liquid fraction of' a crJstall­

ising ~agna as a result of' the removal of' the lithophile elements in 

the silicate mineraJ.s" (1fascn~ 1958). C.!:. Fig. 1301 a:r·e given the 

relat:.--..-e co!1ce::1trations of copper and. gc.lliu.'11 (as representative of' 

chalco;:hile elerr:ents) and of' cabal t as a f'unction of magmatic diff'eren-

tiaticn of an intrusive p1utcn. T!-ie ind_ication of relative e!1ricbner:.t 

of cha}cophile elesents and depletion of cobalt for later dif'ferentia.-

tion is clear. \':ell~ ( 1967J indicated. th.d the amount of selenium 

tenc.s tu follov,- th&t of copper, particularl,y iri volce..c.:ic rocks, •,;hich 

:--Urth2r sug0ests f'rom Fig. 1301 that selenium .r.i.ll be rslatively 

enriched in later dif'f'erentiates. HoweYer, 7.'"ells ( 196-;Q ste.ted too 

that there are lower ( usuclly 10-f'old) .S.C'1Ci.l.."1tS in rhyoli tes and rhyoli.tic 

pt1,~ices tb&n there are in endesit.es, particularly anoes:i.tic tephras: 

this !!2.:.. 6h-t suggezt a maximum in the relative concentration ver:::-us 

dif'ferenti2tion profile. 

E'rom these c onside ratior.s it would. appear that the signi:ficant 

scurce cf se}enium is likely to be the vitric component~ By ccr::pariscn 

cobtl t needs would appee.r to be best supplied by the weath€ri..-rig of !!lafic 

Se7eniu:n i.n Soils an.d Plants: 

7fol Js ( 1967J indicates that the averaee seleni u:n conteEts in top-

- tl + 0 -f'_ :'·" '"""---nt r·ock-s ano. cuD::.e quently -tha t seJ eniu:-:1 soils exceeas ~a~ . ~-~~- •• _ 



J.el2.tivs C'.):1.ce~tr2.tion of che::iice.l ele;-::_ents 2.s 2. 

fu:ncti-J:.-:t -:yf" t~e exte::.'lt of r:12.gr:.12.tic diffe:::.~entiation. 
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.:::cc,:.,__;::;c: .:.,:_ ... "~_.r;_js, J.:,l·_c· selenium contents of young soils would be expected 

.n .,__' • t' • " 1 o.c LDe ,Yee:. ner1ng 01 g a.ss, 211d partly 

bee:2.c.se t' " • ... b 1,e ~eJ.en:: UEl rcay no l, e retained by the c:mall "'"'OU!nts op hu"'"'ous _ • ,,ll o..ci. .l • J Lc..c ~ 

oxide. Thus a de:ficiency in selenium in a soil of young age, may 

sisp_l_y· re~rP c: nt a • • t t • • .,__ 1 _ 1J ~--e n inac..eg_ua e in:e inl,erva f'or v,eatheri.11.g rather than 

an i.n.herent dei'iciency. There is, too, a further problem in that 

suffic::Lent concentration o:f an elerr.ent in a soil does not necessarily 

r;:.e2..n that suf:ficient is available for plant gro·,;th. Bisbjerg and 

M· 7 ("'ot:o) • "' .,__ ,.. t 'h c·,J.e_S()D , l;;v,/ lDC.lCe.t,e t,I;.2 t.e selenium concentration in plants 

dec::-ea:::ed as the clay content of' the soil increased. 'l'hus it would 

appear -'.:hat selE:niurr. deficiencies are possible too, ::m heavily weathered 

soil5 \'.'here the hi0h clay content results in excessive retention of 

seleniurn renderir..g j_ t unavailable to plan.ts and thus to animals. 

J.ndrew·s et. aL ( 1968) describes thP. physiolot:ical effects o:f 

selE:nhu:a c.ef'iciency in animals. These include congenital and delayed 

white suscle disease o:f larr;bs and calves, selen; un responsive inf'ertility 

in ewes, Bnd. "seleniurn. responsive unthriftin.ess o:f sheep and cattle, 

wl:ich is wicespreed, not aJ.ways recognised or correctly identified and 

therefore economically ti1e most important." 

A map showing the distribution of areas that have shovm e.gricul­

tural responses to additional applied selenium is given in Fig. 1302 • 

.Associated with this :'igure is a map showing the distr5.bution of the 

principal soil-for:ning tephra, af'ter Gibbs ( 1968) on ,,hich are super­

impo~ed the selenium contents o:f the tephra residua given by ".':ells 

(1967a). Fro~ these cia,grarns it appears that the seleP-ium deficiencies 

are prir.J.arily associated vri th the yo1mger tephra. This would imply 

th2.t the de:ficiencies are unlikely to be the result of the retention of 

the ele:nent on pedogenetic products, but are more likely to be the 
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,.,, l • t .:.nese -.ast .wo poss:i~'JiJ:i::ies ere e:z2s.ined. in tr.e next 

Ir1.herent o~ Pe3ogeneti.c? 

I!1. orce r to a.see rtain tne relationsJ-i.ip betr;een seJ eniu.111 contents 

of' p~rer:t glasses enc. derived soils~ the selenil.1m contents of' glass 

representet:5.:ve of' the s oil-:ronning tephra were determined and compared 

with selenium contents of' the tephra residua ( the le.tter af'ter Wells, 

1967a). The glasses were extrected f'ran the soils by the methods 

previc~sly described end the samples dissolved in hyc.!."C,f'luoric a..'ld 

The seJeniun levels ir. these prepared solutions we::-e 

de:e::.~:r:ined by !:Jr J .H. 'i'Tatkinson. The determination or" selenium 1s by 

a f'luoro::ietric met.hod whereby the selenite is compJexecl. with 2,3 

d.i .,...,; LO""'e.pt.r..a] ene solution and. extracted into c.ycloprc,pe.ne ri th the 

:'Le sele:rri.u.-;1 contents of' glasses a1·H1 their· derived soils are 

in Te.b1e 13-1 in ore.er o:f' increasir.g a 6e. tr.is table ..... ...... ::1.s 

clear tbat tbe .seleniun content of' the parent e1ass is above that of t.r..e 

&.vsra,'"8 cruzta1 abundc:.nce of sowe 0.5 ppm, end is e::;sentially independent _, 

of the at:e c:f' the :r,ar-ent tepbra. Th~.s co2.1!.:tanc_y· sug[este tbn.t tl:c 

~elenium in ~cils i:: the resc1t of mineral structural brec.kC:.cwr,s r2.t.ber 

t.h.a."1 lec~hing of' the element from the glasz. It is readily se~n too 

that tr,c selenium content, &.J.though ~me.J..l ::.n th? yc-tmi;er scils~ becomes 

• , 1 1·.-. .,_he "' 0;1 s der1·ved from Tirau Ash and !'fairoa Ash (see a:;:::prec:i.ac_e ,. .... ~ _ .... 

free o~"' selenit..."11 de:"iciency. ?urther, it is c:lear t!:at tr.E: 1cr.-



fro:1 the ,'leathe rin 6 oi' glass and. render it unavailable to plants. The 

proble~, if in t'act it arises, will be compounded by the low amounts of 

~eleniun re~aining in the rhyolitic glass at that time. 

p.p.m. 

Selcnil.lr:l in parent materials 
(p.p.m.) 

0.5 

(2' 
~l~:..;.:.i=~ Se le\iBl ) 

:for no agricu1 tt.<r0.l 
fe~•r~cr~~PS p.p.m. 

K.sharoa .Ash 

Taui:,o Ash 

Tirau J._sh 

1,foiroe. Ash 

M&iros. J..sh 

Ha~ltcn J_sh 

Selenium 
glass 

• h 1·t· ( 3) in r yo ::;.. ic 
(n.n.m .. ) 

0.614 

o.838 

0.590 

0.242 

10 .. 7 

.. . a. . .._. (6) 
Selenium in an esi L,lC 

glass (p.p.m.) 

0.714 

Seleniu:n in derived 
sons (p.p.m.) 

0.5 - 0.9 

0.45 

' ( ;_,J Selenium in tei::nra' ., 
resiCuum (p8p~m.) 

0.11 

0.14 - 0.17 

1.05 



( 1) af'tE-1~ D~·, ( -I OC7l 
• C.......)' \. •,/..J:;)J• 

BClO. ; 
4-

Se r::nalysis of t!-1i::, soluticP- r.'Jr J .J;. ~atid.11zon. 

(5) Ha.,.ilton .ksh: amulti-beddecl tephra series of widespread 

c.i!::tribution and of' U."1determined source &nd extent; 

older t!:an any ether tephra. examined. in this thesis. 

consicler2.bly 

Sa.rrple, 

f'ro:n the principal soil-forming bed, supplied by A.G. Hogg. 

prcbab]y cor:ta'T.iooted v.i th quartz ( see r.:'\ 
./) . 

_.'.....r.C:.esi tic tephra, containing as the_y do, appreciabJ.e emount.c of 

c.11d.esi t::.c ?;lass., mi,:ht be expected to contri 1:ute tc H:e seJ.cn.iuc. ccntents 

of their d.srived soils, selenium :from t.h:is soure;e. 

13-1 indicates that while the selenium contents of' the rh_yoJ.itic end 

~c.esi tic el2.sses are comparable for Mair-oa Ash, them is a ten-f'old 

compo.$it.icr .. al dif•:fe!:'ence betw·een the rhyoli tic and e.ndesi tic glasses of' 

the H2Eil tc1~ .. Ash. It is al so of' interest that t::e selen:i.um content 

the rhyolitic glass associated Tii th the andeEi tic Mai!'ca Ash is higher 

the...'1 t!-,at cf' Tirau k:.h, in spit-e of the former' s gre&te:::· age. ~his is 

suggestive that rhyoli tic glasses associated ;-;ith ande2-i tic tephrc:. are 

inhere:r:tly higher in selenium than are t..i-1ei:r. counterparts :frcr.;1 rhyoli tic 

tcphra. 

-:iel1 s indicc.ted that there was a re:la.t:i. en.ship bttween t::elcn:i.um 

.4 .... ,..,, .... 
j ;),.__,:,,.,,. 

~..-here it :::12.J' bE.; seen that relative t.o the seJe:r.iurn ~.;,:is, t.re ft.:..riction 

but thE:: loss oi' copper from the clay mineral part:i.cle.s. 

, c- t-._1--,_,.,_,,._e -_;_.-:: a}so a tendency for hi 0c-h .se}enium ccn-7ents to be r~asse_. ~ V _._. 



• :Jc~--:·_' c- 2.1 
,- -- , ? ::: 7• c :.--:. ::~ 112·:,_ c o::-,.t ci:1. -ts :f o ::.." T ::i_ :"?.u _:\ sh 2.'-"1.3. T::'.1..1.:,::> o 

~?1.:.:::i.c,.:- ,~_._·2.·.i.-v.::.~~- ~:-~:.'..:.s :'.:Ol" vc.-:.ri:Ju;::; 1.1_'.)Tizm1s :::2.1 0:.:-. t::.e 
:::o:::.l ---:::::•,J:i:1.c ~ c-:::, ·_1·_-:::;:-:1 csn·cc:r:ct::: ~=.f·c-2: i:clJ.::; ::,.1:.:: ".:ro~_1.:1g 
(l·?S·c:;), 2~-~c::i·;_1.-.-:-: ::~::tc:r '.7clJ.s (196Tb) 

- J.92<.:t -

• Por te-~l::.r~. u:.'1.i ts ~o:c \0:hich the selenium con.tents are 
given b~ ~Jells (l~57~), the COJper co~tent is taken 
as t:::,2-c of tl1.2 lc·;.'est soil ho11 iz'Jn C-:rells 2.!ld Young,1968) 
1.75 
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7 0 ...:.. . .. ,: 
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. .., 
.t:i..! SC:., re1c::tior,~hip beb;eer. 

be Sl:f~s~,te5. thE1t .SE-Jenium levels :1.n rb.yolitic glass might be a u~ef'uJ. 

tool in tephra ccrrel2tj_cn. In pB.i.'ticular., such a chemical technique 

mcy be worthy of' consideraticn in identification and distribution 

studies of' the Hamilton Ash sequence. 

s1,3-6: Gebel t I'·eficiency on Ne~,,- Zel:'.lcncl Furnice Soils: 

agr:i 2L:~_tur2l prcducti on, U.'l'}thrif'tines 2- a:nd anaemic conditions became 

BfT2.rent in sheep, 2nC. to a les~er extent, in ca:!:-.tle. Ini tia.J. J.y the 

s_y:r,pt0!Y's were attr:i½t.:/;,·ed to en iron def'iciency an.cl -.-:as corrected by the 

use 0I' !i~onlte stock licks. Subsequently, it was found that cobalt 

was re.:.:pcr..sii:le, tbe lc7r levels inhibiting the f'or::iaticn of vitamin 

P..12 (Unc.e:n,;ood a.:Jc.. I'il;-;1cr (1935) and !1~arstcn ar..d Lines (1935)). 

Generally, it we..s the soils derived from rhyoli tic tephra of 

recent ase that showed the SJlmptoms most severely., although soils 

derived :fro:2 the we&tLering of' grzni te m1cl other siliceous rocks also 

Suthe:r-1and. ( ~966) 

picturesquely described -the l!bush-sick11 soils derived f'ro:n volcanic 

tephr=t: 

'!In the egricul -tural sense these ( soil-forming ash) showers 

ranged between 'hospitable' and 'i:n.hcspita1:,le.' The hospitc:.ble 

sho-.:;-ers brought a.inong other elements, a cobalt content adeq_UE.te 

:f'or subseqU£nt f2.nning, whi:!.e th:: ] c.tter deficient in ccbrJ. t, 

laid the foundations f'or what in cen-curies to come was to become 

kncr,,1:1 as bush-sick soil. 

"Thus it is true tc say of so:ne farming e..reas of' the ash shov,ered 
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[C0-:1. 

: r:e le.st vclcc.110 blert its tcp. 

their cobalt 

EY-:c. I•J.c-aur.1hoe ";er·e _m,o_r_ e 1· be 1 • t' t' • b ~ ,.., D • • l. ra w::... .::i neir CO.E,lt and .:ara:;c;ra, 

per millicn, rel.s.tively generous, though 

not comparable with maey soils of' other origin." 

From what has been said earlier in th.is ch2.pter, only small 

a=:1c•i:"ts o:f' cob1=.lt would be expected to be contributed to the soil by 

Indeed, analyses for cobalt of the 

rtyo~i ":ic glc.s.ses associated v.ri tl: the Kaharoa, Taupo and Tirau .Ashes 

shov;- :-.e:;lig:ible dii'ferences. Since, tter·efore, th-2 ':1e&tl-:eri!'1g er m2.:f'ic 

mine r·e..ls :!"e1;.der.s the p::-incipel contribution to c obaJ. t contents of soils, 

so~~- r2l2tionship mieht be expected betv;een the rhyolitic pe.raT.eter a.YJci 

mir:e:·1=.ls and c o'bcc.l t cle:f'iciency. SucI--1 a reJ.ationsb.ip is de!!lonstr&tcd 

in ':'able 13-2. On this basis it would appear that cobalt deficiencies 

in .soils c.eri'.red f'rO!n t'6phra of low me.fie mineral content may be 

ir,herer..t, but m,w sirq::ly be caused by a lack of time for 17e2thedng the 

co:::r.J.t :'ror:1 :.he abunda,-it glass and the scant lclafic minera1.e. The 

ad.di t~c-n o"!"" a."1 2.riC.esi tic cc,rrpone!1t, as occurs in the Tirau a.rid l!airoa 

, ce~c<- ~n_cre2.se::s the potentially avail&.ble cobalt, anci. in audition the::-e 
.t'l. ........ _..J, -

t 'f- t...~ve had. suf':f'icie.nt time to wee.thE:r to estallish cobalt reserves ep __ y-a i,-

bcil. During ( 1966) indicates that while "soils derived f'rom 

Ti_ 1---au ;..~~- are net }a-1ovtr1 to be def::.cien.t i11 cobalt, deficiencies c.r·e 

Since :~ei. re 8. .A.sb is appreciabl_y· anC.esi tic, st.:.(~h deficiency i 0 1ikeJ;/ t.o 

, n• • • referrec." to .1.., n e'8.r7 . .;·' ,, .. ·ork bv Gn~.nr-e ( 1q-:;1 '1 :c':"!c.~ ~Dis aericiency 1s - - -- 9
--- ~ o ✓✓ ~--

v.as 



cot,s.~t, 

exp€c tctl to ·t-e likev:ise. 

Cot-2.l t Def'iciency in Agricultural Soil:c in Relation -:c 

Mineralogy of° Parent Tephra. 

Te pr. r c:. f':r· OB 

\\"iii.ch soil 
Cob2lt status 

of' soils 
Rhyolitic 
parameter 

Proportion 
of maf'ic 
minerals i z C.e r: "-l ea_ ( e,L. ) 

(~) 

Rot c=.2-.. E....:-.:. a~ !!Ot-d.ei'icient 0.22 o.66 (•i101) 

Ls.na:-sc2. d.e:~icient 0.63 0.11 ( 1002) 

Tc.upo 

Ti rc.u 

?,:c.i:--oc=:. 

cief'icient 0.82 0.54 ( 1104) 

nct-c.e:ficient 1.0 1 .12 ( ?ru·, ~) 
- 'I 

.... 
no t-cle itici £·!"l t 1 0.36 4. 1 (60~) 

':':-.c agricul tt:r~l soil is usually developea. on the Tarawera. ash of 

"b&sa.ltic composition, ri::.ther than the hydrothermal]y deposited 

?.oto::::e.ha.".!a. Mud which is asscciated with the sa;;.e historic eruption. 

':'1-:s n~d probably contains a lcwer proportion of maf'ic minerels tht2;n 

the ash!' al thovgh. the value cf ol.. is probably similar. 

+ :-;E:ficien~ie::: sre kr:.ov::n in high·•rainfall aree.s, "Jfairoa disease" 

an~ 2.re presu.rnc:bly related. to leacl-ing or cobalt retenticr:: on 

::ls:,, particles. 

S1 3-7~ Co~clusion: 

?h:,colitic Ela.S~, the principal parent mater:I.a1 in soil fcr:-:,r-'.:lcn 

elt::I!:E.:::ts to the soil e.nd hence to agriculture. In particuJer.· it I!lE\~.r be 

Ccmpariscn 

of Jevels of' seler.ium in glasses w"!d sci ls su6cest that def'i dencies 

in t!:e latter 



stc.L1.,:·:s o_J'I c,,r • 1c- .,_ }l • - ~'--1. --- evtn..,us. -J'' lf"1cree.ses·,,,,i··+i--___ ,_ timL, -'-1 -, ' , ' ~ ~---, 1.,1(; sci.1.::: c.eve .... opec. on 

selen.ii.:=n ir: soils 2 ::;: reta3ned on 

ttat -t.!-.:.e re is ~o::ie eviccnce that 

h.·.;d~ ... OU s o • ' ' 1 rt • 1 ' , xiues ar10. c_2;;, pc1 ,.,ic cs, ar;o 

soil::: of' .:. higl1 clay content ha7e a 

reduced. amount o:' selenium available to plents, it may be tentatively 

sug.sestecl ~hat soils like those developed on Tirau a"ld Mairoa .Ashes me.y 

eventually becoffie de~icient after prolonged vreathering. 

Cobalt le·.;e1s in glass dif':fer little, the sjgnificant source of' 

coc-dl t is probably the more mafic minerals. The re~ent rhyolitic 

tephras that are the :parent materials for many of' the agricultural soils 

are Jc-;>; ir! maf'ic minerals and the reserves in the parent material are 

prob~bly lcw·. This, coupled wit.h the comparatively small degree of 

soil develop1'1ent, almost certainly accounts f'or the or:zer:ed cobalt 

deficiErJcies. Ole.er rhyoli tic soil:::. and. soils of anc.esi tic origin, 

which typically contain a higher propc.,rticn of' coba} t-bee.ring ma fie 

cincre2s, are not d.ef'icient in cobalt except under c oncli tions of' high 

rair.fe.ll, wherein the d.ef'iciency is probably the result of' the leaching 

of' availe.ble cobalt f'roo the soil. 

'::'hus, it woul:3. appear that pedogenetic £'actor;: c:.re of' paramount 

imr;ort81.ce in the agricul turaJ. status of' soils as rega:cds the avail-

ability of' microelenents. Such f'actors include the time interval 

available f'or soil development, the rate of lee.cl-ini; of the elerrent 

-",...c-m _,_,.__ 8 r· r,.,,.,, ... t material a'1d the possible retention of' the eJ.el!'cnt 
-'- -'-- .... '-'I:.. .) c:.,..t.. ..... .J..i. , -

lE:-&che,i f'ror:1 t:1C'se r::.aterials by the product of pedoce::nesis. In 

e;eneral there 7;culd. ap:i::ear to be a:iequ.ats re:::erves in the pe.r-e:nt 

mater::.al to meet ~gr5-cu1 turcS.1 dE:mano.s were pedogene:3iS more favourable. 



to investi~ete the 

:c:articule.1.·.1,,y'' ,:,s t1,,e11 arp,v to '-'·· • .,_ • _ ......__ "" .... ..J ·.1? J......, '-'1.1e \Tl "'::--eous cor:1poner::t.s. 

J:.nc:.Jy-~is&l mE-th0ds ar'°.' • , • r'1 , - .... - reviF,veQ ana. -LBVe-1.oped, soir.c to the :point at 

·:,·hie!-: -th:: precision in deterrdnaticn exceeds the natt:.2·al ver-iation of' 

the paraT.eter within the material. The worth of t½ese techniques is 

considered with referer-ce to selected problems in tephrostratigraphy. 

:,::: neral e.sser.'.'.bla.ses, particularly i::J.afic ones, have long been used 

to c!:ar2cter:i.se te:i:hra, cl though doubts have been expressed abou-: the 

universality of such oethods. In that there might be less ] &teral 

,,a.riati ur. in the lighter density f'e] sic minerals, rather more e::.pha.sis 

hc.s 'bee-1 plc:.ced on such assemblages. H .... "1yolitic glass, of chc.r&~ter-

cent!":. fut;al tec!-.:.niques. 

c;_uc.rtz, :;,~eld.q::ar, and e.mlesi tic glass, we re similarly sepa:'.'ated :f'ron the 

r,iaf'i c r::.2.:-.erals cf' yet greater density. 'l'he densities of' the ccrr:ponents 

of' tl::e f'elsic :fractions are suf'f'iciently ~imilar as to rendsr physical 

septaratic,n fd.:f':f'icuJ.t. The respective proportions were, therefore, 

esti::ie..ted indirectly by inf'ra•-red spectroscopy. Althou[h pr·o"ba.bJy of' 

J.017er p!"ecision the.n qt:antitative x-ray di.ff'raction, the quantitative 

inf'ra-r-ed. analytical procedure developed. enabled. the pruporti o:,; of' 

vitreous component to be determined. F:rora such data the relati·v·e 

proportions of' rr,yoli tic and t:.naesi tic glasses could. be establ::.s!ced, flnc. 

f':ro:n ti:.i s the rhyoli t:i.c character of the cleposi t. Such a parcI::eter is 

usefuJ in thut it assists in defining the source of -:J-:.f- ter,hra: ;rs.Lsd2.l 

eruptsd fr-orr. the Okataina end Taupo volcan::.c centres :s pr:i.mE,l"il_y 

rhycli tic, wherE:as thct fro:.n the 

primarily andesitic. The va1 ue of the :-hyoli tic pf..trwr:eter is .:"_t,oice.t.i vc 

of' the extent of' mixing of tephras of di:ff'~;d.ng initial co:npcsiti:.,,,. 

"'b. omp~ ..... -t1·vel·· ~i·~,p,"' +f'chr.1r.ue has beer used. to clearJ.v d.e:-::.c,nst:tate .!. ..,J_ S C .j. ·c....• c. - j' ..:i J,.,__ ,. ..... .... -· •-· "1 • ... ~ 



sequence. 

be 

2.r-,c. r::yolitic glasses are assumed to be lost at comparable rates, 

approxin:ate as"es of' the tephra can be essigned. In so doing, it is 

necesse-r_y to make estimates a.s to the initial glass contents of tephra 

of' va!"ious rhyolitic parameter, and some knov1ledge is needed of' the 

cli!:ic:. tic vari[:ticn ( part.icu1arly the V&riation of' rainf'all e-rid i~i'il­

traticr-., rather tr.~1;. temperature) over the period of cepcsiticn and 

The implj_ci t assumption is mc:.de that there is P.}inirr:al 

re--;;-o:d:i.c~6 of' the deposit, that if. to sa_y that al1 the glass is cf' 

co!!te!:'.~oraLeous deposition. On $11Ch a 'baGis, t.be Meiroa Ash se::::_uence 

ct !,:£:.irca !:lay be as.signed a minimum aee of sev12nteen tho~scmd ;y-ears, 

v.:r:ile ':l-ce ~ira;,1 _!,.sh sequence is rether younger-, spannir.g the interval 

fro::>. :::o:::::e ten to f'ifteen thousencl years. Studies of tr.e rb.yoli t:1.c 

gl&ss o:' the Mairca Ash seqt:ence from the more westerly sites indicated 

sorr:e co'.":tanination f'rom the 5lass of the underlyir.g Oru~tJ.ui Forn:a.ticn. 

Tr.e e:':'e~t of' this ccnt.errii nation can be qua...-itified on consideration of 

the c,b~e rved re:fractive ind.ex as a weigr..ted mecL"1 of tvrn constituent 

glasses. '.ilien this is done, the glass contents can be correctec, a.r.d 

this bas the effect of' lower:i.r1g somewhat the age o~ tte 1fairoa A:::h; it 

may be suz;E:f,sted, as e. result, that this tephra sprns the inter'\.•.sl of 

some 15 to 17 thousand yeo.r·s. 

"'' • t. 1 • • 1- "'s :..a" o·_P_ ·Le·n_. he en thou0.o-r., t + o 1--e ':':-:s :1z.ture o., 1:ue vo_canic g c.-., "" .., - - - ~ _ 

the che2 icel similarity of glasses froi!i v:idcspreed loc:s.lit:i.es o:f' 

Un::ted 

States, as clc:.>r €Vidence o:' the sar.:e i:ephra being ir::volved. 

c ompc:..ratj_ ve13r 
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In 

.....-ir+ t.-.-..:: 

.. u_ ..,,.__1,,.,,_._• It is, r.c-,.ct;;•.rer, of' value when employed in conjunction ,,:lti1 

ether tecr.,niq_ues. .As a..'"1 example, the sim:1.J.ari ty o:f' the compositic,n o-f' 

rhyoli t.:. c glass extracted :from the Mairoa Ash to that extracted ::f'ro:n the 

Orua..~ui ?or.!!ation euggest a correlation, but refractive index techr.:iques 

ir..clic 2-.::e d t-,.ro gla:::ses ,rere involved, cmd that one of these 

of tr.e l::..iJ.k d:-:e::i.istry of' the glass e.nd have been :f'ound to be efi'ective 

anC.. u~eful ir.:. tephra id.entif•ication a."!d corr"elation. Of particular 

value i!~ this regard. is the refractive ind.Ex o:f' the rhyolitic fle.53. 

Cl;c:i.2~ cf tne in3ensitiveness of re:fractive index may be re:f'Lliec cy 

the 7.c:-1: o:r ttds tr~e:is vd1icl~ uses th.e use of a. thermal variatio:i metl-1od 

of index determination. 

re:f'r::-ct:_-,,e index ·:;;ith tewperature of certain optically suitable or-g2nic 

liq_uic..s. ~Ni th such liquids, a hot-stage microscope, and the usu.al 
-1. 

o-otic2.l technioues c.eterminations ceri be made to an accuracy of .:.s.ocs3 
~ . 

1;.,.,.i ts cf' re:f'ractiYe iridex, thereby adding a decimal pJ&c:E: to tbe 'l&.l1.1es 

obtainab1e vii th typica.l sets of refractive index oils. 

methcd, s~al1 dif'f'erences in refractive i!'ldex are noted tetween the 

• rJ:-,yoli tic glasses e.s~-ociated with the ~l'.fairoa Ash f'rom those with the 

r-Lnd f'or sur.!-: -1--..,_.-hras increases t):-;e error attendant on -:he tee.hr~, - - ~~- ...... ...-

rcf'ractive ir.dex. 

volcanic glasses, being a f'unc:tion of the a.iffere,1ce 

· -" .,,.,r~ a "d 1 ... ," value, itself reluted to trce; 
refr2.cti ve it,u.eX = ...... J 



uniforc.J...1 .. b.yG.rateC.. LT::ei.er these c undi ti on s 

,., . 
.i.1.TC.U 

Re~rective index 

:f'ro~ the O~uanui Formation glass. It is particularly note1-:ortby th~t 

the dete:mination of' ref'ractive index is a technique applied to single 

In this it di~fers rrom all other techn~q~es used, which are 

efi'ectively bulk IT!ethcds. The importance of this distinction are tak--en 

up irs the closin€: pe.ragraphs. 

:'he principal use of' 8agnetic susceptibilities seems to be in the 

e:::pi ,.;._ csl a~ sigr,.ment of the ref'ractive ind.ices of' the dehydrated glasses. 

'l'r.: s is ac!'liE:ved by analogy y;i th the ,·elaticndd.p th&.t exists bet,·.•een 

tektite gl2-:::ses, in ';;hich the ferrou::: co:1-tent and. magrn::t:i.c susceptib5.lity 

are: li.:.-. .e&.rly related. Ferrous to ferric ratios, the ferrous content 

being detemined by susceptibility er.a. the ferric co~tent as the 

d.iff'erence between this and. total iron deterrnined '!.)_y cherr.ical analysis, 

are efi'ectively constant J'.''or a.11 gJ.a.sses. 

gredier.t te(!hniques, these gradients being established over i.:he ra .. nge 

Unfortunately, the bend 

7,-:.a.t:i of -:he nate rial added. to the c olur.:n, i;sun.lly l!'eP..!o:t that the 

• • • , .• J.. , • r l- °T n C > t Q - ~ .,...~ -t ~ On$ --; n ~.._,,~~., v·"'rirt1on 1n ae-nSlv" n.cesuma..;.,_ ,· O.TJC 'Vc:.~J.c -~- ... ~- -n-c.:. l--..:.. c::.J. c.:.. c:.. _... .... J, ... .., 
che~ical 

in t:-.. € enc te_pl--:ra. unit. 

resolvec. by o.ensity ;1;ethod.s. 



p:r·e8isi c::: usu2.l to petrology, 

,-..~ A _,.., '. _,_.,. 

Some of -these, 

c:..nd ,,or-'chy of 2xploit.stion beycrid th") 

others 1:i.ke mau:.etic measurements and 

like 

tend to bs rc.ther sc~e limited in their applicatio:-i, but ma,y· 

be use-ful when coupled with other methods. Of particular importance 

is the need to recognise that the vitreous components, although a 

senE: tive indic2.tor of' the magr!!atic composition at the time of eruption, 

may be ~odified according to post-depositional history. In addition, 

the ci.if'f'i2:.il ties o:f' correlation of' beds distax1t f'rcm the source with 

those, .::.nc. rarticuJ..9-rly multi-bedded tep:1ras, nearer the source, needs 

to be ~ecognlsed, since this ~cy have marked effects on the bulk 

che:nistr_y 2,.,.'1.d. the attendent physico-chemical properties of' the glass. 

?y the applicc::.tion of' these techniques, it he.s been possible to 

re sc,lve t:--ie J.ong-standing debate on the identity of' the Tirau and t!c.iroa 

There is a significant andesi tic component of the Mairoa Ash, 

as is tovic.enced by the c:d stence and proportion o:f andesitic volca."lic 

t:le.ss, the low re1"'ractive index of' the associated rhyolitic glass, and 

aspects c:f jts chemistry. This sequence of ashes underlies a~d 

b ,-~ • -'-e..-..'1~c-~-'-a+"'~ .,_he l_ower members of the '.::'irau J.sh seouence pro au.l_}'- ~c., .L.~01-1..- ~\;;t,j l,~.i. .. ~ 

recognisec. as thim,ing west7,ard. across t!-:e ·;;aikato district. This 

le..tter sequence is rhyolitic in character, Fu1d appears of' younger age. 

Ir.. 2.c.Ci tie,n to the resolution of 1,hether these ashes are the se.me or 

different, the sa.'lle tec.hniques haV'e been usec. to provide f'urther 

ev::..dcn~e to sustain a correl2tion betvreen Orue.nui J\.:::h, as recognised in 

the ·.,,.-aikato, yrith the .Aok.e.utere Ash of the Ifr:..1,c:.v:t~tu. 

• .P l • +- ' a -;n par~·.icul:or t.'ne Sir..ce the ,·.eathering o ... vo ca.YJ.ic vepnr , - _ -- -

central Tforth Island of I'-Je;•1 Zes..la.'1.d, it -.;e.s considered ,rnrthv;hile to 



in the 

t;.sue..lly '.!'.'esc.ltin?· f'rom an insuf' ... f'J·.c~_· :=.nt t· h • 1 - -"'. c-r ~ ~ _ ::..:ne 2.v::i.ng e~apsec. 

bre2.;.::down of' the glass structure with Ylee.thering. In particular, 

~ele:n.i~ c.ef':i.ciency in soils developed on young tephra would seem to be 

i~ tr.is category. Cobalt deficiencies '.';hich occur on the same soils may 

be sicilarly caused. However, the most significant source oI' cobalt, 

tr.e ::-_::c.:C'i c miYc.e raJ.s, are poorly represented. in the par·en t tephra, and. the 

It is of interest to speculate 0;1 further work t.he.t the course of' 

this i:-1,.,-estigation has n,vealed. SeJ.en:i.u:n le-,,.e1s in old anc.e;::;i-:ic 

tE:~1:ra, in of' v;h9.t little glass remains, could be rcve::::.ling, par'~icularly 

Posi t-1.ve ide!-itif'ice.tion o:f' the 

:-~e.irca J._sh ,:ith the p:?:op0sed eruptive:::: :from Egmont would also be worthy 

of stu::..y, and rri.ay be possible using the correlat:ion of refractive inde:,:. 

Ot!-ler tephrostratigraphic problems, such as correlations of the r:iulti­

bedc.e::. P.otoehu Ash, and. of Teviotdale Ash ma_y e.lso warrant study by such 

rne~""OC.-C" altho"c-h the -indications are that such p,robJ.ems □ 2..·y- need to 
•.• ~-•> • .., , ... 0 - , -

e.;•;a'2... t the general use of' single shard metboo.s such as electron microprobe 

techniques. Complex problems involving mixtures of tephras and 

correlation of thin ueds with multi-bedded parent tephra tax full,y the 

resou~·ces of bulk met.hoo.s. The use of refre_ctive index, effectively a 

siri_sle :.;hard technique, in the resolution of' such p:roble~s is indicstive 

'::'h:..s thesis thus rep~esents a trans::.t:l.on bel,7een the trad.iti..one.l 

I .._ ... !'.:I hy b~so~ , .... """' ........ C 7 '· or. f'-'i_t~eld evidence a.~c1 t.hat methcd.s of teprirOSl-!'a't::..grc-.p,, c;;. ,.u. ~.:::.--6·-'·.J • -
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Doustless e•1e.n these refine:11ent.s will heve t!:iei r limits ti ons 

as ht-:: 1;0;7 been shown to be, the case for bulk chemical ?~'1elyses, ar:d 

::ic:-.:..1.:::.r pc:..r~eter;;; dependent on many t:;lass shards or mineral grains. 

Ever, sc., :"or rne.ny :probJ.ems, for reasons of' cost or by the nature o:' :-he 

prccle:: tr:e r2thE'r :::irepler techniques C:.escribed and applied in "!.Lis 

t!-:esi s are likely to be o'f' use in tephrostratigraphy at least in the 

immediate ~uture. 



r:c"~e, J.uckland 

,-,echfanical device f'or producing de:!.'lsi ty grs.dients 

:_n liq ui.ds. Rev. Sci. In.strum., 26, 891-2 

Cobalt deficiency disease in young sheep. 

!·~.Z. Grassl. Assoc., .11, 87-95 

------, 7:.J. PiL ... "1.TLEY, Mm A.B. GRANT (1968) Selenium-responsive 

cseases of' animals in New Zealend. N.Z. vet. J., .1.§., 3-17 

Diffe:::-entie.l weathering of' volcanic 

a:::h e.nd. purnice resulting in :formetion of .hydre.tcd. halloys:lte. 

AS'i'C~, 3.C. (1928) J-.1ineral content of pe.stures. Lime a11d a hitherto 

-.1nsus~::ected malnutrition disease in sheep. 

21., 145-51 

~ r 
-'-• V 41 G-OR..-S, 

( Jr· t 7) 1.:}q, Infra-red analysis of crystalline penicillins. 

BTI.?.ZiL, K.S., JSD -•. ,.A. PULLAR (1973) ;!foathering of paleosols :in 

::o1ccene and late Pleistocene tephras in central 1':"orth Island, 

E.Z. J. Geol. Geonhys . ., 16, 687-702 

BIS3JDG, B., JiJ·ID G. GISSELL-IHEI.SE.'-; ( 1969) Uptake o:f applied selenium 

b.:r agricultural ple..."ltS I: Influence oi' soil type 211d plant 

species. Plent Soil, 31, 287-98 

EOY~, R.F., R.S. S?:STCER, PJ\TD R.:.f. 17ILEY (1946) 

zrc:.client tube in the stu.dy of high polyrr.ers. 

Use of density 

J. Folym. Sc·,., 

Bn c·- ...--;:-, -, -·· ( 1 °57) ,:-( ;l.,, _i_ _ : tJ • d • ,,,1 
Late Pleistocene be els, "'.';ellington Peninsul2.. 

=~. z. J. Sci. ?ech., 1:2.2., 4-56-67 



-.:, 
_.,. -... ''•. 

Glen;nore, .f:.rdnonureham, 

The pyroxenes and oli vines fro;-,1 s o,ue 

':'c.;:---tic..ry volccnic glasses. ,T. Petrol., 1, 309-38 

Chemical analysis of' silicates. In H.F.-_.;_ 

':::2..-;lo:r, Ed., The Ch0 rn • t .c> C .L. V 1 2 A - • L ~ .,_-,is ry 01. eme.n1.,S, o .. ·cac.emic, -ondon 

pp 171-89 

Handbook of chemical microscopy 

1fo1.1, Princ-iples end use of microscones and accesso:ries, Physical 

::-:0c.~~O8.3 f'or the study of' chemical nroblems. Wiley, London 

The petrographic and cherrd.cal characteristics of' 

te¥:tites. University of' 

Chicago Press, Chicago and London. 

Cn:S.~IC;,.:i.., ?J _ _-;313q CO. ( 1972) HaDdbook o-f' Chemistry end Ph,vsfos, p. D.12;_6 

et. seq. 

Description and correlation of Holocene volcanic 

::.''orwc:tions in the Tara,;era-Rerewhakaii tu region. Trans. R. 

Soc .. N.Z. - ~arth Sciences, f, 93-108 

------, !l-"D T.t~. S':'EffiBJSON (1972) Calculation of' the volu'Tle of' a 

.Appendix in J. -:--r. Cole, Distr-: 'bution of h-; gh 

2.lu-nina basaJts in 'l'auno Volcanic Zone. Publicatio~ of Geolo~y 

:Dept., Victoria University of ',7ellington, I'fo. 1, 15 p • 

.Aokautere Asb in the Mana:watu district, N .z. 

::.Z. .J. C--eol. Geonh_ys., 1, 67-77 

COX, J.E. ( 1968) Evaluation of climate and its correlation w5.. thin 

soil 6roups. In N.H. Taylor arid I.J. Pohlen, Classifica.t-io:1 o::' 

!<;.Z. Soil E-ur. PuJ.l., 26(1), 33-46 

The cheoical elements in nature, Harrap, London. 

An introduction to the 

,-. 0 c1r-.co 0 ,-,rnin"" minere.ls., LoneJ1ens, London • 
. J.. ~ ... .1 - ,C; ._, 



206 

colour j_:-:1mersion rnethod ... 

". ~., 541-9 

n-.zater rainus" 

J..ne.lvs t, 88, 131-33 

?ertilisers and soils in Ne,-. .. Zealend f'al°'ll:inp:. 

:J. Z. Govt. Printer, '',';"ellington 

D1.JYC}U~S, G. (1959) The infra-red aYJ.alysis of solid substances. 

Analyst, ~, 201-14 

";;'IM.J-::;"'"> ..., L ( 1°68) ~ v,;..~""\.., ....,... • .,,,· Geologic time. Foundations of Earth Science 

Seri es, E-d. A. Lee McAlester, Prentice Hall, New York. 

The double dispersion method of mineral 

de tE:r:!!i..11.2:.ti on. f...rJer. Min., .11, 504-15 

Petrology and petrogenisis of the Quaternary pumice 

ash in the Taupe area, N. z. J. Petrol., !±, 392-431 

------, J;,;J..,: !,I. FTELDES ( 1962) Low teoperature effects in natural 

volcenic glasses due to strain. 

------, ETD J. H3.ALY (•iJ65) Rotorua, volcanic geology. In Ne-.v 

Ze2.l2.nd volcanology - Central volcanic region. Inf. s er. N. Z. 

Tl ... s • T du~-'-r Re" c:o 10-?6 (ci·tPd 1·n i_TTJC"Rl'I'"v'H ~ND --eru. c,. n .:,.., .• ~-, ~, - - - .,.._ 

PULLJ~R ( 1969)) 

(Cited in OSTE?c. AFD YR.0.PJrnTO 

Cle.y mineralogy of New Zeala..YJ.d so:U.s, Part II. 

J,llophane and related. soil colloios. 

336-50 

N.Z. J. Sc:. Tech., B~('., 

------ (1966) The nature of allophane in soils, Part I. 

Signif'icance of structural rr..ndo:;mess in petroger5::,is. 

J. Sci., 2, 599-607 

------, LTD R..J. Fu"R1'.:Efu' ( 1966) The nat ur-e of e.llophane in soi] s, 

?e.rt II. Differences in composition. N.Z. J. Sci., 2, 608-22 



_!\J_._z_ •• _._T ..:;.• _S..,;:;::;..::i~•:.... T° e C !-1 -· , 

Miner2.logy of" sancJ fractions. 

Ideni.:ii'ication of glass frat.;ic:ents 

t.y their ,rhysical properties. ~vst, 83, 698-39 

:?IS:-LER, D. E. ( 1969) Fission track ages of deep-sea glasses. Neture, 

iond., 221, 549-50 

'rheory and application of two supplementary 

=ethoQs of constructing density gradient colt:mns. 

2ci., !±J±, 505-15 

J. Polyrn. 

F'".d.h:,:=-.,:._:~, I..(1958) The water, deuteriUCT, gas, and uranium content of 

tektites. Geochim. et Cosmoch. k:t2., ~. 31 G-22 

------, :?...L. SMITH, JiJ\'.'D -v.D. LONG (1966) Hydration of natural gla.sses 

2.!~'.i fonn2ti on of :i:;erli te. Bull. p:eol. Soc. Arner., ll, 323-28 

lG:.GS'::', Jc. . .A., fa.ND ?.. G. PE!.RSO?J ( 1961) J~_netics c:.1.1d mecb .. a.l'lism. 2nd 

ed., ~.7iley, London. 

G-AL=I.:SC, 8-. (1665) D-i.aJ.ogues concerning tv:o new sciences. (Cited 

G.A.1~31E, L., D.Q. BURD, AFiD G-.';T. ROCHE (192.;,3) J. Crirr:inal Lavi, Crim. 

?::,ljce Ser., .22, 416 (Cited. in FELSON (1965)) 

Gi,C"'~"'T n -H (1966) ..i'..J...J.I\..:::.L; .... , ... ·- • Therrr.al properties of silica I. E:f'fect of 

terr:_perature on the infra-red reflection spectra of' quartz, 

cr:l.stobalite, and vitreous silica. 'T'rans H'a,,,rrla" <::oc h2 ...., • -· LC . ..-- _v ,-J ♦ , ~, 

;Lesure des ino.ices de refractic-n d 'uxJ. ~.olicJe par 

The relation of the physical properties of natural 

:-lasses to their chemical cor:1position. J. Geol., jg, 353-72 

Soils of the Bay of Plenty. Proc. N.7. ~r2ssl. 

Assoc., gj, 12-23 



GCii,, 

'Iolca.nic ash soiJ.s in ~Tc7 Z.eclr-:nd. 

Res. IY-1·f'or'.11.--:.i+; or C'e1-· 
- - -·- _. .. , ........ ..!. ..... -- ., 

P · L. iGB.K ( 194 7) 

J. :?orens. Sci., §., 54. 

( Cited. ~r2 EZLSON ( "1965)) 

r';r,0 
t:1,J~; 

(Sitea 

G?'.....l:'.~G-E, L.I. (1931) A 8eological reconnaissance of volcanic ash 

sbowers of' the central part of' the Horth Island. 

':'ech., j_g, 228-40 

N.Z. J. Sci. 

------, J.:'.·'D IT.H. TAYLOR (1931) Reconnai.ssance soil survey of the 

c er:t re.l part of the Tforth Island. n.z. G-eoJ.. Surv .. h1n. Rent. 

------, ------ (1933) Report on soil sur-veys for 1932-33. rr.z. 

~sut. Sci. InQustr. Res. Ann. Rent., 3p 

GR:::;"::~, ? .. S. , PFD D. G. BURD ( 1949) J. Criminal Law, Crim. Police ~er., 

(Cited in NELSON ( 1965)) 

Sheet 5 - Rotorua. 

;e o 7 c•,.:i_ ceJ I,1au of' N. Z. 1: 250 2 000. (Cited. in 'TIJC?.:TICH .AND PULL_@_ 

/1e!,..Q)) \. __.,o.., 

Palaeoclimatic tlata frcm 

speleothenns. l\:e.ture, Lona .• , 2'i 9, 48-51 

11T ctes on operation of' Frantz isodynamic sepe.rat or, 

C ,-,, 
L.J • u-. FrEJ1.tz Co., U.S. 

Methods in c.bemics.l and mineral .r.1::.croscony. 

Elsevier, AG2sterdam. 

}il.jpJ), c.::. ( 1966) Low temperature magnetic susceptibility of pyre;.:, 

:used quartz and polytetrafluoroethylene. Rev. Sc;. Inst-rt.tr:.., 

'::'he Bishop Ash bed, a Pleistocene r:,2.rker bee. in the r;estern 

T_'nited States. Ouat. Res., j_, 121-.32 



,- ,. ,, ~.­
t.J r-·-'--: 

TT /\ .... r-:' 
l~""'l....i.-' 

-. ~ ":'" -..- ~ 
• , - .:..• ~l • 

=Ept of Soils, Ur:.iversi ty of "7isconsin, p.21. ( Ci tea in ST:E1J'J 

cinerals in soils. 

Chemical weathering of 

Advanc •. Agron., .2., 219-318 

Method of' establishing a liquid column of graded 

o..ensi ty. J. Sc;. Instrum., l.§., 367-8 

:;.. ~. C., KFJ T .B. Lt.BY ( 1966) Tables of oh_ysical and chemical 

~c!:stants. 13 ed. , Longm&ns London. 

=ielts. 

Some aspects of the role of rrater in rock 

Geol. Soc. J .. rner •. Snee. Pe.per, 62, L;_E:;9-504 

" . , . ' .!.,ete rmine.tion of \comparative J 

::::;:eci:fic gravity o:f glass p2.rticles by a density gradient r:wthod. 

Identification of New Zee.land tephra-layers by 

e.sission spectrographic c...rialy~is of their titanomagn::,tites • 

.Ashes, turbidites, and rates 0-f' 

.sec":_imentation on the continental slope of Hadrns Bay. N.Z. J. 

G-e cl . G€ ophys., ..1§, 4-39-454 

Dilatorr:etric ultra-micro-estimation of 

Nature. Lone:., _fil, 713-4 

The use of the gradient tube 

:·or the determination of crystal densities. J . .tuner. Chern., Soc., 

,, 1660-66 .J....;;:;:.., 

Infra-red absorption spectroscopy. 

J.caciemic, Ne;-; York. 



210 

------ , . ' ...... 

Fission track dating oI' volcanic glass shards 

C .E., • "TT,--.. 

i:..... LJ It:ineralogical methods in 

.scil re:search T r,'1, 1 ~ • ~ .. l J.. -, .c.ne corre ... al.,1_on or soi ... 1.,ypes anu parent 

::::caterials with supplementary infonnation on weathering orocesses. 

?roe. So; l Sci. Soc. A'ller., 1Q, 397-4-05 

Devitrification of natural glass. 

C:-eol. Soc. J..mer., 72, 14-93-520 

l i\~T) -c;, ..,.~ _,_ .... ..;. ·•. . Aust. Counc. Sc-i. Industr . 

?.es. 3., 111-19 (1955)) 

Principles of 6eochemistry. 

~ondon 

.A useful method for determining approximate 

::: c~:co si ti on of' fine-grained igneous rocks. 

(1968) Rock 1:md miner2-l aY1alvsis. In tersci ence, :tTevr 

Cl2-ys a..>1cl clay minerals. 

lm i1:1mersion method for the exact determination 

of refractive iniex. The glass method. l,fodd. Densk. GeoL 

-;;'o"°en., .11, 177. (Cited in ErTifXTI ( 1966)) 

=clen tj fication of tephra by me2.,"1S of ferromavietic minerals in 

cu.r:.ice. Bull. :Sartlv1. ~es. :::nst. To10.ro, 1275-92 

?rs"1S. ?Araday Soc., 51., 12C3-16 

r,1ethods in sedimentarv netroloP-:.Y• (Transl. 

Q ·h_,-,i·n1re' bei00- !=-2.rt I of-"'.'. v. EngeJhe.rdt, H. ~2.ns--Ulrich ._,c ~,, r. ; , - o 



211 

:-:ueller, Ee.fr1er, 

Instru:r.ental tec.bn5 nues for me2.s1..1ring 1:1agr1etic 

I!1 A:,7eissberger a..'1o. B.",7. Rossiter, Eds., 

Determinat:i on o-r' rrie::,s, 

tr2r.sport, E..:.:cl electro-magnetic nronerties. "7iley - Inter.science. 

The heavy liq_uid density gradient 

and its applications in ore dressing mineralogy. 8th Commonwealth 

'' • • ~ '• t 1 1 C ~ A .,_ - 11r Z 1-:.~..:.ni!lf a.riu me a_ urgy Olli., usl,. and"'• •., paper \lo. 4-9 

'.i'ephrachronology and tephrostratigraphy of 

0::es tern ':' are~ria.ld. (N108-1 09) , N. Z. I'·I.Z. J .. G-eol. Geophvs., 

..1.h, 507-57 

A rapid x-ray method for 

the quc..ntitative determination of selected minerals in fine-

grained and al tersd rocks. 16 151-62 _, 

The identification of' Lucas 700 headlamp glaDs 

fragments by their physical propert:i es. J\.r;alyst, _£±, 32-8-92 

------, (1965) The exemination of glass fragmer.ts. In .A.S. Curry, 

Ed., I,:ethod.s of' f'orensic science. vol. 4-. Interscience, Ne;;: 

York. 

Pleistocene volcanic eruptions 5n :'l"evi Zealcn.d 

recorded in deep-sea sediments. ~crth. FJ2.17.et. Sc;. Lett., 

l+, 89-102 

CSTD, G., JJ}D u. YJJ,w,mTO ( 1963) Density gradient tecr .. l"liques. 

Chem. Rev., fil, 257-68 

3 D (19i::~) .A advnnce8. treatise on nh.•,;sicel 0hemistr.'t-r, PJ..R?T··~:;TGI'1", .J.1.. j:J .:::!..r;.-;,0 _.!:;;.:;!.:::.!:::.:.o:~;;;.....:::..:~::::.:~:;.;;.__:=--------'--..;;;;;;"-.;;.;;.._;.;;;;;;,;;.;......;....;...._ 

Vol. 1 .. Phvsi c o-c herr:ic e.7 
.,_. " 0Dv1.C..:,. Lon5na!ls, lo!1don . 

Volcanic 2.sh from 1fount Uaza.rne. 

( Crater Leke) anc. fror:1 Glacier Fe1;:k. Science, 14~-, 13_3.'.1--6 

heavy minerals. 



212 

1Iolcan.ic ash beds in. the ~·.raika,to di.strict. 

~crth Sci. J., 1, 17-30 

Parent 

::.?.:. ,T. (";E:ol. Geonhys .. ·;G, 677-86 

m~terials of Tirau silt loa~. 

------, ------, .t-..XTJ J. 0. I-IEJ}TE ( 1973) Naoed te::-,hras a..TJ.d tephra 

::...,crse:tions occ:urr-ing in the ce~tral lfo!'th Island ·:•ii th notes on 

derived soils and buried paleosols. 

16, 497-518 

N. z. J. G-eol. Geophvs., 

------, )JJD j-. C. HEI:JE ( 1971) Ages, in~erred :frO!!l 14c dates o~ some 

tephra and other deposits :from. Rotorua, Taupo, Ba.y of Plenty, 

G::.::,borne, and Hav,ke's Bay c..istricts. Radiocarbon users' conf'., 

~ellington, 1971, 117-38 

Correlation of' volcanic glass in tephra &~d soils 

using micro-element compositions. IJ.Z. ,T. Geol. Geoohvs., 

REZS, P.O. (1968) Determination cf' the refractive index of' glass 

f'Ya~ents by mec:.ns o~ a temperature control method. 

Sci. Soc.,.§., 25-8 

R..'SA, K.P. (1968) Aoka utere Ash, loes s, and river terraces in the 

Dannevirke district, N. Z. N. z. J. G-eo1. Geonh_ys., .ll, 685-692 

R,c~T T ~ (1066) 
L...;... L,..1,,., 1.. • .i,:. • ';) 

Dever, 1-::-e"'li York, P• 393 

Lamb dose trials with seleniu,"Il 

a.no. cobalt. N.Z. J . .Agric., 10"3, 306-10 

MP.RVIl~ ( 1 9 67) Upper Cretaceous glass ~rom 

·.-restern J.Iontana. Bull. Geol. Soc. Amer., 1§., 601-8 

::rnss, c.s., J.J:r'J ::..L. S?EITE (1955) "'7ater and other volatiles in 

.P.zner. ;..fin., ~, 1071-89 

------, ------ (1961) Ash-flow tuff's: their otlgin, geologic rel[:1t:lons, 

.:,.:-}d iderrtification. 



·.·_ r_orth-e2..st 9th 'nternation2.l of Soil 

.. -_. 7.r:0J.P:S ( 1959) 1.!agnetic suscspti bili ty of' 

te;,:~ite c'.:n.6 sc:rre other glas:::es. Geochim. et Cosmoch. ~eta, 

Electron-probe technique 

~or characterising pyroclastie deposits. 

1::.ill·, .2,, 313-19 

Earth. Planet. Sci. 

STI.~C:;, J., .AND H.O. !,Tcl,LC.HON (1953) Study of the structure of' quartz, 

c r-:_ s-:obali'ce, 2.Dd vitreous silica by rei'lection in the infra-red . 

. J. Chem. Pr.vs., .?.:!., 23-30 

A method of determining specific gravity. 

=~2.ture. Lend. 404-5 

'Mazama and Glacier ?eak pumice 

I...:..2.ss: uniformity of refractive inoex E~fter v.-e2.thering. 

S,,-:_ence, 1SO, 876-80 

12..te Pleistocene geology of the northern part 

cf the South Isla.'1d, Hew Zealand. Bull. Geel. Surv. N.Z.~ 

The s; xtv m; llicn muster. Reed., ".7ellington. 

Soil processes in volcanic a~h cecl.s: the 

7clc&.nic ash beds of the northern King Cou_n.try a..11.d their secondary 

2-1'..:.:nina minerals. N.Z. J. Sci. 'T'ech., ...11±:, 193-202 

------ , The ecoloeical significance of the central North 

Isle.ml ash sho71ers - the soil pattern. 

~.'.setinR N.Z. :2°(:olo,c::ical Societv. i 

A.i1 approacl1. tovtarG..s a ratio11al cJ.as.slf:!.cation. 

o::.~ c:lir:,a te. Geozr. ?.ev., 38, 55-911-

De:nsity, refrac".:iv:i.ty, a.r1O cc:n!ccsition relations 

ci' :::c.,;;:e net urel classes. 



'7.,....-..--1"7-..,, 
.:_ 1...: :-·-= _;._'. '-.J' 

·:-_1.1~ter·nar_\' eru_nt·i"l_;e,:, . ..r•rcm tn::i. ri .. , • 1r 
- - •~ 1. ,., .,e .:.onz;ar:,__ro vo..:..c&"lJ.c ce::itre, , .. z. 

The deten::1ination of~ the 

ele:nent (cobal,_..,) ~_:_ri 1;,.,.,on·te - -"• l • .4ust. 7et. 

VJ.:3 D~?. PU.S, L. (1966) The identification of detri tal feld.sna.,..s. 

Developments in Sedimentology Series, Elsevier, A.~steraam. 

',7JC~ICE, C. G. ( 1968) Soil-age relationships for New Zealand based 

en tephroc::ronology. 9th Inten1ational Congress of S0;1 Sci., 

~r~~s., Vol. h, 121-30 

------, I2~D ·7. J... PULLAR ( 1964) Stratigraphy of Holocene ash in the 

::-:otorua a.."1d Gisbcrne districts. In J. Healy, C.G. Vucetich, 

-,r,r~ ,~ l. 'Du17,,.,.. (1qC1) 
c;....J..1.U.. -'. ·-·· - ...1..-.o..i.. .,,,,.C,)Lf-- Stratigraphy and chronology of' le.te 

~t...a".:ert:ar:l volcanic a.sh in Taupo, Rotorua, e..na Gisborne districts. 

N '7 
··' • c..J. , 1.l., 1+3-8 

Stre.tigraphy and chronology of late Pleistocene 

vol ce.n.ic ash beds of central North Island, N. Z. 

Volca.."lic ash-beds of' lov:er 7aikato Basin, North 

N.Z. J. C-eol. G-eoDhvs., 10, ·1109-35 

Soil selenium and an:i.aal health. 

r.:.:::t-ional so;l Conference, Ne·r, Zealand. 1962, paper A3 

Inter-

______ ( 1966) ?luorometric deterrdnation of s elenillLl :i.n biological 

::::ateY'ial ·:.'ith 2,3 diaminonapthalen-::;. j:nalvt. Che:n., 1.§, 92-7 

Holocene of the l'forth Isla0d of Ne-tr Zeal211d: a 

Selenium content of' soil-:~orming rocks. T 
C • 

G-eol. Geo~;!1YS., 1 o, 198-208 

Selenium in horizons of soil proJ'.'iles. 



Spect roc,r0plric tle.:te. for D oils 

=~. Z. Sci l 2u:c. ?.u1l., 26(3) 

:...·n.i tecJ Stc:..te2 .. 7th Ii\;(;\JA Ccn,;:-rcss, ?rine:etcn Press 

J..ppl::1_cation of spectroscopy in foe 

.st~cly or glc..ssy solids. Parts I 2.nd II. Apvlied snectrosc. 

?.ev., ~, 97-153 and 155-232 

',mo, c.c. (1964) Heavy media column separation: a new technique for 

petrogre,phic analysis. J.rner. Min., l±:z, 116-26 

7.00 C IS c:;, E. J... , :nr. J. K. AXLEY ( 1969) Clay separation a~d identification 

2;y a density gradient procedure. Proc. Soil Sci. Soc. A:1er., 

Constitution of vitreous 

silica studieci by inf'ra-red absorption spectrlll21. T!'ans. Jap. 



8 ... S to tb.e identi t;,r F::._nd 

site rt.::n~trs and their geographic localities are given in Fig. S.C.1: 

for further details the reader is referred to Chapter 1 for a full 

description of' the geographic setting, end to Chapter 2 wherein the 

r:_e: B :le scriptions c~ the se...rnples' occurence is given. Omissions in 

t=-,.e r.....:::-erica.l seg_usnce of' zamples given in the conconlance only 

ind.:..ce::es that d.ata. f'rcm st..ch sa11ples heve been incorporated ir: t!-.,.is 

'.::·.r:e concordance j_.s set out in tat-~Jnr form, giving samp1e number, 

ide1:.-'::._:.e::..cation baseC: or:. f'ield evid.,;nce, tbs problem or application 

' .. ·,>,r:;.J_cn the sample is used, its rhyolitic charecter 

a:1d C:e rived age v:he re a;-propriate, arid, -,,..here appJ.ica·ble, the assigr.ment 

of ideciti t_y on the basis of labo!'at-:.,r-y investigations. Cr..ara.cters and 

e..ges u..,.,::lerli..>1ed. are those assll!Iled f'rom previous v;ork. Ic.entifications 

t:.r:.derlined. are those used as stanc1ards in th-::: correlat5.on of' ter,r.re. and 

tr.e e;c,:::p.::r-iso:1 of' glass, end the reliability of' the id.entificatior. of 

r". • 7 se..I les is tacitlv assut1ed. t.sese particu_ar mp ., 

The a"bbreviaticns used in the concordance ? .. re set out belc-:-;: 

?J-.cyolitic character: I :ignimbr1.tiC 

R rhyolitic 

D aacitic 

;._ an.:;.e:::;i tic 

Sar::ple applied to: T-¼ Ti rau Ash - Ma.i roa lsh 

tephros tratigrapl:ic relaticc:~:ll.ir;s 

correla"!:.ion 



6 

- 2162. -

2 

9 

10 

• 
·•-------------1------11 
l C}Jc-:..t2~-ii1:.:: ~Io 2-c::.:-li c 

17 



:-ri c:. 1~:2 ...:: c ~:·-..:I~c e ~= ~ T :J~~ • t·::e = 8 

;_:,re c:i1.r0:1 "':.;:]_,~~.-.-: 

3 

5 
.-
0 .. 
G 

'J 
7 7 
..L...!.. 

~G slic ·1.J::.\O.. 
·rirc.L1 
£,i1.1c~l~~~/- =-'e .. 2-,..,lc 
Po.1 ... 2J·\·,:e 1 .. 0 

i"Iau-t;v .. 1 ...... u_ 2oc;Jc1 
i_['ap2 .. lJD .. 3C)2 .. 0_ 
ri·1·2 .. i1nlli'lb-Ll 3os,d 

IT75 
I-T66 
41\T,,...,,-

!i OO 

I{?t~ 
iT7~!­
I1J32 
~;32 
H66 
ITG5 

-.-nr-
:.,.~ (__; ') 

the 

i'TS5 

sites on 

331157 
272250 
~-35224 
950117 
790135 
5057 "-~3 
525810 
360215 
825870 

C{he sE;,1n.-'.Jle of Aolcav.tere .i\..3}1 v.ras obt2.ined from the 
~o~autcre of crid reference Nl49, 132313 

- 216b -

ty:pe locality 
( c• i 4-"" .,.,.,o l 7) ..:l __ v;_.. .LJ. • -

of Tsvic)td:c,,le Lsll, t}w 
S68-6(J 

erid reference is 
153033 (site no. 18) 



2.~~f J 5 

1 :---- · o. 

101 

105 

18'.? 

112 

203 

2c6 

3v2 

303 

305 

3c6 

~- ...... - ~ 
~ltl.::i. .i.G. 

Okareka STD 

Oruanui 0-A 

STD 

~otoc~u 

VAR 

Rotc€hU CO?.. 

;1otcehu COR 

VA?. 

?..otoer:u CCR 

?irau AG3. 

..... 1.irau 

?irau 

Tira.u 

w1G..e r Ti rau T-M 

T-M 

T-V: 

'?e ?.ere 

1-l./0.L ,,a.riaticn in eruptive :::equer1ceD 

STD used. as stanG.arG. :l.!1 corr·E~lliticn. 

R 

R 

D 

D 

D 

D 

R 

.,.., 
!\. 

R 

R 

A 

R 

R 

A 

R. 

2.Q. 

20 

!±1. 

il 

bl. 

Tirau 

11 

7':i rau-Rotcrt;a 

1.3 

i3 

14 

11 ':iireu-r~ct.orLl.a 

20 



~ -
.::,s..:::ir•..!._e 

I ,-._,. 

'+'v I 

402 

403 

4c6 

4c7 

502 

503 

6C2 

603 

6r,;, ...,,. 

505 

902 

Jr,p1ied. to 

T-M 

?..ctoehu 

J,lair·oa. T-M 

1fairoa T-M 

T-M 

0-A 

0 y-ua.nui "' 0-A 

GOR 

T-M 

:f.airca T-M 

Orual'J.ui T-M 

!fairoa 

T-M 

O!'uanui 

0-A 

Oruar:ui T-M 

0-A 

C ri;&nui 

r:i r&.U 

R ( -r\ 
.LI 

D ., 

R 

R. 

A,R 

R 

R 

R 

R 

A., 

R 

J:.._,R 

R 

A 

~ .r~ 

A 

( I) r, 
n. 

R 

R 

R 

R 

R 

20 

I -, 

!±.I.. 

bl. 

10 

12 

14 

15 

17 

20 

I-, 
'+ I ........ 

20 

15 

16 

17 

.?..Q. 

Tira.u 

Ti r2u-Mairoa 

Mair-oa 

Mairoa 

!-.~airoa 

1\JA..i rO<-.:+C rear1 ui 

JJa.iroa+Oruanui 

Orue.nui+J,'i:airoa 

Mairoa+0rtianu5.. 

Mi::.iroa+Oruanui 

Ji:!2.i rc•a+Orue...~ui 



C' ,.., , 
_,.?·v+ 

1002 

1 ·101 

11C.'..;.. 

11.,::: 
'1__, 

1201 

1701 

12C1 

...,. 
.:. ~rc.:.1 

Cruc7.:..nui 

0-A 

0-A 

Ka.'1eroa AGR 

STD 

?.. o t cr.ncl!1 a.na AGR 

STD 

AGR 

STD 

?..oto::::a AGR 

STD 

7to-:0~1a AGR. 
(besal lapilli) 

STD 

na:;J.;lton AGR 

J,.o.kautere 0-A 

Te;riotda.le 0-A 

P.. 

I 

R 

R 0.1 

R 

R 8 

, __ , 
R \ .L} £Q Orua.nui 

R (I) 



It is 2c pleasure to acknowledge the assistance o:f Professor .A.'l'. 

I ~r:n 

ir:,iebteo. to Prof'essor H.S. Gibbs f'or his ad.vice and help, particularly 

-,7i th t:-.e field work. For the sample of' Aokautere Ash, I :would thank :.Ir 

D. Co-aie cf' the Soil Survey Office, D.S. I.R., Palmerston North; and 

for the sa::iple of Teviotdale Ash, Hr C. G-. Vucetich of Victoria Univer·sity 

o:f ".'ellinztcn. I am gr2.teful to the people who gave of their time in 

the c. iscussicn of 2.nalytical methods, in particular to Dr D.F. i'folson of 

the ·Forerrsic Section o:f' Chemistry Division, D.S. I.R., Aucklar1d, for 

aa.,.tie;e or: re:fre.ctive index· and der~sity d.ete:rrnin.ations., and to Dr ,J .!·I. 

-.',"atk:i!"l~ 0!1 cf the P..uakura Agricultural Research Centre for selenium 

analy·2es. I 2...rr: grateful, too, to Mr Richard. Hov,itt for "che photography 

cf t:1.e o.er:.si'L.Y g radient colw!1-n.s, and to Hrs G. Oldxn.21 for typing the 

On a more personal note, I ·would lj_ke to acknowledge the 

encour-.s.gesent of :f'ellmv-students and friends. L~ particular, I thank 

the Rev. G.S. Le.mont er1d !lrs Lamont f'or their interest. &J1d. concern 

throughout the period of research and manuscript preparation. Finally, 

r am grateful to my po.rents and brothers for their continued understanding 

wd support. 

October 1974 


	1974_Hodder-0001
	1974_Hodder-0002
	1974_Hodder-0003
	1974_Hodder-0004
	1974_Hodder-0005
	1974_Hodder-0006
	1974_Hodder-0007
	1974_Hodder-0008
	1974_Hodder-0009
	1974_Hodder-0010
	1974_Hodder-0011
	1974_Hodder-0012
	1974_Hodder-0013
	1974_Hodder-0014
	1974_Hodder-0015
	1974_Hodder-0016
	1974_Hodder-0017
	1974_Hodder-0018
	1974_Hodder-0019
	1974_Hodder-0020
	1974_Hodder-0021
	1974_Hodder-0022
	1974_Hodder-0023
	1974_Hodder-0024
	1974_Hodder-0025
	1974_Hodder-0026
	1974_Hodder-0027
	1974_Hodder-0028
	1974_Hodder-0029
	1974_Hodder-0030
	1974_Hodder-0031
	1974_Hodder-0032
	1974_Hodder-0033
	1974_Hodder-0034
	1974_Hodder-0035
	1974_Hodder-0036
	1974_Hodder-0037
	1974_Hodder-0038
	1974_Hodder-0039
	1974_Hodder-0040
	1974_Hodder-0041
	1974_Hodder-0043_1L
	1974_Hodder-0046_1L
	1974_Hodder-0047
	1974_Hodder-0048
	1974_Hodder-0049
	1974_Hodder-0050
	1974_Hodder-0051
	1974_Hodder-0052
	1974_Hodder-0053
	1974_Hodder-0054
	1974_Hodder-0055
	1974_Hodder-0056
	1974_Hodder-0057
	1974_Hodder-0058
	1974_Hodder-0059
	1974_Hodder-0060
	1974_Hodder-0061
	1974_Hodder-0062
	1974_Hodder-0063
	1974_Hodder-0064
	1974_Hodder-0065
	1974_Hodder-0066
	1974_Hodder-0067
	1974_Hodder-0068
	1974_Hodder-0069
	1974_Hodder-0070
	1974_Hodder-0071
	1974_Hodder-0072
	1974_Hodder-0073
	1974_Hodder-0074
	1974_Hodder-0075
	1974_Hodder-0076
	1974_Hodder-0077
	1974_Hodder-0078
	1974_Hodder-0079
	1974_Hodder-0080
	1974_Hodder-0081
	1974_Hodder-0082
	1974_Hodder-0083
	1974_Hodder-0084
	1974_Hodder-0085
	1974_Hodder-0086
	1974_Hodder-0087
	1974_Hodder-0088
	1974_Hodder-0089
	1974_Hodder-0090
	1974_Hodder-0091
	1974_Hodder-0092
	1974_Hodder-0093
	1974_Hodder-0094
	1974_Hodder-0095
	1974_Hodder-0096
	1974_Hodder-0097
	1974_Hodder-0098
	1974_Hodder-0099
	1974_Hodder-0100
	1974_Hodder-0101
	1974_Hodder-0102
	1974_Hodder-0103
	1974_Hodder-0104
	1974_Hodder-0105
	1974_Hodder-0106
	1974_Hodder-0107
	1974_Hodder-0108
	1974_Hodder-0109
	1974_Hodder-0110
	1974_Hodder-0111
	1974_Hodder-0112
	1974_Hodder-0114
	1974_Hodder-0115
	1974_Hodder-0116
	1974_Hodder-0117
	1974_Hodder-0118
	1974_Hodder-0119
	1974_Hodder-0120
	1974_Hodder-0121
	1974_Hodder-0122
	1974_Hodder-0123
	1974_Hodder-0124
	1974_Hodder-0125
	1974_Hodder-0126
	1974_Hodder-0127
	1974_Hodder-0128
	1974_Hodder-0129
	1974_Hodder-0130
	1974_Hodder-0131
	1974_Hodder-0132
	1974_Hodder-0133
	1974_Hodder-0134
	1974_Hodder-0135
	1974_Hodder-0136
	1974_Hodder-0137
	1974_Hodder-0138
	1974_Hodder-0139
	1974_Hodder-0140
	1974_Hodder-0141
	1974_Hodder-0142
	1974_Hodder-0143
	1974_Hodder-0144
	1974_Hodder-0145
	1974_Hodder-0146
	1974_Hodder-0147
	1974_Hodder-0148
	1974_Hodder-0149
	1974_Hodder-0150
	1974_Hodder-0151
	1974_Hodder-0152
	1974_Hodder-0153
	1974_Hodder-0154
	1974_Hodder-0155
	1974_Hodder-0156
	1974_Hodder-0157
	1974_Hodder-0158
	1974_Hodder-0159
	1974_Hodder-0160
	1974_Hodder-0161
	1974_Hodder-0162
	1974_Hodder-0163
	1974_Hodder-0164
	1974_Hodder-0165
	1974_Hodder-0166
	1974_Hodder-0167
	1974_Hodder-0168
	1974_Hodder-0171
	1974_Hodder-0173
	1974_Hodder-0174
	1974_Hodder-0175
	1974_Hodder-0176
	1974_Hodder-0177
	1974_Hodder-0178
	1974_Hodder-0179
	1974_Hodder-0180
	1974_Hodder-0181
	1974_Hodder-0183
	1974_Hodder-0184
	1974_Hodder-0185
	1974_Hodder-0186
	1974_Hodder-0187
	1974_Hodder-0188
	1974_Hodder-0189
	1974_Hodder-0190
	1974_Hodder-0191
	1974_Hodder-0192
	1974_Hodder-0193
	1974_Hodder-0194
	1974_Hodder-0195
	1974_Hodder-0196
	1974_Hodder-0197
	1974_Hodder-0198
	1974_Hodder-0199
	1974_Hodder-0200
	1974_Hodder-0201
	1974_Hodder-0202
	1974_Hodder-0203
	1974_Hodder-0204
	1974_Hodder-0205
	1974_Hodder-0206
	1974_Hodder-0207
	1974_Hodder-0208
	1974_Hodder-0209
	1974_Hodder-0210
	1974_Hodder-0211
	1974_Hodder-0212
	1974_Hodder-0213
	1974_Hodder-0214
	1974_Hodder-0215
	1974_Hodder-0216
	1974_Hodder-0217
	1974_Hodder-0218
	1974_Hodder-0219
	1974_Hodder-0220
	1974_Hodder-0221
	1974_Hodder-0222
	1974_Hodder-0223
	1974_Hodder-0224
	1974_Hodder-0225
	1974_Hodder-0226
	1974_Hodder-0227
	1974_Hodder-0228
	1974_Hodder-0229
	1974_Hodder-0230
	1974_Hodder-0231
	1974_Hodder-0232
	1974_Hodder-0233
	1974_Hodder-0234
	1974_Hodder-0235
	1974_Hodder-0236
	1974_Hodder-0237
	1974_Hodder-0238
	1974_Hodder-0239
	1974_Hodder-0240
	1974_Hodder-0241
	1974_Hodder-0242
	1974_Hodder-0243
	1974_Hodder-0244
	1974_Hodder-0245
	1974_Hodder-0246
	1974_Hodder-0247
	1974_Hodder-0248
	1974_Hodder-0249
	1974_Hodder-0250
	1974_Hodder-0251
	1974_Hodder-0252
	1974_Hodder-0253
	1974_Hodder-0254
	1974_Hodder-0255
	1974_Hodder-0256
	1974_Hodder-0257
	1974_Hodder-0258
	1974_Hodder-0259
	1974_Hodder-0260
	1974_Hodder-0261
	1974_Hodder-0262
	1974_Hodder-0263
	1974_Hodder-0264
	1974_Hodder-0265
	1974_Hodder-0266
	1974_Hodder-0267
	1974_Hodder-0268
	1974_Hodder-0269
	1974_Hodder-0270
	1974_Hodder-0271
	1974_Hodder-0272
	1974_Hodder-0273
	1974_Hodder-0274
	1974_Hodder-0275
	1974_Hodder-0276
	1974_Hodder-0277
	1974_Hodder-0278
	1974_Hodder-0279
	1974_Hodder-0280
	1974_Hodder-0281
	1974_Hodder-0282
	1974_Hodder-0283
	1974_Hodder-0284
	1974_Hodder-0285
	1974_Hodder-0286
	1974_Hodder-0287
	1974_Hodder-0288
	1974_Hodder-0289
	1974_Hodder-0290
	1974_Hodder-0291
	1974_Hodder-0292
	1974_Hodder-0293
	1974_Hodder-0294
	1974_Hodder-0295
	1974_Hodder-0296
	1974_Hodder-0297
	1974_Hodder-0298
	1974_Hodder-0299
	1974_Hodder-0300
	1974_Hodder-0301
	1974_Hodder-0302
	1974_Hodder-0303
	1974_Hodder-0304
	1974_Hodder-0305
	1974_Hodder-0306
	1974_Hodder-0307
	1974_Hodder-0308
	1974_Hodder-0309
	1974_Hodder-0310
	1974_Hodder-0311
	1974_Hodder-0312
	1974_Hodder-0313
	1974_Hodder-0314
	1974_Hodder-0315
	1974_Hodder-0316
	1974_Hodder-0317
	1974_Hodder-0318
	1974_Hodder-0319
	1974_Hodder-0320
	1974_Hodder-0321
	1974_Hodder-0322
	1974_Hodder-0323
	1974_Hodder-0324
	1974_Hodder-0325
	1974_Hodder-0326
	1974_Hodder-0327
	1974_Hodder-0328
	1974_Hodder-0329
	1974_Hodder-0330
	1974_Hodder-0331
	1974_Hodder-0332
	1974_Hodder-0333
	1974_Hodder-0334
	1974_Hodder-0335
	1974_Hodder-0336
	1974_Hodder-0337
	1974_Hodder-0338
	1974_Hodder-0339
	1974_Hodder-0340
	1974_Hodder-0341
	1974_Hodder-0342
	1974_Hodder-0343
	1974_Hodder-0344
	1974_Hodder-0345
	1974_Hodder-0346
	1974_Hodder-0347



