
 
 
 

http://researchcommons.waikato.ac.nz/ 
 
 

Research Commons at the University of Waikato 
 
Copyright Statement: 

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand). 

The thesis may be consulted by you, provided you comply with the provisions of the 

Act and the following conditions of use:  

 Any use you make of these documents or images must be for research or private 

study purposes only, and you may not make them available to any other person.  

 Authors control the copyright of their thesis. You will recognise the author’s right 

to be identified as the author of the thesis, and due acknowledgement will be 

made to the author where appropriate.  

 You will obtain the author’s permission before publishing any material from the 
thesis.  

 

http://researchcommons.waikato.ac.nz/


IDENTIFICATION AND CORRELATION 

OF THINLY BEDDED LATE QUATERNARY 

TEPHRAS OF COROMANDEL PENINSULA, 

NEW ZEALAND 

by 

A. G., Mogg 

Thesis fer tha degree of 

Doctor of Phi.:.osophy 

in 

Earth Sciences 

University of Wa:i.ka-to 

l"larch1 1979 



To JacqL1elina 



i 

ABSTRACT 

The Coromandel Peninsula of North Inland, New Zealand is 

covered by up to 2.s m of thinly bedded Late Quaternary tephras. 

On the basis of their field characteristics, the tophras are 

divided into five field classes: the Recent bsd (field class I) 

a black, friable sandy loam; the Pumiceous bed (field class II) 

reddish brown coarse lapilli and ash; tho Silty bed (field class III) 

a yellowish brown silt loam; the Lumpy bed (field class IV) - a 

brown sandy loam; and the Shower-bedded class ( field class 11) 

shower bedded and massive sands and loamy sands. 

The properties of the field classes were examined at 17 

stratigraphic sections on the peninsula and indicate that classes 

I to IV each contain a mixture of at least two tephras. Indivic'unl 

tephras were characterised in the laboratory by multicomponent 

methods of analysis (particle size parameters, mineral assemblages), 

single component methods of analysis (chemical analysis of 

titanomagnetites by XRF), and single particle methods of analysis 

(microprobe analysis of titanornagnetita grains). 

The Recent bed is composed of at least three tephras, including 

the Kaharoa Tephra (930 yrs B.P.), Taupo Pumice (1,819 yrs §~~ril>,,f,:'ld 
.• \• ·- 1':·'·:f':,<·, 

the fine upper portion of the Whangamata Tephra (6,280 yrs B~P:Y:-'·;· 

The Pumiceous bed contains a thorough mixture of the coarser, basal 

component of the Whangamata Tephra and the finer grained Mamaku Ash 

(7,050 yrs B.P.) and Rotoma Ash(.£.• 9,000 yrs B.P.). The Silty bed, 

Lumpy bed and Shower-bedded class all contain a common tephra, the 
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Rotoehu Ash (41,700 yrs B.P.). The Shower-bedded class consists of 

pure Rotoahu Ash; the Lumpy bed is a composite of the upper part 

of tho Rotoehu Ash and the Haupc:iru Tephra (30,000-4□ ,ooo yrs o.P.); 

the Silty bad is also a composite, but contains in addition to the 

upper part of the Rotoehu Ash and Hauparu Tephr.a, some unidentified 

hyperstheile-bear.i.ng tephras of 20,000-~1,ooo yrs✓ B.P. age, named 

"X" tephras. 

The Whangamata Taphra Formation (symbol Wg) is dated at 

6,280 ± 70 yrs B.P. (Wk 106), and is a brown, graded tephra deposited 

in two lobes, a coarse lobe of pumiceous ash and lapilli, up to 60 cm 

thick, extending between Whangamata and Thames on the Coromandol 

Peninsula, and a fine ash lobe, less than 10 cm in thickness, 

exten~ing to the south and southwest of the Peninsula, in the o~y of 

Plenty c.ind Ua;Urnto regions. The pumiceous lapilli havu a per-

alkaline min3ralogy with phenocrysts of anorthoclase, qunrtz, aagirinc, 

cossyrito, olivine, riabcckite, and tuhualite, which identifios May-

o:r. Inlo.nd as the SCLtrco volcano for the tephra e 

It is suggested that tha processes that havo mixnd the "X", 

Hauparu and Rotoeh~ tophras in the Katil<ati region (lnti tudo 37° :30, ~; ) 

are related tc the ve~ietation patte1~.-, in th,.:i Late □ tir.;;n 1.:,hen the 

t:crJhrc!s bf;ca,no m5 x i 1 d f t r 1. •· o.:.. un or a ores· cover north of a!JCiut latitude 

37° ·~o 1 (' b i , ~- ,1, - u; relilained LmrnixE.id under scrubland south of this 

latitude, in the Katikati-·rauranga area~ 
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CHAPTER 1 

INTRODUCTION 

Early tephrostratigraphic studies were largely directed 

t~wards deposits consisting of individual teph~as that could be 

identified and correlated over large distances by field mapping. 

The earliest work was carried out using field evidence such as 

colour and structure, the presence of paleosols or chalazoidites, 

or grain size and bedding characteristics (Baumgart 1954; 

Healy 1964; Vucetich and Pullar 1964, 1969). Later studies, 

also of individual tephras, have utilised taphra component 

properties, particularly ferromagnesian mineral assemblages, 

volcanic glass refractive indices and titanomagnatite and glass 

compositions to aid in correlating si tos 111here f iald car.relation 

is difficult or impossible (Cole 1970; Kohn 1970; Kittleman 

1973; Rankin 1973; Howorth 1976; Westgate: and Fulton 1975; 

Pullar tl !:.!.• 1977; Kohn and Glasby 1978). As tha mapping of 

major tephra units has proceeded, attention has turned to the 

deposits that ere at the margins of the distributions shown on 

maps. At these la~ge distances from the source, individual 

tephras are tao thin to be preserved in the stratigraphic column 

as a unique tsphra but tend to be incorpor::itad into the deposit 

;:.bove or bulow .. Some recent investigations havo therefore been 

directed to the identification of comr-onsnts from deposits 

containing mixtures of taphras (Hodder and Wilson 1976; Hodder 

1978). 

1 
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FIGURE 1.1 : Physiographic features of the Corornandel Peninsula 



During the Holocene and late Pleistocene the su~fac0 of 

the Coromandol Peninsula wa3 mantled with a blanket of tephra, 

ranging in thickness from approximately two metres in the south 

to one metro in tha ncrth, of ~hich only remnants now remain. 

Tho purpose of this thesis is to establish the stratigraphy 

and distribution of these thinly-bedded deposits and to doviso 

suitable laboratory methods for use in characterising mixtures 

of tephras. 

The area of study is tha whole of the Coromandel Peninsula 

in the North Island of New Zealand (rig. 1.1 inset). Although 

stratigraphic sections have been examined as far south as Rotorua, 

the region of principal interest is that bounded to the west by 

tho Waihou River and to the south by the Kaimai Rango (Fig. 1.1). 

Physiographically, the entire region is dominated by the 

bush covered Coromandal Range whose peaks reach almost 900 min 

the central part of the Peninsula. North of Thames, tho l~ast 

coast of the Peninsula is a stoep-faced scarp which approximates 

the line of the Hauraki Fault. South of Thamas, the fault 

separates the Coromandel Range from tho Holocene fluviatila 

sediments and peats of the Hauraki Depression. Land of easy 

relief is largely'confined to araas around the harbours of 

Whangapoua and Whitianga and tha alluvial plains of the Tairua, 

Kauaeranga and Ohinemuri Rivers. 

Geological Setting 

The basement rocks of the Coromandel Peninsula are induratad 

Jurassic sandstones and siltstones which have bean subsequently 

3 
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uplifted and deformed and overlain by Lower Oligocene sandstones, 

conglomerates, siltstones and limestones (Skinner. 1976). 

Early Miocene times saw the onset of an extensive andesite-dacite­

rhyolite eruptive period which lasted some 20 million years 

ending as late as the Early Pleistocene in some places. Although 

Late Pleistocene(? Holocene) vents have been located on the 
, 

Peninsula {Dr D.N.B. Skinner, pars.comm.), no associated tephra 

has yet been identified. 

Known possible sources for the tephras under study are shown 

in Fig. 1.2 and include the Tongariro, Taupe, Maroa, Okataina, 

Mayor Island and Auckland Volcanic Centres. Published information 

about tephras erupted from these vents is summarised in Table 1.1. 

Each of the tephras identified in this thesis is later deduced to 

have a source in the Okataina, Taupe or Mayor Izland Volcanic 

Centres. 

Previous Work 

Initial research into New Zealand's tephra cover began in 

the 1930's when the Soil Survey Section of Geological Survey under­

took reconnaissance soil mapping which dctailod the main soil 

forming tephras (Grange 1931; Taylor 1933) 0 Investigations into 

tha volcanic ash mantle have since been continued by Soil Bureau, 

Geological Survey and Waikato, Massey and Victoria Universities. 

Descriptions of the tephra cover of the Coromandel region 

were first published by Taylor (1953) who recorded the distribution 

of Whangamata and Waihi" "1she (F" 1 -) , I S l.9• e .~ • He dsscribad the 

younger Whangamata Ash: 
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"To the east of the Haurnki Depression t..ho ash co.Jrscns 

and thi ~kens to fivo or six feet and tho minerc.:l assemblage 

cha·~as to hornblende andesite. 
This is the Waihi Ash which 

margins the Bay of Plenty and East Cape areas, and consists of 

at least two separate bP.ds" (p.12). 

Owing to inadequate dofiniti.on, the use of tho term 

11 Waihi Ash" in the literature has bean confused. In an attempt 

to clarify the name, Pullar (1967) suggested that Taylor's 

definition was meant to include telescoped components of many 

tephras, ranging from Taupo Pumice to Rotoehu Ash {Table 1.1). 

Mccraw (1960,1975a) in soil surveys of the Ohinemuri and 

Tham~s/Coromandol counties, divided the tephr.a cover into the 

four ash units of Taylor and considered that the Waihi Ash 

coffiprised at least two and probably three showers. 

a prof~Le at Waihi composed of; 

18 in. (46 cm) friable sandy J.oam 

24 in. (61 cm) compact silty loam 

12 in .. (30 cm) gritty greasy silt 

10 in. (25 cm) compact fine sand. 

He records 

loam 

Selby tl al. (1971) described Quaternary surfaces in the 

Wal.hi area and racognised Taupe Pumice and Rotoehu Ash in the 

Holocene and Late Pleistocene sequence of tephras. 

Mccraw and Whitton (1971) compared the elemental content 

of a sampls of the Whangamata Ash with fiue san9los of pumice and 

obsidian from Matar rsland. "They considered thD Mayor Island 

samples WGre probably younger 1.· n "'.ge d t • ~ an comagma 1.c with Whangamata 

Ash but stressed that a Ma"O"- Isla· nd , source was not necessarily 

implied. 



TABLE 1.1 z summary of named tephras and published radiocarbon dates from five North Island Volcanic centres. 
YEARS OKATAINA CENTRE MAROA-TAUPO CENTRE OTHER CENTRES 
B.P. 

250 Tarawera Frnn. (64BP) 

500 

t~;g Kaharoa Tephr~ (930:BP). 

1,500 
2.000 
2,500 
3.000 Rotokawau Ash (no date) 
4,000 
5.000 Wliakatane Ash {5,180BP) 
6.000 
7,000 Mama}cu Ash (7,0SOBP) 

Rotoma Ash (7,330BP) 
8,000 
9.000 

lQOOO Waiohau Tephra (ll,250BP) 
Rotorua Ash (13,450BP) 
Rerewhakaaitu Tephra (14,700BP) 

15.000 
20000 Ol<areka Ash (20, 700BP). 

Te Rere Aeh (no date) 
30.000 omat~roa Tephra (no date) 

Awakeri ~ephra (no date) 
Mangaone Tephra (no date) 
Haupa::::u Tephra (no date) 
Te rahoe Tephra (no date) 
Mal<etu Tept,ra (no date) 
Tahuna Tephra (no date) 
Ngamotu Tephra (no date) 

40.000 Rif~.e Range Ash (41,000B.P) 
Earthquake Flat·sreccia (41,000BP) 
Rotoiti Bre~cia Fron. (41,000BP) 

• 

. 
Taupo Pumice Frr>n. (l,850BP) 
~~para Pumice (2,270BP) 
Whakaipo Tephra (2,800BP) 
Waimihia Formation (3,150BP) 

Hinema!:ia L=~ (5,085BP) 

Opepe Tephra (8,850BP) 
Poronui Tephra (9,780BP) 

Puketarata Ash (no date) 

Kawakawa Fmn. (19,850BP) 

Poihipi Tephra (no date) 
Okaia Tephra (no date) 
Tihoi Tephra (no date) 
Waihora Tephra (no date) 
Otake Tephra (no date) 

Rangitoto Ash (750BP)l 

Ngauruhoe Tephra F~:n. (O-l,8l9BP!3 
Mangatawai Tephra Fron. (2,SOOB~) 

Papakai Tephra (3,420BP) 3 

Whangamata Tephra (6,280BP) 2 

? 
Mangamate Tephra (9,700B~)w 
Okupata Tephra (9,790BP) 

? 
Rotoaira Tephra (13,SOOBP)~ 

Data from McCraw(l975)JHoworth(l975)JVJcet1ch and Howorth(l976)JCOle(l970)iand this thesia~ 

1 a Auckland Centre 
2 1 .Mayor Island Cantre 
3 s Tongariro centre 
o 1 }~Craw (1975b) 

0) 
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Pullar et al. {1973) published nn estimated source of --
Whangamata Ash (Fig. 1.3) and assigne~ tc it an agE of 

approximately 1000 years B.P. 

Mccraw (1975b) described Whangam::ita Ash os hoving two 

members, an ash deposit overlying and surrounding a coarser 

lapilli deposit, and suggestGd that the eru~tion centro was in 

the western Bay of Planty area. 

Birrell tl al., (1977) during investigations into the 

physical and chemical changes in the paleosol of Rotoehu Ash in 

the Bay of Plenty district, 5.denti ficd Rotoehu Ash a few kilometres 

north of Waihi.. They suggested that the strong weathering 

gradient shown by the tephra in th!.s region, wao related to past 

environmental conditions and to tha ebsonce of Gn overlying tephra 

cover for a relatively long period of time, possibly until the 

deposition of Okareka Ash (c. 17 000 years B.P.). The authors 

also identified Whangamata Ash by spsctrochemical methods and cited 

Mccraw and Whitton (1971) ~n giving the tephra a tentative age of 

B 390 :!: 135 years B.P. It should be no·~ed tha·t this age was not 

applied to Whangamata Ash by McCru.JJ and Whitton, but represents a 

charcoal sample collected from f\layor Island by □rothars (in Grant­

Taylor and Rafter 1962). 

Pullar tl&• (1977) confirmed the presence of Kaharoa Ash 

ancJ Taupo Pumice on tha Peninsula and have shewn that Wellman's 

Ohui Ash (Wellman 1962) is either Kahnor.a Ash or Taupo Pumice. 

The previous work i:in the Coromandal Late Ple.i ,. tocene tephra 

deposits is summarised in Table 1.2. 
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,Terminology 

l.• s ur:ed 1• n a broader sense, than was ad Jinc=1lly implied Tephra -

by Thorarinsson ( 1954) in that it f11c:ludes both airfall and airflow 

deposits (Mccraw 1975b; Howorth 1975). 

k d here to describe unceM8nted Ash, lapilli and blocs are use 

pyroclastic materials of varying grain sizes: ash, less than 2 mm; 

lapilli, 2-64 mm; blocks, coarser thnn 64 mm (Fisher 1961) -

See Appendix 8 p.271. 

Soil profile terminoloq~ is that ui Taylor and Pohlen (1962). 

Soil Colours utilise tho Munsell Colour Notation (Japanese, 

JIS Z8721, 1964). 

,Tep,hrostratigrnphy is concerned primarily with the dofini tion, 

description and age of tephra layers {after ~/estgato and Fulton 

1975). 

Holocene when referring to tephrds, follows the usage of 

Vucetich and Pullar (1969) and refers to ths younger bods down to 

and including the Rerewhakac=1itu Ash, dated at£• 14,700 years o.P. 

Late Pleistocene with reference to tephras1 alnc follows 

Vucetich and Pullar (1969) and includes tephras with ages between 

that of the Rerewhakaaitu Ash(£. 1~,700 years o.ri.) and the 

Rotoehu Ash (s_. 42 9 000 years B.P.). 

Qe,.oer_guatorna~ 

Late Quaternary 

Pre--

) with reference to tephras indicates tephras 
) 
) younger than and including tho Rotoehu Ash 

(,s.. 42f0DO years B.P.) 

~ Terminology following Pul:8r et~- (1973). 

) e.g.: PcJst-hJhangamata tephr.as - tephras 
) 

) younger than ulhangc1mat-e Tephra 

Pro-Rotomi t~rhras - tophras older 

than Rotoma Ash. 



Heavi mine~ - crystals which have a specific gravity 

exceeding ?..86 g/ml (e.g. opaque mine~als, 

hypersthene etc). 

Ferromnqnesi!n minerals - Silicete minerals containing Fe and 

Al and having a specific gravity grsatcr than 2.86 g/ml (e~g. 

hypersthene, aegirine etc). 

This thesis has been subdivided into three main section~ 

encompassing the field characteristics ar.d distribution of the 

Coromandel tephra cover, characterisation of its component tephras 

by their grain size, mineralogical and chemical properties and 

finally identification of the tephras through correlation with 

established stratigraphic columns. Detailed petrological and 

mineralogical descriptions of tephra co~ponents and minerals have 

been removed from the text to improve its c~ntinuity and are 

presented in Appendix A~ For similar reasons, full descriptions 

of laboratory procedure and analytical methods are confined to 

Appendix B. It should be stressed that this material is of 

fundamental importance to this research and is relegated to 

appendices solely to facilitate the reading of this t~esis. 

The map pocket at the back of this thesis contains a summary 

of the most important data on the Coromandel tephras and their 

correlatives, including the following: 

(1) field characteristics of field classes I to~ 

(2) major stratigraphic columns and sample locations 

(3) forromagnesian mineral assemblages 

(4) titanomagnetite element ratios. 

12 

The stimmary is presented in this manner to enat~.e the reader to 

compare the data from different sections of this work. 
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CHAPTER 2 

FIELD INVESTIGATIONS 

f'lethod of Study 

In consideration of tho degree of unfformity in thickness ~f 

the Coromandel tephras over the Peninsula, sections were es~ablished 

at intervals of approximately five kilometres at sites where 

deposits were preserved and where access was available (public 

roads, forestry tracks, farm trncks, foot tracks). After a 

preliminary reconnaissance, detailed field examinatio~s wsro carried 

out beginning in the south where th~ daposits are thickest. 

A further investigation of all sites was made after detailed 

laboratory examinations had provided more information on indivldual 

tephras. Site descriptions and bed thicknesses were recorded at 

00 stations shown on rig. 2 .1 - grid references for these stations 

are give in Appendix c. 

Mao_E,_i nq criteri a 
----■-"---

Criteria used for initial field mapping were derived from 

properties of the tephra, for example grain size, g~ading, shower-

b8dding Hnd from characteristics acising from its subsequent 

modi fication, for example structure, clay content, colour and 

consistence. 

Initial investi gati ons into Coromandel tephra stratigraphy 

provided a stratigraphic column subdivided into classes wit~ 
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distinctive field properties. The field classes erected represent 

units that allow correlation between sites over large areas of the 

Peninsula. The five field classes, designated I, II, III, IV and 

V are termed the Recent bed, Pumiceous tsd, Silty bed, Lumpy bed 

and Shower-bedded class respe~tively, as illustrated by the tephras 

at the Kopu site (Fig. 2~2). The distribution pattern of the 

total thickness of the Late Quaternary tephras found on tha Peninsula 

is shown in Fig. 2,3. Recorded_thiGknesses of tephra depcsits on 

the Coromandel Peninsula tend to be less regular than those for 

many other regions because of tho dissected nature of the country 

end thinness of the deposits being studied. To improve the 

reliability of the data, the Peninsula was divided into six 

approximately equally spaced regions, two of which~egicns 4 end 5) 

wero subdivided to determine whether the Coromandel Range had 

influenced tephra deposition. The tephrc mantle thickens southward 

from 75 cm in region 1 to 177 cm in the Whangamata region (region 5b) 

and then thins slightly to 174 cm in region 6. To the west of t:1e 

Range the tephra cover is considerably thinner, suggesting that 

there may be some orographic control. 

Seatial distribution 

variation in the spatial distribution of the tephra deposits 

remaining on the surface of the Peninsula are related to both the 

nature and extent of the initial eruption and the degrae of 

susceptibility of tho site to mass w~sting. The importcn~a of the 

latter is demonstrated by the pr~sent day distribution pattern which 

is strongly influenced by slope angle. The tephras are preserved 
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fIGURE 2.3: Distribution pattern and thickness (cm) of the 

Upper Quaternary teph~e column of the Coromandel 

Peninsula (field clAsses I to v) 

r:egion Number of Thickness Standard Coofficicmt 
data sites mean deviat5.on of variution 

(n) (x) ( 8') (c) al ,u 

1 5 75 20 27 

2 8 78 13 17 

3 14 92 17 18 

4a 4 116 33 28 

4b 15 127 33 26 

Sa 8 120 27 23 

·5b 6 177 30 17 

6 15 174 33 19 
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on the low terreces and plains where they form a continuous mantle 

and at t.i .. gher altitudes they occur only as i:.olatcd patches on 

ridge crests. In order to ensure against error caused by colluvial 

thickening, sites for detailed examination were chosen when slopes 

So t , n r~ver terraces or plains, and were less than , mos common_y o -

distant from the base of moderately steep or steep slopes. 

Correlation lines A-A' (Flg. 2.4) show the main trends ir. field 

clas~ thicknesses paralleling tho length of the Peninsula, and 

B-0' (Figo 2.s) at right angles to it across tho Corom3ndal Range. 

Reference sections are described aL the end of this thesis (Appendix F). 

All g~id references are from the 1:63 360 topographical map series 

(rJZMSI) and the natiorial thousand-yard grid shown on this series; 

Map editions are summarised in Appendix c. 

FIELD CLASS CHARACTERISTICS 

1. ~--d_,C..,l_a_s_s_L,..__(,_R_e __ -,c ... -c .... -n .... t_, _b_e_d_''-1 

Class I, containing the youngest of the tephras examined, 

overlies the Pu~icoous bed and forms a distinct boundary with it 

when the older bed consists of abundant coarse pumiceous lapilli. 

Whe~e the lapilli are loss prominont and coarse ash grade 

:,redominates, the boundary is indistinct. The Rocent bed, which 

is represented ~y 20 cm of sandy loam at Waihi, decreases in 

thickness northwards and gradually changes ton silt loam texture 

and merges with the underlying_deposit (Fig. 2.6). At Whenuakite 

it is no longer recognisable. Arouhd Whangomata it occurs as a 

very friable, distinctly gritty, sandy loam with a moderately 

developed fine crumb structure and contains abundant small lapilli 
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of orange pumice which can be crushed readily. The grittiness is 

caused by ~any clear crystals between 1-2 mm in diameter. In tr.a 

Waihi and Kopu regions, the RecAnt bed tends to be of finer grain 

size and consists of a friable sandy loam with a weakly developed 

fine granular structure. The grittiness noted above is lacking 

in these regions though the pumice content appears to be slightly 

higher. 

Two types of pumice fragments have been identified in field 

class I. One type, a fine pumice (generally less than 5 mm in 

diamete~) is white, offers considerable resistance to crushing and 

is found in highest concentration in the south of the Peninsula. 

The other pumice type is finer (lRss than 2 mm in diameter), 

orange yellow or occasionally grey in colour, and crushes readily 

suggesting that it has been derived from an older eruption. 

The tcphras forming the Recent bed occupy the prese~t day soil A 

horizon and have undergone thorough biological mixing. 

2. £1.£.~ass II (Pumi_ceous b_edl_ 

Field class II consists of 50 cm of coorse pumice lapilli at 

Whangamata c!rc:creasing in thickness to 30 cm llf coarse pumiceous 

ash at Waihi (Figo 2.7). The area of deposition covered by the 

Pumiceous bed is oblate and asymmetrical and is defined by a 

northern limit of less than 10 cm at Tairua but maintaining a 

ihickness cf approximately 30 cm south of Waihi, which may indicate 

either t,1ind direction variation with altitude at the time of 

deposition or a multi-tophra origin for the deposit~ The 

distribution, though asymmetrical, is approximately centred arou~d 

?.2 
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b t Th and Whangamata thus an axis lying east-south-east e ween ames 

a Source Off the Whangam2ta coast in the western Bay of suggest~.ng 

Plenty. 

The coarse, pumiceous lapilli are conspicuous having a dark 

reddish brown colour, which is concentrated on the surface of the 

grains and changes to bright brown when the lapilli are crushed. 

The deposit is normally graded with lapilli up to 30 mm in 

diameter and with the coarsest lapilli being firm ta v~ry firm and 

weakly cemented but loose when dug (Fig. 2.9)e Green obsid1an 

fragments are commonly present and average 3-8 mm in diameter. 

Occasionally, cnnrse dull yellowish brown lap.ill! occupy an "egg­

cup" form, which is •Jnder lain by discontinuous iron pans and 

reddish brown lapilli (fig. 2.B). Although the boundzry between 

the coarse class II pumices and the underlying Silty bod is 

gsnera:.ly a distinct one (as in Fig. 2.9), isolated lapilli are 

incorporated into the upper 10 cm of the Silty bed. 

The characteristics of the Pumiceous bed change with a decrease 

in grain size from lapilli to coarse ash. In the Waihi region, 

cla9s II is represented by approximately 30 cm of bright brown to 

yellowish brown sandy loam and although of considerably finer grain 

siza, the correlatives of the dark reddish brown pumice lapilli are 

preeent in the form of very abundant, small (<3 mm) orange yellow 

pumice fragmants; the bed is friable and has a moderately developed 

fine crumb and medium nutt.y structure and is separated from tho 

Silty bed by dn indietinct bou~dary. 



FIGURE 2.8 : Stratigraphic relationship between 

the dull yellowish brown and dark :r.eddish brown 

lapilli of field class II at site 84, Wh,3\ngamata 

South. (Spade is l metre in ler,gth). 

FIGURE 2.9 : Coarse 

reddish brown lapilli 

of field class II at 

site 25 (Old Mill). 

30 cm of black sandy 

loam (class I), over­

lies 40cm of normally 

graded coarse lapilli 

of class II, A distinct 

boundary separates 

classes II and III. 
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Field Class III (Silty bed) 

The Silty bed is characterised by its fine grain size and 

occu~ies the central porticin of the stratigraphic column, lying 

between two coarser beds, the Pumiceous bed above and Lumpy bed 

beneath .. Class III extends the full length of the Peninsula with 

~~s thickness decreasing from over 60 cm in the south to 40 cm at 

Colville in the north (Fig. 2.10). In region 3 some sites show 

tf1¢ Silty, bed to. be thicker than in region 4. This disruption to 

the gradual decrease in thickness northward probably does not mean 

an actual increase in thickness of class III but is due to an 

inclusinn of some material from field classes I and II in amounts 

too small to be recognised separately~ There is a decrease in bed 

thickness from the eastern side of the Coromandel Range to the 

western side. 

Th8 Silty bed generally supports the soil A horizon in the 

northernmost part of the Peninsula owing to the more limited 

distribution of the overlying tephras. The upper part of the tephra 

layer in these regions therefore has dark brown or brownish black 

soil colours and more friable consistencies than in the buried 

correlatives further south. 

Geographically, textures become finer from south to north with 

silt loams fining to clayey silt l~ams and clay loams in the north. 

Tho Silty bed also ~hows gradations within the actual deposit, with 

the Lipper· a11d l t • ewer par-s varying mainly in colouration and 

consistency. Col.ours. vary from yellowish brown to bright yellOL,1ish 

brown and the bed gsnerally becomes firmer with deptt1, ranging in 

consistence from friable to firm. Structures are generally 



moderately developed medium nutty or blocky and are expressed on 

the weathe~ed surfaces of banks as a fritt8red pattern, similar to 

that shown by the Lumpy bed. 

Lumpy beds is indistinct. 

4. Field Class IV (Lumpy bed) 

The boundary between the Silty and 

The Lumpy bed extends into the far north of the Peninsula and 

decreases in thickness from 40 cm in the south to 20 cm in the 

north (Fig. 2.11). A decrease in grain size accompanies the 

decreas~ in bed thickness northwards, with silty sandy loams 

predominating in the south and sandy silt and clay loams further 

north. Colours range from yellowish brown to bright brown, with 

distinctly paler colours in the Whitianga and Colville areas. 

The matrix con3istence is generally firm but the moderately 

1 abundant creampuffs are very firm. The Lumpy bed has a 

2B 

characteristic weakly to moder~tely developed coarse blocky structure 

which produces a frittered pattern upon weathered surfaces exposed 

in ro=d cuttings. Thesa surfaces are also characterised by 

distinctly reddish hues (bright brown) and abundant colourless 

crystals flecking the exposed beds. 

On the western side of the Coromandel Range the class IV 

deposit loses many of its characteristic properties, particularly 

its blocky structure (see Site 32: Kauaeranga Valley p.324). 

Here the bad is yello~ish brown in colour, has a friable to firm 

consistencR and a strongly developed fine to medium nutty structure 

1 "Creampuff" 

see p.38. 

For their definition and discussion on their origin, 
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rIGUf"tE 2.10: Distribution pattern and thickness (cm) of 

field class III (Silty bed) 

Region Number of ihickness Standard Coefficient 
cata sites mean deviation of variation 

(n) (x) (9-) (c) % 

1 4 38 13 35 

2 6 36 12 34 

3 6 45 8 18 

4a 4 42 13 31 

4b 14 35 15 41 

Sa 7 32 5 15 

5b 6 57 11 20 

6 13 55 15 28 
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FIGURE 2.11: Distribution pattern and thickness (cm) of 

field class IV (Lumpy bed) 

Region Number of Thickness Standard Coefficient 
data sites mean deviation of variation 

(n) (x) (~) (c) 

--
1 4 25 11 43 

2 6 18 2 14 

3 7 29 10 34 

4a 3 35 20 56 

4b 13 39 10 25 

5a 7 35 10 30 

5b 4 29 7 23 

6 13 40 9 23 
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FIGURE 2.12: Distribution pattern and thickness (cm) of 

fleld class V (Shower-bedded class) 

Region l\lum!::mr of Thj_ckness Standard Coofficient 
data sites mean deviation of variation 

(n) (x) (&) (c) al 
1J 

1 5 17 8 44 

2 9 24 10 43 

3 10 22 12 57 

l!.a 3 13 5 38 

4b 13 27 9 34 

Sa 7 26 11 41 

5b 5 32 9 27 

6 14 40 15 39 
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with some fine crumb. There is no clear distinction between 

d V - t~1e latter is probably represented by a field classes IV an 1 

f Creampuffs at the base of the Upper nuaternary high density o 

tephra column. The absence of a blocky structure in the Lumpy 

d 1 R nlay bG r elated to the fine bed west of the Coroman e ange, 

grain size of the associated creampuffs (sandy silt loams) which 

are in turn, influenced by the Shower-bedded ciopasit beneath. 

s. Field Class V J Shower-bedded class) 

The lowermost tephra deposits studied in this thesis are 

represented by Shower-bedded and undifferentiated sands and loamy 

sands which merge into and accompany the overlying Lumpy bed as 

far north as the Colville region. As Fig. 2.12 indicates, the 

deposit decreases regularly in thickness northwards from 

approximately 40 cm in the south to approximntely 20 cm at 

Waiaro Bay. 

Field classes IV and V can be subdivided into five zones as 

illustrated in Figs. 2.13 and 2.14. The basal shower-bedded zone 

is characterised by alternating fine and coarse sands, ranging in 

colour from bright yellowish to grey, green and orange. 

Individual events can be identified within the zone and some, only 

a fgw centimetres thick, can be traced for tens of kilometres up 

the Peninsula. The zone of undifferentiated sands consists of 

bright yellowish brown homogeneoL:s sands lJJhich lack the shower­

bedding characteristic of the zonn b 1 - 8 Qt.;:. The undiff0rentiated 
sands contain ir• 1 f + regu ar racuures which increase in abund~nce 

I 

upwards until th t 
.e uppermos zone of field class V consists of 
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discrete, relatively unweathsred lumps of primary material 

surrounded by a sandy loam matrix in~luding a considerable amount 

of secondary material. Field class IV is dominat~d by the sandy 

loam matrix into which small, subspherical, isolated remnants of 

primary material (here called "creampuffs") are scattered. 

The progression from undifferentiated sands and fractured, discrete 

lumps of sand to small isolated creampuffs suggests the influence 

of normal weathering processes operating in a soil prior to the 

deposition of the tephras composing field classes I to III. The 

presenc3 of creampuffs in class IV, and their apparent relationship 

with the sands of class v, suggests that class IV may be the 

paleosol of class v. This view is strengthened by the combined 

thicknesses for field classes IV and V, which have lower coefficients 

of variation within each region than the separate class IV and V 

measurements (c.f. Fig. 2.15 with Figs. 2~11 and 2.12). 

Tha Shower-bedded class forms a sharp boundary with the 

underlying deposits, which are generally either older tephra beds 

belonging to the Hamilton Ash Formation or blue mud-textured beds. 
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FIGURE 2.15: Distribution pattern and thickness (cm) of 

field classes IV and V 

Region Number of Thickness Standard Cooff.ic.i. ent 
data sites mean deviation of variation 

(n) (x) (9) (c) 

1 4 43 5 1 'i 

2 6 40 8 19 

3 7 48 12 26 

4a 4 43 22 51 

4b 14 62 18 28 

Sa 8 60 11 19 

Sb 6 65 12 18 

6 14 78 17 22 
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CHAPTER 3 

CHARACTERISATION Of THE TEPHRAS Of THE FIVE FIELD CLASSES 

AT A REFERENCE SITE FOR THE SOUTHERN PART Of THE conOMANDEL 

PENINSULA 

INTRODUCTION 

In this chapter the particle size, mineralogical and 

chemical properties of the tephras occurring at a reference site in 

the Waihi region are describod, to aid in the characteriFation of 

individual tephras contained within the five field class~s. 

A site on the Waihi Plain (Pukekauri Rd., Site 8) about 

four kilometres couthwest of Waihi with well defined field class 

boundaries, was selected as a reference site for detailed sampling. 

Samples, approximately three kilograms in weight and taken at least 

75 cm back from the weathered bank surface, were obtained from th~ 

t1110 metre thickness of tephra exposed in the road cutti;ig ( fig. 3.1) • 

Three samples from class V were collected at Waimata Rd. (Site 4), 

eight kilometres to the southeast of Pukekauri Rd, whsre the shower­

bedded zone of field class Vis more clearly exposed. 

Many of tha tephras deposi tad upon the Coromm1del Peninsula 

are comparatively thin and since deposition have become mixep with 

older deposits by soil forming processes. Laboratory investigations 

attempt to recognise and "finger-print" tephra units within these 

mixed deposits. Methods applicable to the examination of mixed 

tephra deposits can be broadly grouped as multicomponent, single 

component-multiparticle and single component-single particle (Hodder 
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FIGURE 3.1 : field classes and sample locations for the reference 

sections on the l1Ja5.hi Plain. field classas are represented 

by Roman Numerals e.g. I and tephras considered intermed5.ate 

between two field classes are designated: e.g. I/II, or 

shown by cross hatching. The Waimata Rd samples are labelled 

P16 to P18 in the composite tephra column and are included in 

the teem 11 Pukakauri Rd samples" when it is used ln the text. 
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and Wilson 1976). Multicomponent techniques encompaos a range of 

mineral ~ypes and in this thesis include minaralogical s~udies and 

the de~erminaticn of particle size parameters for both whole tephra 

samples and sand fractions. Single-component methods apply to 

analytical methods for specific rninerc.1.ls and are subdivided into 

either techniquGs involving many grains (multiparticle), for example 

chemical analysis of titanoQagnetite, or techniques applied to a 

single grain of a particular mineral (single particle), as with 

electron microprobc analysis of single titanomagnetite grains. 

A flow chart summarising physical separation techniques, analytical 

methods, and techniques for the characterisation of tephras is 

MULTICOMPONENT METHOD OF CHARACTERISATION 

1. Partir.le Size parameters 
-·---'-----~..;--

Tep'lra particle size properties, especially grain size, 

sorting and grading, arc commonly used to characterise tephras in 

field correlation studies (e.g. Vucetich and Pullar 1964). The use 

of grain size parameters derived from laboratory analyses for 

characterising tephras is less well documented in the literature, 

dlthough the parameters of mean grain size and standard deviation 

(or sorting) have been utilised for correlation purposes with some 

success (e.g. Fisher 1964; 1966). 

Particle size parameters.were calculated for bath whole tephra 

samples (i.e. sand, silt and clay) and for the sand fraction 

(coarser than 4 ¢) following standard hydrometer and sieve analyses 

( see Appendix B 269) . , p. • The statistical parameters used include 



the phi mean grain size of Folk and Ward {1957) and the phi 

deviation ~easure of Inman (1952). Because many of the samples 

analysed contained a considerable proportion of very fine clay 

particles (12-14 ¢), extrapolation to the 84th percentile was 

occasionally necessary. 

(a) Particle size parameters for whole tephra samples 

44 

Particle size data and parameters for sixteen Pukekauri Rd 

samples are presented in Appendix E (Figs. E.1 and E.2 and Table E.1) 

and summarised graphically in Figs. 3.3 and 3.4 using both soil 

(Taylor and Pohlen (1962) and sedimentary (Folk 1968) size classes. 

The samples are mainly clay loams or sar.dy loams according 

to the soil particle size classes and sandy muds using the 

sedimentary scheme. Field and laboratory textural classes are 

compared in Table 3.1, which indicates that the field estimations 

underestimate the clay content in all except the coarsest samples. 

Two sc~arate factors produced this inconsistency. The first occurs 

in the two youngest field classes and involves pumice grains which 

ciannot be physically separated and are therefore exposed to the 

vibration treatment necessary to disperse the samples. Whereas 

the pumice in class I is fresh and relatively unaffected by exposure 

to ultra-sonic waves, thRt in class II is strongly weathered and 

the severe abrasion results in an artificial contribution to the 

silt and clay fi:actj,.on. The second factor, operating in the three 

older field classes, is related to the tendency for amorphous clay 

minerals to be aggregated in their natural field states. Field 

textural determinations therefore measure these aggregates rather than 
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FIGURE 3~2: Flow chart summarising the techniques used for 

isolating components from the Coromandel tephras. 

Multicomponent and single component (n~ltiparticla 

and single particle) methods of characterisation 

are also indicated. 
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FIGURE 3.3: Percentage sands silt, and clay and the mean grain 

size for the Pukekauri Rd tephra samples. 

A : The Sedimentary scheme of Folk. 

8: The New Zealand soil particle size classes. 
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discrete particles with the result that the field textures are 

consistently coarser than laboratory onea. 

TABLE 381: A comparison of field textural classes and particle 

size classes for the Pukekauri Rd Stratigraphic 

column 

. 
Textural class Particle Size class 
determined in the determined in the 
field (sea p.321) laboratory. (N.z. soil 

particle size classes) 

I P·i . Sandy loam l Sandy loam 

P2 

I/II P3 Coarse sandy loam 

II P4 l Silty sandy loam Silt loam 

PS 

II/III P6 ] Fine sandy silt loam . 
P7 ] Clay loam 

-
P8 

IV pg Silt· loam Silty clay loam 

P10 Clay 

P11 ] -- ] III/IV P12 Silt loam Clay loam 

P13 

IV P14 l Silty sandy loam ] Sandy loam 

P15 

V P18 Sane! Sand 
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T~e most important p~rticle size characteristics of.individual 

tephru field classes are as fo1lows. The Recent bed contains young 

tephra.3, having a low clay content and a h.tgh percentage of sand. 

The particle size distribution is unimcdal with the_ mode between 

1-2 f, (see Fig. E.2 p.306). Samples from the Pumiceous bed vary 
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from unimodal to trimodal distributions, with the polymodality 

probably relating to abrasion of weatl 1ered pumice grains through 

vibration treatment. The Silty r.oc is characterised by a high 

clay content and a bimodal grain size distributio~ with modes at 

approximately 4 ¢ end 7 ~. The Lumpy bed is coarser than the 

Silty bed and changes from a bimodal distribu~ion in its upper 

parts to a unimodal distribution lower in th0 bed, with a mode at 

approximately 3 t. ThG Shower-bedded class, represented by P18, 

contains a high proportion of sand•-sizaj material with a unimodal 

distribution centred on 1-2 1. The particla sizo distributions 

of whole tephra samples ar9 insufficiently se~sitivo to define 

field class boundaries. 

(b) Particle size parameters for the tephra sand fractions 

(coarser than 4 ~). 

Because the high clay content of some samples masks the 

grain size properties of the prima~y material remaining from tho 

original tephra deposit, particle size paramoters were calculated 

for the sand fractions (coarser than 4 ¢). Particle size data 

and parameters for the coarser than 4 % material at Pukekauri Rd 

are given in Appendix E (Figs. E.3 and E.4 and Table E.2) and 

summarised in Fig. 3.5. 

In Fig. 3.5 the samples have been grour9d into three sand­

siwd categories (coarser than 2 ¢, fine sand ( 2-3 ¢), and very fine 

sand (3-4 ¢)Jin an attempt to distinguish samples whose ~rain 

size has been influer.,ced by dd·t· 
w a i ion of pumiceous material. 

Field·classes I and II have 1 a arge coarse component with a 

relatively small fine sand fractione 
A~tho:.,gh field cl.asses I and 



II have similar proportions of the coarse fraction, the very fine 

sand component is much greater in class II and the samples are 

more poorly sorted. Samples P3 and P4 ara strongly bimodal with 

a coarse mode at 1-1.5 ~ and a finer one at 3-3.5 ~ {Fig. E.4); 

the fine mode probably contains fragments of weathered yellow 

orange pumice grains which decompo~ed during vibration treatment. 

Samples P5 and P6 are transitional in nattJre, with P7 having a 

particle size distribution like those of class III. Samples from 
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field class III exhibit the finest mean grain sizes, are moderately 

sorted and coarsen regularly with depth (Fig. 3.5). No assistance 

in locating the boundary between field classes III and IV could be 

obtained from particle size. data, as PB grades uniformly down the 

stratigraphic column to P14. However an indication of the 

boundary is obtained from the mode of the unimodal class III and 

IV samples: •.:Jhile samples P6 to P11 have a mode between 3-3.5 ¢, 

a steady coarsening occurs below this depth with P12 having n mode 

at 2.5-3 ,f and P13, P14 and P15 at 2~2.s rd, thus indicating that 

P12 is a mixed sample. The Shower-bedded class is characteristically 

better sorted than the younger tephras a~d is strongly unimodal, 

with mean grain sizes varying markedly within the zone of shower­

bedding., 

Variations in grain size parameters through the stratigraphic 

column for both whole tephra samples and their sand fractions 

confirm the taphric classes eetablishad en the basis of field 

characteristlcs. Thay further indicate that transitlcnal samples 

exist botween classes II arid III (PS?, P6, P7?) and between 

classes III and IV (P12). 
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FIGURE 3.5 : Particle size distribution, mean grain size and 

sorting coefficient for the coarser than 4 ~ 

fraction of the tephras at Pukekauri Rd. Boundaries 

between field cla~ses, inferred from the data, are 

shown on the right hand side of the diagram. 

Particle size data are recorded in Appendix E 

(Figs. E.3 and E.4 and Table E.2) in the form of 

cumulative frequency curves 3nd histograms of 

selected samples. 
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2. Mineral assemblages 

Petrological characteristics fo.~m one of the oldest and 

most useful multicomponent techniques for characterising volcanic 

tephra_ deposits. For example, Ewart (1971) divided the acidic 

rocks of the Taupe Volcanic Zone into five main groupings, on 

the basis of their ferromagnesi~n mineral assemblages (see also 

Cole 1970). Rapid methods of "finger-printing" heavy minerals 

by X-ray diffraction have supplemented traditional studies 

utilising the petrological microscope (e.g. Pryor and Hester 1969). 

Salic mineral assemblages have been used less commonly ta 

characterise tephras. Abundances of feldspar, quartz and glass 

have been determined in tephras by petrological microscope 

(e.g. Ewart 1963), and infra-red analysis (e.g. Hodder and Wilson 

1976) and in loose sediments by X-ray diffraction analysis 

(e.g. Nelson and Cochrane 1970). The Central North Island 

tephras have also been classified into broad categories by their 

clay contents, particularly the proportions of allophane and 

hydrated halloysite (Kirkman 1975). 

To aid in tho characterisation of the Coromandel tephras, 

the mineralogy of the coarser than O ¢ size fraction has been 

examined, along with modal analy8es of the salic minerals, X-ray 

"finger-printing" of the ferromagnesian minerals and modal 

analysis of the ferromagnesian minerals. 

{a) Mineralogical examination of the coarsar than O ¢ (1 mm) 

size fraction 

The coarse fractions (<O ¢) of tho tephras at Pukekauri Rd 

are composed of quartz, rock fragments ahd volcanic glass in the 



form of glassy fragments, pumice and oboidian (Table 3.2). 

The rock fraJ~ents are grey and white in colour and composed of 

a glassy grouMdmass with isolated anhedral zones of devitrified 

glass and scarca altered plagioclase phenocrysts. The 

~umiceous grains of riold classes I and II are subdivided into 

two categories on the basis of colour (Appendix A p.24□). 
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Yellow orange pumice grains are strongly Flow-banded and have a 

low phenocryst content dominated by anorthoclase. White pumiceous 

grains, less weathered than those described above, have a 

predominantly plagioclase phenocryst ~ontant. 

TABLE 3.2: Relative abundanc~s of quartz, rock fragments and 

volcanic glass in the coarser than O i fraction of 

the tephras at Pukekauri Rd , dotermined by 

binocular microscopa 

Volcanic Glass 
Quartz Rock -·-

Fragment a Glassy Pumice Obsidian 

Fragments -
I P1,P2 ·i- s EA C s - .., 

I/II & P3,P4,P5 s C - EA C 
III 

II/III P6,P? vc vc .. A c-r 

III P8-P11 A-VA A C - -
III/IV P12,P13 VA vc C - -

-
+ Eh (Extremely ~bundant) >70% 

VA (Very abundant) 50-70 

A (Abundant) 30-49 

vc (Very common) 10-29 

C (Common) 5-9 
,. 
J (Scarce) 1-4 

r (rare) < 1% 
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Table 3.2 shows that the content of rock fragments and quartz is 

relatively low in field classes I and II while in field classes III 

and III/IV it is very ~ommon to VPr~ abundant, at the expense of 

the modal percentage of volcanic glass. The volcanic glass 

fraction of classes I and II is dominated iJy pumiceous glass with 

minor obsidian, which contrasts with the glass fragment-rich content 

of other field classes. 

(b) Modal analyses of the salic mineral assemblage 

Proportions of quartz, plagioclase and anorthoclasc were 

determined semi-qu~ntitati•:ely in the 2-4 ¢ fraction of the 

Pukekauri Rd tephras using the X-ray diffraction technique of 

Nelson and Cochrane (1970) - Table 3.3. The heavy mineral 

fraction was determined by weighing separates obtained by heavy 

liquid techniques, and volcanic gla~s contents wer8 obtained by 

difference. All samples were analysed in triplicate to provide an 

estimation of error (standard deviat:ions are shmm in Table 3.3). 

+ Errors were found to be gr.eater than the - 10% of true value 

obtained by Nelson and Cochrane. figure 3.6 summarises the data 

and allows tentative stratigraphic boundaries to be constructed, 

as described below. Two major stratigraphic boundaries can be 

defined in Fig. 3.6. Field class II is clearly distinguished 

from class III at the depth represented by samples P6 and P?. 

Class II is characterised by high amounts of gloss and anorthoclase, 

and low amounts of plagioclase and heavy· minerals. In class Ii!, 

anorthoclase is absent, the glass content is lower and decreases 

with depth, and the heavy mineral and pl • 1 agioc ase content becomes 

increasingly abundant in tha lower parts. of the bed. The second 



TABLE 3.3: Modal analysis of tbs 2-4 ¢ fraction of tha Coromandel 

tephras at Pul<ekauri Rd 

--
Plagio- Anortho- Volcanic Heavy 
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Samples clase Quartz clasa glass minerals 

(Wt%) (hJ t 1,) (Wt %) (Wt ~0 (Wt %) 

P1 14.:!:o.5 + 9-2 .. 5 &!1 .3 69 2 
. 

I P2 1 &to.4 1~1.4 s±o.2 64 2 

I/II P3 + 12-1.s + 11-2.s + 9-1.2 66 2 

P4 + 15-0.8 + 9-1.2 g±a.s 65 2 
II + + 1±0 PS 14-1.2 9--1.2 67 3 

P6 14!1.s 9Z"o s!·o. 7 69 3 
II/III 

16Zo. 7 + P7 9-2.0 - 70 5 

PB + + 65 6 20-0.s 9-1.2 -
pg + g±~ .. 2 58 11 22-2.3 -

III 
22±1.a + P10 9-1.2 - 55 14 

P11 + g!o 49 17 25-1.9 -
P12 33Z°s.o s±o.s - 41 21 

III/IV + .... 
P13 31-2.0 11..;.3.o - 36 22 

+ + 34 18 P14 37-s.o 11-3.2· -
IV + + P15 28-1.9 11-1.2 - 45 16 

P16 + + 67 4 10-1.a 11-1.2 -
+ + 40 9 V P17 30-2.9 21-1.6 -

P18 + s±2.6 40 17 38-5.2 -
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major stratigraphic boundary lies between classes IV and V with 

class V being distinguished from class IV by its extremely 

variable prc~erties. 
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Considerable mineralogical variation exists within, as well 

as between, field classes, particularly for classes III and v. 

Class III shows an increasing cont~nt of plagioclase and heavy 

minerals with depth, at the expense of volcanic glass. These 

changes could possibly be due to preferential gravitational 

settling of plagioclase and glass following eruption (plagioclase 

density= 2.65 7 rhyolitic glass= 2.3□), or to a gradual change in 

magma composition as erup+,ian progresses (c. f. the Hekla eruption 

of 1947, Thorarinsson 1954), ~r ttJ the mixing of a younger, glass-

rich rephra with an older plagicclase-rich tephra. The latter 

alternative in preferred because 2V measurements of plagioclass 

in field clasa III show an unusually high coefficient of v~riation, 

suggesting a mixture of two populations of different compositions 

(see Appendix A p~49). Field class V shows extreme mineralogical 

diversity although its field propertios indicate that the zone of 

shower-bedding has brnn derived from closely spaced eruptive pulses 

from a aingle source. To test the hypothesis that the 

Mineralogical diversity is associated with variations in particle 

size, two samples from the zone of shm1er--badding in fi'.)ld cla9s V 

wera sieved and their mineralogy examlned for each grain ~ize 

inter,1al within thP. 2-4 ¢ range (Table 3 .. 4) .. Plagioclase and 

quartz dominate the coarser intervals and volcanic glass and the 

heavy minerals the finer ones. Table 3.4 shows that the 

mineralogical diversity within the zone of shower-bedding is related 
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TABLE 3.4: Relationship between mineralogy and particle size 

in the 2-4 ,0 fraction of two field class V samples 

fro~ the zone of shower-bedding 

Particle size fraction 
Sample 

2.0-2.s ¢' 2~5-3.0 ¢ 3. □-3.5 ¢ 3. 5-4.D ~ 

(Wt%) (tut 1s) (Wt %) (Wt%) 

Quartz 24 21 13 13 

P17 Plagioclase 43 30 21 17 

Glass and heavy 
minerals 33 49 66 70 

Quartz 16 14 11 11 

P18 Plagioclase 55 41 35 34 

Glass and heavy 
minerals 29 45 Sti 55 

to the mean grain size and net to real differences in composition 

within field class V. Thus sample P~6 has a mean of 2.69 and is 

therefore comparatively rich in volcanic glass. In contrast, 

sample P18 is coarser (mean= 2.38) and is therefore dominated by 

quartz and plagioclase. 

{c) Finger-printing by X-ray diffraction of the ferromagnesian 

mineral assemblage 

Smear mounts of ferromagnesian mineral se~·arates from five 

samples of the tephras at Pukel<auri Rd were X-rayed and compared 

with samples from two tephras of known composition~ tho Tahu~a 

Tephra (Howorth, pers.comm.) and the Rotoiti 0reccia (Ewart 1968)., 
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Figure 3.7 indicates that for the Coromandal tephras at Pukekauri Rd, 

cummingtonit~ increases in concentraticn with depth at the expense 

of hypersthene and hornblende. While the youngest and oldust 

tephras (classes I and V respoctively) show distinct differences 

using this method, the variations between adjacent field classes are 

on too small a scale to permit easy distinction between them. 

(d) r~odal analysls of tho ferromagnesian mineral assemblage 

Modal analyses of the ferromagnesian minerals were carried out 

by optical methods and the reliability of the analyses assessed by 

the chart of Van dar Plas and Tobi (196S). Between 300 and 500 

grains were counted on each ~lida to maintain an error for the major 

constltuent of better than:!: 5% {at the 95% confidence level}. 

Data on tha ferromagnesian r,iineral abundances for the tephras 

at Pukekauri Rd are shm11n in Table 3.5 .:;.nd zummarised in Fig .. :~.a. 

The Pukekauri Rd column c3n be subdivided into five units on the 

basis of hyparsthene to amphibols ra~ios (Fig. 3.B). 

( 1) Low hypersthena/amphibole ( p·J-P4 ). 

(2) 

(3) 

(4) 

(5) 

Increasing hyposthene/amphibole (P5-P7). 

High hypersthene/amphlbolo (P0-P12) 

Decreasing hypersthene/amphibole (P13-P15). 

Vory low hyporsthene/amphibole (P16-P18). 

The youngest tG~hras, ~epresented by P1-P4, are dis~inguished 

from the samples b::'lJ.ow by t.heir high aegirino and augite contents. 

The tt1.1o categories of pumicclous grains occurring in field classes I 

and II have distinctive fd~romagnesian mineral assemblages 

{Table 3.6) .• 



63 

SAMPLES 

Fi.eld 
Class 

I - Pl 

II - P4 

- -- Cl) Cl) 
Cl) 

"" - ., 
"" - Q) ..-t Cl) ..-t -..-t c:: Q.) c:: c:: - c:: c:: 

£ re, Cl) 0 
Cl) 0 Cl) c:: .c .iJ ... "' .c. 

"' Cl) ~ tJ'I 

.8 O" "" c:: -I Cl) C: c:: 0 A M ..-t M .... .... .... 
~ C: Cl) ~ i! 

Cl) 
M a. a. a 0 >, a >, 

::c ~ ::c - - - - -- -
<< < < < < < 

0\ 
,... M 0 \0 .., ,... 

Q) 0 r-t N N ,... ,... . . . . . 
• e 

('I) M ('I) I") 
N N N STANDARDS 

Tahuna 1 

Tephra 

34 33 32 31 30 29 28 27 

Degrees 29 

FIGURE 3.7 a Finger-printing of the Coromandel tepnras 

by X-ray diffraction analysis cf t~air 

ferromagnesian mineral assemblages. 
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hypersthene (10-35%) 
augite (0·-5%) 
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TABLE 3.5 : Modal analyses of the ferromagnesian minerals in the 2-4 ¢ fraction of the Corornandel 

tephras at Pukekauri Rd 

O'I 

of ct % of % 
U1 

/0 JD ;a 

Field Sample Hyper- Cumming- Horn- ?l.ugite Aegirine Additional ffiinerals 1 

class sthene tonite blends 

P1 28 19 30 17 6 titanomagnetite, zirco~, cossyrite, 
I olivine, riebeckits, nxyhornblende 

P2 27 14 34 18 7 

I/II P3 23 20 26 24 7 titanomagnetite, zircon, cossyrite, 
olivine, riebeckite, oxyhornblende, 
? hedenbergite, tuhualite 

P4 24 22 30 ·14 10 
II 

PS 34 28 22 10 6 titencrnagnetite, zircon 

P6 41 3-:i 17 6 3 
II/iII 

P7 43 31 17 8 1 

PB 47 25 24 4 titanornagnetite, zircon 

III 
pg 46 25 22 6 

P10 47 27 22 4 

P11 46 26 24 4 



P12 45 29 20 6 
III/IV 

P13 35 40 22 3 

P14 33 50 15 2 
IV 

P15 27 63 9 1 
·•--

P16 9 85 6 
V 

P17 8 36 6 

P18 11 82 7 

-w 

1 See Appendix A for descriptions of minerals 

titanomagnetita 

zircon, 

vermiculite 

CTI 
u\ 



TABLE 3.6: Ferromagnes.i.an minaral abundances in the pumiceous lapilli and 2-4 ¢ fraction of field classes J. 

and II at Pukekauri Rd 

% % % % % al 
/0 

Field Sample Size fraction Hyper- Cummir.g- Horr.- i'.!iJgite Aegirina Cossyrite 
class sthena tonite blend8 

- - -
'h. t ' , • 1· • 1 ~.1 a pumicaous iap1 ii 96 2 - 2 - -

I 01 

2-4 ¢ 28 19 30 17 6 trace 

.., 
Yellow orange pumiceous 

I 

II P4 lapilli 12 1 2 - 71 14 

2-4 ¢ 24 22 30 14 10 trace 

1. Lapilli crushed and passed through a 2-4 ¢ sieve before heavy mineral extraction 

0\ 
...J 



The white pumiceous grains which occur in field class I, are 

dominated by hypersthene and have a ferromagnesian assemblage 

quite unlike that of the 2-4 ¢ Fraction. The yellow orange 

pumice grains in field class II contain aegirino, cossyrite and 

hypersthene in diff'13rent proportions to the accompanying 2-4 ~ 

fraction. Tha forromagnesian mir1-'"Jr~logy therefore indicates 
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that at least three separate t~phras are present in field classes I 

and II. One tephra is represented by the hypersthena-rich white 

pumiceous lapilli, a second by the yellow orange pumiceous lapilli 

which contains aegirine and cossyrite, and at laast one other fine 

grained tephra, characterised by the large amounts of cummingtonita 

and hornblende in the 2-4 ~ Fractions. It is probable that the 

hyparsthena, cummingtonite and hornblende associated with the yellow 

orange pumiceous lapilli a~e derived from a fine grained tephra of 

different composition, whoso crystals have become lodged within 

surface vesiGles of the pumice. This conclusion is basBd upon the 

peralkaline nature of aegirine and c1..ssyrite, which do not crystalise 

from the same magma as calc-alkaline minerals such as hypersthene, 

cummingtonite or ho~11blende (Carmichael tl al., 1974). 

A more accurate 1ivision between field classes may ba obtained 

by using a triangular plot of the three main ferromagnesian 

minorals (Fig. 3.9). The diagram indicates that a nu~ber of 

changes in the positions of the field class boundaries shpuld be 

made: sample P3 h~"': class II properti.ss; saruples P5, P6 and P7 are 

tr:ansiticnal between cla~ses II and III although tha low hornblende 

content of PG and P7 suggests that the samples may have been 

influenced by another tephra; iample P12 haa class III properties; 

d ample P1 3 has clE\S IV properties •. an. s . 
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(e) Summary of the mineralogical characteristics of the Coromandel 

tephras at Pukekauri Rd 

The mineralogy pf the Coromandel tephras at Pukekauri Rd 

substantiates the fivefold division establis~ed in the field, and 

enables the field class boundar.ies to be positioned more accurately 

(Table 3.7). 

TABLE 3.7: Repositioning cf field class boundaries in the 

Pukekauri Rd stratigraphic column on the basis uf 

mineralogical data 

Field Designation Original field Field class bound-
class class aries inferred from 

boundaries mineralogical clata - -
I Recent bed P1t P2 P1, P2 

I/II P3 -
II Pumiceous bed P4, PS P3, P4, ? P5 

II/III P6, P7 ? P5, P6, P7 
-

III Silty bed PB, pg, P1 □, PB, pg, P1 □, P11, 

P11 P12 

III/IV P12, P13 -
IV Lumpy bed P14, P15 p·j 3, P14, P15 

V Shot,mr-bedded P16i "P17, P18 P16, P171 P18 
class 

The mineralogical characteristics of each of the five field 

classes are summarised below. 

The Recent bed represented ~y samples P1 and P2, is dominated 

by pumiceous lapilli in the coarser size fractions and volcanic 

glass, mainly in the form of curved and pumiueous fr~gments, in 
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the finer. Clear and brown shards are both ?resent, exhibiting 

a wide range of refractive indices (Appendix A) suggesting that the 

Rec8;1t bed is a composite tephra unit containing a number of tephras 

mixed by soil forming processes. The ferromagnesian mineral 

assemblage indicates the presence of at least three tephras. 

Two of these tephras are represented in the lapilli size fraction 

where one consists of white pumice containing plagioclase and 

hypersthene, and the other is a yellow orange pumice dominated by 

anorthoc!use, aegirine and cossyrite. The third tephra is 

contained within the 2-4 ¢ fraction and characterised by minerals 

not common in the pumiceous lapilli, namely cummingtonita and 

hornblende. 

The Fumiceous bed (samples P3 and P4) is dominantly glassy in 

nature and contains an abundance of tha yellow orange pumiceous 

lapilli described above. The yellow orange pumices have a 

phanocrystic assemblage of anorthoclase, aegirine and cossyrite, 

with min~r olivine, riebeckite, and tuhualite, which indicates that 

it has a p~ralkaline composition; it is subsequently referred to 

as "peralkaline pumice". At least one other tephra is present i~ 

tha class II sand fraction and is represented by plagioclase, 

hyr,~rsthene, cummingtonite, hornblende and augite. The tephras 

comprising the Pumiceous bed had undergone substantial mixing with 

other tephras, resulting in a non-homogeneous deposit with 

gradational boundaries above and below - f~e. P2 grades into P3, 

and P4 grades into P!=i,. Although PS has class III properties, it 

also has strong affinities with field class II and has therefore 

been placed in both class II and with the transition samples P6 and 

P?. 
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The Silty bed is calc-alkaline and rhyolitic in composition 

(Appendix A) and though still dominated b!· glass, it contains greater 

amounts of quartz and plagioclase. The high hypersthene content, 

with lessar amounts cf cummingtonite and hornblende 1 enables 

distinction of this class from other tephras. The most significant 

characteristic of the Silty bed is its gradational nature, with 

properties varying uniformly from the to? of the bad into the Lumpy 

bed beneath, as exemplified by the increasing plagioclase 

concentration with depth. The possibility that class III represents 

a mixture of two tephras is supported by the optic axial angles of 

hypersthena and plagioclase, the former showing two distinct 

populations and the latter an unusually wide r:::nge of vc·lucs 

(Appendix A). 

The Lumpy bed is comparatively enriched in plagioclasa and 

quartz relative to volcanic glass, a feat~ce found in all the older 

deposits. Like the Silty bed, it exhibits vectical gradations wich 

plagioclaso decreasing while cummingtonite increases in concentration 

with depth. The trend of increasing cummingtonite concentration at 

the expense of hypersth8ne and hornblende continues into field 

class v, emphasising the gradational nature of the lower boundary. 

The Shot11er-bedded class is also rhyolitic in composition and 

shows both mineralogical diversity in terms of its salic mineral 

fraction and homogeneity as indicated by the ferromagncsian mineral 

assemblages. The plagioclase, quartz and volcanic glass contents 

are co~trolled largely by grain si,e and hence show corsiderable 

variation 1,1ithin the ind.i\Jidual shower-bedded units of class v. 

Cummingtoni ta comprises over 80% '°'f the ferroma\;:1esian mina~al 
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assemblages of all class V samples, which indicates a common origin 

for the .,any shower-bedded uni ts in the basal part of this field 

class. 

SINGLE COMPONENT METHODS OF CHARACTERISATION 

(a) Introduction 

The characteristics of a tephra deposit result from the 

summation of thg properties of the numerous discrEte components 

comprising that tephra. The measurement of bulk composition und 

bulk mineralogy in multicomponent systems such as tephras is often 

unsuitable for correlation purposes because of the tendency for 

individual components to vary in their geographical distributions. 

Heavy minerals which are denser than the bulk of the deposit tend 

to fRll closer to the vo!canic vent while salic minerals and glass 

increase in abundance with increasing distance from source 

(Eaton 1964). 

The usefulness of single components in the identification and 

correlation of tephras has been demonstrated by many workers 

{e~g. Smith and Westgate 1969; Kohn 1970; Rankin 1973; Wostgate 

and Fulton 1975; Hodder and Wilson 1976; Smith tl &• 1977a and b). 

Smith tl&~ (1977b) list three criteria for testing the usefulness 

of a single component for correlation purposes: it should exhibit 

maximum unjformity; its composition must be attributable with 

certainty to conte~poraneous volcanic action; and the component 

must persist with distance from the volcano. A fourth criterion 
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could well be added, namely that the component should have remained 

largely unaltered in the weathering regime. 

Volcanic glass has been prri~osed by many workers as tho most 

useful single co~ponent for correlation purposes (e.g. Steen and 

Fryxell 1965; Smith and Westgate 1969; Borchar~t and Harward 

1971; Howorth and Rankin 1975; Smith tl pl .. 1977a and b). 

However, in this study, glasses were avoided, because of·the 

weathered pumiceous lapilli in classes I and II. 

The use of the chemical composition of oxide minerals, 

particularly titanomagnatites, for correlation purposes has only 

received attention comparatively recently (e.g. Kohn 19'10; 

Westgate and Fulton 1975). Kohn (1970) working on contra! North 

Island volcanic deposits pointed out that titanomagnetites are 

attractiuo for correlation purposes because they are ubiquitous 

in theso dBposits, they are stable during wzathering, their range in 

chemical corapasition is considerable, and they can be relatively 

easily extracted and purified by magnetic methods. 

because titanomagnetitss crystalise early in a silicate melt, thsir 

chBmical composition is characteristic of the parent magma 

(Carmichael 1967)0 Wright and lovering (1965) havq demonstrated 

that exsolution in tltanomagnetite grains (Appendix A ~25~ does 

not change their overall composition but merely redistributes the 

elements within the exsolved phases. Exsolved titanomagnetita 

grains can therefore be ignored in analyses of b~lk titanomagnetite 

samples. 
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lb) • , Titanomagnetite element content 

Ti tanomagnetita ti1as extracted by hand magnet, grourid and 

concentrated to a purlty estimated to exceed 99% and analysed under 

mylar film by XRF {see experimental procedure in Appendix B). 

It should be noted that because of the possibility of machine 

drift, all samples that are to be compared were analyse~ wit~in a 

single 24 hour period. 

The fluorescent intensities from nine elements were recorded 

{in counts per second) {Fig. 3.10) from eighteen sam~les representing 

the five field classes at Pukekauri Rd. The data for Ti, v, Mn and 

Fe are presented in Fig. 3.11 and as ratios in the form of an X - y 

plot in Fig. 3.12. Seven of the nine elements analysej aro 

represented within either the titanomagnetite or ilmenite phases 

{Al, Ca, Ti, v, Cr, Mn and Fe); the remaining two elements {Si and 

K) are contained within contaminating minerals such as volcanic 

glass or included crystals. Ti occurs in both titanomagnetite and 

hematite phases and shows important variation throughout the tephra 

column {for P1 to P1B; C = 1 □ .7%), which makes it th~ most useful 

element for characterising individual field classesw Vis generally 

associated with the titanornagnetite p~ase (Ca~michael 1967) and 

shows significant variation throughout the sti:'atigraphic column 

{C = 14.7%); the Ti/V ratio is particularly important for catego~ising 

tephra samples. Mn in titanomagnatite is recommended by Kohn (1970) 

for th11 characterisation or tephras and exhibi ta moderate: \:<:triabili ty 

{c = 5.9;~) and forms a useful ratio with Ti {Ti/Mn). .:-a is present 

in both the titanor:iagnotite and hematite phases and shows the highest 

count rates of all the elements examined~ How8ver, it was not 
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utilised for characterisation purposes because of its low variability 

(P1 to P18; C = 2.1%). In all XRF spect~a small quantities of Al 

and Ca occur; Al is derived from titanomagnetite, alurninous spinals, 

hematite and aluminosilicates,while Ca is present in both the 

titanomagnetite structure (Car~ichael 1963, 1967) and in accessory 

minerals such as apatite and aluminosilicates (Wright and Lovering 

1965) • The high Ca count ratas for samples P1 and P2 indicate 

significant contamination by volcanic glass and inclusions within 

the oxide minerals. Al and Ca were not used for correlation 

purposes because of variable contributions of these elements from 

sxtraneous materials. Carmichael (1963) and Wright and Lovering 

(1965) found that there was no Si or Kin titanomagnetit~ so that 

the Si and Kin this work are probably derived from volcanic glass 

and inclusions within the oxide minerals. Cr, although detectable 

by XRF, is masked by V (CrKC( = 5.41 KeV; 1JK f3 = 4.95 KeV). 

The concentrations of Cr are too low to permit the application of 

peak-Gtripping techniques. 

X - V plots of the ratios of Ti/V, Ti/Mn, V/Mn, V/Ti, fl!n/V 

and Mn/Ti from ti tanomagneti tes of all field classes indicate that_ 

Ti/V and Ti/Mn give the most satisfactory results f~r distinguishing 

· bettueen samples (Fig. 3.12). 

(c) Discussion of results 

From Fig. 3.,12 it is apparent that the samples from any field 

class can be placed into one of three categories: 

(i) those that have similar elemental ratios, forming a group 

ea9• F.C. V (P16, P17, P18); 
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(ii) thasa that form a linear relationship with each other 

e.g. F.r. III (PB, P9, P10~ P11, p1:) and F.c. IV (P13, P14, 

P15); 

(iii) those that do not fit into either category e.g. F.C. I (P1, 

P2); F.c. II (P3, P4) and intermediate samples (PS, P6, P7). 

Kohn (1970) found that samples from any one tephrn cluste~ed 

in a similar manner to that shown by category (i) so that field 

clas~ V probably represents a pure tephra 

The linear relationships formed by field classes III and IV 

(category ii) could result from compositional zonation within the 

class, or the fi3ld class may contain a m5.xture of two or more tephras. 

Lipman (1971) found that compositional ,onation occurrec within a 

single ash flow sheet in Southern Nevada, and Ewart (1965) showed 

there was a compositional variation in the Whakamaru Ignimbrite • . 
Compositional zonation within a single ternra unit is less common, 

out doe3 occur (Dr G.P.L. Walker, pers. comm., 1978). Utilising 

data from Kohn ( 1973), the variability in tha Ti I V and Mn element 

contents throughout the Kawakawa , Waiohau and Kaharoa tephras has 

been examined (Kohn I s analysis numbers 24·1-245, 196-201, and 

10-14 respectively). No variation consistent with compositional 

zonation occurs and although this is insufficient reason to abandon 

this hypothesis as it rolates to the Coromandel tephras, it does 

suggest that compositional zonation is an unlikely explanation for 

the chemical and mineralogical variations shown by classes !II and 

IV. 

Mlxing of two or more pure tephras would result in a sequence 

of samples with compositions intermediate betwee,) the end membet'S 

(Fig. 3.13). The .mechanism shown is considered rnoc.c likely to 
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explain the relationships exhibited by field classes III and IV. 

It is beyond the capacity of single componP-nt (multiparticle) 

rnothods to distinguish between these two hypotheses; this can 

only be achieved by single component (single particle techniques). 

Electron microprobe analysis of a number of single titanomagnetite 

grains concentrated from samples of either classes III or IV could 

provide insight into this problem. Fig. 3.14 depicts schematically 

the results of microprobe analysis that would be expected from a 

compositional zonation hypothesis and an hypothesis involving the 

mixing of two tephras. For compositional zonation, one population 

of titanomagnetite grains varies gradationally from the t~p to the 

base of the deposit; when mixtures of tephras are invol,1ed, t,1.10 

distinct populations should be detectable. 

Analyses of tho titanomagnetites by XRF support ths relocated 

boundaries of the field classes presented in the mineralogical 

section (Table 3.7). In particular, PS, P6 and P7 have 

titanomagnetite characteristics transitional between field classes II 

and III. Samples P1 and P2 have closely spaced elemental ratios, 

indicatin□ the homogeneous nature of class I, a property consistent 

with the field cl~ss corresponding to the soil A horizon. The 

. Recent bed is clearly separated from cla.ss II by i.ts high Ti/V 

values. Class II (P3, P4) is characterised by a low Tl/V ratio and 

a medium Ti/Mn ratio, thus distinguishing it clearly from both 

classes I and III. Class II is internally variable, with the 

upper parts (e.g. P3) grading into the overlying field class and th~ 

lower parts (e.g. P4, ?PS) into the underlying Silty bed. Samples 

PB to P12 show a linear relationship which is possibly the tosult of 
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mixing of two tephras to form a composite deposit. The Silty bed 

is characterised by a higher Ti/Mn ratio than the classes above and 

below. Class IV (P13,P14,P15) exhibits moderate Ti/Mn and Ti/V 

values and samples show a linear relationship with the lowermost 

sample (P15) having a similar titanomagnetite chemistry to samples 

from the underlying Shower-bedded class. Very low Ti/Mn values 

and intermediate Ti/V ratios of f.ield class V titanomagnetites 

demonstrate that this class is a compositionally hornogeneoua deposit 

probably representing a single tephra. 

2. Single particle 

(a) Introduction 

The second type of single component method is one in which 

attention is focused on discrete particles. Single particle 

methods grade continuously into the single component (multi.particle) 

methods, depending upon whether results obtained from analysis of 

one mineral grain are averaged with those of oth~rs. Hodder and 

Wilson (1976) point out that averaging a set of measurements from 

discrete grains may be at the expense of oetection of real 

variation between mineral grains. They measured accurately the 

·refractive index of volcanic glasses from a tephra deposit and 

obtained a high average residual associated with the mean. By 

regrouping the raw data from the individual shards to give mean 

values with associated average residuals typical of those fer 

uncontaminated glnss 1 they showed that ther.e was a mixtL·re of ·two 

tephras in the deposit they studied. 
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Although electron microprobe analysis (E.M.) pro\;ides a 

similar potential for recognising mixtures of tephras w.Lthin 

:=,pparently homogeneou~ deposits, the technique has been confined to 

obtaining average analyses of particular components, such as volcanic 

glass (Smith and Westgate 1969; Smith et al. 1977a, b) or --
titanomagnetite (Westgate and Fulton 1975). 

Bulk titanomagnetite analyses using X.R.F. have ·defined 

individual field classes and have shown trends within classes. 

However, they cannot provide information on the number of tephras 

contributing to individual samples, for which E.M. analysis of 

single titanomagnetita grains has been employed. In addition the 

technique has been instrumental in indicating 11.1hether c.l,=isses III 

and IV are compositionally zoned or are composite deposits. 

ri.ve samples (K1; the finer than 2 mm fraction of K3; K6; 

K7; K10), representing field classes I to~, were collected from 

the Kopu site (site 37, N49/252285) where field class boundaries 

are more clearly defined than at Pukakauri Rd (see Fig. 4.15 P.137). 

Individual titanomagnetite grains were analysed using a Scanning 

Electron microscope with an E.M. attachment (see Appendi~ 8). 

Various combinations of the ratios of the total coun~s over 

40 seconds for the three main elements Fe, Ti, and l"ln indicated 

that the Fe/Ti ratio gave the most satisfactory results for 

characterising titanomagnetite from different tephras. A typical 

plot of tho element intensities from. a titanomagnetite grai,, 

illustrates the reduced sensitivity of the S.E.M.-E.M. ~ystem for 

the elements examined compared with X.R.F. spectra from bulk 

titanomagnetite analyses (Fig. 3.15). Exsolved grains identified 
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FIGURE 3.16 scanning electron microgrQph of a polished, 

gold-coated, homogeneous titanomagnetite 

grain (light grey) with included apatite 

crystal (medium grey). The apatite crystal 

is grey because of its lower conductivity 

compared with the surrounding titano­

magnetite crystal. 
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by the method indicated in Appendix 8 p~8t and included crystals 

which were visible on the screen (Fig. 3.~6), were avoided during 

the analyses. 

ir, Table 3.8. 

The analyses for the five samples are presented 

TABLE 3.8: Mean Fe/Ti ratios of titanomagnetites extracted fr'.1m 

the Corornandel tephras at the Kopu site and anelysed 

by E.M. 

No.of grains ~lean Standard Coefficient Equivalent 

of titano- counts Fe deviation of Pukekauri 

magnetite counts Ti vnriatit:n samples 

analysed % 

Rd 

---
I K1 26 6.29 □ .83 13.17 P1 ,P2 

II K3 37 6.37 □ .98 15.33 P3, Pl~ 

(<2 mm) 

III K6 37 6.56 □ .97 14.81 P1 □ ,P11 

IV K'/ 28 1.01 0.74 10.sa P14,P15 

V K10 23 7.37 0.10 1.35 P18 

(b) Discussion of results 

The very low coefficient of variation for field class Vis 

consistent with the mineralogical and chemical data which indicates 

it is a pure tephra# In comparison, the high coefficients of 

variation associated with field classes I to IV suggest they all 

contain more than one tephra. Confirmation of this suggestion is 

indicated by Fig. 3.17 in which the Fe/Ti ratios are growJeJ into 

0.,05 intervals .. Regrouping of the data reveals polymojal 

titanomagnetite compositions in all samples except field class V 

(K10) • Data on each of the main modes are presanted in Table 3.9. 
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Table 3.9: Modal grouping of the Fe/Ti ratios of titanomagnetites extracted from the Coromandel tephras at the 

Kopu site 

Ranq~ :\!o.of grtdns % of gr-ains Tatal 7s of f·ledi3n f·1ean Standard Coefficient -
counts Fe contained contained sam:Jles counts Fe counts Fe doviat.ion cf variation 

counts Ti within the within the ac;co .. mted 
counts Ti counts Ti of the of the mean 

modal range modal range for mean (%) 
·-

5.08 - 5.,30 5 19.2 5.17 5.17 o.o9 1.64 

I K1 5.,70 - 6.09 8 30.,8 92.3 5.88 5.88 0., 14 2.45 

7,.05 - 7.30 11 42.3 7 .18 7.18 0.,07 1 .. 00 

5.H - 5.31 11 29.7 s.20 5.,21 0.06 1.13 

II K3 <2 mm 7.27 - 7 .. 47 14 37.8 67.6 7.35 7.36 0.06 0.,85 

I 
5. □ 7 - s.37 10 27 .. D s.10 5.23 0.10 1.99 

III K6 72.,9 

7.16 - 7.48 17 45.,9 7.35 7.34 0.11 1.48 

IV K7 7.18 - 7.62 20 71.4 71,,4 7.36 7.,39 0., 14 1.A6 

- - -
V K10 7 .. 13 - 7.56 23 100.0 100.D 7.37 7.37 0 .. 10 1.35 

•.D 
0 
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The median is the bast statistical measure for comparing the Fe/Ti 

ratips 0f the modes, as it ignores the extremes of the distribution 

and reducgs the possibility of erratic results being incorporated 

into the parameter. 

Field class I (K1) contains titanomagnetites with highly 

variable compositionso The class coincides with the modern so~l A 

horizon and hence experiences subaerial additions in the form of 

aeolian dust or distal fallout of very fine grained products of 

Central North Island volcanism. The division into three modes, 

although somewhat arbitrary, demonstrates the multiple nature of 

this field class .. The Pumiceous bed, represented by the finer 

than 2 mm fraction of K3, is characterised by titanomagnetites 

having a narrower compositional range, capable of being grouped 

into two distinct modes which together account for 68% of the grains 

analyse:d. Both modes represent tephras that are calc-alkaline in 

composition, as titanornagnetites from peralkaline tephras have 

higher Fe/Ti ratios than those shown in Fig. 3.17. Coarse reddish 

brown lapilli of peralkuline composition from field class II at the 

Old Mill site (site 25), contained rare phenocrystic titanomagnetite 

with an Fe/Ti ratio of 9.2. Field class II must therefore contain 

at least three tephras, two cal.c-alkaline and one peralkaline in 

composition. The Silty bed (K6) is also composed of titanomagnetites 

with two dominant rHodal Fe/Ti r·atios having medians at 5.18 and 7.35 

respectively; together these ~odes account for about 73% of tha 

grains exarnirnid. T:·3 marked bimodali ty support8 class I II being 

a mixture of two tephras rather than representing a single deposit 

exhibiting compositional zonation. The Lu.mpy bed, represented by K7, 
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exhibits both class III characteristics, in that an important 

fraction (29%) cif the titanomagnetite grains lie outside the 

principal mode, and also class v·characteristics, in its tendency 

towards unimodality. The Shower-bedded class (K10) is strongly 

unimodal and the distribution is consistent with a single tephra 

origin, devoid of contaminating material. 
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E.f•l. analysis of titanornagnetites has re'Jealed that all field 

classes except the oldest are composed of multiple tephras, thereby 

demonstrating the significance of post-depositional changes that 

must be anticipated when considering the origins of thin tephra 

beds. 

DISCUSSION 

1 • Fie)._1~~.J:.:2.s~s_J ( Rec12,~t beAf. 

Most of the data obtained indicate class I represents a 

uniqua combination of tephras, distinct from class II beneath. 

Involvement in modern soil-forming activities has resulted in a 

homogenised deposit containing at least three tophras, one of 

which also occurs in class II. At least one tephr.3 is ctmtained 

within the finer part of the sand fraction (2-4 i) and is 

characterised by volcanic glass, plagioclase, hypersthene, 

cummingtonite, hornblende and augite. Another is represented by 

white, fresh, pumiceous lapilli containing hyper~thene and 

plagioclase phenocrysts. The third tephra, which is more abundant 

in the underlying Pumiceous bed,·contains yellow orange, highly 

altered pumiceous lapilli with a paralkaline phenocrystic assemblage. 
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Sample P2 has many properties in common with P3 indicating mixing 

between classes I and II. However, there are sufficient differences 

bet~2en these samples to allocate them to separate field classes 

rather than placing P3 into an intermediate class, as was suggested 

by initial field work. 

2. Field class II (Pumiceous bed) 

The Pumiceous bed is clearly distinguished from the Silty bed 

by its caarser grain size and peralkaline component. It is 

dominated by the peralkaline, yellow orange pumiceous lap:i.lli 

mentioned above which contain phenocrystic anorthoclase, quartz, 

aegirine, cossyrite, olivine, riebeckite and tuhualite. Two 

tephras having calc-alkaline mineral assemblages dominated by glass, 

plagioclase, quartz, hypersthene, cummingtonite, hornblende and 

augite occur within the sand fraction of the Pumiceous bed. 

The lower boundary of field class II is uncert&in; some parameters 

such as particle size suggest that it lies between PS and P6, while 

others, such as mineralogy, indicate that PS is also transitional 

in nature. There is some evidence to suggest that the transition 

between classes II and III {occupied by ?PS, P6 and P7) may be 

influenced by another tephra. 

Clay-rich class III samples near the centre of the 

stratigraphic column are sandwiched between coarser deposits above 

and below. Grain size parameters, salic and fe~romagnesian 

mineralogy, and titanomagnetite chemistry are examples of parameters 



which change uniformly through the bed in response to varying 

contributions from tephras forming an intimate mixture within 
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class III. The bed appears to be a mixture of two tephras: a 

younger, fine-grained, glass-rich tephra, and an older, comparatively 

coarse-grained deposit having greater amounts of plagioclase and 

quartz. Both tephras have a calc-alkaline ferromagnesian assem~laga 

dominated by hypersthene, cummingtonite and hornblende; !"lany of 

the pr□ pl':lrties associated with grain size:, mineralogy and 

titano~agnetite chemistry grade uniformly from PB to P15 and 

although the boundary between class III and class IV is an indistinct 

one, most parameters support a division in the region of sample P12. 

The Silty bed is easily distinguished from the underlying Lumpy bed 

by its finer grain size, hypersthene-dominated ferromagnesian mlneral 

assemblage, and titanomagnetite chemistry. 

4. £.1_eld cl~s IV (Lumpy bed) 

The Lumpy bed is also non-homogeneous~ with textural, 

minGralogical and chemical properties changing uniformly between its 

top (P14) and the Shower-bedded class beneath (i.e. P16,P17, and P1B). 

Class IV samples are distinguished from class V by thoir finer grain 

.sizes, their higher clay and hypersthehe contents, and their 

titanomagnetite chemistry. About 70% of the deposit ig occupied by 

a single tephra with the remainder containing subaerial additions, 

probably distal components of Central North Islanu volcan5.sm. 
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5. Field class V (Shower-bedded class) 

Th.3 oldest group of samples in the column are the non-bedded 

sancy loams and shower-bedded sands of class V (P16,P17 and P1B). 

Although particle size parameters and salic mineral assemblages 

vary with the explosive strength of each eruptive cycle, the 

cummingtonit&-dominat9d ferromagnesian mineral assemblage and 

titanomagnctite chemistry show remarkable constancy between 

successive pulses, indicating a ~ommon origin from a single, 

prolonged, eruptive event. 

Figure 3.18 summarises the relationships between field class 

boundaries, samples and component tephras. Soma of the five 

tephras found in field classes III to V occur in more than one 

field class, with the number of different taphras contributing to 

the three older classes probably not exceeding three (see 

Chapter 4 p.16□). 
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Tepht:~ J : fine,hypersthene~ 
cummingtonite tephra 

Te:ehra . .! : hypersthene-rich, 
white,pumiceous lapilli 

Tephr~~ ~and~ s fine, 
hypersthene-cummingtonite 

tephras 

Tephra ! 
fine, 

hypersthene­
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Teph:ra £ 
fine, 

hypersthene~ 
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.U Peralkaline composition 

C...-:J Cale-alkaline compooi tion 

FIGURE 3.18 1 aelationships between the Field classes, samples, 

and the number and vertical distribution of 

component tephras in the Corornandel tephra sequence 

at Pul<:ekauri Rd. Width of individual tephra symbol 

denotes the approximate content of that tephra in 

any particular sample (e.g. P3z50%F~25%G,25%H). 

It should 1:e noted that some of the tephras occurring 

in field classes III to V are common to more than 

one field class. 
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CHAPTER 4 

VARIATION IN THE PROPERTIES OF FIELD CLASSES I TO V WITH 

GEOGRAPHICAL DISTRIBUTION OVER THE COROMANDEL PENINSULA. 

INTRODUCTION 

In chapter thre.e, individual field classes within the two 

metre thick Late Pleistocene and Holocene tephra cover at 

Pukekauri Rd, Waihi, were investigated by various tephrostratigraphic 

techniques and a number of component tephras recognised. This 

chapter describes the properties nf the field classes in 

stratigraphic sections over the remainder of the Peninsula and 

aims at testing the usefulness of some of the tephra characteristics of 

the reference section for correlation purposes, and elucidating 

further the number and properties of tephras contained within the 

various field classes. 

Field and laboratory data indicate that the five f~eld 

classes representing the Coromandel tephras can be considered in 

two groups, classes I and II, and classes III, IV and v, with each 

group containing closely related tephras. This chapter follows 

this grouping with the first section discussing the Recent and 

Pumiceous beds and the second the three older field classes. 



A. FIELD CLASSES I AND II (THE RECENT AND PUMICE□US BEDS) 

1. Intl.'oduction 

Detailed examination of the stratigraphic column at 

Pukekauri Rd has indicatod that field classes I and II contain 

multiple tephras (Fig. 3.18 p.~6). Of these, at least four 

tephras are calc-alkaline and represented by both lapilli and 
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ash deposits, and one is a peralkaline, pumiceous lapilli and ash-

sized tept-.ra. Northwards from Waihi,field observations show a 

gradual change in the cha~acteristics of these tephras. The 

influence of the peralkaline component in class II increases with 

the coarse pumiceous ash ?lld very fine yellow orange pumiceous 

lapilli of the Pukekauri Rd si ta passing laterally into coarse·, 

reddish brown, lapilli at Whangamata. The Recent bad (Class I) 

also changes character between W~ihi and Whengamata, with the 

tephras unique to class I being mixed with the fine-grained, upper 

part of the underlying peralkaline pumice deposit. The mixing ls 

a consequence of soil forming processes and North of Waihi is the 

major reason for discussing class I in conjunction with class II 

with which it is intimately associated. F"ig. 4.1 illust1·ates 

the vnriation in the combined thicknesses of the class I and II 

deposits over the southern end of the Coromandel Peninsula. 

2. Field relations -- --
The Recent bed thine from approximately 20 cm on tha Waihi Plain 

to 10 cm at Tairua (Fig. 4.1) and is no longer detectable at 

Whenuakite. It changes from a very friable, distinctly gritty, 
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FIGURE 4.1 1 Fence diagram showing the variation in the 

combined thicknesses of field classas I and II. 



sandy loam at Whangamata to a finer-grained, sandy loam further 

south. 
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Near Whangamata the Pumiceous bed consists of 60 cm of loose, 

reddish brown pllmiceous lapilli with fragments up to 35 mm in 

diameter. The pumice is strongly weathered as is demonstrated 

by the ease with which it may be c~ushed, and by its reddish brown 

colour, which is more intense on the surface of the grains and 

which becomes pale yellow towards their centres. The reddish 

brown lapilli are sometimes overlain by dull yellowish brown lapilli 

(Fig. 2.8 p.26) which otherwise appeara to be similar material. 

The different coloured lapilli are separated by a diffuse boundary 

suggesting that the colour variations may be the result of soil 

forming processes (see p.117). In the Whangamata district the 

Pumiceous bad consists of coarse, normally graded lapilli showing 

a sharp lower boundary with the Silty bed (Fig. 2.9 p.26). 

Extending radially away from Whangamata the deposit becomes 

progressively finer and is of coarse ash grade at Waihi and Ohui. 

With decreasing size, the lapilli lose their identity and become 

incorporated into a yellowish brown, friAble, sandy loam (similar 

to that occurring at t~~ Pukekauri Rd site), which has a diffuse 

boundary with field class III. Hilly relief combined with the 

t~eathered nature of the Pumiceous bed has limited the number of 

good exposures of these younger tephras in the Whangamat~ region. 

Most data on classea I and II have come from the 15 localities 

shown in fig. 4.2. 

The area covered by the Pumiceous bed is oblate and 

asymmr.trical around the erupticn axis, and is considarably thicker 
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FIGURE 4.2 z Reference sites for the Recent and Pumiceous beds 

in the southern Coromandel Peninsula. 

Site number z 6 - Waihi Eeach 
8 - Pukekauri Rd. 
15 Thames-Pacroa highway 
21 .Maratoto valley 
23 Whangamata dump 
24 Ash type site 
25 Old mill site 
32 Kauaeranga Valley 
37 Kopu 
81 Mayor farm 
82 Whangamata reservoir 
83 Moana point 
84 Whangamata south 
85 Neavesville 
86 Tairua forest 
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in the south than in the north (Fig, 2.7 p.24). This may reflect 

the inflLmnce of the class U calc-alkaline components or it may 

indicate deposition of tha peralkaline component ir two lobes, one 

striking ESE/WNW and the other i~E/SW, or perhaps a combination of 

both factors. Discrete yellow orange pumice grains are detected 

1n field class II as far south as the Athenree Gorge and as far 

north as Ohui (Fig. 4.1), although laboratory evidence indicates 

that the influence of the peralkaline tephra is more extensive 

than this (sea p.125). 

3. G:.:: anulometric study_ 

(a) Lateral variations in the particle size distribution of the 

Pumiceous bed. 

Grain size parameters employed to characterise tha beds 

include those mentioned in Cha~ter 3 (p.4~) together with the 

maximu~ diameter of Kuna tl~• (1964) and the modal size of Folk 

(1966). Ths changes in particle size distribution with geographical 

location were investigated using channel samplas (i.e. samples 

repres8nting material collected continuously from the top of a 

tephra unit, to its base) of class II material from seven sites in 

the Whangamata region (Ta□le 4.1 and Fig. 4.3). Data were 

obtained from the coarser than 4 ¢ fraction of channel samples in 

order to allow a comparison of parameters applicable to primary 

material unaffActed by internal properties of the bed, such as 

grading. As Fig. 4.3 indicates, all samples are bimodal with four 

s!,owing a third mode in the 2-4 i region, possibly the result of 

1:a~tificia!' abrasion of the stronD!Y weathered pumice fragments. 
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FIGURE 4.3 : Histograms of the particle size distributions of the 

coarser than 4 ¢ fractions of field class II channel 

samples collected from seven sites in the greater 

Whangamata region. Data in the form of cumulative 

frequency curves are shown in Appendix E (Fig. E.5). 
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TABLE 4.1 : Grain size parameters of channel samplos from the 

Pumiceous bed at seven sites in the greater Whangamat1 

region 

Mean diam. Coarser than 4 .¢ fraction 1 

of the five --

Site Site largest fledian r•1ean Sorting Primary 

No. locality particles (¢) (¢) Coefficient mode 2 

(mm) (¢) (.0) 

25 Old Mill 27.8 -1.99 -1.57 1.56 -2.25 

81 Mayor farm 27.2 -1. 71 -1.49 1 .16 -1.70 

82 Whangamata 26.4 -2.02 -1.87 □ .97 -2.03 
reservoir 

24 Ash type 2,~.6 -1.82 -1.49 1.30 -1.79 
83 Moana Point 21.6 -1.99 -1.68 1.14 -2.10 
23 Whangamata 19.6 -□ .82 -0.,51 1.73 -1 .60 . 

dump 

37 Kopu 9.6 +0.21 -tD. 37 1.58 -□ .58 

1 To ensure particle disaggregation, samples l!Jere gently wet­

sieved through -1 ~, D ¢, 1 ¢ and 4 ¢ sieves and then subjected 

to two minutes of dry, hand-sieving. 

2 The mode, the most frequently occurring grain diameter (Folk 

1966) here refers to the majority of the grains only (primary 

mode - Fig. 4.3). It is calculated by the method of Folk and 
Ward (1957). 
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Grain size parameters such as the median, mean and sorting 

coefficient only have real significance for normal distributions 

(Bund and Sparks 1976); these parameters have therefore been used 

to a limited extent only, with more emphasis being placed upon the 

modal size value. The Old Mill site (number 25) contains both 

the coarsest primary modal value and the maximum diameter grains 

(Table 4.1) and hence it is most likely to be the closest on-land 

site to the eruptive centre (cf. Walker 1971), A comparison of 

maximum diameters with parameters derived from sieve analyses 

suggests reworking has occurred at some sites; for example, at 

Moana Point (site 83), the deposit has both a coarse primary modal 

value and mean grain size but the maximum diameter is considerably 

finer than at many of the other sites. 

(b) Variations in the particle size distributions within the 

Recent and Pumiceous beds 

The graded bedded appearance o( class II material in the field 

is confirmed by particle size characteristics of the coarsor than 

4 ¢ fraction of deposits fr□m the Old Mill (site 25) and Whangamata 

South (site 84) sites (fig. 4~5). The field class and sample 

locations for these sites and others used in this chapter are shown 

The Pumiceous bed is normally gcaded (Fig. 4.5) and 

considerably .-~oarser thun the Recent bed above (cf. m13 a·nd 0~11) .. 

Tho dull yellowish brown lapiJli in the upper part of the Pumiceous 

bed (e.g. Wg 1) has mode3 in the coarse and very fine sand fractions, 

in common 1i1i th the reddish br0u1n J.apilli beneath (Wg 2), but lacks 

the Qranule made o~ the l □wsr samplee This suggests that the dull 
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yellowish brown lapilli represent simply the upper part of the 

Pumiceous bed and that it is not a set,arate tephra with the colour 

differences being of post-deposit~o11al origin (see p.117). The 

large difference in the primary modal diameters between the dull 

yellowish brown and reddish brown lapilli is related partly to the 

normally graded nature of the deposit and also to the tendency for 

the softer, dull yellowish brown lapilli to abrade more during hand 

sieving. 

Textural analyses emphasise the polymodal grain size 

distributions in the Recent and Purniceous beds, even when any 

artificially created modes are excluded. The relationship between 

mineralogy and size classes was· determined from the coarser than 

2 ¢ fraction of field class II samples at sites 25 (Old Mill) and 

37 (Kopu), with the results shown in Fig. 4.6. The coarser grain 

size (2 ¢) was selected to avoid sa11d-sized aggregates of secondary 

material and to enable identification of the tephra components by 

binocular microscope. Th8 deposits ere polycomponent being 

composed of three types of pyroclastic r1ateri2ls (cf. Walker 1971): 

vitric components (pumiceous lapilli); crystal components 

(anorthoclase crystals); and lithic components (glassy rock 

fragments containing minor devit~ifiP.d glass and alterod feldspar 

phenocrysts). The polymodal nature of the grain size histograms 

in Fig. 4.6 results therefore from a combination of the particle 

siza distributions of these three compon~nts~ As the grain size 

fines, as for example from site 25 to site 37, thP crystal and 

lithic components incre~se in abundance compared with the vitric 

components so that site 37 shows stronger bimodality~ While the 
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Data fror.1 Appendix E (Fig. E.7)~ 

Note I Terminal velocity classes, calculated using data on 

fragment size 9 density. sho.ps and surface roughness 

and the cur•.1es of \·J,1l!cer e~ al. (1971), are treated in 

a similar mann -, r- -to the grain size classes of Krumbein 

(1936). TV is the t.errn5-nal velocity in metres per sec. 
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sanples as a whole are typically poorly sorted, the particle size 

distribut5.ons for the individual components constituting sample 

□ M3/4 are either moderately sorted or very well sorted (Table 4.2). 

TABLE 4.2: A comparison of the grain size properties of a poly­

~omponent tephra sample ~nd its three constituents, 

the vitric, crystal and lithic components 

Sample OM3/4. 

Percentage Median Mean Sorting 

of total Coefficient 

sample (¢) (¢) (BG ¢) 

Whole sample ( 0~13/ 4) 100.0 -2.10 -1.85 1.26 

(coarser than 2 ¢) 

DM3/4 Vitric component 9□ .1 -2.23 -2.18 o.s? 
coarser 

Crystal component B.7 -□ .15 -0.13 o.34 
than 

2 ~ Lithic component 1.3 -0.40 -·0.40 0.21 

--

Walker (1971) found that polycomponent deposits were best 

characterised by plotting weight percentages against terminal fall 

velocities rather than particle diameters, since fall velocities 

take into account fragment densitys shape and surface roughness in 

addition to grain size and thereby group in the same class all 

particles which fall at the same rate. He demonstrated that small 

dense crystals would have the same fall velocity, and hence 

accumulate at the same time, as pumice fragments of much larger size. 

This would produce the type of bimodal size distributions shown in 

Figs. 4.5 and 4.6. The particle densities of the three components 

of samples from the Pumiceous bed were determined in mixtures of 
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bromoform and acetone and classified according to the scheme of 

Walker et&• (1971); the vitric component occurs as rough spheres 

with a density of □ .3□-□ .50 g/1; the crystal component as cylinders 

with a density of 2.6□ g/1; and the lithic component as rough 

spheres with a density of 2.6□ g/1. The particle size distributions 

of the Pumiceous bed at sites 25 and 37 shown in Fig. 4.6, were 

converted to terminal velocity distributions utilising the curves 

of Walker~ al. (1971) and are shown as plots of weight percent 

of the tephra components against terminal velocity class in Fig. 4.6. 

The terminal velocity distributions are strongly unimodal and have 

a standard deviation {9v) that is considerably less than that 

obtained from the equivalent particle size curves (BG¢). The 

unimodal fall velocity distributions shown in Fig. 4.6 demonstrata 

that the particle size distribution of the coarser than 2 ¢ material 

from the Pumiceous bed in the Whangamata r9gion is controlled by the 

peralkaline lapilli, with the polymodality being a function of the 

components comprising the tephra. 

Mineralogical and chemical examinations of samples from field 

classes I and II at Pukekauri Rd revealed that the field classes 

contain a mixture of both peralkaline and calc-alkali.ne tephras 

(sea p.95). To investigate the influence of the calc-alkalina 

tephras on the particle size and fall velocity distributions, five 

samples from sites 37 {Kopu) and 21 (Maratoto Valley) were examined 

{Fig. 4.7). The fall velocity distributions of the coarser 

samples of class II (K2 and K3) arc strongly unimodal and the crystal 

component is represented by pure anorthoclase, which indicates tha 

predominance of the peralkaline lapilli in thoso samples. However, 
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FIGURE 4.7 : Particle size and Fnll velocity distributior.s and tephra 

. components for the coarser than 2 ¢ fraction from field 

classes I and II at sites 37 and 21. 

Data from Appendix E (Fig. E?). 

Note: Because of the fine grain size of the five samples 

above, each sample contained a large prop~rtion of 

lapilli-sized aggregates of fine material which could 

not be removed by wet sied.ng. Tile samples were 

therefore suspended in dilute HCl (pH3) and slowly 

rotated in an end-over-end shaker for seven hours. 

Examination of individual size classes by binocular 

microscope enabled adjustments to be mede ~or the 

minor ~mounts of aggregates particles still remaining 

as well as determining the percgntages of each of the 

three components as indicated above. 
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the ·finer class II (~12/3) and class I (K1,M1) samples have 

comparatiuely pearly sorted fall velocity distributions and a 

crystal component containin~ aqual amounts of plagioclase and 

anorthoclase, which identifies the presence of calc-alkaline 

material in t~ese samples. The fall velocity distributions of the 

Recent and Pumiceous beds therefore demonstrate that when the 

Pumiceous bed is coarse, the particle size distribution of the 

coarser th8n 2 - fraction is controlled completely by the peralkaline 

lapilli; in the Recent bed and when the Pumiceous bed is finer, 

the calc-alkaline tephras exert an influence in the 0-2 ¢ size range. 

4. Petroqraphy and mineralogy 

(a) Pumice 

A major constituent of classes I and II is altered pumiceous 

volcanic glass which occurs as discrete shards in the Waihi region 

and as co3rse, sparsely porphyritic pumiceous lapilli accompanied by 

minor amounts of free crystals and lithic fragments near Whangamata. 

The proportions of pumice, free crystals and lithic fragments in 

field classes I and II for three sit8s are shown in Fig. 4.B. In 

the coarser samples, for example OM3/4 and K3, pumice predominates, 

but free crystals and lithic fragments become increasingly abundant 

with finer grai~ size, as in samples K1, K2, M1 and M2/3~ The 

coarse, reddish brown pumiceous lapilli have a moderate concentration 

of vesicles and many are prominently flow-banded. Thin sections 

of the coarser particles (coarser than 30 mm) show phenocrystic 

ancrthoclase; other phenocrysts are detectable only after crushing 

and concentration techniques. 
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PUMICE 

c,M2/3 

CRYSTALS"---------------------------------~LITHICS 

FIGURE 4.8 z Percentage of Pumice, Cr.1stals and Lithic fragments in the 

Recent and Pumiceous beds in the greater Wnangamata region. 

Percent of the coarser than 2~ fraction at sitea 25 (OM 3/4), 

37 (Kl,K2,K3) and 21 0-U,.M2/3). 
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A unique feature of' the Purniceous bed in the Whangamata 

region is the intense reddish brown colour of its pumice fragments~ 

Nicholls and Carmichael (1969) have noted that despite tho iron­

rich nature of peralkaline deposits, ferro.magn3si2n phenocrysts 

are usually viJry scarce so that residual. glasses arc typically 

enriched in Fe. It is therefore likely that tho reddish brown 

colour has resulted from oxidation of the Fe contained within the 

glasses under the soil forming enviro:1ment of the Cor·omandel 

Peninsula. The proportion of s0lected elements was determined 

using XRF for the coarser than -1 f1 fraction of thirtoo;, samples 

of reddish brown and dull yellowish brown pumiceous lapilli occurring 

in the Whangamata region (Fig. 4.9)~ The data indicate a relation-

ship between c'olour and the Si and Fe contents, with Fe being more 

concentrated in the reddish brown lapilli, and Si in the dull 

yellowish brown lapilli. Considering the colour of the depositR 

and the susceptibflity of Fe to oxidation and mobilisation, it seems 

likely that the colour differences have resulted from the movement 

and doposition of Fe through the profile. The lapilli have probably 

undergone the following sequences of changes: 

Intense chemical weathering under the influence of the soil 

forming processes which resulted in physical dscomposition of the 

glass and oxidation of Fe, producing a change in colour of the lapilli 

from grey to red brown. 

(ii) Local mobil5.sation of Fe3+ under the influence of certain 

forest trees such as Kauri and Rimu, resulting in the removal of the 

reddish brown colour in the upper parts of some profiles to form the 

dull yellowish brown lapilli (cf. the podsolization of tephras 

described by Singer et &• 1978). 



FIGURE 4.9 

~ reddish brown 
~ lapilli 

~ dull yellowish 
~ brown lapilli 
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K 

Relative a.-;otmts of Si, K and Fe in the coaraer than 

-Hf fraction of the redd:lsh brown and dull. yellowish 

brown lapilli in field class II, in the Whangamata· 

region. Units are Si (cps %)J K (cps %)J and Fe ( 

cpsxlO-l %) • 
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(b) Quartz and feldspar 

Thn felsic minerals of field classes I and II have been 

described previously in Chapter 3 and Appendix A, and include quartz, 

plagioclass and anorthoclase. The falsie mineral contents of the 

2-4 ¢ fractions of the Recent and Pumiceous beds were determined 

at four sites (Table 4.3). The table shows the influence of the 

class II calc-alkalins tephras (identified by their plagioclase 

content), particularly at the sites in the southern part of the 

The similarity in the falsie mineral 

contents of tha dull yellowish brown and reddish brown lapilli at 

the Whangamata south and Neavesville sites reinforces the view that 

these tt,ro lapilli in fact represent a single deposit which has under­

gone post-depositional changes. 

TABLE 4.3: Falsie mineral content of the Recent and Pumiceous beds. 

Weight% in the 2-4 ~ fraction, determined by XRD 

Site Field Sample Plagioclase Quartz Anorthoclase 
class 

37 I K1 17 11 7 
(Kopu) 

II K2 11 5 7 

K3 10 5 7 

21 I M1 15 9 7 

.<Maratoto 
' Vallov) 

II M2/3 11 11 7 

84 Wg1(yell. 10 5 10 
(Whangamata II brown lap.) 

south) 
Wg2(red brown 10. 5 7 
la□iJ.li) 

85 N1(yell. 13 9 10 
( rJeavesville) II broum lap.) 

N2(red brown 13 5 11 
la□illi) 

8 II P3 12 9 , 11 
Pukekauri Rd) 

For site locatj one: ?.t~,d the stra~i h·· •, • • 4 4 • - c' , " grap ic p□ Sl.l,J.on of samples, see fig. • 
P• 107 • 
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(c) Ferromagnesian ~ineralogy 

The ferromagnesian mineral assernblag8s of the coarser class I 

and II deposits from tha Kopu site are compared with the finer-grained 

Pukekauri Rd samples in Table 4.4 and Fig. 4.1 □• It is clear from 

Table 4.4 that even the coarser samples of the Pumiceous bed 

(e.g. K3) contain significant amounts of calc-alkaline material 

which is concentrated in the finer size fractions and increases in 

TABLE 4.4 : Ferromagnesian mineral assemblages in the 2-4 ~ 

fraction of the Recent and Pumiceous beds 

Site rield Sample Calc-al!<aline mine1~al 
~

·--· 
ralkaJ 

suit mi,iar 
.im,; 
als 

class I - ,_ --
Hypers- Cumming- Horn- Augite l\egiri no 
thene tonite blends 

(%) (%) (%) (%) ( d\ 
/0} 

-· 

I P1 28 19 30 17 6 

8 P2 27 14 34 18 7 

( Pukekauri P3 23 20 26 24 7 
II 

Rd) P4 21.i 22 30 14 10 
-·- --

I 
W1 36 20 25 10 g 

6 Li2 29 17 31 14 g 

(Waihi W3 36 17 25 11 11 
II 

Beach) W4 45 29 11 8 7 
-" ,_ 

I 1(1 44 20 24 8 4 --
37 K2 41 18 15 7 19 

II 
8 11 (Kopu) K3 49 ~,, -........ 

i - --=------

_J 
For site locations and the stratigraphic position of samplec, see 

Fig. 4.4 p.107. 
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FIGURE 4.10 1 Ferromagnesian mineral assemblages in the 2-4i traction of the Recent and Pumiceous 
beds at sites 8 (Pukekauri Rd), 6 (Waihi Beach), and 37 (Kopu). 
A I Triangular di~gram of the curnmingtonite, hornblende and hypersthene contents. 

BI Triangular diagram of the augite, aegirine and hypersthene contents. 

... ..., ... 
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concentration south of Whangamata. The four main calc-alkaline 

minerals represented at the Pukekauri Rd site, namely cummingtonite, 

hornblende, hypersthene and augife, are also present at the Kopu 

site but in different proportions. The major difference involves 

the pyroxenes, the Kopu samples being dominated ~y hypersthene 

while those from Pukekauri Rd contain subequal amounts of hypeisthene 

and augite. Samples from the Recent and Pumiceous beds we~e 

analysed from a site on the Waihi-Waihi Beach highway (site 6, 

Waihi Beach - see Fig. 4.4) to establish if the Pukekauri Rd site 

is representative of the ldaihi region (Table 4,.4 and Figure 4.10). 

It is appaTent that the ferromagnesian mineral assernbloge of the 

class II Waihi Beach samples (W3,W4) show more affinity wi~h the 

Kopu samples than do P3 and P4 from Pukekauri Rd. This is 

particularly noticeable if the aL1g.ite is excluded, as in Fig,. 4.10A. 

These data suggest that the Recent and Pumiceous beds from sites 

~n the Waihi Plain have been influenced by an augite-bearing tephra, 

the influence of which has been less significant at the Waihi 8ea2h 

site and absent at the Kopu site. 

In many of the sites examined, the field ~lass I and II 

peralkalins minerals occur as phenocrysts in the pumiceous lapilli 

and therefore are present only in low. concentration in the sand 

fraction. To provide a more reliable estimate of the relative 

proportions of the calc-alknline and peralkalina tephras, the coarser 

than 1 ¢ fraction was examined (Table 4.5). ClRss I samples are 

completely dominated by hypersthene with lessor amounts of aegirine 

and cossyrite. Class II samples are dominated by eit1rar hypersthane 

or aegirine, with minor ccssyrite and cummingtonite. In all five 

localities shown in Table 4.5, the proportions of e~girine and 
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T.'\BLE 4.5 : 

iSi.te F::.eld 
class 

37 I 

(Kopu) 
II 

21 I 

(Mara-
II tot;o 

IVallov) 

84 

(Whanga-II 

mata 
south) 

85 

(Neaves-II 

ville) 

25 
II 

(Old 
Mill) 

Ferromagnesian mineral content (2-4 ~ fraction) 

extractad from crushed l.,pilli ( coarsBr than 1 .¢) 

of field classes I and II 

~ - -
Cale-alkaline minerals Peralkaline miner2.ls 

Samplo Hypers- Cumming- Horn- P.egirine Cassy- Riebec-
thene tonite blende rite kite 

(%) (%) ( ;~) (;~) C~) (;s) 

K1 81 1 2 8 6 -
K2 48 12 5 30 '4 1 

K3 15 6 3 76 - -
I 

r-11 91 1 1 6 1 -
~12 65 7 1 24 1 2 

f'13 16 14 2 57 7 4 

Wg1 59 2 1 33 5 -
Wg2 12 7 2 68 10 -

N1 86 - I 1 10 3 -
N2 66 1 33 - -- I 

□r·12 34 8 9 49 - -
Dri3 1 - - 96 2 1 

Of'14 1 - - 98 I 1 --
To estimate phenocrystic assemblages, the coarser than 1 ~ fraction 

was subjected to severe mechanical abrasion by ultrasonic vibrations 

to dislodge any fine material from pumice cavities which might 

otherwise affect results. 

hypersthene vary inversely with depth, the aegirinu replacing 

hypersthene as tho depo2it coarsens. This relati~~ship between 

mineralogy and texture also occurs within individual samples where 

aegirine is concAntrated in the coarser fractions and· hypersthene 

' 



and cummingtonite in the finer (e.g. in sample K3, Table 4.6). 

TABLE 4.6 : Relationship bett,1een ferromagnesian m.ineral content 

and grain size in a sample of the Pumiceous bed 

(sample K3). 

-
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Cale-alkaline minerals Peralkaline minerals 
·--

Hypers- Cumming- Horn- Aegirine Cossyrib::: 
thane tonite blende 

~, . 1 30 15 5 49 1 F" rn::;.n:::n:-a coarser 
in the than -□ .5¢ 
size 
fraction -□ .5-2 .¢ 33 29 5 32 1 
shown 

2-4 ¢ 48 32 8 11 1 
-· 

S8mple K3 was wet-sieved into the three fractions shown above, 

severely probed to remove superficial crystals lodged within pumice 

cavities, crushed, and the 2-4 ~ ferromagnesian mineral fraction 

analysed. 

In conclusion, hypersthene, cummingtonite, hornblende, and augite 

are considered to represent calc-aJ.kaline tephras which become 

increasingly important in class I and the upper parts of class II, 

and in tha southern parts of the region. The fe~romagnosian 

mineral assemblage of the peralkaline pumiceous lapilli contains 

aegirine, cosayrite, olivine, ? hedenbergita, riebeckite and tuhualito 

and is most prominent when the Pumiceous bad is coarsest. 

The only racorded Late Quaternary volcanic sources of aegirine 

in New Zealend are the peralkaline eruptives of Mayor Island 

(Marshall 1932; Buck 1978). As the peralkaline tephra of field 

classes I and II occurs in a stratigraphic column that is otherwise 

calc-alkaline in composition, aegirine provides an excellent marker 
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FIGURE 4.11 s Ar~as of 0.eposition of the peralkaline pumiceous ash 

and lapilli of field classes I and II. 

Area of the deposit identified by field observation 

Area of the deposit identified by the aegirine 

content. 

l t Lake Mangahia I Lake cores contain a Srran thick 

layer of the peralkaline tephra 

(see. Fig.4.12). 



of the peralkaline lapilli, because of its distinctive optical 

properties. On this basis, the peralkaline tophra has been 

detected in tephra columns over 100 km distance from Whangamata 

(Figo 4.11 ), with aegirine contents varying from les~ than 1% in 

the south (0.g. site 92) to more than 8% at sitea further north 

(e.g. site 90) - Table 4.?. 

TABLE 4.? : Percent aegirine in the ferromagnesian mineral 

assemblages extracted from Upper Quaternary tephras 

in the Coromandel - Bay of Plenty - Waikato regions 
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% aegirine in the Depth of tho Source of 

Site Location 2-4¢ fraction of sample from the data 

No. the ferrornagnesian surface (cm) 

m.i.neral assemblage 

8? Dhui site 3 0-15 th.is thesis 

90 Welches Rd 8 0-20 ibid 

91 Rototuna 2-5 0-55 ' ) 

92 i<akepuku 1 25-45 ) Mr D. Lawe ) 
93 Taotaoroa 1 29-50 ) (M.Sc., in 

95 Tapapa 1 40-95 ) pr"Jp.) 

100 Te Matai Rd 1 60-7'J this thesis 

The presence of the peralkalina·pumiceous taphra in the Waikato 

ragi □n uas confirmed by locating it in a core collected from the 

sediment accumulated in a peat lake near Hamilton (Fig. 4.12). 

The 2 m core containo mineral laysrs ranging in thickness from 2 mm 

to 50 mm, separated by finely disssminatad black organic muds. 

All the mineral layers are dominated by volcanic glass, much of which 

is in the form of pumicooµs ash and lapilli ranging in appe~rance 

from dark grey to white and varying in their degree Qf vesiculation 
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and µhenocryst content. The ferromagnesian mineral assemblages 

commonly contain hypersthene, hornblende, and augite, and in 

particular layers, aegirine, cummingtonite, olivine and biotite. 

Layer x, only 5 mm in thickness, contains a ferromagnesian mineral 

fraction including aegirine with minor cossyrito, olivine and 

riebeckite, which identifies it as the peralkaline pumiceous deposit 

of field class II {Table 4~8). The relatively high proportion of 

accompanying calc-alkaline minerals, suggests that layer X has been 

contaminated after deposition on the lake bed. 

TABLE 4.8 : The ferromagnesian mineral assemblage of Layer X from 

the lJaikato lake sediment core (2-4 ¢ fraction) 

Cale-alkaline minerals Peralkaline minerals 

Hypers•• Horn- /'.\ugi te Aegirine Cassy- Riebec- Olivine 

thene blende rite kite 

(%) (%) (~t) ( "'') /iJ (~) (%) (%) 
-·-
,...ayer X 26 16 26 20 2 1 1 

For the stratigraphic po~.ition of Layer x, see Fig. 4.12. 

The area covered by the peralkaline pumiceous lapilli and ash 

that has been mapped in the field is approximately 1300 km 2 and has 

L northwesterly-trending axis (see Fig. 2.7 p.24). The presence of 

free aegirine c~ystals in the Bay of Plenty - Waikato region 

indicates a very much wider dispersion area of some 10,000 km2 having 

a southwesterly axis (Fig. 4.1t). On the basis of ttds, and the 

grain size distribution of samples from class II, it appears that thS 

main eruption was distributed along a northwesterly-trending axis, 
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while the finer material was deposited further to the south, along 

a more southwesterly axis. The divergence in axial directions 

could have originated in at leffst four ways; 

(i) A northeasterly wind may have prevailed during eruption 

from a vent inclined in a northwesterly direction (a.g~ Fisher 

1964 ) • 

(ii) The wind may have changed direction from the southeast to tho 

northeast at the end of the eruption, as it did during the 

Crater Lake pumice eruption (Fisher 1964 ). 

(iii) The wind direction may have varied with altitude, with the 

lower part of the atmosphere bearing no~thwest and the upper 

atmosphere distributing the finer material in a s.w thwesterly 

direction (cf. Topping 1972). 

(iv) There may have been a serias of lepilli and ash eruptions 

within a single eruptive episode that were distributed by 

winds from different dir8ctions. 

There is presently insufficient evidence to decide between these 

alternatives. 

5. Ti tanomaqnetj_!;e che,lJiE. tx'.X 

Analyses of seven titanomsgnetite concentrates (Fig. 4.13) 

show that a close relationship exists between the class II tophras 

of the l!.Jaih.i Cr::H,~ch and Kopu sites. Two semples from the Kopu site 

(K2 and K3) were 1i.1et-sieved into coarser and finer than -1 ¢ 

fractions and their titanomagnetites extracted and analysed with 

the aim of teating the hypothesis that the coarBer fraction is 

dominated by the peralkaline tephra and the finer by the calc-al;<aline 
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FIGURE 4.12 : Mineral layers exposed in a 2 m core of lake deposits 

near Hamilton (Lake Mangahia, N65/738357 - see 

Fig. 4.11). Layer X, 5 mm thick, is a grey, pumiceous 

coarse ash which correlates with the field class I and 

II peralkaline tephra. The baso of the column is 

approximately 15,000 years B.P. 

The Lake Mangahia core was collected by Mr J. Boubee~ 

Biological Sciences, University of waikato, 

1. % heavy minerals in the 2-4 ¢ fraction 

2. When more than one ferromagnesian mineral is present 

the mineral in highest concentration is typed in 

capital letters. 
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Petrographical descriptions 

White, poorly vesiculated, sparsely 
porphyritic, pumiceous coarse ash 
and very fine lapilli. 

White, fine ash composed of pumiceoua 
glass shards. 

White, extremely vesiculated, highly 
porphyritic, pumiceous coarse ash. 

White~ poorly vesiculated, highly 
porphyritic, pumiceous coarse ash. 

Grey, extremely vesiculated, sparsely 
porphyritic, normally graded. 
pumiceous coarse ash. 

White to pale brownish yellow, 
moderately vesiculated, sparsely 
porphyritic, pumiceous coarse ash. 

Pale yellowish brown and white. fine 
pum:lceous ash. 

White, fine ash composed of pumiceous 
glass shards .. 

Dark grey and white, poorly 
vesiculated, sparsely porphyritic• 
coarse ash (andesitic). 

P===:zt V Pale grey,. fine ash<> 

160-

170- White.- fine ash composed of pumiceou~ ............ 
0.1 HYPERSTHENE ............ IV glass shdrds, multiple-bedded. ... -........ 

hypersthene 180-
1.1 augite 

III very dark grey, fine ash. 

190 

White, moderately vesiculated, 

2.2 
HYPERS TH ENE 200 

............ II sparsely porphyritic, normally graded 
hornblende 

. . . . . . . . . .. aah and fine lapilU .• coarse very 

210 

0.2 
BIOTITE I ~"hite, fine ash compcaed of pumiceous 

hornblende glass ahard:1. 

220-
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FIGURE 4.13: Ratios of ~our.~ rates of Tio Mn and V froM titanomagnetites 

extra.cted from field classes I and II at Pukekauri Rd 

(Pl, P21 P4), Wai hi Beach (W2 ,W3), Kopu (K2a, K21, K3a,K31), 

and Old Pall(OM3/41) sitesG 

K21,K31,0M3/41 samples represent the coarser than -1~ 

fraction of the Kopu and Old Mill sites. 

K2a and K3a rep,:-escnt the fin(~r than -1¢ fracU.on of the 

Kopu samples K2 and K3 respectively. 
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tephra and to try and establish the original stratigraphic 

relationship between the peralkaline and calc-alkaline deposits. 

Fig. 4.13 shows that thero is very little difference between the 

two size fractions from the Kopu samples (i.e. K2L and K2A; K3L 

and·K3/\). The titanomagnetites analysed from OM3/4L are more 

repr3sentative of the peralkaline tephra titanomagnetite chemistry 

since the coarse fraction of that sample is known from the silicate 

mineralogy to contain only minor amounts of the calc-alkalina 

component (sea Tabla 4.5 p.123). The considerable difference in 

the Ti/f-1n ratios between the Kopu samples and OM3/4L demonstrates 

the extent to which tha lapilli at the Kopu site have been 

influenced by the calc-alkaline tephra, whose fine grain siza and 

high proportion of titanomagnetite gives the aparsely porphyritic 

peralkaline lapilli a considerabl9 calc-alkaline character. It is 

therefore concluded from the titanomagnetite chemistry that only 

sites containing coarse lapilli (coarser than 16 mm) in the 

Pumice~:Js bed have a predominantly peralkaline composition; where 

the Purniceous bed is of medium, fine and very fine lapilli, an 

important calc-alkaline component is also present. 

Oiscussicn of tho Calc-alkciJ.ina and Peralkaline teehras in ___ ., ___ ,______ Iii I 

classes I and II 

(a) The Cale-alkaline taphras 

Four calc;-alkaline tephras (tephras G, H, I and Jin Fig. 3.,10 

P• 96) ~ay be recognised in field classes I and II north of Waihi. 

With the exception of Tephra I, they have fine grain sizes (Mz 

finer than 2 ¢) and contain volcanic glass, plagioclase, quartz, 
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titanomagnetite, hypersthene, cummingtonite, hornblende and au~ite. 

The tephras deer.ease in thickness and have finGr grain sizes north 

of Waihi, indicating they were erupted from vents to tha south of 

the Coromandel Peninsula. 

(b) The peralkaline tephra (tephra F 0f Fig. 3.18) 

This tephra is represented by an extensive ash and lapilli 

deposit covering at least 10,000 km 2 from a source off the east coast 

of Whangamata. Deposition appears to have occurred in two lobes: 

a coarse, pumice-rich unit covering some 1300 km2 lying to the 

northeast of Whangamata and extending over the Coromandel Range at 

least as far as Thames; and a finer glass and crystal-rich lobe 

2 spreading over more than s,ooo km to the southwest, beyond Hamilton 

City where it is 5 mm thick. 

The lapilli exhibit a polymodal grain size distribution 

resulting from th~ interaction of vitric, crystal and lithic 

components of varying size, shape and density. Where the deposit 

is coarsest, it is dominated by weathered, iron-rich, reddish brown, 

sparsely porphyritic pumiceous lapilli with the associated crystal 

and lithic fragments (represented by anorthoclase and glassy rock 

fragments respectively) being only of minor importance. The ~ephra 

occurs in both field classes I and II, with class I containir.g 

abundant glass and free crystals and representing the finer part of 

the eruption, and class II containing the reddish brown lapilli 

forming the base of the deposit. Free anorthoclase crystals also 

occur in class II and these decrease in abundance from the top to 

the bottom of the deposit, as the lapilli grain size coarsens. 
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South and west of Whangamata, the lapilli grade into a deposit of 

ash-sized material which contains larger amounts of free crystals, 

namely anorthoclase, quartz, titanomagnetite, aegirine, cossyrite, 

rlebeckite, olivine, tuhualite and? hedenbergite. A similar 

mineral suite, ~ihich indicates the tephra is derived from an over­

satu~ated, peralkaline magma, can be found as phenocrysts within 

the dull yellowish brown and redd~h brown lapalli. Iron contained 

in the glasses has probably been oxidised by weathering processes 

ir.tensifisd in the soil forming regime, giving the reddish brown 

colourat~on presently displayed by most of the lapilli~ The local 

areas of d~ll yellowish brown lapilli have been leached of their iron 

under the influence of mar-forming vegetation associated with trees 

such as the kauri and rimu. 

B. FIELD CLASSES III, IV AND V (THE SILTY AND LUMPY BEDS, AND 

SHS~ER-GEDDED CLASS) 

1. Introdu~ 

Fisld classes III to V contain calc-nlkaline tephras whoso 

sources lie to the south of the Coromandel Peninsula, as indicated 

by decrsasing bed thicknesses northwards. The Silty and Lumpy beds 

are non-homogeneousr Bxhibiting properties that change systematically 

from the top of the Silty bed to the base of the Lumpy bed in 

response to varying contributions from mixtures of tephras. In 

comparison, the Shower-bedded class (class V) has uniform compositional 

properties, but variable particle size characteristics at any 
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particular site, indicating that this material was deposited during 

a continuous period of volcanism conEisting of a number of discrete 

eruptions. 

The following section examines some properties of field 

classes III to Vas they vnry with geographical location, in 

particular the particle size parameters of the coarser than 4 ¢ 

material, the ferromagnesian mineralogy, and the titanomagnetite 

chemistry. 

2. Field relations 

The properties of field classes III to Von the Peninsula, 

have been investigated using samples collected from Kopu (site 37), 

Whitianga (site 58), and Waiaro Bay (site 78) (Figs. 4.14 and 4.15). 

At Kopu, the reddish brown lapilli of class II clearly 

delineate the boundary between classas II and III, a distinction 

not found at Whitianga where field work has been unable to recognise 

the fine-grained distal p~rts of the class I and II tephras (if 

present) separately from clacs II! mate~ial. Also, at Waiaro Bay 

there is no clear separation betueen the Silty and Lumpy beds, but 

the thickness of the Silty bed at Whitianga suggests that it should 

be present. In the upper part of the Waiaro Bay I A I horizon some 

coarse (less than 20 mm) pobbles are present indicating that 

colluvium has been added to the top of the tephra column. The 

Shower-bedded class is readily identifiud by its prominent shower­

bedding at the Kopu and Whitianga sites, but is loss wall defined 

at Waiaro Bay because of tho very fine grain size of the individual 

units. 
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3. Particle size distribution of the coarser than 4 i fraction 

Particle size data for nineteen samples from field classes III 

to V are given in Appendix E (Fig. E.9) and statistical parameters 

are summarised in Fig. 4.16 and Table 4.9. 

TABL[ 4.9 : Particle size parameters for field classes III to Vat 

the Kopu, Whitianga, and Waiaro Bay sites (Coarser than 

4 ¢). 

- -
Field Mz 8G 

class Sample {yj) (1) 

KS 2.95 0.69 
III K6 , 2.87 0,.73 

--
K? 2.72 □ .73 Sita 37 

IV 
(l<opu) 

Kempf 2.74 □ .75 

KB 3.24 □ .. 48 

V K9 2.98 □ .46 

K10 2.82 □ .58 
·- -·-

? Wh1 3.06 0.53 
....... ---· 

Wh2 2.97 □ .56 

III Wh3 3.01 0.57 

Sito 58 Whli 2.98 □ .58 

(Whi tianga) IV Wh5 2.95 □ .57 

- .,_ 

Wh6 3,.25 IJ.38 
V Wh7 3.07 □ .47 

--~_._...,_~-- - . 
Wa1 2.75 1.02 

? Wa2 3.01 □ .57 Site 78 -----· 
(l.uaiar.o Bay) IV Wa3 3a07 □ .54 

Wa4 3.42 o.:m 
V was '3.34 0 .. 44 

--
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At the Kapu site the mean grain size coarsens and the sorting 

deteriorates with depth from the upper part of the Silty bed (K5) 

to the Lumpy bed (K7) before becoming finer in the basal, wall sorted, 

Showor-bedded class. The particle size parameters of "crearnpuffs" 

from the Lumpy ~ed are very similar to those in the surrounding 

matrlx deposit (sample Kempf in Table 4.9). The Whitianga site also 

exhitJits a progressive coarsening from the topsoil (Wh1) to the Lumpy 

bed (Wh5). The data are not sufficiently sensitive to indicate 

which field class Wh 1 and Wh2 belong to (i.e. classes I, II or III). 

The topsoil at Waiaro Bay (Wa1) has a poorly sorted bimodal particle 

size distribution, and a coarse mean grain size, explained by the 

addition of colluvial material. At the Kopu and Whitianga sites, 

tho lowest sample from class III (K6) has a finer mean grain size than 

the underlying class IV sample (K7). This trend is discontinued 

at the ~aiarc Bay site with Wa2 being coarser than Wa3, thus 

suggesting that Wa2 possibly b~longs to class IV rather than to 

class III {as is shown on Figs. 4.14 and 4.15). 

The mean grain size and sorting coefficients for samples from 

fiold clas$eS III to V are plotted againot distance from the 

Pukekauri Rd site in Figs. 4.17 and 4~18. For each of the field 

class8s the mocn grain size and sorting coefficient changes in a 

systematic rnannor from P~~ekauri Rd northwards to Waiaro Bay with 

the samples becoming progressively finer and better sorted up the 

Peninsula, indicative of sources to the south. 
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FIGURE 4.17 : Variation in the mean grain size of the coarser 

than 4 ¢ fraction of field classes III to V with 

distance north of Pu~ekauri Rd. 
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FIGURE 4.18 : Variation in the sorting coefficient of the 

coarser than 4 ¢ fraction of field classes III to 

V with distance north of Pukek8uri Rd. 
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4. Ferromagnes~an mineralogy 

The 2-4 ¢ fractions of the Kopu, Whitianga and Waiaro Bay 

samr.,le:3 are calc-alkaline in composition and dominated by 

cummingtonite, hypersthene and hornblende, with m!nor augite 

(Table 4.10 and Fig. 4.19). 

Data from the Kopu site allow a three-fold subdivision inte 

101.11, mediu,,. and high cummingt.oni te, corresponding with field 

classes III, IV and V respectively. The hypersthene/amphibole 

ratio declines progressively from the top of the Silty bed (KS) 

into the Lumpy bed (K7), with the amount of cummingtonite increasing 

substantially fro~ around 50% to over 70%. The ferromagnesian 

mineral assemblage of the creampuffs which were collected from the 

Lumpy bed at Kopu (Kempf in Table 4.10) is significantly different 

from the surrounding matrix and mineralogically is more like the 

underlying Shower-bedded class. 

At Whitianga the hyper.sthene/amphibole ratio also decreases 

steadily throughout classes III and IV (Wh2 to WhS), reflecting an 

increasing cummingtonite and decreasing hypersthene and hornblende 

content with depth. The A horizon at Whitianga does not conform 

to this pattern which suggests that it may contain the distal 

remnants of field class I and/or II tephras, and should therefore be 

assigned class I/II status. 

The very high proportion of cummingtonite in the Waiaro Bay 

topsoil (Wa1), considered to be partly colluvial from its particle 

size character-isticss indicates that the finer fraction of the 

sample (finer than 1.5 ¢) is totally composed of tephric material 

similar to the sample below, into which a coarse fraction has been 
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TAGLE .:'~.10 : The ferromagnesian mineral assemblages of field 

classes III to Vat the Kopu, Whitianga and 

Waiaro Bay sites (2-4 ¢ frac~!on). 

- -
Field hypers- cumming- horn- hypers-

class Sample thane tonite bler-de augite thene 
amphibole 

(%) (%) (J~) (%) 
--

KS 41 43 13 3 □ .73 
III 

K6 38 52 8 2 □ .66 

K7 21 72 7 - □ .27 Site 37 
IV 

(l<opu) Kempf 11 85 4 - o.n 
·- ·-KB 7 88 5 - □ .as 

V K9 7 91 2 ·- o. □7 

K10 11 87 2 - 0.12 

?l/II Wh1 32 44 19 0 □ .51 

- - - u ---
Wh2 35 44 16 5 o.sg 

ISite 58 III Wh3 34 49 15 2 □ .52 

{WI ,i tianga) Wh4 25 62 12 1 Do33 
,_ -

IV Wh5 25 66 9 - □ .33 

--
Wh6 8 88 4 - a. □9 

V Wh7 9 89 3 - 0.10 
-- -···----

rtIII \.tla1 11 

~

82 . ., - □ .. 13 ( - --- --·-
Wa2 13 1 6 - □ .15 

~

'"'i-l-e 78 IV Wa3 14 1 5 - 0,.16 

:taro Wa4 11 JI6 3 - 0.12 
ay) V 84 :_ _:__J__ □ .13 Wa5 11 -
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fraction). Sample Whl is thought to be an intermediate 

sample and is therefore not included in classes 11·1 to v. 
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incorporated. Although fiald classes IV and V can be identified 

at Waiaro Say and the distribution pattern indicates that class III 

should also be present, the ferromagnesian mineral assemblages for 

all the Waiaro Bay samples are similar and contain over BO% 

cummingtonite, with the hypersthene characteristic of classes III 

and lV being absent. As the Waiaro Bay column appears too thicl< 

to represent field class V only and the colluvial addition to the 

topsoil has been confined to coarse material, it is likely that 

field classes III and IV are present but characterised by significantly 

different ferromagnesian mineral assemblages. This sudden decrease 

in the hypersthene/cummingtonite ratio of classes III and IV at 

Waiaro Bay (Fig. 4.21), probably indicates a significant change in 

the number of tephras comprising these classes as the deposits have 

thinned north of Whitianga. 

The weight parcentage of heavy minerals in tho 2-4 ~ fraction 

of clasqes III to Vis plotted against geographical location on the 

Penins~ia in Fig. 4.2□. The general trend is a prograssive decrease 

in the contant of heavy mine.r.als on mov.ing north up the Peninsula, 

shown particularly by thH szmples from the Lumpy bed and Shower- · 

bedded class. The tendency for the proportion of heavy minerals to 

dscrease away from the source is typical of tephras (Eaton 1964; 

Willi2ms and M~Burney 196~), but is not demonstrated by the Silty 

bed which increases slightly in its heavy mineral content between 

Pukekauri Rd and t•Jhi t'ianga, before decreasing in a more usual manner 

north of Whi tianga. T!1is once again supports tho contention that 

the Silty bed is composed of two main tephras, one tephra being 

p-::>or in heavy minerals and losi.ng influence between Pukekauri Rd 

and Whitianga, and the other tephra comparatively i·ich in heavy 
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minernls, so that it increases in importance in this region. 

The heauy mineral content repeats the common tendency for pL'operties 

to change in a gradational manner between field classes III and IV 

at all sites shown on Fig. 4~2□, with the samples from the upper 

part of the Silty bed having comparatively low h~avy mineral 

contents and the Lumpy bed showing higher values. 

The hypersthene/amphibole ratios, when plotted against 

distance up the Peninsula (Fig. 4.21), are constant in class V and 

deGre2se in classes III and IV. The irregular trend shown by 

class IV in Fig. 4.21, is probably related to the varying 

concentration of creampuffs in the Lumpy bed, with cumraingtcnite 

being in higher proportion when the site is rich in creampuffs 

{as at Kopu, K7). From the examination of the ferromagnosian 

assemblages of ths Silty bed at Kopu, Whitianga and Waiaro Bay it 

is apparent that the two tephras constituting the Silty hed have 

the following characteristics: 

(i) a heavy mineral - poor tephra containing hyparsthena and 

hornblende, wh1ch progrel=sively losos its influence northwardRj 

(ii) a tephra comparatively rich in heavy minerals, with a 

ferromagnesian asssmblage dominated by cummingtonito which 

becomes increasingly influential·in the northern parts of ths 

Prmlnsula., 

5. Ti tano~_ti te chemistry 

The third technique used to study the lateral variations of 

field classes III to Vis the composition of the titanomagnetites, 

summarised in Fig. 4.,226 The two pairs of class III sampl,s from 
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FIGURE 4.21 : Change in the hyparsthene/amphibole ratio in field 

classes III to V with distance north of Puk~kauri Rd. 
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Kopu and Whitianga exhibit a similar pattern to that at the 

Pukekauri Rd site, with the upper half of the deposit having a 

higher Ti/Mn ratio a~d lower Ti/V ratio than the lower half. 
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The displacement of the class III samples to;Jards lo1~er Ti/Mn and 

Ti/V ratios with increasing di.stance north of Pukekauri Rd 

reinforces the hypothesis that class III contains tephras whose 

contributions vary up the Peninsula. 

The field class IV and V analyses do not vary significantly 

between Pukekauri Rd and Whitianga, indicating that the tephra or 

tephras composing each field class maintain their individual 

contributions at least as far north as Whitiangao The creampuffs 

extracted from the Kopu Lumpy bed (sample K?) hava titm·omagnetita 

compositions identical with those of field class v, and are 

considerably different from the matrix which surrounds them (matrix 

represented in Fig. 4.22 by K?)o 

6. 0:tscussion 

The non-bedded sandy loams and shower-bedded sands of clas3 V 

at Pukekaur·i Rd can be traced for more than 100 km up the Peninsu·1a 

and show both a variation in thickness from more than 40 cm in the 

south to less than 20 cm in the north and also a decreasing mean 

grain size, indicating that the source of the tephra lies to the 

south of th~ region. The cummingtoni te-becH:·ing ferromagnesian 

mineral asoemblage and the titanomagnetite compositions sh~~ little 

variation either bet111een the indivldual units constitutLng the zone 

rif shower-bedding or bAtweon the sites at the extreme ends of the 

Peninsula, indicating the field class Vis comprised of a single 

tephra only. 
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Field class IV has properties which vary more from sito to site, 

particularly its particle size characteris~ics, fsrromagnesian 

~ineralogy and to a lesser extent, titanomagnetite chemistry. 

All these variations are probably related to the concentration of 

creampuffs in the Lumpy bad. It was suggested in Chapter 2 (p.38) 

that the creampuffs in class IV represent subspherical remnants of 

primary material of class V not altered by weathering processes that 

have operated in the past. This suggestion is supported by the 

titanomagnetita chemistry and ferromagnesian mineralony of the 

creampuffs, which demonstrates they have similar compositions to th~ 

underlying Shower.-bedded class. The titanomagnetite grain 

compositions indicate that the matrix of field class IV ~antains two 

tephras (Fig~ 3e17 p. 89), with tha main tnphra occupying approximately 

70% of the class. The high cummingtonite content of clnss IV 

identifies this tephra as that contained within field class V below, 

wt1ich has been diluted by small amounts (approximately 30%) of a 

hyperst.hene and hornblende-bearing tephra. Fig. 4.23 summarises the 

relationship betweon the compositions of the creampuffs and matrix 

of class IV and tho composition of class V. 

Data from the Pukekauri Rd, Kopu and Whitianga sites indicate 

•that there is a relationship between field clasYes III and IV, with 

such parameters as the mean grain size, hypersthene/amphibole ratio 

and percentage of heavy minerals varying systematically frQm the top 

of the Silty bed to the Lumpy bed beneath (Fig. 4.24). It ~as 

concludod in Chapter 3 (p.96) that field class III ccnsiats of a 

mixture of two tephras, a younger, fine-grained one which is rich in 

glass, hypersthene and hornblende and an older te~hra which !s 

comp3 ratively coarse-grained and contains quartz, felJspar and 
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cummingtonite. It is proposed that the systematic variations 

between field claGses III and IV noted above, are the result of 

mixing of these tephra~• 
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A model attempting to explain the origin of field classes III 

to V and their intt:lr-relationships is outlined in Fig. 4.25. The 

oldest of the field classes studied (class V) - Fig. 4.25 {a), 

resulted from a series of closely related eruptions and formed a 

prornine~t shower-bedded tephra. Individual eruptive layers have 

variable mean grain sizes but exhibit uniformity in their ferromag-

nesian mineral assemblages and titanom&gnetite compositions. Under 

the influence of the paleo-soil regime, weathering of the sands 

resulted in the formation of creampuffs of sand texture in a sandy 

loam matrix; both creampuffs and matrix had a similar mineral 

composition and were characterisod by cummingtonite. 

After s~me ti~a interval, class V was buried by a thin, 

comparatively fine-grained dP.posit (T~phra A in Fig. 4.2S(a)), with 

a hype~sthene plus hornblende ferromc~nesian mineral assemblage. 

Subaerial mixing processes, effective where tephras are relatively 

thin, fine-grained, and exp~sed to soil forming processes for a few 

thouaand years, rosulte~ fro~ the activities of flora and fauna or 

of climatic phenoman2~ These processes operated most efficiently 

between Tephra A and the upper part of class V to eventually form a 

mixed tophra deposit, class IV, whose matrix had properties grading 

into the➔ cl;ass V tepnra beneat:h (Fig. 4.2S(b)). The titanomagnetites 

from class IV show a rangP. in composition dependent upon the relative 

influences of each of the two mixed tephras, as explained in 

Chapter 3 (Fig. 3~13 p.81). \.J ,,ile a remnant of pure class V tephra 
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FIGURE 4 .2 5 1 Proposed model of tephra de.;:,osi tion arid subsequent modif!.cat1on for the tephras comprising field classes 

III to v. The X/Y graphs shown above represent estimated titanomagnetite compositions for imaginary 

samples denoted by an arrow J.Y e Ti/M.~, X = Ti/V. 
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has been preserved because of its thickness 
. , Tephra A has been 

completely incorporated into the ~ixsd cl~~s IV dapcsit. 

After a further time interval, a second tephra (Tephra 8) was 

deposited upon class IV and mixed with the upper part of the deposit 

to form field class III (Fig. 4.25(c)). Class III therefore has 

properties which vary systematically from its upper part (which 

is more like Tephra B) to class IV below, as exemplified by its 

coarsening mean grain size and increasing cummingtonite content with 

depth. 

In Fig. 4.26 the composition of the ferromagnesian mineral 

assemblages of T~phras A and 8 have been calculated. The approximate 

composition of Tephra A can be calculated knowing the aoproximate 

relative proportions of the two tephras comprising field class IV 

(from titanomagnetite grain compositions) i.e. 70% class V and 30% 

Tephr8 A, and the composition of the resulting mixed deposit 

(class IV). Similarly the composition of Tephra B can be calculated 

knowing the approximate proportions of field class IV with which it 

combines to form field class III. 

According to this model of tephra deposition and modification, 

field classes III to V should be comprised of three tephras only: 

(i) Tephra B (equals Tephra E in Fig. 3.18 P• 96 ) 

Field class III(ii) Tephra A 

(iii)Class V tephra (equals ";ephra Din Fig. 3.18). 

Field class IV fcii) Tephra A (equals Tephra C in Fig. 3,,113) 

~iii) Class V tephra (equals Tephra B in Fig. 3.18). 

Field class V f{iii)Class V tephra (equals Tephra A in Fig. 3.18). 

The compositions of ti tanomagneti te grains f\1r f _._eld classes III to V 
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FIGURE 4.26 1 Ferromagnesian mineralogy and titanomagnetite compositions for 

field classee III to V, and calcula-~ed c:har.:.-::ter.istics of 

component tephras A and B. For further. explanation see text. 
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support this model by demonstrating the presence of three separate 

tephras in these field classes (Fig. 4.27). 
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CHAPTER 5 

CORRELATION ANO IDENTIFICATION OF THE COROMANDEL TEPHRAS 

INTRODUCTION 

In Chapters 3 and 4 the properties of the Holocene and Late 

Pleistocene tephra covar of the Coromandel Peninsula were examined 

to determine the number of tephras characterising the five field 

classes, and the. stratigraphic relationships and geographical 

distribution of these tsphras on the Peninsula. This chapter 

deals with their correlation with known deposits in the Bay of 

Plenty region. This corralation is hampered by both the composite 

nature of field classes I to IV and the lack of an established· 

stratigraphic column for the Holocene tephras in the northern Bay of 

Plenty. 

The stratigraphy of the Late Pleistocene tephra cover in the 

Bay of Planty has ~een recently established in some detail by 

Howorth (1976)~ The Hol~cene stratigraphy of the region is far 

less reliable with the nearest useful stratigraphic column occurring 

at Tikitere Hill, 85 km south of Pukekauri Rd (Vucetich and Pullar 

1964) • This column has been constructed entirely by field mapping 

techniques, anj lacks the detail provided by an associated 

laboratory examination and may contain tephras not visible in the 

field. 

Identification of t~e component tephras within tho field 

classes of the Coromandel Peninsula has been deduced in three ways: 
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(A) Examination of a peat core record of the depositional history 

of the Holocene tcphras. 

( B) Construction of a composite s tr·atigraphic coluann of known 

tephras in the Te Puke region. 

(C) Correlation of the unknown tephras from the Coromandel Peninsula 

with those comprising the Te Puke coluMn. 

(A) HOLOCENE TEPHRA DEPOSITS AS IDENTIFIED WITHIN THE HAURAKI PEAT 

BOG 

Interpretation of the Holocene tephra stratigraphy on a dry 

land surface is obscured by bidlogical mixing in the active region 

of the soil, particularly where deposits are shallow and distant 

from their sources. ·However, their stratigraphy may be obtained 

from peat swamps where individual tcphras are separated by layers 

of organic matter deposited in the intervals between eruptions, and 

their ages can be established by radio••carbon dating (e.g. Rigg and 

Gould 1957; Nasmith~&• 1967). 

Using an "Aberdeen" type pea.t sampler (Jowsey 1966), a 

continuous peat core 10 m long was extracted from a site approximately 

1 km from the Elstow canal on tho oligotrophic, high moor swamp of 

the Hauraki Plains (Fig. 5.1). The swamp covers approximately 
2 

240 km and reaches depths of up to 11 m (Davoren 1978). A peat 

sample collected at the base of the peat column ~as dated by the 

Radio-•carbon Laboratoryr University of Waikato, at 9360 years 

(8 = 100), which supplies a maxi~um age of the swamp at this site. 

The core revealed three vis.ible tephras; a white, "~ugar-like" 
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FIGQRE 5.1 1 Hauraki Peat BOg, Hauraki Plains.The profile 

of the bog is shown along the section A-B, 

with the depth contours. from Davoren (1978). 

The section is based upon a horizontal 

surface, though in reality, doming is 

considerable. The core site is shown as a 

black circle on the section.A-a above. 
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deposit interspersed with peat between 1.3-1.7 m deep, a 20 cm layer 

of white pumiceous ash and lapilli at 2.2-2.4 m depth, and a brown 

coloured tephra of normally graded ash and lapilli averaging 10 cm 

in thickness at a depth of 5.9-6. □ m (Fig. 5.2). 

A more thorough investigation of the peat core was made by 

slicing the air-dried core into sections 4 cm long and analysing the 

crushed material by XRF for K, Si and Fo, since these elements gave 

the highest count rates when analysing mineral-rich sections 

(Fig. 5.3). The elemental count rates, particularly the Kand Si 

contents, indicate nine concentrations of ino~ganic material within 

the core (numbe1·ed "a" to "i" in Fig. 5.3). Three of the layers 

are clearly tephras, identified by their relatively coarse grain 

sizes (deposits a, band eon Fig. 5.3), and a fourth (layer c) may 

be a tephra as it contains a sizable heavy mi1eral fraction. The 

remaining layers (d, f, g, hand i in Fig. 5.3) in comparison with 

the tephras, have extremely fine grain sizes, no heavy mineral 

fraction and are dominated by volcanic glass, suggesting that they 

represent over-bank silt deposits from the nearby Waitoa or Waihou 

rivers. A stratigraphic column incorporatin~ these new data is 

shown ·in Fig. 5.4. 

Mineralogical data on the tephras contained with5.n the core 

are presented in Tables 5.1 and 5.2. La}er "a" (the "sugar-like" 

tephra) is characterised by a high crystalliLJO conten~- with quartz . ~ 

and plagioclase constituting nearly 70 modal percent end a ferro­

magnesian mineral assemblage containing hypersthene end hornblende. 

The.white, pumiceous ash and lapilli (layer h) contains a higher 

percentage of glass and heavy minerals with quartz and plagioclase 
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TABLE 5.1 Felsic mineralogy of three tephras from the Hauraki 

peat core (2-4 ¢ fraction) 

--r----·--

wt r,f t.,/t cf Wt % Wt rJf Glass /iJ /0 ;O 

Quartz /',nor tho- Plagio- Gl2ss and refractive 
clase class heavy index 

minerals 

Layer Ila II 

(sugar-like tephra 22 - 45 33 1.496-1.500 

Layer II b II (white 
pumiceous ash and 16 - 23 61 1.497-1.498 
lapilli) 

Layer II 8 ti (graded, 
brown, ash and 18 24 - 58 1. 510-1.511 
lapilli) 

TABLE 5.2 : Ferromagnesian mineralogy of three tephras from the 

Hauraki peat core (2-4 0 fraction) 

Hypers- Cu:nrnin~J Horn-
thene tonite j bl%nde .!\ugi t.e Aegirine Others 

ot o,( 'b ct /0 /" /J ------
Layer II a II 73:!: 8 1 26± 8 - - -(sugar-like 

(2V~::=61 °) '2Vc-; =7□ 0 ) tephra) 
--

94± 
.,_ 

3 - 5.:. 2 1 - -Layer "b II 

(white, pumiceous (2VC\=GD O) '2Vi=74°' 
ash and lapilli) ---1 ; 

+ 3 Cossyrite - - - - 96-· Layer lie" tuhualite 
(gru.ded, brown olivine ash and J.apilli) hypersthene 

Fer:r.omagnesian mineral percentages include an estimate of error 

(determined because of the limited number of minerals available for 

counting) - error estimates calculated by the method of Van der Plas 

and Tobi (19fi5),. 
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constituting only 40% of the 2-4 ¢ fraction, and a ferromag~esian 

mineral assemblage completely dominated by hypersthene. Layer "c", 

probably a tephra because cf its relatively high proportion of 

heavy minerals, was not examined as extensively as the other tephras 

on ~ccount of the very low quantity of material present. However, 

the ferromagnesian mineral assemblage contained both hypersthene 

and hornblende. Layer "e" at a depth of 6 m, has distinctive 

graded bedding and brown colouration (Fig. 5.5). 

FIGURE s.s : Layer 11 0 11 in tho H~1u1.•ak.i pnat core., The scale in 

the photograph i s approximately 11 cm in length. 
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A 4 cm layer of peat collected immediately below the base of the 

ash and lapilli gave a radiocarbon age of 6280 years (0 = 70). 

Mineralogically, the tephra is quite unlike those above. It is 

peralkaline in composition, with abundant anorthoclase and quartz 

(42%) and a ferromagnesian mineral assemblage containing more than 

95% aegirine with minor coss>•rite, olivine and, very significantly, 

a single grain of tuhualite. 

Pullar ,tl al. (1977) examined a shallow peat core from the 

Hauraki swamp and discovered a layer of pumiceous ash {equivalent 

to layer "a" on Fig. 5.4) at a depth of 40-45 cm. Thi.J layer, 

which they called''reworked Taupo Pumico 11 , was dated at between 350 

and 800 years B.P., and contained hypersthene and hornblende in 

the ferromagnesian mineral assemblage. At the same site they dated 

arid identified a layer of white pumiceous lapilli {equivalent to 

layer "b" on Fig. S.4) as the Taupo Pumice (Table 1.1 p. 8 ) by the 

predominance of hypersthene in the farromagnasian mineral assemblage 

(Ewart 1963). 

However, the mineralogical characteristics of layers "a" and 

"b" {Tables 5.1 and 5.2) are too dissimilar· for layer "a" to have 

been derived from layer "b", even following reworking. In particular, 

the quartz to plagioclase ratios are quite different, and lay el' "a" 

ccntains a considerable proportion of hornblende. 

layers differ in composition (Table 5.3). 

Also, t:,e two 



TABLE 5.3 : Elemental ratios of Si, Kand Fe determined by XRF 

for layers "a" and "b" in the Hauraki peat core 

Laye:..· "a" ("sugar-like" 
tephra) 

Layer "b" (white pumiceous 
lapill.i) 

(Taupo Pumice) 

Si 
K 

(cps) 

1.42 (9 = 

2.17 (B == 

Fe 
Si 

(cps) 

0.,03) 1. 70 (8 == 0.01) 

0.,08) 2.14 (8 == o.oe) 

The min~ralogical and chemical data presented above indicate that 

the sugar-like tephra is probably not reworked Taupe Pumice but 

represents a younger tephra between 350 and 800 years old., 

Pullar ~ £!_.. ( 197?) ha\fc shown that the l<aharoa Ash is much more 

extensive than was previously thought, covering the entire Coromandel 

Peninsula and parts of Northland to a depth of at least 3 cm. 

They also dated the tephra and obtained ages ranging from 607 to 

930 years B.P. and found it to be characterised by abundant biotite 

in tho ferromagnesian minoral assemblage. Although Pullar et .§1• 

(1977) havs concluded that the 11sugar-like" teph:r.a found in the 

Hauraki swamp is not the Kaharoa Ash because of the absence of 

biotite, the data presented in this thesis contradict this view 

and suggest th8;, the deposit represents Kaharoa Tephra from which 

the biotite has been removed, perhaps as a result of deposition of 

the tephra under flooded conditions. 

The 6280 year old gradGd brown coarse ash and very fine lapilli 

at 6 m depth in the peat, has a paralkaline composition as shown by 

its anorthoclaso, aegirina, cossyrite and tuhualite mineral 



175 

assemblage, and is correlated with the peralkaline tephra occurring 

in field classes I and II in the Whangamata-Waihi region. The 

peralkaline mineralogy identifies the tephra's sou=ce as Mayor 

Island, the only known peralkaline Quaternary volcanism in New 

Zealand. The deposit is here namad 'Whangamata Tcphra rormation' 

(Wg). The name 'Whangamata Ashi utilised by Mccraw (1975b) and 

other workers before that date should be replaced as it encompasses 

all components of field class II. 

Buck (1978) in his examination of the pyroclastic deposits of 

Mayor Islandf described a thick pumice-rich tcphra (his lithotype 5) 

which he suggests would be the most likely correlative of the 

Whangamata Tephra. The deposit is the thickest single air-fall 

tephra on Mayor Island and has a ferromagnesian mineral assemblage 

similar to the Whangamata Tephra (8pproximately subequal amounts of 

aegirins and cossyrite with minor olivine - sample W12781), and is 

confined to the western side of the volcanof indicating thct eith8r 

the vent was inclined towards Whangamata or a strong east8rly wind 

was blowing at the time of the pumice eruption. 
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( B) TEPHRA STR/\TIGR.C1PHY OF THE TE PW<E REGION 

As it ~s beyond ths scops of this thesis to establish an 

accurate reference section in Tauranga-Rotorua region, a 

composite column repressnting the Te Puke area has been constructed 

(see Fig. 5.9). Data were extracted from Howorth (1976) for the 

tephras older than and including the Kawakawa Tephra at a site 

near lltamarakau (site 113 in Fig. 5.6). Snmples collected at 

Te Matai Rd (site 100) during the present survey gave information 

on the tephras younger than th':? l<awakawa TBph:r.a. The stratigraphy 

of these younger tephras was establiG~ed with the assistance of 

Dr l~.A. Pullar by h3nd over hand mapping from lhe Rotorua region 

( particularly si tas at Ta i•Jgae, ~laniatutu Rd c:;nd the Rotorua­

Paengaroa hig~way) to Ta Matai Rd (Fig~ 5.6). 

In the Bay of Plenty the l~locene taphra stratigraphy is less 

reliable -t.ha; 1 that of the older teµhras bocause they are, in general, 

thinner and no detailed ssctions supported by mineralogical and 

chemical data are established for ei~her the Rotorua Subgroup or ths 

0kareka and Te Rers b=iphras (si:Je Tab.lo To impi·ovfl the. 

reliability of the stratigraphy of the younger part of thn column 

at Te Matai Rd, sampl8·,, t1.1 .. ~rr/ colJ.acted and the ferrornagnesian mineral 

assemblages were exa1:1inrd (Table 5.5 and Fig a 5_.8) .. 
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FIGURE 5.6 1 Geographical location of sites and place names 
mentione~ in the text. Site nu~bers are shown in 

pa.r-entheses, sections by open circles, and place 

names by closed circles. 
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TABLE 5.4 1.Tephra symbols and ages used in Chapt~r 5. 

~£!!_the Mamaku and Rotoma tephras. 

There is considerable confusion in the literature regarding 

the age and stra.t.igraphy of the Mamaku and Rotoma tephras ( see 

below). Most workers favour the 7,000 year age for the Mamaku 

Ash, although }"ullar and Heine (1971) suggest that the date may 

represent firing of vegetation on the Rotoma Ash surface and 

not an eruptive eventc Ur,published work on the Haroharo compl~x 

has revealed that the deposit named the "Rotoma Ash" ( vuce'tich 

and Pullar 1~54) contains two distinct tephras, which are here 

called "Rotoma Ash" and "Rotorna-2 Tephra•• (Nairn, pers. comm.). 

Rotoma Ash is ch3racterised by an abundance of cummingtonite in 

the ferromagnesian mineral assemblage and has been dated by 

Nairn at approximately 9,000 years B.P. Rotorna-2 Tephra is a 

younger tephra dc,minated by hypersthene and hornblende and 

contains only minor curnmingtonite (see Table 5.7); its age is 

not yet known. 

Tephra Radiocarbon Radiocarbon Where cited 

age number 

Mamal'=tl Ash 7 ,oso .:t 77 NZ 1152 Pullar~ al. (1973) 

Mccraw (19i'Sb) 

Cole (1976) 

Nathan (1976) 

Nairn (1979,pez;s. comm.) 

8,050 + 105 NZ 719 Pullar & Heine (1971) 

Cole (1972) 

Rotorna Ash 7,050 + 77 NZ 1152 Pullar & Heine (1971) 

7,330 :t 235 NZ 1199 Pullar et al. {1973) --
Topping & Kohn (1973) 

VUcetich & Pullar (1973) 

Mccraw (1975b) 

Cole (197G) 

.£•9.000 Nathan (1976) 

Nairn (1979,pers. comm.) 



Tephra 

* Rotomahana r•1ud 

+:- Kaharoc1 Taphra 

Tatipo Pumice 

-x- Rotokawau Ash 

* 'Jhakatane .l\sh 

Whangarnata Tephra 

* Mamaku Ash 

Rotorna-2 Tephra 

* Rotoma Ash 

* Waiohau Ash 

* Rotorua Ash 

Ol<are'{a /\sh 

Te Rere .l'.sh 

Kawakawa Tephra 

Symbol 

Tr1 

Ka 

Tp 

Rw 

Wk 

Wg 

Ma 

Rm2 

Rm 

Rr 

Ok 

Te 

Kk 

Haupera Tephra Hu 

Maketu Tephra 

Tahuna Tephra 

Mk 

Ta 

Ngamotu Te?hra Nt 

Rotoehu Ash Re 

17CJ 

------·----·--------
Radiocarbon 

age 
(before 1950) 

64 

930 :!; 70 

1,019 :!: 17 

? 

+ 5t180 - 80 

6,280 Z 70 

7i050 :!: 77 

? 

11 ~ 250 :!: 200 

209700 :!: 450 

? 

19., 850 .:!: 310 

42,000 

+ 41,700 - 3500 

Radiocarbon 
numbe;r- Source 

NZ10 Pullar et al. 
(1973) - -

Statistical Healy (1964) 
mean of 
many dates 

NZ1066 

WK106 

NZ1152 

NZ568 

NZ..-1615 

NZ523 

NZ10S6 

NZ1126 

Pullar and 
Heine (1971) 

This thesis 

Pullar and 
Heine (1971) 

Nairn, pers. 
comm. 

Pullar et al o 

(-1973) - -

Pullar et al. 
(1973) - -

Pullar and 
Heine (1971) 

Pullar and 
Heine (1971) 

Pu.J.l2r et al. 
(19'73)--

Pullar and 
Heine ( ·1971 ) 

see note in the Table caption (o;-1posite) on the r::amaku and Rotoma 
,,_ 

tephras., .,, Tephras comprise the Rotorua SlJb-group. 
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TABLE 5.5 : rerromagnesian mineral abuncfancss in the Rotorua Sub­

group tephras of the composite Te Puke column 

(Te Mat~i Rd se~tion). 

Hypers- Cumming- Horn- H;teersthene 
Tephra Sample thene toniti:-? blcmde Augite Amp hi bole 

c,1 o/ ~1 ,., 
/U /;J ,.~ ,a 

Kaharoa Tephra Tf-11 4.2 9 33 16 1.00 
Taupo Pumice 

?Rotokawau, 
?Whakatane, Tr~2 32 23 30 15 □ .6□ 
tephras 

f'·1amaku Ash TM3 25 53 16 6 □ .36 
Rotoma Ash 

TM4 25 57 14 4 □ .35 

?Waiohau, Tf-15 67 2 18 13 3.35 
Rotorua tephras 

For stratigra~hic position of samples see Fig. 5.9 

The ferromagnesian mineral assemblages of the kno1.1,n calc­

alkaline tephras likely to be represented in the Te Puke region are 

summarised in Table 5.6. Data are drawn from E:!.lart (1963, 1966), 

Cole (1970), Kohn (1973), Topping and Kohn (1973) and Howorth (1976) 

in addition to that from samples collected during this survey. 

Although eight groups of tephras have assemblages that are 

aufficiently unique to provide a means for their identification, 

only five indivldual tephras viz. Kaharoa, Taupo Pumice, Whakatane, 

Rotoma and Rotoehu tephras could be correlated 1.11ith confidence, with 

the largo group of hypersthene-:,,rich tephras thot lie between the 

Rotoma Ash and Rotoehu Ash indistinguishable from each other. 
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Accardi ng to Pullar tl &• (1977) the Kaharoa Tephra 111as deposited 

as a north w0~terly trending lobe completely blanketing the Coromandel 

Peninsula and Te Puke region. They identified the tephra on the 

tasis of the biotite content of samples collected from peat swamps, 

and the titanomagnetite element chemistry. The ferromagnesian mineral 

assemblages of two samples of Kaharoa Tephra collected from the 

f•laketu Estuary {site 107) and the Rotorua-Paengaroa highway {site 102) 

during the present survey~ contained substantial amounts of biotite 

(e.g. Table 5.7). However, at Te Matai Rd, only nine km NNW of 

site 102, the Kaharoa Tephra is represented by fine white lapilli in 

a brown sandy loam matrix, JJith the bed containing only very rare 

biotite ( <1% - Table 5.5, Sample Tf'l1 ). No biotite occurs in any 

of the other Te Matai Rd samples or in any of the HolocGne and Late 

Pleistocene tbphras on the Coromandcl Peninsula. As Table 5.5 shows, 

the ferromagnesian mineral assemblage of TM1 is typical of Kaharoa 

Tephra, with the exception of the biotite content. It is therefore 

oostu.lat.ed that biotite in l<aharoa TP.ph1·a is depleted in the soil 
I • 

furming environment and is fo~nd only where conditions are favourable 

for its preservation io~• in peat where it has fallen directly upon 

the surface of tho sw3mp: or when buried by other tephras as at the 

Rotorua-Paengaroa site, or in rapidly accumulating sediments (as in 

tho dune deposits nt the Milkatu Estuary). 

Taupo Pumice is prasent ~n the Te Puke region and represented 

by white pumiceous lapilli scattered thrcughout tha upper 60 cm of 

the Te r-,atai column,. 



TABLE 5.6 : Ferromagnesian mineral assemblages of calc~lkaline taphras that are potential 

contributors to the Te Puke column 

Tephra 

Kaharoa 

Taupe Pumice 

Hotokawau 

Whakatane 

Mamaku 

Rotoma 

Waiohau 

Rotorua 

Ferromagnesian mineral Distinctive 
rnineral(s) 

Biotite, hypersthene, 
hornblende and minor 
augite 

Hypersthene and minor 
augite 

Hyp0rsthene and horn­
blende+ mine= augite 

2ioti tu 

Hypers then a 

Sites where the tephras Supportive data 
were sampled 

Rotorua-Paengaroa High­
way (sit8 102) 

n .. d. 
1 

n.d. 

Cole (197f;; 
Pullar et al. (1977) 

Ewart (1963) 

Hornblende, cumming­
tonite and hypersthene 

Cummingtonite Gavin Rd (site 105) 

Kohn (1973) 

Kohn (1973) 
Ewart (1966) 

Hypers the;ie + 
minor hornblende 

Cum~ingtonite plus 
minor hypsrsthene + 
hornblende 

Hype:rsthene + 
hornblende 

Hypersthene + 
hornblenda (tr.biotite 
and augite) 

and hornblende Matahina Rd (site 103) 

Cummingtonite 

Hypers thane 
and hornblende 

Te Ngae (site 108) 
Matahina Rd (site 103) 

Maniatutu Rd (site 101) 
Rotorua-Paeng.Highway 
(sits 102) 
~atahina Rd (site 103) 

Democrat Rd (site 104) 

Democrat Rd (site 104) 

Kohn (1973) 

Ewart (1966) 

Kohn (1973) 

Cole (1970) 

Kohn (1973) 
Topping and Kehn 
(1973) 

~ 

co 
I'-:> 



Okareka 

Te Rere 

Kawakawa 

Hauparu 

[·la1<etu 

Tahunn 
Ngamoto 

Rotoehu 

~ypersthene + hornblende 

Hypersthene + hornblende 

Hypersthane 1 augite 
and hornblende 

Hyper?~hene, augite 
and hornblonde l Hypersthene 

and 

Hypcrsthene + augite 

Hornblende+ 
hypersthene 

Cummingtonite + 
minor hyparsthenc 
and hornblende 

J 
7 
_J 

ll.i..:gi·~0 

Hornblsnde and 
Hypersthene 

Cummingtonite 

1 . . . t . d n.c. = no~ de ermine 

Tapapa (site 95) 

Tapapa (site 95) 

n.d •. 

Otamarakau (site 113) 

Otamarakau (site 113) 

n.d. 

Matahina Rd (site 103) 
Tapapa (site 95) 

Kohn (1973) 

Kohn (1973) 

Topping anj Kohn 
(1973) 

Howorth (1976) 

Howorth (1976) 

Howorth (1976) 

Ewart (1966) 

-·· co 
::.-



TABLE 5.7: Ferromagnesian mineral assemblages of select8d calc-alkaline tephras in the P.otorua region 

(2-1 ¢) 

!Hypers- Cumming- Horn-
Augite I Biotite 

nvoersthe:ie 
TPphl'cl Site Sample th8ne tonite blende amp hi bole 

d % d d d 
1~ 1" p ,o 

··- . 

Kaharoa Rotorua-Paengaroa highway 47 1 29 3 20 1 .. 62 
Tophra (site 102) 

. 
Te Ngae (site 108) 96 - 4 - - 24.0 

f'la:naku 
Ash S1-K· 93 1 6 - - 13 .. 30 

Rotoma-2 rlaniatutu Rd s2-x- 64 12 23 ... 
I - 1.83 

Tephra (site 101) 
SJ-:t- 7 89 4 - - o .. os 

Rctorria S4* 5 92 2 1 o.os Ash -
0latahina Rd 12 83 4 1 - D.14 
(site 103) 

Paleosol 20 66 13 1 - 0.25 
fi □ toehu ,~atahina Rd 

Ash (site 103) 80-140 cm 11 83 6 - - 0.12 
above base 

·* For stratigraphic position of samples, see Fig. 5.B. 

I 
' 

~ 

..... 
CD 
+>-
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The Whangamata Tephra dated at 6,280 years B.P., is identified 

at Te Matai R~ by its aegirine contant and !s concentrated in the 

upper parts of the Rotoma Ash (Fig. 5.7). 

The Rotoma Ash is characterised by the high proportion of 

curnmingtcnite in tha ferromagnesian mineral assemblage and by its 

stratigraphic position with Whanga~ata Tephra. The only other 

cu~mingtonite bearing Holocene tephra is the Whakatane Ash {5,180 + 

80) which as it is younger than the Whangamata Tephra, must overlie 

it if it is present. Similarly, if the Mamaku Ash is present, it 

must lie between Whangamata Tephra and Rotoma Ash. The ferro-

magnesian mineral assemblage~ of selectea Holocene tephras were 

examin8d at r-lariiatutu Rd (s.:i.te 101) 19 km SE of Te Matai Rd, to 

clarify the stratigraphic relationships between the Mamaku and Rotoma 

tephras (Table So? and Fig. 5.B). At Maniatutu Rd, the hypersthena-

rich r·1nmal<u Ash overlies Rotoma-2 Tephra containing hypersthene and 

hornblende, which in turn overlies Rotoma Ash, which is characterised 

by a high cummingtonite content. Thd substantial decrease in the 

amou!lt of cummingtonite in the ferroma.gne.siAn mineral assemblage of 

the notomn P.3h b9twaen Mani~tutu Rd (c~ 9U%) and Te Matai Rd (c. 55%), - -
is probably the result .:•f mi>d.n:.1 of youn<Jc;r 1 hypGrsthene-r:i.ch tephras 

with the cummingtoni t,:i-r.tch Ro tom a ,'\sh. The stratigraphic position 

of tile Whangamata TBphra (Fig., 5.,7) identifies ~;hese hypersthene-

bearing t.ephras as the ~1amR-ku and Rotoma,a2 tgphras., Because of the 

thinness of the Rotoma-2 Tephr~ at Maniatutu Rd, it is likely that 

the Ma~aku Ash is the major hyperstheno-rich component mixed with the 

Ro torn a Ash at Te f'latai Rd (Fig.. 5 • 8) • 
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Percentage of the total number 

of_aegirine grains occurring in 

th~ four samples indicated below 

" 60 40 20 0 
cm t---'---'---t 

20 

TMl 
Kaharoa Tephra 

Taupe Pumice 

~s. ~ 40 
TM2 

?Rotokawau Ash 
?Whakatane Ash 

~l 

6,280 

£•9,000 

103 

125 

150 

TM3 

TM4 

------------------ - --

Approximate stratigraphic 
position of Whangamata Tephra. 

Mamaku Ash 

Rotoma Ash 

FIGURE 5.7 s Stratigraphic relationships of the Whangamata Tephra 

and Rotorna Ash at Te Matai Rd. The strati~raphic position 

of the Whangamata Tephra enables identification of the 

Rotoma Ash below, and also indicates that if the Mamaku 

Ashia present, it must lie between samples TM3 and TM4. 
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FIELD NOTES 

Black, friable, 
sandy loam. 

White, puilliceous 
lapillio 

Dark bro-...:n, sandy 
loam paleosol., 
over 
brown, sandy loam. 

Yellowish brown, 
coarse ash. 

Bright brown,sandy 
loam paleosol,over 
pale yellow,coarse 
shower-bedded 
sands .. 

Grey, coarse ash .. 

Reddish yeJ.low, 
sandy loam paleosol 
ove:i: 

coarse and fine, 
shower-bedded, 
purniceous, ash 
and lapillio 

FIGURE 5. 8 s Correlation of the ,.:.-,,rnaku, Rotoma-2, and Rotoma tephras 

between Maniatutu Rd (s:l.te 101) and Te Mata.i Rd (site 100}. 

The ferromagnesi-m mineral assemblages of the three 

tephras ~re also shown. 

Te Matai samples are shown as Tl1l,TM2 ,TH3.,TM4,,md TMS 

Maniai;utu Rd samples are shown as Sl, S2, S3g and s4,. 
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The beds underlying the Rotoma Ash at Te Matai Rd have 

hypersthi:rie-hornblende-augite ferromagnesian mineral assemblages 

(Table s.s; sample TMS), which are characteristic of many tephras 

(e.g. Waiohau, Rotort::::i, Okareka, Te Rere and Kawakawa tephras). 

As it is beyond the scope of this thesis to establish a detailed 

stratigraphy in the Bay of Plenty, the five tephras charact~rised 

by hypersthene and hornblende-dominated ferrornagnesian mineral 

assemblages, are grouped and termed the "X" tephras, i.e. X1, X2, 

X3 {see Figs~ 5.7, s.s, 5e9 etc). 

Three Late Pleistocene tephras in the Te Puke region are 

possible contributors to the Coromandel tephra stratigraphy; the 

Hauparu, Maketu and Rotoehu tephras have a total thickness of 11 m 

at Otamarekau (5 m, 3 m and 3 m respectively), with the Hauparu and 

Maketu tephras characterised by a high augite content, and the 

Rotuehu Ash by a cummingtonite-dominated ferromagnesian mineral 

assembJage (Ewart 1966; Howorth 1976). Fig. 5.,9 summarises the 

tephra st~atigraphy of the Te Puke region. 
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Identified tephra! 

.£E. groups of tephras 
~ 
yrs. 
B.P. 

Ill 
ns 
~ 
.c 
0. 
(I) 
E-< 

2 
X • 

Kaharoa Tephra 
Taupo Purnice 

930 
1,819 

Whangamata Tephra 6,280 
11'1.rnaku Ash 

Rotoma Ash 

Waiohau Tephra 
Rotorua Ash 
Ol<arc:<:a Ash 
Te Rere Ash 
Kawakawa Tephra 

Kawakawa Tephra 

Haup,iru Tephra 

?-'..:ilrn tu Tephra 

Tahuna Tephra 
Ng2.r:-.oto Tcphra 

Rotoehu Ash 

7,050 

_£.9,000 

11,250 
13,450 
20,700 

? 
19,850 

19,850 

41,700 

FIGURE 5.9 a A composite stratigraphic: column of the Holocena and 

Late Pleistocene tephras in the Te Pulce :regionQ The 

fit,ld characteristii;s of the tephras at Te Matai Rd 

are de8cribPd at the end of this th,:isis (p. 329) .. 

Ot?.trnara:eau d.a.ca after Howorth {1976),. 
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(C) CORRELATION OF TEPHRAS REPRESENTED AT THE TE PUKE STRATIGRAPHIC 

COLLI~~ WITH TEPHRAS FROM THE C□RDMANDEL PENINSULA 

Stratigra~bic columns at four sites spanning more than 70 km 

between Pukekauri Rd and Te Matai Rd were established to enable 

correlation of the Coromandel tephras with those represented in the 

Te Puke region (Fig. 5.10)i these four sites represent an area which 

will be rufe~red to in this report as the Katikati region. Ash 

shower maps ( PulJ.ar and Birrell 1973) show that the margins of many 

Central North Island tephras occur in the KatikBti region and 

consequently as the distance increases northwards from Te Matai Rd, 

individual taphras thin considerably, and some occur in the morB 

southern sites only. The tephras have thinned sufficiently north 

of Bethlehem for road cuttings to expose all the Holocene and Late 

Pleistocene tephras represented at that site. Tentative correlations 

between the known tephras from the Te Puke region and those contained 

in the Coromandel field classes, based upon field characteristics and 

stratigraphic position, are presented along with detailed pedological 

descriptions of the tephras at Reas Rd, Youngson Rd, Bethlehem, 

Ohauiti Rd and Te Matai Rd at the end of this thesis (Appendix F). 

The Holocene and Late Pleistocene tephras in the To Puke region 

have been correlated with those at Pukekauri Rd by field investigations 

aided by laboratory studies; in particular, particle size properties 

of the coarser than 4 ¢ fraction and the ferromagnosian mineral 

assemblages of selected samples, and the titanomagnetite element 

chemistry (Figo 5.11). 
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FIGURE 5.10 i Geographical location of sites and place names 

mentioned in the text .• Site numbers are shown 

in p~rentheses, stratigraphic sections by open 

c:f.rcles, c.~i1d place names by closed circleao 
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FIGURE 5.11 : Holocene and Late Pleistocene tephra stratigraphy 

at Te Matai Rd, sites representing the Katikati 

region, and Pukekauri Rd. Correlation lines are 

~ased upon field and laboratory observations. 

Sample numbers and locations are shown on the 

right hand side of each stratigraphic column. 

Symbo:s 11 x1 11 , 11 x2 11 , etc. denote unidentified 

tephras from the group containing the Waiohau, 

Rotorua, Okareka, Te Rere, and Kawakawa tephras 

(see p.188). Full tephra names and ages are 

presented in Table 5.6 p.182. 
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Particle size parameters are presented in Appendix E, Table E.3 

and summ,·rised in Fig.. 5., 12; ferromagnesian mineral assemblages in 

Tablu 5.B and Figs. 5.13, 5~15, 5.16 and 5.18; and the titanomagnetite 

element chemistry given in Appendix o, Table 02, and summarised in 

Figs. 5.14, 5.17 and 5.19s 

(1) The Post-Uh0no2mata Tephras 

The Te Puke region contains up to five tephras that are less 

than 69 000 yea~s in age; the Rotomahana Mud, Kaharoa Tephra, Taupo 

Pumice, Rotokawau Ash and Whakatane Ash, only two of which (the 

Kaharoa Tephra and Taupo Pumice) have beon identified with confidence 

(Fig. 5,.9 p.189). 

The soil 'A' horizon at Te Matai Rd contains moderately coarse 

(less than 20 rnm) brownish grey creampuffs, which may indicate 

remnants af the Rotomahana Mud (Vucetich and Pullar 1964). The 

cre8mpuffs are no longer detectable at Ohauiti nd and sites further 

north 9 although the distal component of the tephra is probably present 

in the uppermost parts of the tephra column. 

Although Kaharoa Tephra can be recognised within the friable 

sandy loams constituting the upper 50 cm of the Te Matai Rd 

str2tigraphic column, further north in the Katikati region its 

sbundant brown pumice fragments become too fine to distinguish it 

from other tephrGs of sandy loam texture (e.g. Rotokawau Ash, Whakatane 

Ash). However, work on the Hauraki peat swamp and the isopach map 

of Pullar e~ al__. (1977), strongly suggests that the Kaharoa Tephra 

was deposited in the Katikati region. 
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Taupo Pumice, characterised by its medium (less than 5 mm) 

white pum.iceou, laoilJ.i, is the only Post-Whangamata tephra that can 

be rscognised rendily by its field characteristics at the sites north 

of Te f'latai Rd. 

Further characterisation of these younger tephras by laboratory 

techniques has not been attempted because of the thinness of the 

tephras involved and the degree of mixing they have undergone in the 

soil forming regime. It can bo concluded that the sites in the 

Katikati re~ion and field class I at Pukekauri Rd contain Taupe Pumice 

and probably Kaharoa Tephra, with possible additions from the 

Rotomahana Mud, Rctokawau Ash and Whakatane Ash. 

(2) The Whan~mata, Mamaku and Rotoma tephr~ 

At Ta Matai Rd, the W hangamata-Mamaku-Rotoma bed consists of 

50 cm of pumic8ous coarse loamy sand, the base of which is defined by 

a 3 cm layer of very coarse loamy sand. The bed is largely composed 

of the Mamaku and Rotoma tephras but, ln addition, contains a small 

proportion of psralkaline material including aegirine, from the 

Wliangamuta Tephra. 

1\1 though the fielL! properties of the !;Jamaku-Rotoi!la tephras 

change abruptly north of 0hauiti Rd, they aro still recognisable at 

Reas Rd by their characteristic white pumiceous fragments. Th~ 

tephrns show a steady decrease in mean grain size between 0hauiti Rd 

and Reas Rd but becoLle coarser at Pukekauri Rd as tho proportion of 

Whanga~ata Tophra increases (samples 04 1 83, Y3, R3, P3 and P4 in 

Fig. 5.12). 
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FIGURE s.12 : Mean grain size of the coarser than 4 ¢ fraction of 

the Holocene and Late Pleistocene tephras at the 

Katikati sites and Pukekauri Rd. The width of each 

stratigraphic column represents a scale, shown by the 

Bethlehem site. Data from Appendix E (Fig. E.10). 

Parameters are summarised in Appendix E (Table E.3). 
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The ferromagnesian mineralogy of pure deposits of Mamaku Ash 

and Rotom~ Ash and the mixed tephras in tho Katikati region are shown 

The moder~te cummingtonite content (.s_. 55%) of the 

Marnaku-Rotoma tephras at Te Matai Rd is maintained to Ohauiti Rd 

and then decreases considerably at Bethlehem and the more northern 

sites to approximately 20% of the ferromagnesian mineral assemblage, 

as the propc:tion of Rotoma Ash decreases. Correlation of the bed 

containing the Whangamata, f\lemaku and Rotoma tephras between Te Matai 

Rd and the field class II samples of Pukekauri Rd is facilitated by 

the presence of aegirine, which increases in concentration progressively 

northwards from Te Matai Rd. 

The ti tanomagnet~.te element chemistry of the Mamaku and Rotoma 

tephras progressively changes between Te Matai Rd and Reas Rd 

(Fig, 5.14) reflecting a decrea3ing proportion of Rotoma Ash in the bed 

with increasing distance north of Te Matai Rd. Tha deviation of the 

field class II titanomagnetite compositions from the linear sequence 

. shown by the Mamaku-Rotoma tephras of the Katikati rogion, has resulted 

from the morr:i significant influence of the Whangamata Tephra 

(reprl~sentcd in Fig. 5.14 by the sample 0~13/ 4L) in field class II, 

which has resulted in a depression of the Ti/Mn and Ti/V ratios. 

The particle size parameters, ferromagnesian mineralogy and 

titanomagnetite olement chemistry all support the correlation of the 

Whangamata, Mamaku a,d Rotoma tephras with the three principal tephras 

constituting field class II on the Coromandel Peninsula (see Fig. 3.18 

P• 96). Progressive changes in the amount of cumniingtonite and in 

the titanomagnetite element ratios between Te Matai Rd and Pukekauri Rd 

indicate that the Mamaku Ash is more persistent northwards than the 

Rotoma Ash, and is tha dominant calc-alkaline tFphra of field class II. 
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Rotoma Ash 
{site 101) 
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CUMMING'l'ONITE 

HBDE. 

FIGURE 5.13 s Ferromagnesian mineral assemblages of Mamaku Ash 
and Rotoma Ash. t~e Mamaku-Rotoma beds in the 

Katikati region, and field class II samples. 
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region~ samples are from Reas Rd(R2,R3); Youngs,..,n Rd(Y2,Y3)J Bethlehem 

(B2,B3~B4}J Ohauiti Rd(02,03,C4,05)i and Te Mat.,i.i Rd(TM3,'i'1'14). The 

coarser than -1~ fraction of 0113/4 is also shown (Old Mlll-class II), 

Circles _encompass all sa.mples from the Coromandel Peninsula for 
classes I!, III and V, as sho"m in Appendix D (Fig. D.l p. 299 ). 

The correct position of the circles r:epreGent:l.ng clase,C'!s II r III and 

V was ascertained by reanalysing s~rnples from the Coromandel tephras, 

together with Bi:lmple.s from th~ Katil-cati region. 
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(3) lt)a "X" t<Jphras 

The beds und8rlying the Rotoma Ash at To M~tai Rd contain 

a group of tephras which are characterised by hypersthene, 

hornblende and augite ferromagnesian mineral assemblages; 

individual tephras, including the Waiohau Tephra, Rotorua Ash, 

Okareka Ash, Ta Rare Ash and Kawakawa Tephra are not distinguishud 

and they are termed the "X11 tephras in thi~ report (p.188),. 

It is not known how many of the tephras listed above are grouped 

under the name "X" tephras, but at least two are defined at Te Matoi 

Rd by a basal creampuff layer (see page 329). The heavy mineral 

contents of the "X" tephras at Bethlehem, Youngson Rd and Raas Rd 

all increase substantially with depth (Table s.s), supportl.iig tha 

contention that more than one tephra is present. Whereas the 

upper samples com,ti.tuting the "X" beds at Bethlehem, Voungson Rd 

and Reas Rd have an average of 6% heavy minerals 5.n the 2-4 i 

f~action, the lower samples average 17%, ~hich suggests that a3 the 

"X11 tephras ara all rhyolitic, a considerable age difference exist& 

between the various tephras which are represented. 

The mean grain sizes of the tephras comprising the 11X11 beds 

at the sites in the Katikati region show a downward soarsening and 

a tendency to become finer g:rc.li:.ed towards Pukekauri Rd (samples 077 

B6, OB, Y6, Y?, R5, R6, PB and P11 in Fig~ 5.12 p.196 ). However, 

at Pukekauri Rd this trend is not continued and ·ths tephras of 

class III are significantly coarser than the Reas Rd samples. 

The ferromagnesian minara.l asssmblages of the "X" tephras are 

remarkably constant, having high hypersthene/amphibole ratios and 

very low amounts of cumrningtonite (less than 9%, - samples 07, 86, 
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TABLE 5.8 : Ferrornngnesian mineral assmnblages of solected samples 

from the Katikati region (2-4 ¢) 

--
Hypers-

Site Sample then0 

(%) 

-* R3 46 

Reas Rd RS 56 

(site 112) R6 61 

R7 41 

* Y3 44 

Youngson Y6 54 

Rd Y7 52 

(site 111 ) YB 33 

Y9 1; 

-
* 83 35 

Bethlehem 86 49 

(site 110) 88 48 

89 57 

. 
Dhauiti 04 * 33 

Rd 07 49 

(site 109) 

n.di - not determined 

* 

Cumming- Horn-
tonite blencle 

( %) ( 7[) 

20 22 

9 29 

9 24 

34 20 

15 26 

3 33 

5 30 

45 17 

80 1 

19 35 

5 34 

3 38 

1 20 

49 12 

4 35 

aegirine is present in small amounts ( <1%) 

f\ugi te Hypers- % heavy 
thene mins. in 

(%) Arnphi- 2-4 ¢ 
bole fraction 

12 1.00 3 

6 1.47 6 

6 1.84 12 

5 o.77 17 

15 1.00 2 

10 1. 51 7 

13 1.49 23 

5 o.s3 15 

- 0.23 n.d. 

11 0.65 2 

12 1.26 4 

11 1. 16 17 

22 2.69 n.d. 

6 0.53 1 

12 1.,24 3 



BB, Y6, Y7, RS and R6 in Figs. 5.15 and 5.16). Although those 

characteristics ~re shown clearly at all the sites in the Katikati 

region, they are not reproduced in tho field class III deposits at 

Pukekauri Rd lllhich have considerably lower hypersthena/amphibole 

ratios and moderate amounts of cummingtonite (samples PB and P11 in 

Figs. s.1s and 5.16). 
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The bulk titanomagnetite element chemistry for the "X" tephras 

in the Katikati region is less variable between sites than the 

Mamaku-Rotoma tephras, but exhibits a tendency for tho Ti/Mn ratio 

to increase and the Ti/V ratio to decrease slightly between Ohauiti 

Rd and Reas Rd (Fig. 5.17). Extrapolation of this trend to the 

Pukekauri Rd site would give a composition significantly different 

from the field class III samples of the Coromandel Peninsula~ 

The mean grain size, ferromagnesian mineralogy (particularly 

the proportion of cummingtonite) and the tit=nomagnetite compositions 

all show that the "X" tephras at Te Matai Rd and at sites in the 

Katikati region, do not correlate directly with the field class III 

samples at Pukekauri Rd. The origins of the field class III 

deposit will be reviewed in the discussion ~t the end of this 

chapter. 

( 4) The Pre-l(awakaw~ tee_h~ 

At Bethlehem, the "X" tephras grade into 30 cm of bright bro1:m 

coarse sandy loam which corresponds in stratigraphic position and 

field characteristics to either the Ha~paru or Maketu taphr~s 

(Howorth '1976) (see also Birrell tl ~-• 1977), r:iough c:'..early 

defined at Bethlehem, the bright brown tephra is unrecognisable in the 

Youngson Rd or Reas Rd columns. The deposit has a f0~rornagnesian 
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FIGURE 5.15: Percentage cummingtonite in the ferromagnesian 

mineral fraction, and weight percent heavy 

minerals in the Holocene and Late Pleistocene 

tephras at the Katikati sites and Pukekauri Rd. 

Scales shown for the Bethlehem site. 

1. % cummingtonite in the 2-4 ¢ fraction of the 

ferromagnesian mineral assemblage. 

2. Heavy minerals include opaque minerals and 

the ferromagnesian mineral assemblage 

(2-4 ¢ fractions). 
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FIGURE 5.16 : Hypersthene/Amphibole ratio in the Holocene and 

Late Pleistocene tephras at the Katikati sites and 

Pukekauri Rd. Scale shown for the Bethlehem site. 

* Full bar length represents samples W3 and W4. 

The shorter bar length represents samples P3 ru1d 

~. 
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FIGURE 5.17 i Ratios of count rates of Ti, Mn and V from titano­

magnetites extracted from the Mx• tephras at the sites in 

the Katikati region. samples from Reas Rd(R4,R5,R6)J 

Youngson Rd(Y4,Y5,Y6,Y7)J Bethlehem(B5,B6,B7,B3); and 

Ohauiti Rd(OS,06). Circles encompass all samples from 

the Coromandel Peninsula sites for field classes II, III 
and Vo 
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mineral assemblage consistent with the Hauparu tephra (Fig. 54188) 

and titanomagnetite characterised ~y an unusually high Ti/V ratio 

(~ample 89 in Fig. 5.19). A sample representing the Hauparu 

Tephra was not collected at Youngson Rd and Reas Rd bacause of tho 

inability to recognise it in the field and the wide sampling 

interval at these sites; however, the influence of the tephr3 is 

probably seen in sample Y? in Fig. 5.19. Hauparu tephra is probably 

also present in the upper parts of field class IV (sample P13 in 

Fig. 4.22 P• 153), the titanomagnetites from which hav9 a higher 

Ti/V ratio than the surrounding tephras (it was detected at 

Pukekauri Rd in preference to Reas Rd because of the closer sampling 

interval at Pukekauri Rd). 

The base of the Late Pleistocene tephra column at Bathlahem, 

Youngson Rd and Reas Rd is defined by a brown sandy silt loam over­

lying multicoloured homogeneous and shower-bedded sands and loamy 

sands which contrast strongly with the underlying brown, clay-rich 

beds of the Hamilton Ash formation (Ward 1967). The tephra and 

its paleosol are represented at Pukekauri Rd by field classes V and 

IV respectively and can be correlated by their field characteristics, 

particularly the coarse grain sizo, prominent shower-bedding and 

~tratigraphic relationship with the underlying deposits 1 with the 

Rotoehu Ash in the Te Puke region. 

The ferromagnasian mineral assemblage uf the Rotoehu Ash is 

dominated by cummingtonite which decreases in concentration fn the 

paleosol, as hypersthene and hornblende becnrne more promi,ent 

(Fig. 5.18A). The low8r concentration of cummingtonite in the 

paleosol of the Rotoehu Ash is the result of cont~mination by a 
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CUMMINGTONITE 

Rotoehu Ash 

(site 103) 

Class V 

(Pl6,Pl7,Pl8) 

class 
IV 

-------..-Rotoehu Ash paleosol 

P14· Rotoehu 
Y8 ~-- Ash 

paleosol 
R7. 

~ Class III 
(P8,P9,Pl0,Pll) 

'"X06 tephras 

AMPHIBCLE 

(site 103) 

Tephra bou~daries 

after.Howo~th (1976) 

Tephra 

-----/ Maketu Tephra 
.. ,,, 

HYPERSTHENE ..._ ___ _.._ _______ ~-----------~AUGITE 

FIGURE 5.18 s Fer.ron,ag·nc-sian mineral assemblages of tephras from 

the Kat1.kati region and Pukekauri Rd. 

!! s "X" tephras, Class III samples, and Rotoehu Ash. 

l! a Characterisation of sample B9 (Hauparu Tephra). 
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younger, hypersthene and hornblende-bearing tephra, as demonstrated 

by electron microprobs analysis or titanom~gne~ito grains from 

field class IV (see Fi·g. 3.17 P• 89). 

The titanomagnetites from the Rotoehu Ash and its paleosol 

have slightly lower Ti/Mn and Ti/V ratios than the corresponding 

samples from field classes V and IV (samples RB and Y9, and R7 and 

VB in Fig. 5.19). 

The high proportion of cummingtonite in the ferromagnosian 

mineral assemblage and titanomagnetita chemistry of the Rotoehu Ash 

and paleosol, confirm its correlation with field classes IV and V 

on the Coromandel Peninsula. 
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Rd(TM1,TH3,TM4). Circles encompass all samples from the 

Coromandel Peninsula sites for field cla~ses II,III and 
v. 



(D) DISCUSSION 

1. Fie.l:.9 class I 

Correlation bAtwaen Pukekauri Rd and To Matai Rd lends 

support to ths identification of Taupe Pumice and Kaharoa Tephra 

in class I. Whereas the former is a glass-rich coarse ash 

containing hypersthene and hornblende in the ferromagnesian 
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mineral assemblage, the Taupe Pumice is represented by hypersthene-

rich white pumiceous lapilli. The Whangamata Tephra, discussed 

below, also contributes to class I. 

2. Field class lI 

The hypersthene~•rich Mamaku Ash mixes with the cumm5.ngtoni ta­

bearing Rotoma Ash between Maniatutu and Te Matai nds and, as the 

mixed deposj_t thins north of Te Matai Rd, is supplemented by per­

alkaline material from the Whangamata Tephra which thickens towards 

Whangamata. 

3. Field class III _._._......... -
ThrP.e lines of evidence h:we shown tt,at the 11 X11 tephras i.n the 

Katikati region do not correlate with the Coromandel class III 

deposits; viz. the mean grain size, the proportion of cummingtonita 

in the ferromagn0sian mineral assemblage and the titnnomagnetite 

element chemistry~ However, because of the comparable thicknesses 

of the "X" tephras at Reas Rd and l:he class III deposit at Pukekauri 

Rd ( Fig. s.1 ·1), the 11 x:1 tephras must be roprssented at flukokauri Rd, 

contributing to tho class III deposit in such a manner as to ~ake 

their properties (as exhibited in the Katikati regior, unrecognisable. 
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It is concluded from the mineralogical and chemical characteristics 

of the "X" tephras in the l(atikati region and the class III deposit 

at Pukekauri Rd, that the "X" tephras arc present in field class JII 

in the form of a mixture with older tephrai. 

In the conclusions of Chaoter 4 a model of tephra deposition 

and modification for field clas:,es II I to V was preser,ted ( Figs. 4.24 

and 4.25, pp~57s9). In that model it was proposed that a hypersthene­

hornblanda dominated tephra (termed Tephra A) mixed with the class V 

tephra {Rotoehu Ash) to produc□ class IV, which wac itself mixed 

with a second tephra (Tephra B), also hypersthene and hornblende-

rich, to form class III. The characteristics of the 11 x1: tephras 

and Hauparu Tephra are compared with tephras A and Bin Fig. 5.2□ 

and fit the model closely. It can therefore be concluded that 

field class Vis represented solely by the Rotoehu Ash, field class IV 

by two mixed tephras (the Hauparu Tephra and the Rotoehu Ash), and 

field class III by th:ree mixed tephras (the "X1' tephras, the 

Hauparu Tephra and the Rotoehu Ash). Possible mechanisms of mixing 

of the "X", Hauparu and Rotoehu tephras, and the reason for the 

abruptnoss of the change from recognisable "X11 tephras south of 

Katikati to the mixed class III deposit at Pukekauri nd and sites 

further north are discussed below. 

L:. field ~sses IV and V 

Field classes IV and V correlate uJi th the Rotoahu Ash and its 

paleosol with the latter diluted by the hypersthene-bearing Hauparu 

Tephra. 



Table 5.9 lists ths tephras present at the Pukekauri Rd 

reference site, and identifies the unknown Coromandel taphras in 

Figso 3.18 p.96, ti.24 p.157, and 4.25 p.159 • 

TABLE 5.,9 

Tephra 

Kaharoa Ash 

Taupo Pumice 

Identification of the unknown tophras presented in 

Chapters 3 and 4 of this thesis 

Identification of unknown tephras in the 
Figures as indicated below 

Fig. 3.18 p.96 Fig. 4.24 p.157 Fig,, l+.25 p.159 

Tephra J 

Tephra I 

l:Jhangamata Tephra Tephra F 

r~arnaku Ash Tephra G 

Rotoma Ash Tephra H 

II XII tephras Tephra E Tephra B 

Hnuparu Tephra Tephra C Tephra A 

Rotoehu Ash Tephras A,B and D 

-

□et.ween Bethlehem and Wai hi each of the "X" t HaUf.Jsh'U, and 

Rotoehu tephras become finer grained and thin substantially 

In addition the '.' X11 tcphras, which occur as 

a discrete unit in the Katikati region, mix with the Hauparu and 

Rotoehu tephras to form the Silty bed (class III) at all sites north 

of Reas Rd., The sudden transition bub,ieen the recogniso.blo "X" 

tephras south of Katikati and the c□m~osite clasa III deposits at 

Pul<ekauri Rd suggests that the mixing processas operatin'J north of 

Katikati are eithar associated with tephra thicknesses and dopths 

of burial, or with climatic controlso 
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FIGURE 5.20 : Ferromagnesian minoralogy and titanomagnetite 

compositions for field classes III to V, and 

calculated characteristics of component tephras A 

and B, compared with the proposed correlatives, 

the Hauparu Tephra and "X" tephras respectively. 

(See Fig. 4.26 p.161). 
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(a) The influence of tephra thicknesses on the mixing of tephras. 

Tephra thicknesses might cause the change in character of the 

"X" tephras north of Reas Rd in two mai.n ways. First, the mixing 

mechanism may only be effective in shallow depths. Where the "X" 

tephras are thick (south of Reas Rd), the mixing woul~ be confined 

to the "X" tephras; where they are thinner (north.of Reas Rd), the 

Hauparu and Rotoohu tephras would also be included. However, as 

Fig. 5.22 shows, there is very little difference in the combined 

thicknesses of the "X", l-lauparu, and Rotoehu tephras between Reas Rd and 

region 6 (the Waihi Basin), which suggests that this factor alone 

is inadequate to explain the sudden mixing of the three tephras. 

The second way in which tephra deposits m2y have contributed 

to thA formation of the mixed Silty bed is through its effect on 

vegetation,,. If vegetation and/or its associated fauna are the 

mixing agents, then the area between Rsas Rd and Pukekauri Rd might 

correspond to the boundary between complete destruction of tha 

vegetation by the "X" tephras to the south and only partial 

destruction to the north. The "X" tephras may therefore have bean 

preserved as a discrete layer south of Reas Rd but incorporated into 

the Haupa:rL! Rnd Rotoehu tr:1phr.ns at PukP.kauri Rd under the influence 

of the preserved vegetation. Vucatich and Pullar (1963) estimated 

that about 45 cm of cold tephra are required to completely destroy 

vegetation. This estimate is supported by Nicholls (1963) who 

concluded that a hail of volcanic lapilli will have little effect 

upon indigenous high forest unless it is•• '' more than a few feet 

deep or hot enough to kill vegetation uLitright 11 (p. 64)" The "X" 

tephras decrease in thickn8ss from 89 cm at Gathlshem to 55 cm at 
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Reas Rd. If Vucetich and Pullar 1 s estimate is ~pproximately correct, 

then Reas Rd approximates tho boundary between total dostruction (to 

tho south) and partial destruction (to the north) of vegetation by 

the eruption. This hypothesis is dependent upon the "X" teph:cas 

having a minimum thickness of about 45 cm at Reas Rd and is noc 

applicable if they are composed of two or more taphras of lesser 

thickness. Little more can be added in support or denial of this 

hypothesis as the number of tephras comprising tho "X" tephras is a'i; 

present unresolved. 

(b) The influence of climate on the mixing of tephras 

Climate may exert an indirect influence on the tephra 

stratigraphy through its control on the distribution and type of 

vegetation. Each of the Climap Report (1976), Luz (1977), McGlone 

~__t al. ( 1978) and Wilson ( 1978) have suggested that while temperatures 

in the southern half of the North Island and in the South Island 

dropped by about 6 °c during glacial times, the temperatures in tho 

northern half of the North Island were depressed by no more than 4 °c, 

with a steep latitudinal temperature gradient between 37°-38 °s. 

The region bAtween 37°-3s0 s has been climatically sensitive to flora 

in the past, with many species being limited to north of this 

latitudinal range •. Thus Allan (1961) lists: 

1<auri ( l\gat_t,is australis) - found from North Cape (3t~0 22 1 S lat.) 

to Maketu/Kawhia (38 °slat.) 

Taraire ( BeiJ.~_chmiedia tarairi) - found from North Cape (34° 22 1 S lat .. ) 

to East Cape/Raglan (37° 50 1 Slat.) 

Lit.sea calicaris - found from North Cape (34° 22' S lato) to 38 °slat. ---
Tawnri (Ixerba brexioides) - Hokianga (35° 30'S lat.) to a little south 

of 38 °slat. 
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Monoao ( Dacr.1,diu.~ kirkii) - found from Hokianga ( 35° 30 r s lat.,) 

to Auckland City (lat. 37 °s) 

Toatoa (f_byllocl~ glaucus) - found from lat. 35 °s to lat. 38 °s. 

In addition, Wilson (1978) estimates that the southern limit of 

continuous forest during glacial times was approximately 37° 30' 

(Fig. 5.23 P• 222). 

Birrell tl al. (1977) - Fig. s.21, determined the Tamm­

extractable Al, Fe and Si in the Rotoehu Ash and its paleosol at 

eight sites between Te Puke and Whangamata (Fig. 5.21A) in 

order to evaluate the degree of weathering that the tephra had unde~-

gone at each site. They found a sharp rise in tho element 

concentrations north of site 7 (e.g.% ru. in Fig. 5.,218) and 

considered sites 8 to 11 to be more waathe~ed than the sit8s further 

south. They attributed the stronger weathering in the ~are northorn 

sites to a prolonged absence of cover depos!ts and the influence of 

p3st warmer climates. The coincidence of a st~cnger weathering 

regime as indicated by the Rotoehu Ash with a change in the 

effectiveness of mixing processes in the Katikati region (Fig. 5.23) 1 

suggests that climate or moro likely vegetation may be responsible .for 

the mixing processes. 

Little is known about the Late Quaternary vegetation patterns 

on the Coromandel Peninsula, but considering the temperature changes 

noted above and the ameliorating maritime influences it is most 

likely that a complete forest cover c~aracterised the region (McGlona 

1973). The Late Quaternary vegetation patterns of the ~atikati-

Tauranga region are also unknown. f•1cGlona E!, ~-• ( 1978) examined 

pollei, from three peat deposits in the Hamilton 8,sin and suggested 
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that between 20~000 and 16JOOO years B.P. this basin was dominated 

by scrub, grassland and swamp with only small areas of forest 

confined to the surrounding stable hills. They attributed the 

lack of forest in the Hamilton Basin to a cli~atic regime characterised 

by cold, dry winter months and having high intensity cyclonic rain­

storms in summer, with droughts, severe frosts and high winds. 

Forest growth was restricted to sheltered areaso The similarity in 

latitude between the Hamilton Basin and the Katikati-Tauranga region 

lends some support to the possibility that the continuous forest cover 

of the Coromandel Peninsula may have changed into scrubland south of 

the Pukekauri Rd site. 

Tho processes causing the mixing of the 11 X11 , Hauparu, and 

Rotoehu tephras on the Coromandal Peninsula may therefore be connected 

with a forest vegetation and associated fauna~ Dudas and Har~a~d 

(1975) suggested that the uprooting of trees was a major mechanism 

for mixing ash soils in the forested areas thoy 8xamined. However 

at their sites a microrelief of mounds and pits usually occurred; 

no such evidonce exists within the Silty bed on the Coromandel PeninRula~ 

It is therefore doubtful whether such a mechanism has operated in this 

case .. 

Other possible mixing agents include soil fauna, and movement 

of soil particles within tho vertical and horizontal cracks that are 

characteristic of the subsoils of allophane-rich ye:low brown loams 

(N.Z. Soil Guroau 1968; Plate 33, Vol .. 2). 

There is presently insufficient evidence to define more closely 

the environment or mechanism by which tho "X", Hauparu, and Rotoehu 

tephras have combined to form the Silty bed on the Coromandel· Peninsulao 



224 

However a change in vegetation cover and associated fauna from forest 

to scrubland between Pukekauri Rd and Reas Rd is considered to be the 

most likely explanation. 

E. HISTORY OF TEPHRA DEPOSITION ON THE COROMANDEL PENINSULA IN THE 

LATE QUATERNARY 

The Lata Quaternary tephra sequence on the Coromandel Peninsula 

consists of at least nine separate tephras whose names and 

stratigraphic relationships are compared with the terminology of 

previous workers in Table s.10. 

TABLE s.10 : Tephra stratigraphy of Late Quaternary tephras on the 

Coromandel Peninsula as established by previous 

workers and this thesis 

Mc Craw Birrell tl ~l_- Pullar tl _?l_o This thesis 

(1975a and b) (1977) (1977) 

Taupo Pumice l<aharoa Ash Kaharoa Tephra 

Taupe Pumice and Taupo Pumice 

Whangamata Ash Whangamata 

Whangamata Ash Tephra, 

--------- Mamaku Ash and 
Whangamata Lapilli Rotoma Ash 

friable silt loam "X" tephras, 
?Okareka Ash Ha.uparu Tephra 

~-------- and Rotoehu Ash 
---

"Lumpy bed11 Rotoehu Ash Hauparu Tephra 

(paleosol) and Rotoehu Ash 
---------- ------·--- ---
Compact fine sand Rotcehu Ash Rotoehu Ash 

---- W•- '~-- -



225 

Approximately 404000 years B.P. Mt Haroharo in the Rotorua 

district (Fig. 5.10 p.191) erupted in a series of pulses of varying 

magnitude depositing shower-bedded ash and lapilli cif the Rctoehu 

Ash ovor an area of more than 50 4000 km2, including the full length 

of the C□ =omandel Peninsula. Soil formation on the Rotoehu Ash 

was Eve11cuallyinterrupted, after about 10~000 years, 1i1hen the 

Hauparu Taphra derived from a vent close to the northern shores of 

Lake Rotoehu was deposited in the Bay of Plenty and Coromandel regions. 

South of Bethlehem this tephra was sufficiently thick to bury the 

Rotoehu sJil, but further north it became incorporated into the soil 

and is not represented as a separate tephra. 

During or soon after the peak of the last major cold period 

(20~000-18 9000 years BeP.), at least two fine grained tephras erupted 

from eithe~ the Taupe or Okataina Volcanic Centres (Fig. 1.2 p.5) 

depositing material over a large part of the Central Volcanic Region 

and on the Coromandel Peninsula at least as far north as Whitianga. 

The te::;;,ras, which are unidentified and termed the "X" tephras in the 

Katikati r2gion, include representatives of older eruptions 

(i.e~ approximately 20~000 yaars B.P. - e.g. the Okareka, Te Rero·or 

Kat:Jakawo t.ephras), and younger nruptions (1.e. approximately 14~000-

11 9000 years 8.P. - e.g. Roto:i:'ua or Waiohc>.u teph:r.as). South of 

Katikati these te~hras are preserved as a discrete bed above the 

Haupa-ru Tephrao Further north however, they are intimately mixed 

::rith the Hauparu Tephi·a and the upper parts of the Rotoehu Ash, forming 

the Silty hed on the Coromand0l Peninsula. 

Between 9i000 and 79 000 yaars B.P., under conditions of 

-~ 11• 0 r~·t 1·-1g rlimate the Mamaku Ash and Rotoma Ash were erupted from 
-c.-118 • ,_. , I - ' 
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the Okataina Volcanic Centre and approximately 30 cm of tephra was 

deposited over the southern half of the Coromandel Peninsula. 

About 1 9 00□ years later, the peralkaline Whangamata Tephra was 

erupted from Mayor Island and deposited tephra in two lobes, a 

coarse lobe of purniceous ash and lapilli up to 60 cm thick extending 

between Whangamata and Thames on the Coromandel Pe~insula, and a 

fine ash lobe extending to the south and southwest of the Peninsula, 

in the Bay of Plenty and Waikato regions. As the Whangamata, Mamaku 

and Rotoma tephras were deposited within a relatively short period 

of time (c. 3,0□0 years) and occur within the soil forming zone, the 

tephras on the Peninsula were thoroughly mixed by soil forming 

processes, but not incorporated into class III below. 

Although the distal portion of many post-Whangamata tephras 

probably fell over the Coromandel Peninsula, they are not recognisable 

except for the conspicuous pumiceous lapilli of the Taupo Pumice 

eruption (1,819 years B.P.), and t~e co~rse pumiceous ash of tho 

Kaharoa Tephra (930 years B.P.). 
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POSSIBLE FUTURE WORK 

The result3 of this study suggest several profitable lines of 

research that might bo considered for future investigations. 

1. The effectiveness of vegetation and soil fauna in translocating 

inorganic material within the soil forming regime. 

2. The tephra stratigraphy of the Bay of Plenty region, including 

identj_fication of the "X" tsphras. 

3. Investigation of the Holocene tephra stratigraphy within the 

Hamilton Oasin by detailed sampling of peat lakes. 

4. Examination of sediment cores from the Hauraki Gulf and Pacific 

Ocean (between Whangamata and Mayor Island), with a pJtpose of 

elucidating tephra stratigraphy and sedimentation patterns of 

the ocean adjacent to the Coromandal Peninsula. 
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APPENDIX A 

NOTES ON PETROGRAPHY AND MINERALOGY 

Appendix A includes petrological and mineralogical 

information not presented elsewhere, and which has been removed 

from the main text to improve continuity between chapters. 

It contains petrological descriptions of pumice, of rock 

fragments and of volcanic glass particles as well as descriptions 

and optical data for seventeen minerals contained within the 

five field classes at Pukekauri Road. 

All optical data were determined by petrological microscope 

and the universal stage. 2V measurements have an estimated 

f + 20 error o - • Refractive indices, determined by immersion 

oils, have an estimated error of! o. □ 03. X-ray diffraction 

data were gathered on a Philips X-r.ay diffraction spectrometer. 

PETROGRAPHY 

(a) Pumice 

Acid pumices are confined to the younger tephras (field 

classes I and II) and are subdivided into two categories on the 

basis of colour. 

(i) Yellow orange pumice 

Fina and very fine pumice, yellow orange in colour occurs 

commonly in class I samples and very commonly within class II. 

The pumice has a low to moderate concentration of 0.1-0.2 mm in 



diameter vesicles, thin walls and frequently shows strong flow­

banding. The phenocryst content is very low and dominated by 

anorthoclase. 

(ii) Whits pumice 

Medium and fine white pumicA is common in field class Io 

Its white colouration and transparency indicates that the pumice 

is less weathered and younger than that described above. The 

pumice has a moderate concentration of □ .05-0010 mm in diameter 

vesicles, thin walls, sometimes shows flow-banding and contains 

a predominantly plagioclase phenocryst content. 

(b) Rock fragments 

Grey and white rock fragments are common in all the 
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Pukekauri Road samples. Generally the rock fragments are composed 

of a glassy ground mass with isolated anhedral zones of devitrified 

glass and scarce altered plagioclase phenocrysts. 

(c) 

(i) 

Volcanic Glass 

Obsidian 

Pale green, transparent, sub-rounded obsidian fragments are 

common in the younger tephras (field classes I and II); in some 

cases the obsidian•is vesiculated and shows flow-banding textures, 

crystallites and microlites or?plagioclasa composition. 

_{ii) Colourless glass 

Ross (1928; in Ewart 1963) recognised three habits of glass 

shards in rhyolitic tephras; curved fragments representing glass 

which originally enclosed rounded bubbles and consisting of curved 
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fragments of the bubble wall, which may be Y-shaped where three 

bubbles were in close contact. (Fig. A.1a); platy fragments of 

almost flat glass plates, formed by the fragmentation of the walls 

which enclosed large, flattened, lens-shaped vesicles (Fig. A.1b); 

pumiceous fragments of fibrous glass (Figo A.1c). All three 

types of glass shards and many intermediate forms have been recognised 

in the Pukekauri Road tephras. Fibrous pumiceous fragments (type c) 

predominate in field classes I and II and platy fragments in 

classes III, IV and V. The scarcity of curved and pumiceous 

fragments in the three older field classes suggests that either 

pumice was not a major component of the tephras, or, more likely, 

the finer more curved fragments have been removed by weathering. 

The volcanic glass content decreases with increasing age, from very 

abundant in the younger tophras to very common lower in the profile. 

Refractive indices were determined for selected samples in 

order to detect any major differences between tephr8s; results are 

shown in Table Ao1e 

"rABLE A .. 1 : 

Sample 

P1 

P3 

P10 

P15 

P17 

Refractive indices for volcanic glasses from the 

Pukokauri Rd tephras 

Field class Range in refractive 

index 

I 1.495 - 1.512 

II 1.496 1.512 

III 1 .. 492 1~495 

IV 1.495 1.498 

V 1.495 1.496 

----------- .. _,. ___ 



(b) 

Platy fracrments 

Flat glass plates 
enclosing lens-shaped 
vesicles. 
sample P3, xl60. 

FIGURE A.l (a-c) 

(a) 

Ct-!_~~d .:f£.~ments 

Y·~rd·,;;;;.ped fr,:i.gm:.mtG of 
glass where three 
hl'.llbl(~~s were in close 
contact~ 
.s~.mple P3j) x220. 

(c) 

Pumiceous fragments 

Fibrous pumiceous glass. 
St.'lmple P3, xl60. 

Photomicrographs of volcanic glasses 

representing the three dominant 

forms found in the coromandel tephras. 
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Only curved or platy glass fragments were used in the refractive 

index measurements as Ewart (1963) demonstrated that other forms 

of glass had more variable refractive indices. The range of 

refractive index shown by the Coromandel tephras (1.492-1.512) is 

considerably higher than that recorded by Ewart (1963) for the 

Taupe Ash shower sequence (1.496-1.502). 

George (1924) has provided a useful method for determining 

the approximate silica content of volcanic glass by means of its 

refractive index; two major factors must be considered when 

applyl.ng this method: 

{i) Water content of glasses. Many authors (e.g. Ewart 1963; 

Ross and Smith 1955, 1961; Wilcox 1965) have demonstrated the 

rel¥1tionship between refractive index and water content.. Ross 

and Smith (1955) showed that the presence of 1% water 1i1ould l0tt1er 

the estimated Si□2 content by approximately 27;., [t;.1art ( 1963) 

found that the weathered pumiceous glasses (distinguished by ~he 

presence of brown staining) contained the highest water contents 

and also tho highest refractive indices. 

(ii) Iron oxidation states. Ross and Smith (1961) indicated 

that if a glass has any appreciable proportion of iron, the 

different states of oxidation will have a marked effect on the 

indices of refractiono In order to test the accuracy of the 

technique,. data from two gr·oups of tephras of different ages we1·e 

examined end shown in Tables Ao2 and n.3~ 

Despite tho considerable variation in the water contents of 

the Tau po Ash sequence ( Eti1.=:.1rt 1963) ~ there is a qood correlation 
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•r.\BLF. - Calculated s102 contents from refractive index 

A.2 measurements on glasses from the •raupo Ash Shower 

sequenceo 

Sio2 allfe:raga r.1. 

SAMPLE (anal.) r.1. ( 0-) 

% 
1 1 

Taupo Lapllli 
-3 .71.2 1.501 2.12xl0 

(Member 3) 

Member 5 71.9 1.502 l.4lxl0-3 

Member 8 71.3 1.502 7.07xl0 -4 

Member 14d 
-3 71.9 1.501 l.4lxl0 

(upper) 

Member 14d 

71.9 1.498 l.4lxl0 -3 
(lower) 

Wairnihia 
l.4lxl0-3 70.5 1.498 

(Member 15) 

Member 19W 7008 1. 503 l.4lxl0-3 

Member 24 71.3 1.502 o.o 
(upper) 

Member 25 
. 

71.3 1. 503 o.o 
(upper) 

Member 25 
71.3 1.so2 o.o 

(lower) 

1 Data from Ewart (1963) 

2 By the method of George (1924) 

.3 Anal.-Calc./Anal.(%)0 

._ ____ 
S102 6s:to2 

(calc,.) (anal.-
ca.le.) 

% 
2 

71~6 -0.4 

71.3 ❖0.6 

71.l +0.2 

71.8 +O.l 

72. 5 -0.6 

72. 5 -2~0 

71~0 -0.2 

71.3 o.o 

71.0 +0.3 

71.3 o.o 

~Sio2 

% 

3 

-006 

+0.8 

+O. 3 

+O.l 

~,o.s 

-2.B 

-0.3 

o,o 

40o4 

o.o 
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between the refractive index and the Si□2 content, with a maximum 

error of 2.a%. The technique is also applicable to older tephras, 

for example the Rotoehu Ash (Table A.3), the Si□2 contents of which 

can be estimated to within 3% of the true valuo. 

TABLE A.3: calculated Si□2 contents from refractive index 

measurements on glasses from the Rotoehu Ash 

Si□2 average r.i. Si□ 2 Si □2 Si□2 

(anal.) r.i. (calc.) (anal.- % 
calc.) 

% 1 2 % 3 4 

Rotoehu Ash 
70.4 1.498 S.2x10 -4 72.3 -1.9 -2.7 

(42 9 □□0 yrs B.P.) 

1. Data from Kohn (1973) 

2. Data from Hodder (1974) 

3. By the method of George (1924) 

4. Anal. - Calc./Anal. 

It is therefore concluded that estimations of Si □2 contont 

determined from refractive index measurements of volcanic glasses 

are possible even in moderately aged tephras, provided that the 

glasses are not strongly weathered and are colourless, thereby 

indicating a low iron content. The red-brown colouration of many 

of the glasses from classes I and II renders them unsuitable for 

the application of this technique. However, the glasses of the 

oldor field classes complying with the provisions outlined above, 

allow estimations of composition to be made (Tabla A.4) and show 

that the tephras of these classes are predominantly, if not completely, 

~hyolitic in composition. 



TABLE A.4: 

Sample 

P 10 

(F .c.rn) 

P 15 

(F.C. IV) 

P 18 

(F.C. V) 
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Calculated Si02 contents of volcanic glasses from 

refractive index measurements of field classes III, 

IV and Vat Pukekauri Rd 

Si02 Si□2 
r .. i. (calc.) (Cale.) 

,,t_ 
,o 1 Mean (%) 

1.492 - 1.495 74.5 - 73.7 74.1 

1.,495 - 1.498 73.7 - 72.5 73.1 

1.495 - 1.496 73,.7 - 73.3 73.5 

1. By the metnod of George (1924) 

MINERALOGY 

(a) plagioclase Fe~?s_par 

Plagioclase is the most commonly occurring mineral in all the 

samples examined, increasing in concentration within the sand 

fractions from very common in class·as I and II to vary abundant in 

field classes III, IV and v. 
Plagioclase was identified optically and confirmed by routine 

X-ray diffraction analysis and has a composition of andesine 

(An 38-48), calculated from optical data by the Michel-Levy method. 

This is comparable with central North Island volcanic rocks, which 

have ca-oligoclase to andesine compositions of An 25-46.. The 

structural state of the plagioclase was determined by the X-ray 
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FIGURE A~2 : Structural stats of plagioclases from the 

Coromandel tephras at Pukekauri Rd. 
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plagioclaso from the Taupo Ash saquonce (Ewart 1963) 

plagioclase from the Pukskauri Rd site 

(F.C.II P3; F~C.III P10; FeC.V P18) 



powder method of Smith and Gay (1958), and was found to bathe 

high temperature disordered state (Fig. A.2). 

Plagioclase occurs as fresh, euhedral or subhedral grains 

commonly exhibiting simple and multiple twinning and containing 

inclusions of glaos and euhedral magnetite crystals. Optic: 

axial angles were determined for plagioclases from three field 
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classes, with results shown in Table A.s. The very high coefficient 

of variation shown for P10 (22%) suggests that the plagioclase from 

field class III may fall into two populations derived from separate 

sources. 

TABLE A.5: Plagioclase optic axial angles for Field Classes II, 

III and Vat Pukekauri Rd 

--
Field Range of Number of Mean Standard Coefficient 

Class Sample 2V Measurements (x) deviation variation 

(2V o) • (n) (er) (C) % 

II P3 94 - 104 4 98 4.2 4.3 

III P10 68 - 117 9 92 20.2 22.0 

V P18 92 - 105 5 98 s.1 s.2 

(b) Anorthoclase 

The potassic feldspar anorthoclase occurs only in the two 

younger field classes, commonly in field class I and very common in 

field class II. 

Anorthoclase was identified by its optical properties and 

confirmed by X-ray diffraction analysis. Its composition was 

determined by the X-ray method of Tuttle and Bowen (1958), which 

of 
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requires the accurate measurement of the difference between the 

position of the 201 anorthoclase peak and the 1010 quartz peak and 

is applicable only when the feldspar is sufficiently homogenized. 

Anorthoclase was concentrated from two field class II samples and 

x-reyad in triplicate, firstly as untreated powders and secondly 

heated to over 900 °c to allow homogenizat.ion of separate phases, 

should they exist. The 201 anorthoclase peak was not affected by 

the heating, indicating that the feldspar was not submicroscopically 

ex solved. A mean Or content of Or29 (range Or31-0r27) derived 

from the 6 201 values for the untreated powders when plotted against 

2V confirmed tho mineral as anorthoclase. Optic axial angles 

determined from two field class II samples, ranged from 

2Vo< = 44° - 48°., 

Anorthoclase occurs as fresh euhedral or subhedral crystals 

which frequently show simple twinning and contains c:ommon euhedral 

magnotito and glass inclusions. 

Anorthoclase from field class II differs from that examined by 

Ewart_.£!; a1(1968) from !"layer Island pantelleri tic lavas, as the 

Mayor Island phanocrysts have a higher Or content (Or3f._43) and are 

sub-microscopically exsolved. 

(c) Quark 

Quartz which was idcmtifi.ed by its optical properties and by 

standard XRD techniques, is present in all field classes but becomes 

more abundant in classes III to v. Quartz varies from ~nhedral 

to s1.1bhedral transparent crystals which occur in all five field 

classes, to 1-3 mm diam13ter white and pink anhod;:;al, irregular 

crystals contained within classes I and II. 



251 

(d) fu_persthene 

Hypersthono is present in all tephras and is abundant ira. the 

ferromagnesian r:1ineral fraction of class III, very common in classes 

I, II and IV, and common in class v. ~~parsthene occurs as stubby, 

partially rounded prisms (rig. A.3a), often containing inclu~io,ns 

of magnetite. It is weakly to moderately pleochroic from bottie 

green to greenish-orange, shows no compositional zoning, and GQiile 

grains appear to be strained as indicated by wavy extinctions. 

2V determinations indicate two groups of hypersthone compositions: 

one hypersthene is more Mg-poor (2V~ = 58-62°, average 6 □0 , 

composition En 64-68) and is found in all field classes, while the 

other hypersthene is relatively Mg-rich (2V~= 63-65°, average 64°, 

composition En 69-71.) Optic axial angles and compositions for 

hypsrsthene, hornblende and cummingtonite in field classes I V 

are surrmarised in Table A.6 - the two types o-f hypersthene are 

labelled OpxA and OpxB respectively. The presence of both OpxA 

and OpxB in class III suggests that it may be a mixture of two or 

more tephras. Hypersthene phonocrysts from the Taupo Ash shower 

sequence exhibit lower Mg contents from those indicated above 

(En 48-64; Ewart 1963). Indiv~dual members of the recently renamed 

Mangaoni Lapilli F~rmation have compositions more like the Coromandel 

tephras (En 65-72; l-101J1orth 1976). 

(e) Augite 

Augite is in highest concentration in field classes I and II 

where it is very common in tho ferromagnesian mineral fraction, and 

decreases in the older classes, being common in class III, rare in 
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(b} 

AEGIRINR 

Sa"nple P4 

(x320) 

(a) 

HYPERSTHENE 

sample Pl2 

(xl80) 

FIGURE A.3 (a-d} : Electron~micrographs of the dominant 

ferromagnesian minerals from the 

Coromandel tephras at Pulcelcauri Rd. 



(c) 

HORNBLENDE 

sample P8 

(xllO} 
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(d) 

cu M.MINGTON rrE 
sample Pl6 

(xl20} 
/ 
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class nr and absent from class v. It forms r.olourless to pale green, 

stubby,. rounded prisms which for any sample, are always smaller than 

the accompanying hypersthene grains. Inclusions are rare, with 

small glass blabs occasionally being present. 2V'lS' = 48°, which is 

similar to that in augitas fro~ tt-le Taupo Ash shower sequence 

(2Vlf ~ 4~8°; Ewart 1963). 

(f) • P.eqirine -..... 
Aegirine is common in the ferromagnesian mineral fraction of 

classes I and II but is absent from classes III, IV and V. It occurs 

mostly as stout prisms (Fig. A.3b) or slender needles commonly 

surrounded by an envelope of glass. Aegirine is strongly pleochroic 

from a deep emerald green to yellow-green, and simple twinning is 

common. Mo further optical properties could be obtained because of 

grain orientation and the extreme body colours. The presence of 

considerable amounts of aogirine in an otherwise calc-alkaline 

mineral suite indicates dual sources for field classes I and II; 

this is discussed further in Chapter 3e 

(g) Hornblende 
I ·---Iii - • -• 

Common hornblende is present in all samples from Pukekaur.j._Rd 

and is abundant in the ferromagnesian mineral fraction of classes I 

and II, very common in classes III and IV and common in class v0 

The elongated, euhedral prismatic crystals (Fig. A.3c) are moderately 

pleochroic with a pleochroic formula oc = pale groBnish brm,1n, 

P = brawn green and r = olive green, zAc = 14°, 2V ¥ varies from 

67-83° (averago 75°) and contain rare magnetite inclusions. Twinning 

is rare. 



Cummingtonite is represented in all field classes and 

increases in concentration markedly in the older tephras; it is 

very common in tho ferromagnesian mineral fraction of classes I, 

II and III, very abundant in class IV and extremely abundant in 

field class v. Cummingtonite has been identified by optical 
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properties in conjunction with X-ray diffraction data. A sample 

of cummingtonito estimated to be 95% pure, was mounted as a smear 

and compared with cummingtonite extracted from pumice of the 

Rotoiti Braccia Formation. The diffraction patterns ware identical, 
0 0 0 

with the three major peaks at 8035 A (100%), 3.07 A (96%) and 3.26 A 

(44%) confirming its identification. 

Cummingtonita usually occurs as euhedral, elongated prismatic 

crystals (Fig. A.3d), often twinned and commonly containing euhedral 

magnetite and occasionally hypersthene inclusion~. Pleochroism ts 

weak w.i. th d.. (= {3 ) = pale orange green, ?r = pala green and z!lc = 20°. 

cummingtonite is distinguishable from hypersthene by its cloudy 

green colouration compared with the transparent green of hyp~rsthena, 

its higher birefringence and extinction angle. Hornblende 

typically exhibits darker body colours and a lower birefringence 

compared with cummingtonite. 2V '6 ranges from 86-94° (average 89°) 

(see Table A0 6) with an estimated composition of En39-13 (average 

En 29), indicating that the mineral is iron-rich and mostly lying 

within the cummingtonite field with a low proportion of minerals 

occupying the grunerite field. 
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TABLE A.6 _ summary of optic axial angles and compositon 

data for Field classes I - Vat F-ukekauri Rd. 

COEFF. NO. 
2V MEAN STD. OF 

COMPOSITION 
OF 

SAMPLE MINERAL ex> DEVN. VARTN . SMPLS RANGE RANGE (0) . (C) (n) (En) 
% 

OpxA 58 - 61 59 1.2 2.0 5 64 - 67 
. 

Pl HBDE 67 - 83 76 6.1 a.o 5 
(FC r) 

CGTE 86 - 94 89 3.4 3.8 5 39 - 13 

OpxA 58 - 62 60 1.1 1.8 9 64 - 68 

P3 HBDE 72 - 75 73 1.3 1.8 5 
(FC II) 

CGTE 88 - 91 89 1.3 1.s 5 33 - 23 

OpxA 58 - 62 60 1.5 2.5 6 65 - 67 

OpxB 63 •. 64 63 0.6 0.9 3 69 - 70 

PB 
(FC III) HBDE 71 - 76 74 2.1 2.8 6 

CG'rE 87 - 93 89 3.0 3.4 5 36 - 16 

OpxA 59 - 62 60 0.0 1.3 7 65 - 68 

OpxB 64 - 65 64 o.s o.a 3 70 - 71 

PlO 
(FC III) HBDE 72 - 77 75 2.3 3.1 5 

CGTF. 86 - 90 88 1.a 2.0 5 39 - 27 

OpxA 58 - 60 59 o.s 0.8 5 64 - 66 

P15 HBDE 68 - 82 
(FC IV) 

76 5.4 7.1 5 

CGTE 84 - 94 90 4.1 4.6 5 45 - 1.3 

OpxA 58 - 61 60 1.1 1.a 6 64 - 67 

Pl7 HBDE 68 - 82 
(FC V) 

76 5.4 7.1 5 

CGTE 84 - 94 90 4.1 4.6 5 45 - 1.3 

OpxA 58 - 62 60 0.4 0.7 38 64 - 68 
average 

for OpxB 63 - 65 64 a.a 1.3 6 69 - 71 
all 

HBDE 67 "':" 83 75 3.8 s.1 31 samples 

CG'l'E 86 - 94 89 3.1 • 3. 5 30 39 - 13 

COMP. 

MEAN 
(En) 

65 

29 

66 

29 

66 

69 

29 

66 

71 

32 

65 

27 

66 

27 

66 

70 

29 



257 

A euhedral to subhedral, slightly pleochroic pale greenisr~• 

brown pyroxene was found in samples from field class II. The 

colour, moderately high extinction angle (3□ 0 ), high 2V (2vt = 59°) 

indicates that it may be close to hedenbergite in composition. 

(j) Oxyhornblende 

Minor amounts of oxyhornblenda occur in the younger tephras 

at Pukekauri Road, within field classes I and II. It occurs as 

elongated, subhedral, dark red crystals, strongly pleochroic from 

c<. = yellow, ~ = yellowish-rad and o = dark red, z /\ c = 2°, and 

0 
2V ~ = 80 • 

Two types of riebeckit_e have been identified: One type was 

found in classes I and II occurring as small anhedral crystals, 

very dark in colour and strongly pleochroic from pale violet to 

azure blue. The second type is confined to field class IV and 

occurs as elongated, subhedral prisms showing strong pleochroism 

from pale bluish green to azure blue and 2V ~ = 67°, zA c = □0 .. 

(1) Tuhualita 

Tuhualite was first described by Marshall (1932) from Mayor 

Island, with further mineralogical data given by Marshall (1936) 

and Hutton (1956). It was found only in field class II as two 

small anhedral grains. The crystals were strongly pleochroic with 

a pleochroic formula~= pale pink, ~=light pinkish purple and 
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~ = dark purple and 2V 'If = 52°, properties which are optically 

identical with those given by Hutton (1956) and confirm the mineral 

as tuhualite. 

(m) Cossyrite 

Very dark red crystals of cossyrite occur in _field classes I 

and II as scarce components of the ferromagnesian mineral fraction. 

(n) Olivine 

Small colourless to very pale green subhedral crystals of 

olivine are rare in field classes I and II. 

(o) Zircon -· , 

Rare, euhedral, prismatic zircon crystals are present in all 

field classes. 

(p) Vermiculite --···-
Large, brown subhedral to anhedral flakes from field class IV 

were X-rayed and identified as vermiculite through the collapse of 
0 

the 14 A basal reflection upon heating. Identification was 

confirmed by density measurements (d e:t. 2.5) and 2V (2V °' = 0-2°). 

Cortez and Franzmeier (1972) reported vermiculite in acid volcanic 

ashes from the Colombian Andes mountains and considered it to be an 

alteration product of biotite or phlogopite~ 

(q) Oxide m5.nerals 

The term "oxide minerals" used in this section refers to opaque 

minerals of the Fe□ - Fe2□3 - Ti□2 system. Of the three major solid 



solution series that exist in this system, two are found in the 

Coromandel tephras: the magnetite-ulvospinel series and the 

hematite-ilmenite series. As magnetites from New Zealand low 
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temperature rhyoli tic magmas analysed by Ewart tl &• ( 1971 ) t,rnre all 

found to be titaniferous and more correctly termed "titanomagnetite", 

it is highly likely that magnetites from the Coromandel tephas also 

fit into this category. 

( 1) Ti tanomagnetite 

Titanomagnetite is the most prevalent oxide mineral in the 

Coromandel tephras and is abundant in the heavy mineral fraction of 

all five field classes. The majority of crystals occur as octahP-dra 

modified by small rhombic dodecahedral faces, apparently little 

affected by weathering (Fig. A~4). Under reflected light 

titannmagnetita is creamy white and ~ireflactance is absent (Fige A.Sa). 

While the majority of titanomagnatite crystals examined 1J.Jere 

microscopically homogeneous, a small percentage of grains exhibited 

exsolution and replacement textures. 

textures are present: 

Three varieties of exsolution 

(i) Rarely, under very high magnification (X 1000), small black 

larnellae of aluminous spinal were observed lying parallel to tha 

cubic (100) planes of the host titanomagnatite (Fig. A.Sb). 

(ii) Hematite lameJ.laa occur as narro1J.1 lines or broad bands generally 

exsolved along the octahedral (111) directions of the host 

titanomagnetite (Fig. A.Sb). Hematite is characterised by its bluish 

white appearance when compared with titanomagnetite and its distinct 

bireflsctance and strong anisotropism. 
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FIGURE A.4 : Tj.tanomagnetite octahedron showing 

vesicle, and euhedral cavities 

formerly occupi.ed by inclusions or 

intergrown minerals. 

Sample P15, x270o 



(a) 
Microscopically 
homogeneous t-magnetitc 
crystal (light grey) 
with included marcasite 
('white) and apatite 
( da.rk grey). 
plane polarised light, 
x350. 

( C) 
Titanomagnetite (pale 
grey) with exsolved 
lens-shaped ilmenite 
lamellae (dark grey) 
exsolved along (111) 
directions. 
partially crossed 
nicols, oil immersion, 
xlOOO. 
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(b) 
Exsolved hematite 
lamellae (white) in 
titanomagnetite (grey). 
Black aluminous spinels 
exsolvcd parallel to 
the cubic planes (100) 
are seen in the centre 
of the micrograph. 
plane polarised light, 
oil immersion, xlOOO. 

FIGURE A.5 (a-c) : Exsolution textures of 
titanomagnetite. All micrographs 

from sample PlO (field class III). 



(iii) 

( 111) 
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s.o'.lu_tion l amallae parallel octahedral 

as ilmenite from their creamy 

colour, strong birefl ectance, anisotropism and their brownish tink 

in oil (Fig. A.Sc) . 

Three ki nds of rep'I~emiei-11t ext_ures of ti tanomagnati te have 

been observed: 

(i) Replacement of the titanomagn_atito host by hemnti te 

(martitisation), proceeding from ths margin of the titanomagnetite 

grain and leaving an unaltered core (Fig. Ao6a). 

(ii) Rarely, titanomagnetite was f ound repl aced by goethite; 

remnants of titanomagnetite alifloed par 

planes occur right to the crysta~ edg-e 

(iii) The third replacement tex ors i 

cubic ( 10 

to tha rnarti tisation 

textures, with a core of titanomagnetite surrounded by a blui s h whitP 

strongly fractured mineral, identified by its isotropism as 

maghemite (Fig. Ao6b). 

The, most 

(occurring 

2. Ilmenite 

titanomagnetite arc apatite 

acicul ar crystals - Fig. /\.Sa), 

S.caJ:C~ "U 1ed a_l. cryst__als of i.lmeni te occur in all field 

·hi to undr3r reflected light, 

exhibits moderate bireflectanco and strong anisotropism (Fig. A.6c). 



(b) 
core of titanomagnetite 
(grey) surrounded by 
replacement material 
(~rl1ite) - probably 
rna9hernite. 
plane polarised light, 
x350, sample Pl5 
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(a) 
Mart.itisat.ion 

Titanomagnetite (grey) 
forms the central core 
a:1d is surrounded by a 
rim of hematite (white) 
plane polarised light, 
x350, sample PlO. 

(c) 
Ilmenite grain (white) 
·with siliceous 
inclusions (grey) 
plane polarised light 
x350, sample Pl5. 

FIGURE A.6 (a-b) . Replacement texture of . 
titanomagnetite. 

(c) : Ilmenite grain with siliceous 

inclusions. 
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AP PENDIX 8 

( 1) §ample, Prep,ar,a.l!.2!2 

Tha high content of organic carbon in the soil horizons of 

many New Zealand andosols necessitates pretroatmant of samples 

for any laboratory exa~ination roq~iring size fractionation of 

Al though clay mineral damage 

has been well documented in 

tho literature (e.g. Birrell 1974), it was necassary to romovo organic 

ithin either the A or 8 soil horizons, 

t o c:Uspersion. Dispersion of the tephras was 

y exposing them to ultr.a-suni c vibrations but, unlike 

many other workers (e.g. Edwards and Bremner 1967; Vladimirov 1968; 

Watson 1971} who found that a dispersing agent was unnecassary when 
,, 

using ultra-sonic vibrations, a stable susp~nsion could only be 

maintained in an acid medium of pH 3 

A probe type ultra-sonic v·brator as sad or ispersion 

of the samples. of ecompositio - of 

primary minerals by the probe was mado by exposing sepa at 

of whole tephra and of part of a silt f raction ( 4~ 5-7 0 ) to 

vibrations of varying period ny n particle 

size. The influence of vibration t i ma and wat er t o sol i d ratio on 

the whole sample was tested using sample P10 which was slur.ried, 

split and treated in three different ways {Tablo 81 and Fig. 81a). 

A vibration tima of six minutes was found ni.➔cessnry to ensure adequate 
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TABLE B.l I Influence of vibration treatment of varying 

times on whole si.l:nple and silt fraction of 
sample PlB (F.c.v) 

fraction 

subjected to treatment size fraction Mz CT'G degree of 

probing determined ( (,b) (¢}) disp~~rsn. 

3 mins. probe 

water/solid=5 2 .• 30 0.77 poor 

whole 6 mins. probe roarser than 
tephra water/solid=5 4~ 2~29 0.79 Excellent 
sample 

6 mins. probe 2.26 0,78 Excellent 
water/solid:10 

untreat'.-i 5.90 0.83 noa3 
l 

sample 

probed for 
- 7~ 0.95 4.5 - 7'/J 4.5 5.85 n&ao additional 3mini 

probed for 
additional 6min1 5.89 1.03 noaa 

1 Not applicable 



I 
' 
I 

% 

95 

90 

80 

70 

60 

50 

40 

30 

2 0-l 

10 

5 

2 

l 

o.s 

sample 2 ~,,; 

/. 'l sample l 

sa.-nple 3 \ /' , 

1.0 

'I I.,. 

1.s .2.0 2.s ·3.0_ 3.s 

Mean Grain Size (¢) 

~:1 

4.0 

FIGURE Bl,aiinfluence of vibration treatment on the 
<4i fraction of PlB. 

Sample 1 z 3 mins. vibration: water/solid= 5 

sample 2 z 6 mins. vibration; water/solid c 5 
sample 3 1 6 mins. vibrationJ water/solid= 10 

(Grain size parameters summarised in Table Bl) 

% 

95] 90 

80 

.• sample 5 
./V 

/. ,, 
/. ,, 

/, ,,, 

70 

60 

50 

40 

30 

20 

10 

5 

2 

1 

l 
4 

sample 

,,y ✓/ 
,r/ /// 

/ 
I 

5 

4 ~ .t,,/'-. sample 6 ,,,, 

6 7 

Mean Grain Size(¢) 

FIGURE Bl,bs Influence of vibration treatment on 
the 4.5-7~ fraction of Pl8. 

samplo 4 1 untreated sample 

sample 5 s Exposed to 3 mine. vibration 
sample 6 s Exposed to 6 mins. vibration 

(Grain size parameters summarised in Table Bl) 

N 
CJ\ 
C\ 



267 

dispersion of tho silt and clay sized material and a water to solid 

ratio of ten was adopted, neither of which significantly altered 

the sand fraction particle size distribution. As the experiment 

aimed at evaluating the influence of vibration treatment on prim8ry 

material, the 4.5-7 0 sample from P18 (separated from sample 3 in 

Table 81) was probed to ensure that the sample was free of clay 

minerals. This clay-free sample was then utilised as a standard 

to monitor the influence of additional probing and is labelled 

"untreated sample" {sample 4) in Table 81., This procedure is 

likely to underestimate the influence of ultra-sonic vibrations 

on the silt fraction, as that portion of sample 4 most susceptible 

to physical decomposition will have already bean destroyed by the 

earlier treatment. Exposure of tha silt fraction to p~obing for 

six minutes caused little variation in the maen grain size but 

produced a higher sorting coefficient (Tabla 81). On the basis 

of the above data, all samples were dispersed by exposure to 

vibration treatment for six minutes, using a water to solid ratio 

of ton and a dispersent of HCl at a pH of 3. A flow chart 

outlining laboratory procedure for sample preparation is given 

in Fig. 82. 
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Field moist 

samples 

l 
slurried soil 

1 
oxidation of organic 

matter by 100 vol. 

hydrogen peroxide 

! 
Miner.al soil 

j 
Filtration to 

remove remaining 

hydrogen. peroxide 

Dispersed soil 

l!'iil'-::---------

' 

Hydrometer analysis of 

less than 40 fraction 

at pH= 3 

::. 

soil moisture 

determination 

Soil moisture 

determinatj_on 

Exposure to ultra­

sonic vibration for 6 

mins. with a water/ 

solid= 10 & pH =3· 

wet-sieving through 

a 40 sieve 

----. 
Coarser than 4¢ 

fraction dried and 

sievede 

FIGURE B2 Flow chart for preparation of samples 
for size fractionation. 
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Clay and silt particle size distributions wero obtained by 

hydrometor using the standard method of the British Standards 

Institution (B.s. 1377; 1967) 0 The hydrometers and cylinders 

used in tho determinations were calibrated to calculate effective 

depth and the soil dispersed in distilled water brought to a pH of 

3 by diluto hydrochloric acid. Corrections were made for 

temperature and density of the settling medium. The use of 

dilute hydrochloric acid to give an acid pH caused considerable 

problems during the analyses. The problem occurred with samples 

rich in allophane in which the density of the sottling medium 

changed with time as the acid stripped Fe and Al ions from clay 

minerals~ Density corrections were made 24 hours after settling 

beg,in by oxtracting an aliquot of supernatant material, removing 

suspended colloids by super centrifuge, and measuring liquid 

density by specific gravity bottle. The density corrections thus 

applied are accurate only for measurements made after a considerable 

time interval from initial sedimentation (and ar.e therefore 

excessive for earlier measurements). Duplicate analyses indicate 

an oxperimental error of betwoen 5 and 10%, a margin also supported 

by the work of Kaddah (1974). 

Particles coarser than 4 0 were dry sieved at ½ ¢ intervals 

on an Endecott test si0ve shaker for a period of ten minutes. 

t On t wo samples over a time interval of six Duplicate measuremen s 

months indicated nn experimental error for the mean grain size and 

standard deviation of less than 1%. 
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Statistical parameters used in this study are those of Inman 

(1952) and Folk and Ward (1957) and are summarised in Tables 82 

and 83. 

TABLE 82: Statistical parameters, their value and meaning 

-

Name Symbol Value Meaning 
-

Phi ¢ ¢ = -log2 (dia. in I\ logarithmic measure 

• mm) of grain size diameter 

An average size of the 

M ¢ = gt_{ 1 6+50+84} 
sediment as influenced 

Phi Mean M ¢ 
z z 3 by the source environ-

(Folk and ment and energy level 
Ward 1957) of transporting fluid 

-
Phi Deviation 8 ¢ BG¢ = @(84=1§_}_ Standard deviation. 

Measure 
2 A measure of the 

(Sorting) 1 (or deviation of the 

(Inman 1952) BJ! population from a log-

normal distribution. 

1 Symbol after Folk (1968) 

TABLE 83: Scale for Sorting (Standard deviation) - ¢ after 

Folk (1968) 

Sorting Term Symbol (Units) 

very well sorted v.w.s., 

well sorted 
□ .35 

w.s .. 

moderately well sorted 
0.,50 

m.w.s. 

moderately sorted 
□ .71 

m.s. 

poorly sorted 
1.00 

p.s. 
poorly 

2.00 
very sorted v .. p.s. 
extremely poorly sorted 

4. □o 
e .. p.s., 

- ··-*- ·-··•~-.--......,,_ --



Tabla 84: Terminology and grDin size limits for pyroclastic 

fragments, and propaced divisions for the Lapilli 

size fractiun 

c:, • 
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Pyroclastic Fragments 1 Grade ;::i:tze Grade Size 

(mm) (.¢ diameters) 

Coarse 
Blocks and 256 -e bombs Fine 

64 -6 --
\Jery coarse 

32 -s 
Coarse 

16 -4 
Lapilli Medium 

8 -3 
Fine 

4 -2 
Very fine 

2 -1 
Coarse 

Ash 1/16 4 
Fine 

1 Main subdivisions after Fisher (1961) 
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(3) Sem.i.-guantitative Analysis of.._Felsic Minerals by 

X-ray diffEaction (X.R.12.J_ 

(after the method of Nelson and Cochrane 1970). 

Instrument settings and calibration 

Analyses were carried out on a Pllilips XRD using nickel­

filtered copper radiation generated at approximately 35 kV and . 
15 mA with 1° divergence and scatter slits and 0.1 mm recoiving 

slit, a scanning speed of 2° 2 8 per minute, a chart speed of 

20 mm per minute, a timo constant of four seconds, a rate moter 

setting of 400 counts per second, and using a circular rotating 

sample holder. The machine was calibrated daily by adjusting the 

power supply to the X-ray tube in order to maintain a constant 
0 

peak height for the 4.26 A quartz peak from a quartz standard. 

Samples were ground for three minutes in a ring mill until they 

passed through a 4.5 ¢ (44 ')lm) sieve. 

Construction of standard curves 

Standard powders wore prepared by thorough mixing of minerals 

largely derived from the Coromandel tephras. Two groups of 

standards were made up, one dominated by plagioclase and the other 

by anorthoclase. Plagioclase was concentrated from a class V 

sand fraction whicht from microscope point-counting contained 83% 

plagioclase and 17% quartz. Pure ancrthoclase was extracted from 

the 0-2 ¢ (1000-250 µm) fraction of a class TI deposit near 

\JJhangamata. Rhyolitic glass was derived from crushed obsidian. 

Quartz was obtained from the plagioclase quartz class v sand fraction 

mentioned above, augmented by quartz from a 1·eof at Te ,l\roha. 
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In order to assess the influence of heavy mineral abundances 

on the background levels of diffractometer traces (c.f. Nelson 

and Cochrane 197□), four samples with heavy mineral fractions 

ranging from 2-22 wt.% were examined (Table B.4b). 

TABLE B4b : The influence of heavy mineral content on the 

background levels of X-ray diffraction traces 

Heavy Mineral QUARTZ PLAGIDCLASE 

Sample Abundance Peak Back- Peak Back-
(2-4_0') (Wt.%) height ground height ground 

I P1 2 5 9.5 10 s.o 
III P10 14 5 7.5 20 7.0 

III/IV P12 21 4 7.5 31 7.0 

III/IV P13 22 6 7.Q 27 7.5 

Table B 4b indicates that there is no correlation between a high 

heavy mineral content and high background intensities. Entire 

sand fractions (i.e. heavy plus light minerals) wera therefore 

utilised in determining the relative abundances of quartz, feldspar 

and volcanic glass. 
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The composition and peak height above background for eight 

standards are shown in Table 85. Standard curves used to 

determine the weight percentage of quartz, plagioclase and 

anorthoclase in the Coromandol tephra samples are given in 

Figs., B3-85., 

Intensity-concentration curves have also beon constructed 

for plagioclase and quartz by Nelson and Cochrnne (1970) and 

Hume (1978). The plagioclase curve utilised in this thesis 

indicates a considerably higher plagioclasa content for any peak 

height than does the curve of Nelson ct&• This difference may 

be due to variations in plagioclase camposi tion ( Nol son et .£1.1:. .. , 

oligoclasa; this thesis, andesine), or it may rofl0ct the 

influence of large amounts of volcanic gloss diluting the plagioclase 

in the curve of Figura B4o The quartz curves aro comparable where 

the quartz concentration exceeds 10% by weight, but when it is 

lower, the curve shown in Figure 83 has a significantly lower quartz 

concentration and does not pass through the origin of the graph. 

The very hi.gh proportion of glass may cilso explain the unusual 

departure of the quartz curve from a straight lino relationship. 
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TABLE 85: Standard mixtures run .in triplicate and peak intensities 

for quartz, plagio~laso and anorthoclase 

Standard Mineral Ccmtent Peak Height above 
Number Oackground 

(Wt. %) (± 1 tr ) 

Plagloclase 1 12 8 ± 1 

1 Quartz 2 
5 4 + o.s 

Glass 83 

Plagioclase 25 23 ± 3 

2 Quartz 11 5 ! o.s 
Glass 64 

Plagioclase 39 37 ± 3 

3 Quartz 17 9 ± 1 

Glass 44 

Plagioclase 54 48 + 3 

4 Quartz 23 15 ± 1.s 

Glass 23 

Anorthoclase 3 15 11 ± 2 

4 + 
5 Quartz 5 - o.s 

Glass 80 

Anorthoclase 30 23 :! 3 

6 Quartz 10 6 ± 1 

Glass 60 -
Anorthoclase 45 35 ± 4 

7 Quartz . 15 8 ± 1 

Glass 40 

Anorthoclase 60 51 ±4 
20 + 

8 Quartz 13 - 1.s 

Glass 20 

0 
(20.0° 28) 

Peak height above background at 3.19 A 
1. D 

(20.0° 
Peak height above background at 4.26 A 29) 

2. i (2e.s0 
Peak height above background at 3.24 28) 

3. 



276 

FIGURE 83: Intensity - concentration curve for quartz. (400 cps) 
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FIGURE 84: Intensity - concentration curve for pl?1ioclase. 

(400 cps) 
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FIGURE 85: Intensity - concentration curve for anorthoclase. 

(400 cps) 
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FIGURE B6 a Logarithmic plot of the X-ray spectrum of 
titanomagnetite from field class~ (Pl8) 

identifying peaks from the main elements 

and showing Regional and Local back­

ground positions$ 

l 

Si 

Al 

2 

t'..01 

Fe 

Ti 

Mn 

, V3 / 
I \ I 

ca/~ 

Local Backgrounds 

3 4 5 6 7 8 9 10 11 12 13 

Kev 

NOTE t l • Mo (L«} 

2. Ti escape peak 

3. Element Kc,> 

4" MR= Monitoring Region 

All peaks arc K («) unless otherwise indicated. 
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Sample preparation 

283 

Large q11ar,~L·~_ies "~ 011cn dr"ed sa l d 1· ht - - ~ u, . • - i mp es wero groun 191 ly in 

a ring-mill to release encloaed titano~agnotite crystals. Impure 

titanom □gnetite concentrates were obtained by extraction with a 

magnet under water. Purification and grinding of the samples ware 

comploted in two steps: by moderate grinding in an agate mortar 

and w.ultiple extraction under acetone followed by extreme grinding 

and multiple extraction until the magnetites had an estimated purity 

in excess of 99%. Powdered titanomagnetites were covered with 

mylar film and analysed using the conditions described below. 

Experimental conditions 

An3lyees ware carried out using an energy dispersive X-ray 

fluoroscence (Ortoc 6110) with a Si (Li) detector and a multichannel 

analyser interfaced 1.i1i th a 16K uord PDP 11/05 computer. The 

excitation conditions consisted of unfiltered radiation from a 

molybdenum anode operated at 15 kV and 20 mA with the sample 

irradiated under a vacuum of approximately 6 MPa. Samples were 

analysed automat1cally in groups of eight accompanied by four 

standards, inserted to detect any machine drift. 

Kohn (1970) found that combinations of the ratios of Ti, V, 

Mn and Co served to identify each of tha tephras he examined. 

A typical X-ray spectrum for titanomagnetite extracted from the 

Coromandel tephras indicates that the concentration of Co was too 

t b th1·s method (Fig. 86)~ low to permit measuremen· Y 
Although all 

peak inte~sities for the nine elements shown in Fig~ 86 were 
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recorded, the experimental conditions were established by utilising 

ratios of the fluorescent intensities of Ti, V and Mn. Machine 

conditions and sample matrices were monitored by counting a narrow 

band of channels devoid of spectra from the sample between 11.41 and 

11.59 l<eV. The interference of TiK ~ on VK oc l,.,as overcome by peak 

stripping techniques involving the analysis of pur!3 Ti02• 

The peak intensity to background ratio hen considerable 

influence upon the sensitivity and reproducibility of results and 

is controlled principally by the positionin;;i of the background 

levels, which can be either regional or local (Fig. 86). The 

influence of both regional and locnl background posi. tion3 was 

determined axporimentally from two samples (P9, P16) which were 

repeatedly analysed for each background position (Table 86). 

TABLE 86: Tho influence of tho peak to backt1round t·atio on the 

reproducibility and sensitivity of results 

Background 
Position 

Regional 

Local 

Sa~nple 

P16 

pg 

P16 

pg 

Elemantal 
Ratio 

Ti/V 

Ti/Mn 

Ti/V 

Ti/Mn 

Ti/V 

Ti/Mn 

Ti/V 

Ti/Mn 

Number 
or 

Analyses 

10 

10 

10 

10 

10 

10 

10 

10 

f'lean 

26.26 

11.34 

25.53 

17.69 

26.99 

11.35 

25.50 

17050 

Standard Coefficient 
Doviation of variqtion 

(%) 

1.09 4.17 

0.1s 1.36 

0.57 2.22 

□ .24 1.38 

1.45 5.38 

0.10 a.ea 

0.46 1.eo 

0.22 1.28 
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Tha peak to background ratio showing the highest coefficient of 

variation is Ti/V and thus the background position which providBs 

the best reproducibility for this ratio (i.e. regional background) 

has been used. 

The optimum counting time was derived in a similar manner 

to that outlined above. One sample (P10) was analysed twelve 

times without disturbing the powder, for three different time 

intervals - 100, 200 and 400 seconds (Table 87). 

TABLE 87: The influence of optimum counting time on reproducibility 

of results - utilising sample P18 

Counting Time Elemental Number of Mean Standard Coefficient of 
(seconds) Ratio Analyses Deviation variation 

(%) 

Ti/V 12 29.36 2o72 9.27 
100 

Ti/Mn 12 10.71 o.17 1.61 

Ti/V 12 28.,09 1.07 3.83 
200 

Ti/Mn 12 10.73 0.1a 1.,70 

Ti/\J 12 28.69 □ .96 3.34 
400 

Ti/Mn 12 10.68 0.12 1.13 

A counting time of 400 seconds was selected since this time interval 

resulted in ratios sh01iJing the lowest coeff:1.cients of variation., 

The reproducibility of the Ti, V and Mn fluorescent intensity 

ratios for two samples (PB, P18) was examined by multiple analysis 

freshly Packed prior to each analysis (Table BB). of powders 
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TABLE 88: Influence of repacking of powdered samples on 

reproducibility of results 

Elemental Number of Standard Coefficient of 
Sample Analyses Mean Deviation variation Ratio 

(%) 

Ti/V 16 24.01 □ .65 2.72 
PB 

Ti/Mn 16 18.14 0.22 1.22 

Ti/V 16 28.95 □ .96 3.30 
P18 

Ti/Mn 16 10.94 □ .15 1.35 

Note 1) Counting time = 400 seconds, using regional background 

positionsu 

The coefficients of variation obtained above have been usod to 

cala1late the standard deviations for ssmples PB and P18 in Fig.3.12 

(p.79) 

Althougt1 ground titanomagnetito powders ware utiliEod !~ 

preference to glass discs because the equipment for their manufac~ure 

was not available, it is unlikely that the use of solid solutions 

would havu improved the usefulness of the method. Norrish and 

Hutton (1969) point out that errors in analysing powders arise from 

the mineralogical heterogeneity of the rock samples; these errors 

are obviously not applicable to the finely ground pure titanomagnetites 

used in this study. As tho technique was designed as an aid in the 

correlation of deposits in closely spaced stratigraphic columns, 

elemental concentrations were not requirede The use of fluorescent 

intensities of various elements rather than their concentrations 

avoids matrix effocts and tl10 need for dilution 9 which reduces tho 
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san~itivity of the method for trace elaments. Tha statement of 

Smith and WestGate (1969) co11cerning the use of elemental analyses 

for the identification and characterisation of ash deposits is 

applicable here: 

"Furthnrmore, if compositions are not required, simple 

identifications can be mado on the X-ray count rate alone, thereby 

making it unnecessary to use standards of known composition, and 

also avoiding tha calculations of element concentrations. 

Such a proceduro would lend itself very readily to automation." 

(p.318). 

s. E~taJ. , ;-inalysis of 5.n.~iiclual ti tanomagnet.i. te grainsu _by_ 

Electron Mi.cror-robe An:31,YEj.,:}_(_E;_.J"l el 
Samples of tltanomagnetite grains were polishsd, gold coated 

and then irradiated under a JEOL-JSM 35 scanning electron microscope 

fitted with an ORTEC energy dispersive electron microprobe. 

Operating conditions were an accelerating voltage of 25 KV, 

specimen absorbed current 6 x 1 □-10A, 1300 times magnification and 

40 second counting time. 

Intensities of Fe and Ti _me~rnured on a multi-channel analyser 

were determined by partial integration of peak counts, with the 

energy range integrated approximately equal to the sum of the 

intensities of all channels within the full width at half the 

maximum intensity i.e. the FWHM (Fig. 87). 

An Sn standard analysed over 40 times during the period of 

analysis to monitor operating conditions, had a coefficient of 

variation of 1.61% associated with the mean of a ratio of the 3.52 KeV 
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FIGURE B7 a Logarithmic plot of the X-ray spectrum of 

titanomagnetite from field class V (KlO) 
identifying peaks from the mair, elements 

as analysed by electron microprobe. 
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channel over the total counts from the FWHM. 

Unmixed titanomagnetite grains were detected and avoided by 

their extreme Fe/Ti ratios as compared with the ratios normally 

exhibited by homogeneous grains (Fig. 88 ). 
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PHASE 

rhombOhedral (hematite) 

cubic (magnetite) 

aluminoue spinels 

FIGURE BB a Exsolved titanomagnetite grain analysed to enable 
identification of nonhomogeneous grains under the 

SEMo. (Fe/Ti rat.:i.o for homogeneous grains :4.0-7e8) 

Analysis points ' (1) rhombohedral phase (Fe/Ti= 3.94) 
(2) cubic phase (Fe/Ti = 14 .. 81) 
(3) cubic phase (Fe/Ti = 14.14) 
(4) rhornbohedral phase ( Fe/'I·i = 3.74) 

(Note g Fe/Ti equals the total count~ of Fe acc."llmula. ted in 
40 seconds d:1.vided by those tor Ti) 
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One of the aims of this thesis was to establish new techniques 

to facilitate correlation of tephras ~Jithin mixed tephra beds and 

to discriminate between individual tephras within such mixtures. 

Two new techniques have been presented. 

1. Elemontal analysis of bulk concentrations of titanomagnetito 

The elemental analysis of finely ground, purified titanomagnetite 

separates by XRF has proved to be a rapid and effective means of 

correlating tephras betweon sitas and for distinguishing individual 

tephras within a stratigraphic sequ~~cea Since the technique uas 

developed it has been utilised successfully in other tephra studies 

carried out at the University of Waikato, namely on studies of the 

Horotiu and Waihou silt loams by Jessen (1977), the Kauroa Ash by 

Salter (1979), the Late Quaternary tephra cover of the Hamilton Basin 

by Lowe (in prep.) and the Hamilton Ash Formation by Shepherd (in 

prep.). 

The use of elemental ratios instead of elemental concentrations, 

while simplifying the procedure, does have the disadvantage of 

producing data that cannot easily be used by other workers. 

However, published"titanomagnetite element concentrations can only 

be utilised for correlation purposes if they come from pure tephra 

deposits; the majority of tephras in this study are composite units 

so that absolute concentrations would be of little real value. 
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2. Elemental analysis of single grains of titenomagnetite 

The successful application of elemental analysis of single 

titanomagnetite crystals in tephra studies has also bean demonstrated. 

Electron microproba analysis of sectioned and polished titanomagnetite 

grains has enabled the determination of the number of tephras present 

in mixed tephra deposits and also an estimate of their relative 

proportions. The major disadvant~ge of using the electron microproba 

for this purpose is the long time required to examine each sample; 

if 50 grains are analysed per sample, approximately two hours of 

machine time are involved. 
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NUMBER, NAME ANO LOCATION OF SITES REFERRED TO IN THE TEXT, 

AND NZMS 1 MAP EDITIONS 
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Site Number Site Name Grid Reference 

1 Tauranga highway N53/416865 

2 Athenree subway N53/365878 

3 Woodlands Rd N53/342858 

4 Wairnata Rd N53/343865 

5 Waihi Beach corner N53/422934 

6 Wai hi Beach N53/397923 

7 Tauranga Rd N53/341939 

8 Pukekauri Rd N53/303921 

9 Waitawhota N53/263901 
10 Paeroa-lt!aihi highway N53/310938 

11 Rawhiti Rd N53/186825 
12 Rahu Rd N53/225918 
13 Ngatitangata Rd N53/394973 
14 Corner Heard and Trig Rds N53/381958 
15 Tharnes-Pacroa highway N53/17001B 
16 Komata Reef Rd N53/229995 
17 Waitakauri Valley N53/2720·J 4 
18 Waihi-Whangamata highway N53/38ti026 
19 Hikutaia Valley ( 1 ) tJ53/229067 
20 1-likutaia Valley (2) N53/244061 
21 Mar·atoto Valley N53/245057 
22 State highway 25 N53/373091 
23 uJhangarnata dump Nti9/345150 

' 24 Ash type site N49/343179 
25 Old ~1ill si ta N49/3i'l5218 
26 Whangamata pub .. Ni'\9/340211 
27 Kopu 2 N49/07ti 198 
28 Kopu-Hikuai Rd ( 1) N49/D78205 
29 Kirikiri stream N49/1D4225 
30 Kopu-Hikuai Rd (2) tJ49/122233 
31 Kopu-Hikuai summit N49/165250 
32 Kauaeranga Valley N49/108263 
33 Tararu Valley r~49/□45314 
34 Tairua river (1) [~49/235258 
35 TairwJ. river (2) N49/7-34260 
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Site ~!umber Site Name Grid Refer1:mc0 --------·-----------------------
36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

IU.kuai Valley Rd 

Kopu site 

Kopu-'Jhang2mata junction 

Tair-u<.1 for-est 

Opoutere E3each 

Ohui Beach 

Opoutere 

~likuai-Pauanui Rd 

Tairua mill 

Pinnacles hut 

Tairua cemetery 

Tairua town 

Tairua~Whi tianga highway 

l:Jhi tianga-Tairua Rd 

Oalmeny corner-Tairua 

Goat H2rbour Rd (1) 

Boat Harbour Rd (2) 

□oat Harbour Rd (3) 

Coroglen-Dalmeny corner 

Topps Rd 

Whitianga-Coroglen Rd 

Kaimarama-Coroglen Rd (1) 

Whitianga 

Kaimarama-Coroglen Rd (2) 

Kaimarama-Coromandal Rd (1) 

.Ka1marama-Coromandel Rd (2) 

Dhaka beach 

Wharekaho beach (1) 

Wharekaho beach (2) 

Uhi tianga-!<uaotunu highway 

Kuaotuna 

Whangapoua Rd 

Te Rerenga 

Te Rerenga-Whangapoua Rd 

Coromandel-Ta Rerenga Rd 

N49/232268 

Nti9/252285 

N49/373317 

Wr9/293304 

N<''+9/368298 

N49/366321 

N49/373337 

NL:9/333359 

N49/320370 

N49/206378 

N44/337412 

N44/340425 

Nt14/330ti53 

W14/3·l 04 74 

N44/306480 

NMi/294518 

N44/285511 

N4L,/284522 

Wit~/193518 

Nl,ti/190533 

N/14/180528 

NMi/176530 

N44/158585 

NMi/158586 

l\ili4/12?598 

NLi4/033660 

N44/205662 

N4t1/215668 

N44/21 t~668 

N44/218699 

N40/158723 

N40/105714 

N40/098722 

N40/098727 

N40/076718 
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Site Number 

71 

72 

73 

74 

75 

76 

77 

78 

80 

81 

82 

83 

84 

85 

86 

87 

90 

91 

92 

93 

95 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

Site Name 

Whangapoua Beach 

Coromandel township 

Coromandel-Colvillo 

Konnedy Bay-Waikawau Bay Rd 

Waikawau Bay (1) 

Waikawau Bay (2) 

~Jaiaro site 

Waiaro Bay 

Parihaka Rd (Tairua forest) 

Mayor farm 

Whangamata reservoir 

f'loana point 

Whangamata south 

~~eavesville 

Tairua forest 

Dhui 

~lelches Rd 

Rototuna 

Kakopuku 

Taotaoroa 

Tapapa 

Te Matai Rd 

Maniatutu Rd 

Rotorua-Pacmga:coa highway 

Matahina Rd 

Democrat Rd 

Gavin Rd 

Tikitere Hill 

Maketu Estuary 

Te Ngae 

Ohauiti Rd 

Bethlehem 

Youngson Rd (formerly 

Reas Rd 
Crapps Rd) 

Dtamarakau 

Grid Reference 

N4D/110772 

N4D/0□ 6704 

N39/967760 

N40/Dt18894 

N40/027906 

N4□/□35906 

N39/936916 

N39/924926 

N49/244165 

N49/377118 

N49/355158 

N49/345195 

N49/348148 

.9..N49/200215 

N49/335195 

N49/320347 

NSG/755781 

N56/776535 

N74/792136 

N66/167335 

N66/372215 

N67/779387 

N76/887199 

NG?/846298 

NBG/192886 

f\J86/93tt824 

N86/995824 

N76/828133 

N59/91 Dt195 

N?G/792114 

N67/656460 

NSB/590579 

NSS/496614 

N57/379?25 

N68/DS2ti07 
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MAP EDITIONS FOR THE 1:63 360 TOPOGRAPHICAL MAP SERIES (NZMS 1) 

N39 3rd Ed. (1974) 
N40 3rd Ed. (1974) 
N/14 4th Ed. (1972) 
rJ49 3rd Ed. (1967) 

N53 3rd Ed. (1965) 

N56 3rd Ed. (1965) 

NS? 4th Ed. (1974) 

NSB 3rd Ed. (1965) 
M59 2nd Ed. (1967) 

N65 4th Ed. (1974) 

N66 4th Ed. ( 1971 ) 

N67 2nd Ed. (1965) 

N68 2nd Ed. (1967) 

N74 3"C'd Ed. (1974) 

N76 2nd Ed. (1964) 

N86 2nd Ed. (1968) 
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APPENDIX. D 

TITANDMAGNETITE ELEMENT RATIOS FOR THE COROMANDEL TEPHRAS, 

AND TEPHRAS FROM THE KATIKATI REGION 
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35 37 39 

summary of the ratios of count rates of Ti, Mn and V from 

titanomagnetites extracted from field classes II to V 

from the major sites on the Coromandel Peninsula. Samples 

from Pukekauri Rd(P3,P4,PS,P8,Pll,Pl3,Pl4,Pl5,Pl6,P17,Pl8), 

Waihi Beach(W2,W3,Wl0), Kopu(K2a,K21,K3a,K31,KS,K6,K7,K9, . . • 

KlO), and Whitianga {Wh3,Wh4,Wh5,Wh7). Circles encompass 

all samples from the coromandel Peninsula sites for field 

classes II, III and v. 
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TABLE D.1 : Ti/V AND Ti/Mn ratios of titanomagnetites analysed 

by XRF, for sites 8, 37, 6 and 58. 

Site Sample Ti/V Ti/Mn 

P1 32.6 14.1 

P2 32.2 . 13.7 

P3 28,0 14.0 

P4 25.8 13.8 

P5 26.6 15.3 

P6 26.5 16.9 

P7 26.7 17.9 

PB 26.4 18.3 
Pukekauri Rd pg 26.7 17.8 
(site 8) P10 27.0 17.1 

P11 30.4 16.2 
P12 29.8 16.2 
P13 32.4- 15.8 
P1 Ii 29.8 14.3 
P15 28.5 12.9 
P16 28.6 11.2 
P17 28.9 11.9 
P18 28.0 11.6 

K2Ash (K2A) 28 .. 3 15,. 1 
K2 lapilli (K2L) 27.2 15.3 
K3Ash (K3A) 25. 1 15.4 
K3 lapilli (K3l.) 25.0 14.6 

Kopu KS 25.7 17.7 
(site 37) K6 28.6 16.3 

K7 30.3 14.3 
K9 28.7 11.9 
K10 29.5 12.1 
Kempf 28.,6 11.9 

_,._ __ , 
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Site Sample Ti/V Ti/Vin 

Waihi Beach W2 26.3 14.9 

(site 6) lJJ3 24.5 15.1 

Wh3 24.6 16.9 

Whitianga Wh4 27.3 16.2 

(site 58) WhS 29.5 14.1 

lJJh7 28.9 11.9 

Old Mill □ r•13/I+ lapilli 23.7 6.3 

(site 25) (Or-13/4L) 
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TABLE D.2 . Ti/V and Ti/Mn Ratios of titanomagnetites, analysed . 
by XRF, for sites 112, 111, 110 and 100. 

Site Sample Ti/V Ti/Mn 

R1 24.9 1 s.o 
R2 24.6 16.1 

R3 23.B 17. 1 

Reas Rd R4 24.6 10.2 

(site 112) RS 26.9 17 .s 
R6 26.3 17.4 

R7 26.4 15.4 

RB 25.B 11.5 

Y1 28.4 13.6 

Y2 25 .. 7 14.7 
Y3 26.1 16.2 
Y4 25.,0 16.5 

Voungson Rd Y5 26.6 17.6 
(site 111) V6 28.,3 17.4 

Y7 30-t. 17.4 
YB 28.0 15.4 
yg 26.2 10.9 ~-
81 33.2 13.7 
82 29,,li 14.5 
83 26.5 14.6 
84 29.,5 1 s.s 

Bethlehem 85 26.4 16.B 
(site 110) 86 26.6 16.B 

87 26.,7 17 .1 
BB 27.4 17.4 
89 37.3 16.4 
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Site Sample Ti/V Ti/~ln 

--
01 31.2 12.B 

02 31.3 12.4 

03 34.1 1?..9 

Ohauiti Rd 04 32.4 13.2 

(site 109) 05 31.1 13.7 

06 28.0 16.2 

07 26. □ 17 .1 

TM1 36.1 12.7 

Te f•latai Rd Tf~3 39.4 12.1 

(site 1 OD) TM4 40.5 11.s 
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APPENDIX E 

PARTICLE SIZE DATA AND PARAf'IETERS 
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FIGURE E.2 : Histograms of the particle size distributions of 

the Pukekauri Rd tephras. Samples P1,P4,P1 □ ,P15 

and P1B. 
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TABLE E.1 : WeiQht percentagn sand, silt and clay, and mean 

grain size for the tephras at the Pukekauri Rd 

stratigraphic column 

\JJt % Sand \:Jt % Silt Wt% Clay 
Snrnplc 

<4 yJ > 20 /.J..rn 4-8¢ 20-21-J..m >s .0 <2pm 

P1 48 64 35 24 17 12 
I 

P2 48 62 31 23 21 15 

I/II P3 35 51 36 27 29 22 

P4 35 52 36 25 29 23 
,: I 

PS 35 51 37 27 28 22 

P6 28 43 37 30 35 27 
II/III 

P7 2S 39 34 27 41 34 

PB 19 30 33 30 48 40 

pg 16 26 31 30 53 44 
III 

P10 17 32 32 25 51 43 

P11 21 40 37 24 42 36 

P12 27 41 33 25 40 34 
III/IV 

P13 30 46 34 24 36 30 

P14 39 55 31 21 30 24 

IV 
P15 44 56 27 20 29 24 

V P18 75 86 19 9 6 5 

315 

f~ean 
grain 
sizo 
(Mz .0) 

4.75 

4.99 

5.92 

5.,99 

5.,98 

6.61 

7.29 

7.,85 

8.33 

8.47 

7.67 

7.25 

6.75 

6.oo 

5.81 

3.10 

Grain size divisions are after Folk (1968) - in phi units, and the 

New Zealand Soil particle size classes (in fm). 
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TABLE E.2 : Mean grain size and sorting coefficient {graphic 

standard deviation) for the coarser than 4 ¢ 

fraction of the tephras at Pukekauri Rd 

Mean Graphic 

Sample Grain size Standard 

(r1z ¢) Deviation 

( 0. ¢) 

P1 2.36' 0.97 
I 

P2 2.31 o.98 

I/II P3 2.27 1.24 

P4 2.35 1.21 
II 

PS 2.,38 1.16 

P5 2.,75 0.,77 
II/III 

P7 2.85 0.78 

PB 2.94 o.75 

pg 2.93 0.,78 
III 

P10 2.81 0.,86 

P11 2.68 0.86 

III/IV P12 2.55 0.,83 

P13 2.50 0.,83 

P14 2.40 0.,86 
IV 

P15 2.,40 0.06 

P16 2.79 0,.88 

V P17 2.41 0.,56 

P18 2.,38 0.,81 

---



TABLE E.3 : Mnan grain size and sorting coefficiont (graphic 

Lltandcird devi_ation) for the coarse:- than /~ ¢ 

fr2ction of selected samples from the Katikati 

reg.ion 

1·1ean grain size ~3tandard deviation 
Site Sample U1 2 ¢) (0 ¢) 

G 

R3 2.87 □ .96 

Reas Rd RS 2.99 □ .94 

(site 112) R6 2.83 □ .96 

R7 2.56 □ .91 

Y3 2.,76 □ .91 

Youngson Rd Y6 2.81 1.04 

(site 111 ) Y7 2 .. 34 □ .. 99 

Y6 2.,33 '1.09 

83 2.52 1.os 

Bethlehem 86 2.85 1.06 

(site 110) 88 2.17 1,.23 

Ohauiti Rd 04 1 .. 89 1 .. 17 

(site 109) 07 2.70 1.as 
. 
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APPENDIX F 

REFERENCE SECTIONS 

A. LATE QUATERNARY TEPHRAS OF THE COROMANDEL PENINSULA 

B. LATE QUATERNARY TEPHRAS OF THE KATIKATI AND 

TE PUKE REGIONS 
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REFERENCE SECTIONS A 

cm 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

Note 

Scale 
LATE 

THE 

Site 

Site 

Site 

Site 

Site 

Site 

Site 

Site 

0 0 
0 0 f) 

-'~ 
© 
©@ 
0 'i) 

C 
ODO 

QUATERNL\RY 'I'EPHRAS OF 
CORO.MANDEL PENINSULA 

2 Athenree subway 
8 : Pukekauri Rd. 

21 Maratoto Rd. 

24 Ash type site 

32 i Kaua:eranga Valley 

37 : Kopu site 

58 z Whitianga 

78 . Waiaro Bay . 

KEY r.ro 

STRATIGRAPHIC 

COLUMNS 

site 

Coarse pumiceous ash and lapilli 

Discontinuous iron pans 

Clay-rich sphere enclosing coarser 
material and term<=d a "clay ball .. 

Colluvial material 

sub-spherical,isolated,sandy 
remnants of primary material 
termed "creampuff s•• 

: The word "strongly" when applied to descriptions 

of soil structure, is often abbreviated to ... str. 11 



FIELD 

CLASS 

I 

FIELD 

CLASS 

II 

FIELD 

CLASS 

III 

FIELD 

CLASS 

IV 

FIELD 

CLASS 

V 

320 

SITE 2 ATHENREE SUBWAY (N53/365878) 

cm~-----~cm 

0 

0 
0 

2 0 1----------1 20 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 0 

62 62 

---- ----- - 87 

---------- 120 

1so .-------~150 

{) 0 
<:) 

0 
0 

C 0 

Black (l0YR 2/2) sandy silt loam; friable; strongly 
developed fine and mediun granular structure crushing 
to crumb; few fine (<lmm) orange yellow pumice grains; 
rew medium (<5mm) white pumice grains; many fine rootsJ 
distinct boundary, 

Bright brown (7.5YR 5/8) to yellowish brown (l0YR 5/8) 
sandy silt loam; slightly sticky; friable to slighty 
firm: moderately developed medium and fine nutty 
structure with some coarse blocks all crushing 
moderately easily to fine crumb; many fine (<lmm) 
orange yellow pumice grains; few rootsJ indistinct 
boundary, 

Yellowish brown (l0YR 5/6) silt loamJ slightly stickyJ 
slightly to moderately firm; moderately developed 
medium blocky stn.1cture with a few coarse blocks: 
many red-stained root channels; indistinct boundary, 

Bright yellowish brown (10YR 6/6) silt loam1 slightly 
stickyJ moderately firm; weakly developed coarse and 
medium blocky strncture1 r.1any root channels presentJ 
indistinct boundary, 

Bright yellowish b1-own (l0YR 6/6) fine silt loaMJ 
slightly sticky; moderately firm to firm; very weakly 
developed coarse blocky structure tending towards 
massive; few small (<3mm) orange mottles increasing 
in concentration wit.h depth1 few dead roots; c!:'..:.itinct 
boundary, 

Bright yellowish brown (l0YR 6/6) silty sandy loam; 
slightly sticky; ftrm; weakly developed coarse blocky 
structure t.endinq to m;;.ssive; few dead roots; 
discontinuous mottle zone in upper l0cmJ weathered 
surface chara.cterised by clear crystals and redder 
colours; abundant creampuffs of sandy loam texture 
concentrated near the base; diffuse boundary, 

179 f--E~· tt----cc-~ 179 
Q)Q_(::-i0~ Bright yellowish brown (l0YR 6/6) sandy 
C)Qy~~-2;9 surrounding abundant creampuffs of sand 

loam matrix 
and loamy 

/:f:'{/~)C:0:'./\:; sand texture; over 

240 t-----~ 240 

Homogeneous and multiple-bedded sands and loamy sandsJ 
firm to very firm; massive crushing to single grain 
structure1 distinct boundary, 

PaJ.e blue clay 



FIELD 

CLASS 

I 

I/II 

FIELD 

CLASS 

II 

II/III 

FIELD 

CLASS 

III 

III/IV 

FIELD 

CLASS 

IV 

FIELD 

CLASS 

V 

3'21 

SITE 8 1 PUKEK,1URI_ RD, (N53/30393l) 

cm cm 
,-------~ 

0 

• 0 

0 
0 

• • 0 

0 0 

22 22 
• 0 

0 0 

0 0 
0 0 

35 
. 

35 
0 

0 0 

0 
CJ 

0 

0 0 0 0 

0 0 0 

54 0 0 
54 

0 0 
0 

71 71 

© 

Brown:lsh bJ.ack (lOYR 2/3) sandy loam1 f:ciable;stro11gly 
developed fi.ne granular structure with some crumb; 
few med tum (< 5mm) white pum.tce qrains ( ·np) l many 
smc1ll (< lnun) orange ycU.c::,i·1 pu".;ice r;•·,.; ns increasing 
in conceri tration downwards l many fine ru.::;~:,; ~ ..,distinct 
mixed bounddry, 

Yellowish brown (lOYR 5/6) coarse sandy loam1 friable1 
!;t.r. developed medium crumb and fine granular 
structurei abJndant orange yellow pumice grains1 
indistinct boundary, 

Bright brown ( 7, 5YR. 5/8) to yellowish brown ( lOYR 5/8) 
silty sandy loam; slightly stickyJ friable; moderately 
developed fine crumb .;i.nd medium to coarse nutty 
structure; many roots1 abundant small (<3mm) orange 
yellow pumice grainsi indistinct boundary, 

Bright yellowish brown (lOYR 6/8) fine sandy silt 
loam; fiable to slightly firm; moderately developed 
medium nutty structure with some crumb and minor 
coarse nuts; few medium (<lOmm) grey creampuffs 
of fine sandy loam texture1 distinct boundary, 

Bright brown (7.5YR 5/8) to yellowish brown (lOYR 5/8) 
silt loam; friable to slightly firm; moderately 
developed medium and coarse blocky structure with 
some nutsJ few dead roots; minor clay balls1 indistinct 
boundary, 

108 1-------J 108 Yellowish brown (lOYR 5/8) silt loam1 slightly 

124 1----------l 124 

166 

0 

~ 

C 
0 

CD 

0 () 

QoOo 
Da.7c;]fq!JCJQ1 
g_·~~l,a_zl'.;2"'.:}_\.;.:• 
------------

---- ---------

18 7 1-------, 

166 

187 

sticky1 slightly firm to friableJ moderately developed 
fine, medium and coarse blocky structure; few dead 
rootsJ indistinct boundary, 

Yellowish brown ( lOYR 5/8) silty sandy loam: a lightly 
to moderately st1=ky; moderately firm to firmi weakly 
to moderately developed medium and coarse blocky 
structureJ moderately abundant creampuffs, sandy loam 
to sand in texture, increasing in concentration with 
depthl weathered surfaces exhibit bright brown 
(7.5YR 5/8) colours and are flecked by fine (<lmm) 
clear crystals; diffuse boundary, 

Homogeneous sandy loams, loamy sands and sands 
overlying shower-bedded sands1 distinct boundary, 

Grey mottled clay 



FIELD 

CLASS 

I 

FIELD 

CLASS 

II 

FIELD 

CLASS 

III 

FIELD 

CLASS 

IV 

FIELD 

CLASS 

V 

322 

cm~ _____ _,crn 
0 0 

0 

--::' --------112 
0 • 

0 0 

0 

0 

'ii 
0 

0 

0 

0 0 

Q 

0 

0 

0 0 

C) 

SITE 21 : M,~RATOTO VALLEY (N53/245056) 

Brownish black(7.5YR 2/2) sandy loamJ very friable; 
strongly developed very fine crumb structure; few (<2mm) 
whitP puniice grains(?Tp)J few medium (1cm) clear 
c;-ystals-colluvium?; few small orange pumice grainsJ 
abundant roots; distinct boundary, 

Brown (7.5YR 4/6) and dark brown (7.5YR 3/4) changing 
with depth into bright brown (7.5YR 5/8) silt loam; 
slightly gritty; friable; moderately developed medium 
nutty and fine crumb structure breaking easily into 
single grain; abundant to diffuse,small (<lmm) 
discrete pumice grains; moderate rootsJ indistinct 
boundary, 

0 

50 50 Bright brown (7.5YR 5/6) to yellowish brown (10YR 5/6) 
fine gritty silt loamJ slightly firm; moderately 
developed medium and coarse blocky structure; few 
indistinct,medium (5-Bmm) creampuffs; few to many 

______________ 64 roots; indistinct boundary, 

851-------185 

1091-------1109 

~-------- ---

1451------_Jl45 

Yellowish bro~m (lOYR 5/6) to br.own (lOYR 4/6) silt 
loam; slightly sticky; moderately firm; moderately 
developed medium and coarse blocky structure1 few root 
channels; indistinct boundary, 

Yellowish brown (10YR 5/8) sandy loam1 firm1 massive to 
wealdy developed coarse and tine nutty to blocky 
structure; creampuffs become abundant with depth-
sandy loam in texture, very firmJ exposed surfaces 
flecked by clear crystals1 diffuse boundary, 

Multicoloured homogeneous and shower-bedded sandy loams, 
loamy sandH and sands; firm;massive;distinct boundary, 

Pallid blue clay 



FIF.LD 

CLASS 

I 

FIELD 

CLASS 

II 

F!F-LD 

CLASS 

III 

cm 

10 

62 

cm 

0 
0 0 

0 0 0 

1 0 
Oezo o CJ oo 00 0 
Oo (] 0 

1------------ 2 4 
~00~ 

3 0 ~-----------
o 'Do Do C>o 
000('.)DO 

OQDOD 

~
L:.(]ODD 

or5&fa 
,)[J_D~DO 0 I Oo 

62 -·------==-
D 

0 

100 

>----------- 115 
0 

0 

0 
130 1----------1130 

FIELD 

CLASS 

IV 

FIELD 

CLASS 

V 

0 

0 

0 

0 

168 

195 l-------1195 

323 

SIT~ 24 1 AS2 TYPS 3I~E {N49/343179) 

Blac!< ( lOY!? 1. 7/l) gritty sandy lo;;m; ve~y friable I 
mod€'rately to ci·r, developed mecliwn to f:!.n? crumb 
sl:ru::tur.-,J with cor~e (~0¢·.rs~ gra.nulesJ abundaor. 1f ... 2mIT\ 
clear crysf"-'r:...1.f:; qivin,:-J o. !llsu;_iary 0 appecu:·(:tnce; abundant 
fir.e and !'IAdium root,,; m;;ny sn,a 11 (< 3mm) orange pumice 
grains; varid,,lc? t.hicl<nesa (10-20cm); distin,;t boundary, 

Dull yellowish bro~TI (lOYR 5/4) coarse to fine laoilli 
anG. coarse pumiceous sa.nd; ve:;:y friable to loose 1" 
lapilli very easil:., crushed and often in an "egg-cup" 
structure; varL!hle thickness (0-40cm); distinct boundary, 

Dull yellowi3h brm.m (10YR 5/4) and dark reddish brown 
( 5YR. 3/6) cuars-,~ lapilli in a loamy rnatri>:; frlable; 
lapilli moderately f.irr.i; many srna11, discontinuous 
iron pans; indistinct bounddry, 

Dark reddish brown (5YR 3/6) very coarse lapilli (<30tnm)J 
lapilli weakly cemented insitu 'bt:t loose on digging, 
lapilli firm to very firm; single-grained structure, 
lapilli external surfe,:;e dark re,.'!dish brown in colour, 
internally bright brown ( 7. 5Y~ 5/8); moderately abundant 
green obsidian fragments (average 3-8mm) 1 dist.inct 
boundary but isolated lapilli occur in the upper 10cm 
of the Silty bed below1 lapilli normally graded, 

Yellowish brown (lOYR 5/6) clar·ey silt loam1 slightly 
sticky; slightly firm to friable; moderately developed 
fine and mediur.i nutty structure crushing to weakly 
developed crumb; few deil.d bracken roots1 indistinct 
boundary, 

Yellowish bro~m (lOYR 5/6) slightly gritty silt loam1 
friable to slightly firm; moderately developed fine and 
medium nutty structure crushing to weakly developed 
crumb; indistinct boundary, 

Yellowish brown (lOYR 5/6) gritty silt loam1 slightly 
firmer consistence, other properties as above1 few grey 
creampuffs of fine sandy loam texture; distinct boundary, 

Bright brown (7.5YR 5/8) to yellowish brown (lOYR 5/8) 
silt loam1 slightly firm; moderately developed medium 
and ,::oarse nutty to blocky structureJ the abundant 
creampuffs have bright brown (7.5YR 5/8) exteriors 
and bright yellowish brown ( lOYR 6/6) interiors,<5cm 
in diameter,and are very firm to firm coarse sandy loamsJ 
crearnpuff concentration increases with dcpth1 indistinct 
boundary, 

Generally. bright yellowish brown (lOYR 6/6) sandy 
loams loamy sands and sands1 firm; weakly to moderately 
developed coarse blocky structure breaking with some 
pressure to singlP. grain; bright brown (7.5YR 5/8) 
staining around blocksJ variable thiclcness; distinct 
wavy boundary, 

Grey-brown clay 
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FIELD 
cm 

CLASS 

I 10 

FIELD 

CLASS 

II 

38 

FIELD 

CLASS 

III 

63 

FIELD 

CLASSES 

IV & V 
? 

92 

0 0 
0 

0 
0 

0 
0 Q 

0 
0 

0 () p 

0 '() Q 

(7 
0 Q 

(;::) D Q 
e,'v 

0 
I) 

() I:) 
C 

_Q_ -£}- _ _9_ -
0 0 0 <;) 

DO Oe:,CVQ ,_ 

SITE 32 1 KAUAERANGA VALLEY (N49/108263) 

cm 

10 

38 

63 

? 

92 

Brownish black ( l0YR 3/2) gritty silt loarn; very friable; 
moderately developed fine crumb structure with a few 
medium nuts; few small orange pumice grains; abundant 
roots; indistinct boundary, 

Brown (7.5YR 4/6) gritty silt loam; friable; moderately 
developed fine crumb structure with many medium nuts 
breaking with slight pressure to fine crumb; abundant 
small (<3mm) rotten yellow orange pumice grains; 
moderate roots; indistinct boundary, 

Yellowish brown (l0YR 5/8) silt loam; friable; slightly 
sticky; slightly firm; moderately developed medium 
and fine nutty structure with some fine crumb; indistinct 
boundary, 

Yellowish brown (10YR 5/8) silt loam; friable to firm; 
moderately sticky; str. developed fine to medium nutty 
structure with some minor fine crumbs changing with 
depth to a weakly to moderately developed fine nutty 
and fine crumb structure; many small grey and yellow 
creampuffs becoming abundant with depth and of fine 
sandy silt loam texture; no clear division between field 
classes IV and V; distinct boundary below the creampuff 
zone, 

Blue fine silt. 
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SITE 37 1 KOPU SITE (N49/252285) 

Dark brown (7.5YR 3/3) sandy loam; very friable; strongly 
developed fine crumb structure with a few medium 
grar.ules I many roots; ab11ndant s~iall (< 3mm) oranqe 
yellow pumice grain<:; indisU.nct boundary, -

Reddish brown (5YR 4/6) to brown (7.5YR 4/6) gravelly 
pumice (<lOmm); pumice coherent insitu; friableJ 
moderately to str. developed fine and medium nutty 
structure crushing readily to fine and medium crumb; 
consistence becomes friable to slightly firm with 
depth1 indistinct boundary, 

Yellowish brown (10YR 5/6) very greasy silt loam; 
moderately firm; weakly to moderately developed medium 
and coarse nutty structure; few isolated red brown 
pumice grainsJ indistinct boundary, 

------------ 75 
0 

0 

0 

0 
() 

0 
0 

0 

94 

Yellowish brown (lOYR 5/8) silt loam, slightly firm; 
moderately developed medium and fine nutty structure 
crushing to weakly developed crumbJ few indistinct 
grey creampuffs1 indistinct boundary, 

Approximately ecr~al amounts of matrix and creampuff. 
P~trix - Orange (7,5YR 6/8) to bright yellowish 
brown (lOYR 6/8) medium to coarse sandy loamJ 
slightly firm to friable; weakly developed coarse nutty 
structure breaking to blocky; 
Creampuffs - Bright yellowish brown (lOYR 6/8) medium 
to coarse sandy loam; slightly stickyJ very firmJ 

119 diffuse boundary, 

Bright yellowish brown (lOYR 6/8) sandy loams and 
sands1 very firm; weakly developed coarse blocky 
structure breaking to massiveJ distinct boundary, 

1501----------i 150 
Blue grey clay 
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SITE 58 1 WHITIANGA ~ (N44/158585) 

cm.--_____ _,cm Black (7,5YR 2/1) silt loam; friable; weakly developed 
fine nutty structure; many roots; indistinct boundary, 

8 ------------- 8 Dark brown ( lOYR 3/4) silt loam; very friable I 
moderately developed fine and medium nutty structure; 

------------ 15 few roots I indistinct boundary, 

50f-------1 50 

e 

--------------

87f------~87 

Yellowish brown ( lOYR 5/8) to bright yellowish brown 
(lOYR 6/8) clayey silt loam; friable to firm; 
moderately developed fine and medium nutty structure; 
indistinct boundary, 

Bright brown (7,5YR 5/8) to bright yellowish brown 
(lOYR 6/8) sandy silt loam; firm to very firm; 
diffuse boundary, 

compact grey and yellow shower-bedded sands; sharp 
boundary, 

Grey clay 
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SIT~ 78 : WAIARO BAY (N39/924926) 

• !3rowni sh bl.:-.ck ( 10YR 3/2) clay loam; friable to firm; 
moderately developed medium nutty structure w:lth some 
qrdnules; many roots; many coarse (< 20:nrn). pebbles 
( ?Colluvi.urn) l indistinct boundary, 

Yellowish brown (l0YR 5/6) clay loam; firm; bank 
exposures show coarse prisms which break readily to a 
moderately developed nutty structureJ few rootsJ 
indistinct boundary, 

Bright yellowish brown (l0YR 6/6) clay loamJ friable to 
firm; structureless; diffuse boundary, 

Compact grey and yellow loamy sands 

White clay 
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LATE QUATERNARY TEPHRAS OF THE 
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100 . Te Hatai Rd . 
109 Ohauiti Rd 

110 Bethlehem 

111 : Youngson 

112 Reas Rd 

KEY TO 

STRATIGRAPHIC 

COLUMNS 

Rd 

coarse pumiceous ash and lapilli 

weathered pumiceous lapilli 

Clay-rich sphere enclosing coarser 
material and termed a "clay ball". 

Poorly defined creampuffs 

Creampuffs ( see p. 38 ) 
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!;l'l'F. 100 a T,•; Mi\T,\l RD (tif,7/'7793U7) 

nL1c:-: (7.5Yrt ?./1) nan<ly learnt ·,1•~r-t friahl~; !_;t-.ro!11ly d0vclopcJ rn0clium 
ccurnh and ftr.~ 'JCL1nul..ic ntn1r:turci rn,.Jr1y f!.ne> (<?.m.:;1) ht·,y.,n puri-,icc gru.inu 
ir.t:'rt•.,.l~> tr.•"i in conr...:r:~r, tr'-1tion wi i.:.h dcrJth; ff?•,,, :T\Odr: rate ly co,1 rse (< 20mrn) 
brc:·=l"h qr,·y (7,5Y:t 5/1) cr1>c1!"lp11ffu of a,.rnc:y todin tcxtureJ m•lny fine 
rootnJ diotin,::t-. }:011ndar-.1, 

Brown ( 10YR 4/-1) coar::rn sanc.y loaro ( 7 loamy sand) J very friabl,1 J 
st:ron1ly de·,clor,;r:(1 rr.i:-diur:1 J~<l coa.rue crurr1b !Jlr1Jcturc c.ruch.lri(J easily to 
ningl~ qr.lin: ati:nd,.1r.t cr.1i1.ll (<2::-.rn) brow:1 r .... ut:-\1cc gr.:11ns; f,:.~w rnedium 
(< 5rr,n) whit" r,umice grains ( 7Tp) t.hrouqhou tJ many fine roots; indlatinct 
r,0undary, 

P-rown ( 10YR 4/6) sandy loain; friable; stror.gly developed raedium and 
flne ')ranular nnd rr.edium crumb ntructure, tending toward Rin,Jle ,3r,:iin1 
abundant small (<2rr,n) brown pumice grain::iJ diffuse 1::oundilr.t (grilclational 

YP.llowish bro,:n ( lOYR 5/8) coar,ie s.1ndy lo<1m; friahle1 moder<1tely 
ckveloped mediure and coarse nutty ntructu,:e crushin<J readily to 
crurnbJ grading into 

hright Y" l lowish brown ( lO'{;l. 6/0) coarse loa.my sand; friable J weakly 
developed coarse nutty structure tendin<J towdrds single grainJ 
abund.1nt medium (<3TTJn) p•;,oice grains incre-~sln<J in concentration with 
dnpth; many cre;,~puff::i 1ncreds1n<J in concentration towards the sandy 
base of mediuin to coarse sandy loarn texture, grading into 

3cm (100 - 103cm) of bri']ht yellowish brown (lOYR 6/8) very coarse 
lo.1rny oand; friahl1>; weakly devo.,loped coarse nutty structure tending 
to single grain; diffune boundary, 

Aro•~-n (lOYR 4/6) sandy loam and ,nndy silt loamJ slightly Gticky1 
weakly to rrcd~ratf'ly dcvelcpei:! coar!lc and rr.cdlurr, blocky structure, 
rr.any whit'?, <1rr.,1ll (<lm:n) graJ.ns diminish!.ng with depth1 many moderately 
stained root ..:ncinnelt1J indiotinct boundary, 

Br l']ht brown ( 7. 5YR 5/B) t.o ycl lowinh brown ( 10YR 5/8) sandy Gilt 
loam1 slightly sticky1 sli~ht.ly firm; moderately developed course 
blocky and nut.ty ,atruct.ureJ abundilnt red root channels; abundcint bright 
yellowish hro,,-n (lOYR i/8) crear:ipuffg of !:ine oandy loam texture, at the 
b,,se (l<:O - 150cm) I indistinct. J::oundary, 

Upper Q.laternary tephras 



330 

cm 

?Ro 

?Ka 

?Tp 
15 

?Ka 

?Tp 

40 

?Wk 
?Ma 

66 

Rrn 

115 

Xl 

cm 
0 

0 
0 

0 0 
15 

0 • 
• 0 

0 

0 
0 

0 0 

40 

66 

0 . 

• . 
• 

• 

0 Q • 
G> C) 

{) 

Q __ o A []o 115. 

--------··-- 128 

----------- 150 
0 

0 
0 I;} 

0 

SITE 109 1 OHAUITI RD (N67/656460) 

Black (7.5YR 2/1) gritty oandy loam1 frit-.ble1 strongly developed very 
fine crumb structure, abundant small (<l:nm) grey pumice g::ains through­
out, bed of variable thicknessJ few white pumice grainn (< 51nm) through­
out1 distinct boundary, 

Dark brown (7.5YR 3/4 - lO'iR 3/4) loamy i;and1 f>xtremely friable (loose), 
single grained structure; ab;.Jnd,mt distinct, fine (<lrr.:n) pumice grains, 
few fine and medium roots; diotinct boundary, 

Bright b1·own (7.SYR 5/6) to yellowish bro"'-n (lO'iR 5/6) sandy silt loam; 
friable I moderately developed fine, medium and coarse nutty structureJ 
few small (<lmm) white pumice grains, indistinct bound;;.ry, 

Yellowish brown (lOYR S/6) coarse loamy sand; slightly to r.ioderately fl.rm; 
JnOderately developed medl.ur.i a:-id coarse nutty and fine crumb structure; 
minor clay r,alls; abundant srnall. (< 1mm) white pumice grains throughout; 
few creampuffs near the basel indistinct boundary, 

Brown (lOYR -1/6) Sdncly silt loamJ alightly firm, moderdtely developed 
rnedl.u111 and coarse blocky c;tructure I few 1,m,111 ( l-2m:n) black cry A tale 
Rcatten:d throughout, indi:;tinct boundciry, 

Char.acteristl.r.fl as above. with the particle ,:;ize be.coming finer giving a 
slightly stir.ky ,.il'.: lourril indistinct lr.>undary, 

Bro,m (7.5YR 4/6) gritty silt loarr.: Mod<eratc>ly st1cky1 ,:eal;ly C:evclopcd 
coaro;e ar,d fine blocky ,:;tructur:Pl ab•Jn<.lc1nt very weathered coarse orange 
pumice grains and· pale grey coarse sanely cref\.r,puffs. • 
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210 210 
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!ll,,c:~ (5Y;~ 1.7/1) :1-indy lca:•q v~r:,, t'ri"-1:.l<>J re,;do,c,11:ely dcvclop1,d very 
(1.ne c;r•J:nh nttu1:-t.1.1rc:r ;.1}.1.:;nd,1.nt t:rr,oll (<2Ht~) pu1flic~ grain!ll i,b\Jtlddnt 
r".',~.,tM; <l19t1nc:t •1::,;.ric1hl t~ r..ounc.1ary, 

D,,rk l,rn<-m ("/, ':,'{ft J/4) ,,-c1t.ty e,anc!:,, loaro: 'lery f.ri;sl,le1 ntcon<Jly 
d,.:velr,r"~•d ver.1 f:!.r.~ cr1,11,b st .. ruct.nreJ .. 1b11nrJJ.nt l-21rJ:1 r,1.1T111c~ 'Jraina 
ccriccnt.t"-lt'.:d \n p,~ck':!tGJ f12~, c;,.)..Jr&t~ pumice grain:1 ( J .. •4rnm.) J few to rr.~'lny 
root~J distinc:t l~undory, 

erm:n ( 7. S'f~ ,1/,; - lOY,! ,i/,:;) silt:,, :-,,rn·.ly loam, fr i'l.b!.,:c I rr.cdera tP.ly 
<li0.v~lo5,~•·l c-~~1·n..:: blockB ... Hid flna ,J.n 1.t very fint.? '..:ru:nb structures 
al:l.Jn,]an•.: Cr!'l~tlJ (<11:.:n) p1~~1.ct.: 9ra:lnn thrc:.uqhnut: rri;i,ny fir1e t·ootsJ 
w~athr~.cc<i surface fJhows at.uud11nt whita fle,:J..;s ("lpumice)J indi~tict 
J:.ound,u-y, 

Briqht bro\."n (7.5'rn 5/6) sand:r::iilt loarn; friabl•JJ moderately developed 
1nediurn and coarse bl.ocky stri.icturc; fe,~ rcotn; tncl1stinct boundary, 

null yel.lowis,1 brown (lOYR 5/'1) to ;·ellovioh brow:\ (l')YR 5/6) :,ilt lo"-mJ 
slightly Gt tcl<y: frii\ble I structure a:1 ato·.-e J few rcots I indistinct 
boundary, 

Prot:erties as above, slightly ficr.icr con«in~.ence: distinct boundary, 

Bright brown ( 7. 'WR 5/f3) coarnc i<anrly loil1n1 friable I weakly to 
moderately develo,:.•~d rr.·"dimn ,1nd codrse nu<:" anr.l blocks, crushing 
rc,adily to coc:.r:;e '-~:cur.1h ~tri1ct11re J fF?w roots J bed a[.,pt?arancc sug,:1ests 
deeply weathered orange pumiceou,i l,~p1111J distinct boundary, 

Yellowish brown (lOYR 5/6) sandy silt loa1n1 slightly sticky! friable 
to slightly firin: wea'<ly developed Jn•Jdturn and coarse nutty structure 
with som,:, fine "blo<:l<:sJ. al:-undant pumice <Jrain:1 (<2n,m) increas.lng in 
concentration with depth1 many root -=hannels1 d.lffuse boundary, 

Homogeneous and shcwer-bedded coarse lapilli and ash1 loose consistence1 
rnassive1 distinct bOundary, 

ero .. -n clay 
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0 

0 0 
36 1--------1 36 

SITE 111 1 YOUNGSON RD (NS0/496614) 

Black (5YR 1,7/1) gritty sandy loamr friable1 moderately developed 
fine and medium crumb structure I few "'hi tish yellow pumice grains 
(<10mrn) 1 many vPry f1 ne (<lmm) whi. te crystals throughout I many 
rootsJ distinct boundary, 

Brown (7,5YR 4/4) coarse 11and)• lo<'.ml very friable (loose)J 
strongly developed fine and very fine crumb structurc1 abundant 

1-2mm yellow pum1.ce grains throughout, many roots1many charcoal 
fragmcntsr indistinct. variable boundary, 

Yelluwish hr.own (l0YR 5/C,) ciandy s:!.lt loamr slightly sticl~y1 friable 
to slightly firm1 weakly ~o moder.:i.tely developed medium .ind fine 
blocky structure cruuh1ng re.-.dily te> some fine crumbs! few rootsr 
abundant fine (<lmm) whitr: flecks ( ?pumice) especially on weathered 

Rm faccsJ few clay balls present; indistinct boundary, 

Re 
pal 

Re 

© 

68 1-------1 £,8 

83 

--··--------- - 110 

140 140 .. 
I> 

0 
E> 0 

170 170 

--- -· --- ----

2 5] 

Bright brown (7,5YR 5/8) t.o irellowish brown (l0YR 5/0) silt. loam1 
slightly sticf:)• r fr1 ahlc I weal<:ly Lo moderately dpvel<:,ped coarse 
and ioedium blocky at rtJ<•ture I icw roots J indist.inct bcundary, 

Yellovi.sh hro\111 (] 0i'R 5/13) oil t loarn1 other properties as above1 
indistinct boundar)•, 

arown (7, 5YR 4/t>-i0Yi< 4/6) !:an~y £ilt lo.:irn; sll',Jh':.ly fl rm1 
weakly to rr.oderc:,tcly cir.·,~J.oped coc:srse nutz; ~nd retadiur., l() !Jne 
bloc~,11 c:-campuffs incrt>a<;ing in size .:,nd c:cncent.rat.1ori \Jilh ccpthr 
wcat.ncred surfacr.!I ch,i;·;::icterine<l by abundant, looi,e, clear and 
white crystalo; dl.!fusc, boundary, 

Miilti-calourcd homogrmeous vands and r.hower-hedded Bands and 
loarrr/ r.andsr firm1 sin-:,le grained r.tructurcJ distinct boundary, 

Browr, clay (un,Ji!:f-crr,r,Uat<,cl hro.:n t:ufi'r;) 

------------·--------- ---------------··--·· ----------'-----··-----··--------·-···----



P.m 

Re 

cm cm 

0 

0 0 

2 0 r------- 2 0 

351--------4 35 

0 

0 

/J 
D 

651--------• 65 

00 

---------- - 95 

D 

0 0 
0 

1201-------~ 

() 

0 

0 0 

() 

1------------

1-------------

1-----------

120 

145 

1951--------j 

---- ------------------------:3:: __ :33 

Blt1ck ( SY~ 1. 7/1} !'"Jt"ltt.y 'l.J.ndy lo.:ir:lJ v~ry fr1,1blcJ moderotely dcvelopt.!ll 
1,,c(}tu1;i rJnd fine Ct'ill:1·•) !;trnt.~~urn; few pul"' ycllo•~,tnh .._,hj ~r:'.' p1.:1t.lce gr~ln!J 
(1.-5rrl:-n)J many <;rJrJ.rBf.,:, i:tt:dinm dfld f.tne r0tJt3J cliotinct tounda.ry, 

Dilrk brow:1 (10'/!"( J/3) :i.ir,d:,, loam, very friable, mod<>rdt:ely developed 
fir.~ cru?,,-~ 8t::rucu1rc1 few pal~ white purn1.ce gruios in concentrated 
pocket::, ( '?Tp) 1 1nc1n:,, roota1 indist.tnct l:oundary, 

nri,Jht brown (7,'>'i'R 5/E.) to brown (7,SYa 4/6) sandy llilt loam; very 
frlahlc t.o f,:i.:i1~lf]J r11oderat.(!ly d~vclopcd fine cru.:·,b ntructureJ few fine 
(<lrnr,) w11ite ,:p,,,:'<s (7 r,\l::iice ,1r<>ins) thr.Ou<Jhout1 few greyinh 
crca;;~puff5 (<2c:1) of fin·~ ;,.J'."'ldy texture throti-Jhout; fc•..: medium und fine 
roc,t,;J on "xt,arn,11 ,;urface,i of cuttin')s,abund,1nt fine (<l:r.m) pumice 
grains occur; indintinct bounddry, 

Yellowish brown (lO'iH 5/0) silt loam; friable; wealcly d2veloped medium 
and fine nut3 cru·,hlnCJ to fin,:, crumb ,:;tructure; fe-., fine roots; few 
co.in,e clay ball,i ( approx, 2cm) 1 indistinct boundary, 

Brown ( lOYR 4/6) fine silt lo,l,'llJ friable to firm; remaining character­
istics as ar.,ove, 

Brown (10'/~ 4/f,) fine Hilt loa,n (sliqhtly higher clay content than 
ahove); moderately firm to firm; <Jtructure ae1 above1 
115 - 120 cm I few red<'.l~h brown (SY!l 4/6) coarse sandy creampuffs, Fe 
stained1 indistinct boundary, 

Brown ( 7, SYR 4/6) sandy loam: frii,blc to firm1 weakly t"> moderately 
dev,1loped fine ar.d medium bloclcy :at::uctur,:,1 abundant coaroe sandy 
crcar,1puffs increa::iin<; in concentration with depth1 diffune ooundaryJ 
external surface charactcrined by coi\rse columnar Rtructure and 
awndant clear and white cryotals, 

Variably coloured shower-1.'<?ddecl coarse to fine sands; 3ome exhibiting 
nlight cohesion; firmJ single grained 9tructure1 few infilled large 
plant channel3l sharp boundary, 

nrcwn sticky sand 
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Dark brown (lOYR 3/3) oandy loam1 very friable1 moderately developed 
fine crumb structure; few pale white pumice 9rains in concentr.ited 
pocket11 ( ?'fp) 1 many rootsJ indistinct boundary, 

Bright brown (7,SYR 5/6) to brown (7.5YR 4/6) sandy silt loam1 very 
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Yellowish brown (lOYR 5/8) silt loam1 friable1 weakly developed medium 
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coarse clay balls ( approx. 2cm)1 indistinct boundary, 
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