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ABSTRACT

The Coromandel Peninsula of North Island, New Zeaiand is
covered by up to 2,5 m of thinly bedded Late Tuaternary tephras,
On the basis of thair field characteristics, the tsphras ara
divided into five field classes: the Recent basd (field class I) =
a black, friable sandy loam; the Pumiceous bed (field class II) =
reddish brouwn coarse lapilli and ashj; the Silty bed (field class III) =~
a yellouish brown silt loam; the Lumpy bed (field class IV) - a
brown sandy loamj; and the Shower-bedded class (field class V) ~
shower bedded and massive sands and loamy sands,

The properties of the fisld classes were sxamined at 17
stratigraphic sections on the peninsula and indicate that classes
I to IV each contain a mixturs of at least two tephras, Indivicdual
tephras were characterised in the laboratory by multicomponent
methods of analysis (particle size parameters, mineral assemblagss),
single component methods of analysis (chemical analysis of
titanomagnetites by XRF), and single particle methods of analysis
(microprobe analysis of titancmagnestits grains),

The Recant bed is composed of at least three tephras; including

the Kaharoa Tephra (930 yrs B.P.), Taupo Pumice (1,819 yrs §%P~) and
the fine uppsr portion of the Whangamata Tephra (6,280 yrs é:ﬁ.){:?
The Pumiceous bed contains a thorough mixturs of the coarser, basal
component of the Whangamata Tephra and the finer grained Mamaku Ash

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

Lumpy bed and Shower-bedded class all contain a common tephra, the



ii

Rotoshu Ash (41,700 yrs B.P.)s The Shower—-bedded class consists of
pure Rotoshu Ashj; the Lumpy bed is a composite of the upper part
of the Rotoshu Ash and the Hauparu Tephra (30,000-40,000 yrs BePa)s
the Silty bed is also a composite, but contains in addition to the
upper part of the Rotoehu Ash and Hauparu Tephra, some unidentified
hypersthene~bearing tephras of 20,000-=%1,000 yrsJB.P. ags, named
nxw tephrase

The Whangamata Tephra Forma£i0n (symbol ug) is dated at
64280 £ 90 yrs B.P. (Wk 106), and is a brown, graded tephra deposited
in tws lobes, a coarse lobe of pumiceous ash and lapilli, up to 60 cm
thick, extending between Whangamata and Thames on the Coromandel
Peninsula, and a fina ash lobe, less than 10 cm in thickness,
extending to the séuth and southuwest of the Peninsulay, in the Bay of
Plenty end ailkato reqionse The pumiceous lapilli have a per-
allkaline minaralogy with phenocrysts of anorthoclase, quartz, aegirinez,
cossyrite, clivine, riebeckite; and tuhualite, which identifies May-
or Island as the scurceo volcano for the tephra.

It is suggested that the processes that have mixed the "X",

Hauparu and Rotoehu tephras in the Katikati region (latituds 37° 201s)

R Vs e 2 1, P

tephres bscams mixed under a forsst cover north of about latitude
o . . s .

377 20'S, but remained unmixed under scrubland south of this

latitude, in the Katiksti~Tauranga areae
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CHAPTER 1

INTROCUCTION

Farly tephrostratigraphic studies were largely directsd
towards deposits consisting of individual tephras that could be
identified and correslated over large distancss by field mapping,
The eagliast 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 19543
Healy 19643 Vucetich and Pullar 1964, 1969), lLater studies,
also of individual tephras, have utilised tsphra component
properties, particularly ferromagnssian mineral assemblages,
volcanic glass refractive indices and titanomagrnetite and glass
compositions to aid in correlating sites where fisld correlation
is difficult or impossible (Cole 1970; Kohn 1970; Kittleman
19733 Rankin 19733 Howorth 19763 UWestgate and Fulton 19753
Pullar et 21, 1977; Kohn and Glasby 1978) . As the mapping of
major tephra units has proceeded, attention has turned to the
deposits that are at the margins cf the distributions shown on
maps. t these large distances from the sourcs, individual
tephras are too thin to be pressrved in the stratigrephic column
as a unique tsphra but tend to be incorporated inte the deposit
zbove or bslow, Some recent invesitigations hava thersfore been
directad teo the identification of componsnts from depesits

containing mixtures of tephras (Hodder and Wilson 19763 Hodder

1878),

-



N

l N

| \

]

ICOROMANDEL

1 4 :
Ly
i

]

1 ~

ﬂ'

yned Dredned

1\\ 1
N L7
o~ T

=

N

2
W/‘:angap‘J

n

—_—I >

WHITI

GA

-_/\'\ . 0
1 $ ATAIRUA
\ 13 FIRTH
L 1o
|U' oF {P
{100 THAMES
1S
1
' >
|
N Y \WHANGAMATA
\
\
\ HAURAKI
DEPRESSION
RELIEF
D 0-300m.
E 300 - 600 m.
EZJ 600-900m |.
0 5 10 15
: SN
Lt A
FIGURE 161 ¢

Physiographic features

of ihe Coromandel Peninsula




[6N]

During the Holocene and Late Pleistocene the susface of
the Coromandel Peninsula was mantled with a blanket of tephra,
ranging in thicknass Trom approximately two metres in the south
to one metre in the nerth; of which only remrants now remain.
The purpose of this thesis is to establish the stratigraphy
and distributicn of thesa thinly-bedded deposits and to devise
suitable laboratory metheds for use in characterising mixturss
of tephras,

The area of study is ths whole of the Coromandel Peninsula
in the North Island of New Zealand (Fig. 1.1 inset)., Although
stratigraphic sections have been examined as far south as Rotorua,
the region of principal intersest is that boundesd to the west by
the Waihou River and to the south by the Kaimai Range (Fige 1.1).

Physiographically, the entire reqgion is dominated by the
bush covered Coromandel Range whose peaks reach almost 900 m in
the central part of the Peninsula, North of Thamss, ths wsst
coast of the Peninsula is a steep=faced scarp which approximates
the line of the Hauraki Fault, South of Thamas, the fault
separates the Coromandel Range from the Holocens fluviatile
saediments and peats of the Hauraki Deprassion, Land of easy
relief is largely ‘confined to arzas arcund the harbours of
whangapoua and Whitianga and tha alluvial plains of ths Tairua,

Kauaeranga and Ohinemuri Rivers,

Geoloqicai Setting

The bassment rocks of the Coremandel Peninsula are indurated

Jurassic sandstones and siltstones which have bean subsequently



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, pers.comm.), nNO aésociated tephra
has yat been identified.

Known possible sources for the tephras under study are shown
in Fig. 1.2 and include the Tongariro, Taupo, 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, Taupo or Mayor Island Volcanic

Centres.

Pravious Work

Initial research into New Zealand's tephra cover began in
the 1930's when the Seil Survey Section of Geological Survey under—
took reconnaissance soil mapping which detailed the main soil
forming tephras (Grange 1931; Taylor 1933), Investigations into
the 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 Ashes (Fig. 1.3)e He described the

youngar Whangamata Ash:
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"Tg the east of the Hauraki Neprescion +ho ash cozrsens

and thikens to five or six feet and the mineral assemblage

chaigas to hornblende andesite. This is the waihi Ash which
margins the Bay of pienty and East Cape areas, and consists of
at least two separate beds" (p.12).

owing to inadequate dafinition, the use of the term
Myaihi Ash' in the literaiure has been confused. In an attempt
to ciarify the name, Pullar (1967) suggested that Taylor's
definition was meant to include telescoped components of many
tephras, ranginrg from Taupo Pumice to Rotoehu Ash (Table 1.1)e

McCraw (1968,1975a) in soil surveys of the Ohinemuri and
Thames/Coromandel counties, divided the tephra cover into the
four ash units of Taylor and considered that the Waihi Ash
compriced at least two and probably three showers. He records
a profiie at Waihi composed of s

18 in. (46 cm) frisblo sandy l.oam
24 in, (61 cm) compact silty loam
12 in. (30 cm) gritty greasy silt loam
10 in. (25 cm) compact fine sand,

Selby et al. (1971) described Quaternary surfaces in the
Waihi area and recognised Taupo Pumice and Rotoehu Ash in the
Holccene and Late Pleistocene sequence of tephras,

McCraw and WYhitton (1971) compared the elemental content
of a sampls of the Whangamata Ash with five samples of pumice and
obsidian from Mayor Tsland. 'They considered the Mayor Island
samples were probably younger in age and comagmatic with Whangamata

Ash but stressed that a Mayor Island source was not necassarily

implied.



TABLE le.l : Summary of named tephras and published radiocarbon dates from five North Island Volcanic Centres.

YEARS
B.P.

250

500

750
1000
1500
2000
2,500
3000
4000
5000
©000
7000

8000
38000

10000
15000
20000
30000

40000

OKATAINA CENTRE
Tarawera Fmn., (64BP)

Kaharoa Tephra (930BP)-

Rotokawau Ash (no date)
whakatane aAsh (5,180BP)

Mamaku &sh (7,050BP)
Rotoma Ash (7, 330BP)

waiohau Tephra {(11,250BP)
Rotorua Ash (13,450BP)
Rerewhakaaitu Tephra (14,700BP)

Okareka Ash (20,700BP)

Te Rere Ash (no date)

Omataroa Tephra (no date)
Awakeri Tephra (no date)
Mangaone Tephra (no date)
Hauparu Tephra (nc date)

Te Mahoe Tephra (no date)
Maketu Tephra (no date)

Tahuna Tephra (no date)

Ngamotu Tephra (no date)

Rifle Range Ash {41,0COBP)
Earthquake Flat Breccia (41,000BP)
Rotoiti Breccia Fmn. (41,000BP)

MAROA-TAUPO CENTRE

Taupo Pumice Fmn,., (1,850BP)
Mapara Pumice (2,270BP)
whakaipo Tephra (2,800BP)
waimihia Formation (3,150BP)

Hinemaizia Azh (5,085BP)

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

Puketarata Ash (no date)

Kawakawa Fmn., (19,850BP)

Poihipi Tephra (no date)
Okzia Tephra (no date)
Tihoi Tephra (no date)
waihora Tephra (no date)
Otake Tephra (no date)

OTHER CENTRES

Rangitoto Ash (7SOBP)l

Ngauruhoe Tephra Fan. (0-1,8l9BP 3
Mangatawai Tephra Fmn. (2,500B2)

Papakai Tephra (3,4203?)3

whangamata Tephra (6,280BP)*

Mangamate Tephra (9,70083)3
Okupata Tephra (9,790BP)

Rotoaira Tephra (13,8008P)°>

Data from McCraw(l97§);Howorth(1975):Vu:etich and Howcrth(;976)3Cb1e(1970)zand this thesic.

s Auckland Centre

s Mayor Island Centre
s Tongariro Centre

s McCraw (1975b)

oW N




Pullar et al. (1973) published an estimated source of
Whangamata Ash (Fig. 1.,3) and assignec tec it en age of
approximately 1000 years B.P.

McCraw (1975b) described Whangamata Ash as hcving two
members, an ash deposit overlying and surrounding a cosrser
lapilli deposit, and suggested that the erustion centre was in
the western Bay of Plenty area.

Birrell et al. (1977) during investigations into the
physical and chemical changes in the paleosol of Rotoehu Ash in
the Bay of Plenty district, identified Rotoehu Ash a few kilometres
north of Waihi, They suguested that the strong weathering
gradient shown by the tephra in this reoion,; was rejated to past
environmental conditions and to tha absence of an overlying tephra
cover for a relatively long pericd of time, possibly until the
deposition of Okareka Ash (c. 17 090 years B,P.). The authors
also identified Whangamata Ash by spsctrochemical methods and cited
MeCraw and Whitton (1971) in giving the tephra a tentative age of
8 390 ¥ 135 years B.P, It chould be no%ed that this age was not
applied to Whangamata Ash by McCriw and Whitton, but represents a

charcoal sample collected from Mayor Island by Brothers (in Grant-
Taylor and Rafter 1962).

Pullar et al. (1977) confirmed ths presence of Ksharoa Ash

and Taupo Pumice on the Perinsula and have shown that Wellman's

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

The previous work on thse Corcmandel Lzte Pieintocene tephra

deposits is summarised in Table 1.2,



TABLE 1.2 1 Stratigraphy of the Coromancdel Tephra deposits as determined by previcus workers.

SELBY, PULLAR &

BIRRELL, PULLAR PULLAR,KOHN &

COMPOSITE
TEPHRA COLUMN

TAYLCR McCRAW McCRAW McCRAW & SEARLE cox OF PREVIOUS
(1953) (1968) (1971) (1975a+b) (1977) (1977) WORK
Second .
period Ash Kaharoa Ash Kaharoa ash
. Taupo Pumice Taupo Pumice
- ' P Taupo Pumice | Taupo Pumice
HOLOCENE W¥hangamata g %
< . <
ASH h
as whangamata 5 Whan t M
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Lal
BEDS greasy E o Bed ] paleosol paleosol
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EARLY TO . i
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MIDDLE Formation Formation Forimation
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Terminology

Tephra is used in a broader senst than was originally implied
by Thorarinsson (1954) in that it includes both airfall and airflou

deposits (McCraw 1975b; Howorth 1975S).

Ash, lapilli and blocks are used here to describe uncemented

pyroclastic materials of varying grain sizes: ash, less than 2 mm;
lapilli, 2-64 mm; blocks, coarser than 64 mm (Fisher 1961) =
See Appendix B p.271.

Soil profile terminolooy is that of Tayior and Pohlen (1962).

Soil Colours utilise the Munsell Colour Notation (Japanese,

JIS 78721, 1964).

Tephrostratigraphy is concerned primarily with the definition,

description and age of tephra layers (after llestgate and Fulton
1975)

Holocene when referring to tephras, follows the usage of
Vucetich and Pullar (1969) and refers to the younger beds down to
and including the Rerewhakaaitu Ash, dated at Ce. 14,700 years B,P,

Late Pleistocene with reference to tephras, alsc follous

Yucetich and Pullar (1969) and includes tephras with ages betuween
that of the Rerewhakaaitu Ash (c. 145700 years B.P.) and the

Rotcehu Ash (c. 42,000 years B8.P,).

Upper Quaternary ) with reference to tephras indicates tephras

)

Late Quaternary ) younger than and including the Rotoehu Ash

(c. 42,000 years B.P.)

Post- Terminology following Pullar et al. (1973).

o
3
©
1

€eQe ¢ Pust-Whangamata tephras = tephras

N e o o

younger than Uhangamata Tephra
Pre~Rotoma tenhras - tephras older

than Rotoma Ash,



Heavy minerals - crystals which have a specific gravity

exceeding 2.96 g/ml (e.g. opaque minerals,
hypersthene etc).

Ferromagnesian minerals -~ Silicete minerals containing Fe and

Al and having a specific gravity greater than 2,86 g/ml (e.q.

hypersthens, aegirine etc),

This thesis has been subdivided into three main sections
encompassing the field characteristics arnd distribution of the
Coromandel tsphra cover, characterisation of its component tephras
by their grain size, mineralogical and chemical properties and
finally identification of the tephras through correlaticn with
established stratigraphic columns, Detailed petrological and
mineralogical descriptions of tephra components and minerals have
been removed from the text to improve its centinuity 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 thesis,

The map pocket at the back of thie 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 v
(2) major stratigraphic columns and sample locations
(3) ferromagnesian mineral assemblages
{4) titanomagnetite element ratios,
The summary is presented in this manner to enat.e the reader to

comparxe the data from differqnt sections of this work,

12
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CHAPTER 2

FIELD INVESTIGATIONS

Method of Study

In consideration of the degree of uniformity in thickness af
the Coromandel tephras over the Peninsula, sections were estcablished
at intervals of approximately five kilometres at sites where
deposits were preserved and where access was available (public
roads, forestry tracks, farm tracks, foot tracks). After a
preliminary reconnaissance, detailed field examinations were carried
out beginning in the south where tha deposits are thickest,

A further investigation of all sites was made after detailed
laboratory examinations had provided iwmore information on individual
tephras. Site descriptions and bed thicknesses were recorded at
80 stations shown on Fige. 2,1 - grid references for these stations

are given in Appendix C.

Mapping criteria

Criteria used for initial field mapping were derived from
propertiss of the tephra, for example grain size, grading, showsr~
badding and from characteristlcs acising from ite subsequent
modification, for example structure, clay content, colour and

consistence.

Stratiaqraphy

Tnitial investigations into Coromandel tephra stratigraphy

provided a stratigraphic column subdivided into classes with



12

36

48

60

@
(o
o
o
N
N

b o o e

-

Field class I (Recent ded)

Field class II (Pumiceous bed)
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classes I tc V. Note the wvariations in the patterns exposed on weathered bank surfaces.
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distinctive field properties, The field classes erected repressent
units that allow correlation between sites over large areas of the
Peninsula, The five field clas;es, designated I, II, III, IV and

V are termed the Recent bed, Pumicaous ted, S5ilty bed, Lumpy bed

and Shower-bedded class respectively, as illustrated by the tephras
at the Kopu site (Fig. 2.2). The distribution pattern of the

total thickness of the Lats Quaternary tephras found on tha Peninsula
is shown in Fig. 2,3. Recorded thirknesses of tephra depoesits on
the Coromandel Peninsula tend to be less regular than those for

many other regions because of the dissected nature of the country
and 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 (regicne 4 and 5)
were subdivided to determine whether the Coromandel Range had
influenced tephra deposition, The tephra 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 tie
Range the tephra cover is considerably thinner, suggesting that

there may bes some orographic centrol,

Spatial 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 degrse of
susceptibility of the site to mass wasting. The importance of tha
latter is demonstrated by the present day distribution pattern which

is strongly influenced by slops angle. The tephras are praserved
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FIGURE 2.3: Distribution pattern and thickness (cm) of the

Upper Quaternary tephrz column of the Coromandel

Peninsula (field classes I to V)

‘egion Number of Thickness Standard Coefficient

data sites mean deviation of variation
(n) X) (8) (c) %

1 5 75 20 27

2 8 78 13 17

3 14 92 17 18

43 4 116 33 28

4b 15 127 33 26

5a 8 120 27 23

“Eb 6 177 30 17

6 15 174 373 19




18

COROMANDEL PENINSULA

o e

0

<NMH o
\).166 & b

x{><"1;o’v*”‘

¢
‘27 -ru\'ua / -~
-\ 135@




19

on the low terrzces and plains where they form a continuous mantle

and at higher altitudes they occur only as isolated patches on
ridce crests, In order to ensure against error caused by colluvial
thickening, sites for detailed examination were chosen when slopes

were less than 50, most commonly on river terraces or plains, and
distont from the base of moderately steep or steep slopes.

Correlation lines A=A' (Fig. 2,4) show the main trends in field

class thicknesses paralleling the length of the Peninsula, and

B-8' (Fig. 2.5) at right angles to it across the Coromandel Range.
Refercnce sectiuns are described at the end of this thesis (Appendix ).
All grid references are from the 1:63 260 topographical map series

(NZMeI) and the national thousand-yard grid shown on this series;

Map editions are summarisad in Appendix C.

FIELD Ci.ASS CHARACTERISTICS

17 Field Class I (Recent bed)

Class I, containing the youngest of the tephras examined,
overlies the Pumiceous bed and forms a distinct boundary with it
when the clder bed consists of abundant coarse pumiceous lapilli.
Where the lapilli are less prominent and coarse ash gradc
nredominates, the boundary is indistinct, The Recent bed, which
is represented by 20 cm of sandy loam at Yaihi, decreases in
thickness northwards and gradually changes to a silt loam texture
and merges with the underlyingrdeposit (Fig. 2.6). At Whenuakite
it is no longer recognisable, Around Whangamata it occurs as a
very friable, distinctly gritly, sandy loam wit

h 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 wany clear crystals between 1=2 mm in diameter., In the
Waihi and Kopu regions, the Recent 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 typaes of pumice fragments have been identified in field
class 1. One type, a fine pumice (generally less than 5 mm in
diametex) 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 (less than 2 mm in diameter),
orange yellow or occasionally grey in colour, and crushes readily
suggesting that it has been derived frem an older eruption,

The tephras forming the Recent bed occupy the present day soil A

horizon and have undergone thorough biological mixing,

2. rield Class II (Pumiceous bed)

Fieid class II consists of 50 cm of coarse pumice lepilli at
Whangamata cdecreasing in thickness to 30 cm of coarse pumiceous
ash at Weihi (Fig. 2.7). The area of deposition covered by the
pumiceous bed is cblate and asymmetrical and is defined by a
northern limit of less than 10 cm at Tairua but maintaining a
thickness of approximétely 3C cm south of Waihi, which may indicate
either wind direction variation with altitude at the time of
deposition or a multi-tsphra origin for the deposit, The

distribution, though asymmetrical, is approximately centred around
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an axis lying east-—south-east between Thames and Whangamata thus
suggesting a source off the Whangamata coast in the western Bay of
Plenty.

The coarse, puimiceous 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 g;aded with lapilli up to 30 mm in
diameter and with the coarsest lapilli being firm to very firm and
weakly cemented but loose when dug (Fig. 2.9). Green obsidian
fragments are commonly present and average 3-8 mn in diameter.
Occasicnally, coarse dull yellowish brown lapilli occupy an "egg-
cup”" form, whbich is under lain by discontinuous iron pans and
recddish brown lapilli (Fige. 2.8). Although the boundery between
the coarse class II pumices and the underlying Silty bed is
ysnerally 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 lapiili to coarse ash. In the Wwaihi region,
claszs 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
present in the form of very abundant, small (<3 mn) orange yellow

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

fine crumb and medium nutiy structure and is separated from the

Silty bed by an indi:tinct boundary.



FIGURE 2.8 : Stratigraphic relationship between
the dull yellowish brown and dark reddish brown
iapilli of field class II at site 84, wWhangamata
South. (Spade is 1 metre in length).

FIGURE 2.9 : Coarse
reddish brown lapilli
cf field class II at
site 25 (0ld Mill).
30 cra cf black sandy
loam (class I), over-
lies 40cm of normally
graded coarse lapilli
of class II. A distinct
boundary separates
classes II and IIZX.
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8y Field Class III (Silty bed)

The Silty bed is characterised by its fine grain size and
occupies the central portion of the stratigraphic column, lying
between two coarser beds, the Pumiceous bed above and Lumpy bed
beneath. Class III extends tha full length of the Peninsula with
#ts thickness decreasing from over 60 cm in the south to 40 cm at
Colville in the north (Fige 2.10). In region 3 soms sites shouw
he Silty .bed ta be thicker than in region 4. This disruption to
the gradual decrease in thickness northward prebably does not mean
an actual increase in thickness of class III but is due to an
inclusion 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,

The 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 lsams and clay loams in the north,
The Silty bed also shows gradations within the actual deposit, with
the upper and lower parts varyirg mainly in colouration and
consistency.  Colours vary from yellouwish brown to bright yellowish

brown and thke bed genarally becomes firmer with depth, ranging in

censistence from friable to firm, Structures are generally



moderately developed medium nutty or blecky and are expressed on
the weatheved surfaces of banks as a frittered pattern, similar to

that shown by the Lumpy bed. The boundary between the Silty and

Lumpy beds is indistinct,

4, Field Class IV (Lumpy bed)

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
decreass in bed thickness northwards, with silty sandy loams
predominating in the south and sandy silt and clay loams further
northe Colours range from yellowish brown to bright brown, with
distinctly paler colours in the Whitianga and Colville areas.,

The matrix consistence is generally firm but the moderately

abundant creampu??s1 are very firm., The Lumpy ted has a
characteristic weakly to moderztely developed coarse blocky structure
which produces a frittered pattern upon weathered surfaces sxposed
in ro2d cuttings, Thesa surfaces are also characterised by
distinctly reddish hues (bright brown) and ahundant 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),

Yere the bed is yellowish brown in colour, has a friable to firm

consistence and a strongly developed fine to medium nutty structure

"Creampuff" - For their definition and discussion on their origin,

sea pe3Be
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FIGUKE 2.10: Distribution pattern and thickness (cm) of

field class ITI (Silty bed)

Region Number of Thickness Standard Coefficient
cata sites mean deviation of variation
(n) (X) (%) (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
5a 7 32 5 15
5b 6 57 11 20
6 13 55 15 28
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FIGURE 2.,1%: Distribution pattern and thickness (cm) of

tield class IV (Lumpy bed)

Region Number of  Thickness  Standard Coefficient
data sites mean deviation of variation
(n) X) (8) (c)
1 4 25 1" 43
2 6 18 2 14
3 7 29 10 34
ta 3 35 20 56
4b 13 39 10 25
Sa 7 35 10 30
Sb 4 29 7 23

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

vield class V (Shower—bedded class)

Region Number of Thickness Standard Coefficient
data sites mean deviation of variation
(n) (X) (8) (c) 7

1 5 17 8 44
2 9 24 10 43
3 10 22 12 57
4a 3 13 5 38
4b 13 27 9 34
Sa U 26 1 41
Sb S 32 9 27

° 1 49 15 39
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. . L . .
with some fine crumb. There is no clear distinction between

field classes IV and V - the latter is probably represented by a
high density of creampuffs at the base of the Upper QOuaternary
tephra column. The absence of a blecky structure in the Lumpy
bed west of the Coromandel Range, may be related to the fine
grain size of the associated creampuffs (sandy silt loams) which

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

5. Field Class V (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 Fige., 2.12 indicates, the
deposit decreases regularly in thickness northwards from
approximately 40 cm in the south to approximately 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 fsw centimetres thick, can be traced for tens of kilometres up

the Peninsula, The zone of undifferentiated sands consists of

bright yellowish broun homogeneols sands which lack the shower—

bedding characteristic of the zonc below. The undifferentiated

sands cain iy
contain irregular fractures which increase in abundznce
\ d=

upwards i i
p until the uppermost zone of field class V consisis of



cm
180 p  b—m—— e —————— -
° o
°
Zone of small isolated FIELD
. CLASS
190 creampuffs TV
Zone cf large discrete
200 creampuffs
) Zone of incipient creampuff
formation
B wtl s ™ /-
Gl B R EEe Ve N
A M FIELD
. .T~% .| Zone of undifferentiated CLASS
220 LT sands v
—_ T\ ——-’_
I\_‘:“-—/’.s
230 b —~ Zone of shower-bedded
TTTT—— " sands
—_—
—
240 & P TTTTomoTomoTosmmooommoommomemmo—o oo

FIGURE 2.13 : Zones in field classes IV and V

at site 2 (Athenree subway).



FIGURE 2.

4

-, L4 *_._31_\:;_'- s /
Field classes IV arnd V at the Kopu site (site 37). Four zones within the

Lumpy bed and sShower-bedded class are shown.

b e e e e = =

60_{/‘\/

sands*" is not present at the Kcpu site.

Zene of small isolated
creampuffs

zZone of large discrete
creampuffs

Zone of incipient
creampuff formation

zone of shower-~bedded
sands

FIZLD
CLASS
w
Iv ~

FIELD
CLASS
v

The "zone of uncifferentiated



38

discrete, relatively unueathaved lumps of primary material
surrounded by a sandy loam matrix including a considerable amount
of secondary material, Field class IV is dominated by the sandy
loam matrix into which sirall, subspherical, isolated remnants of
primary material (here called "creampuffs") are scattered.
The progression from undifferentiated sands and fractured, discrete
lumps of sand to small isoclated 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
presenc:z of creampuffs in class IV, and their apparent relationship
with the sands of class V, suggests that class IV may bz 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 renion than the separate class IV and V
measurements (c.f. Fig. 2.15 with Figs. 2,11 and 2.12).

Ttie Shouwer=bedded class forms a sharp boundary with the
underlying deposits, which are generally either clder 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 Coefficient
data sites mean drviation of variation

(n) (%) (®) (c)
1 4 43 5 11
2 6 40 8 19
3 7 48 12 26
4a 4 43 22 51
4b i4 62 18 28
Ba 8 60 11 19
5b 6 65 12 18
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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 COROMANDEL

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 described, to aid in the characterisation of
individual tephras containad within the five field classcse

A site on the Waihi Plain (Pukekauri Rd., Site 8) about
four kilometres southwest 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 the
tuo metre thickness of tephra exposed in the road cutting (Fige 3.1).
Three samples from class V were collected at waimata Rd, (Site 4),
eight kilometres to the southeast of Pukekauri Rd, where the shower-
bedded zone eof field class V is more clearly exposed,

Many of tha tephras deposited upon the Coromandel Peninsula
are comparatively thin and since deposition have become mixed with
older deposits by soil forming processes. Laboratory investigations
attempt to recognise and "finger=-print" tephra units within thesec
mixed deposits, Methods applicable to the examination of mixed
tephra deposits can be broadly grouped as multicomponent, single

companent-multiparticle and single component-single particle (Hodder
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FIGURE 3.1 3 Field classes and sample locaticns for the rsference .
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P16 to P18 in ths coemposite tephra column and are included in

the tecm "Pukekauri Rd samples" when it is used in thes text,
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and Wilscn 1876). Multicomponent techniques encompass a range of
mineral types and in this thesis include mineralogical studies. and
the determinaticn of particle size parameters for both whole tephra
samples and sand fractions. Single-component methods apply to
analytical methods for specific minerals and are subdivided into
either techniques involving many grains (multiparticle), for exawple
chemical analysis of titaﬁomagnetite, or techniques applied to a
single grain of a particular mineral (single particle), as with
electron microprobe analysis of single titanomagnetite grains.

A flow chart summarising physical separation techniques, analytical
methods, and techniques for the characterisation of tephras is

presented in Fige 3.2,

MULTICOMPONENT METHOD OF CHARACTERISATICN

Partirle Size parameters

Tepra particle size properties, especially grain size,
sorting and grading, are commonly used to characterise tephras in
field correlation studies (e.q. Vucetich and Pullar 1964)., The use
of grain size parametsrs derived from laboratory analyses for
characterising tephras is less well documented in the literature,
although the parameters of mean grain size and standard deviation
(or sorting) have been utilised for correlation purposes with some
success (e.g. Fisher 19643 1966).

Particle size parameters. were calculated for both whole tephra
samples (i.e, sand, silt and clay) and for the sand fraction
(coarser than 4 £) following standard hydrometer and sieve analysas

(see Appendix By Pe269), The statistical parameters used include
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the phi mean grain size of Folk and Ward {1957) and the phi
deviation measure of Inman (1952), Because many of the samples
analysed contained a considerahble proporticn of very fine clay

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

occasionally necessary.,

(2a) Particle size parameters for whole tephra samples
Particle size data and paramsters 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 sandy loams according
to the so0il 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 ths coarsest samples,
Two secnarate factors produced this inccnsistency., The first occurs
in thz tuwo youngest field classes and involves pumice grains which
cannot be physically separated and are therafore expossed to the
vibraticn treatment necessary to disperss the samples. Uhereas
the pumice in class I is fresh and relatively unaffected by exposure
to ultra-sonic waves, that in class II is strongly weathered and
the severe abrasion results in an artificial contribution to the
silt and clay fraction, The second factor, operating in ths 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 measurs 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 componsnt (nultiparticle
and single particle) methods of characterisation

are also indicated.
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FIGURE 3.,3: Percentage sandg silt, and clay and the mean grain
size for the Pukekauri Rd tephra samples,
A : The Sedimentary scheme of Folk,

B ¢ The Nsw Zealanc soil particle size classes,
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sand 1 <5.65¢(20nm)
silt 1 5.65~9¢(20-2pm)
ciay : >99 (2pm)

\ (Taylor and Pohlen 1962)

A 1 New Zealand snil
Particle Size
Classes

345 SILT

LOAM

sand 3 <4¢(63pm)
silt 1 4-80(63-4um)
Clay : >8y(4pm)
(Folk 1968)

B 31 Sedimentary Scheme
of Folk (196€8)

S e | o | e N\

FIGURE 3.4 : Triangulaxr textural plots for tephras from
Pukekauri Rrd. ’
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discrete particles with the result that the fisld textures are

consistently coarser than labocratory ones,

TABLE 3.1

column

A comparison of field textural classes and particls

size classes for the Pukekauri Rd Stratigraphic

Textural class
datermined in the
field (sea p.321)

Particle Size class
determined in the
laboratory. (N,Z, soil
particle size classes)

I P
p2
I/11 P3
II P4
ps
I11/111 | P6
P7
P8
v P9
P10
P11
IIT/1V | P12
F13
v P14
P15
v P18

)k

.Sandy loam

Coarse sandy loam

5ilty sandy loam

fFine sandy silt loam

Silt loam

Silt loam

Silty sandy loam

Sand

Sandy loam

Silt loam

] Clay loam

Silty clay loam
Clay

Ciay loam

Sandy loam

Sand

The most important particle size

tephra field classes are as follows,

charvacteristics of individual

The Recent bed contains young

tephras, having a low clay content anc a high percentage of sand.

The particle size distribution is unimedal with the mods between

1=2 # (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 weathiered pumice grains through
vibration treatment. The Silty hLec is characterised by a high
clay content and a bimodal grain size distribution with modes at
approgimately 4 F and 7 #. The Lumpy bed is coarser than tha
Silty bed and changes from a bimodal distribution in its upper
parts to a unimodal distribution lower in the bed, with a mode at
approximately 3 #. The Shower-bedded class, represented by P18,
contains a high proportion of sand-sizad materisl with a unimodal
distribution centred on 1-2 #, The particle size distributions
of whole tephra samples ars insufficiently sensitive to define

field class boundaries.

(b) Particle size paramsters for the tephra sand fractions
(coarser than 4 ).

Because the high clay content of some samples masks ths
grain size properties of the primary material remaining from the
original tephra deposit, particle size parameters were calculated
for the sand fractions (coarser than 4 #). Particle size data
and parameters for the coarser than 4 B material at Pukekauri Rd
are given in Appendix E (Figs. E.3 and te4 and Table E.2) and
summarised in Fig, 3,5,

In Fig., 3.5 the samples have been groured into three sand-
sized categories {coarser than 2 gy fine sand (2-3 #), and very fine
sand (3-4 #)] in an attempt to distinguish samples whose grain

Slze has been influenced by addition of pumiceous material.

Field-classss I and II have a largse coarse component with a

relatively small fine sand fraction. Rlthough field classes I and



II have similar proportions of the coarse fractioin, the very fins
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 a%t 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 decomposed during vibration treatment.
Samples PS5 and P6 are transitional in nature, with P7 having a
particle size distribution liks those of class III. Samples from
field class III exhibit the finest mean grain sizes, are moderatsly
sorted and coarsen regularly with depth (Fige. 3.5). No assistance
in locating the boundary betwesn field classes III and IV could be
obtained from particle size data, as PB grades uniformly douwn the
stratigraphic column to P14, However an indication of tha
boundary is obtained from the mode of the unimodal class III and

IV samplss: while samples P6 to P11 have a mode bstween 3~3.5 g,

a steady coarsening occurs below'this depth with P12 having a mode
at 2.5~3 # and P13, P14 and P15 at 2-2,5 §, thus indicating that
P12 is a mixed sample, The Shower-bedded class is characteristically
better sorted than the younger tephras and is strongly unimeodal,
with mean grain sizes varying markedly within the zone of showsr-
bedding.

Variations in grain size parameters through the stratigraphic
column for both whole tephra samples and their sand fractions
confirm the tephric classes ectablished cn the basis of field
characteristics., They further indicate tﬁat transiticnal samples
exist botwsen classes II and TII (PS?, P6, P77) and batween

classas ITI and IV (P12).



FIGURE 3,5 : Particle size distribution, mean grain size and
sorting coefficient for the coarser than 4 @
fraction of the tephras at Pukekauri Rd, Boundariss
between field classes, 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 Tzble E.2) in the form of
cumulative frequency curves and histograms of

selected samples.
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2. Mineral assamblages

Petrological characteristics fo-~m one of the oldest and
most useful multicomponent techniguss for characterising volcanic
tephra deposits. For example, Ewart (1971) divided the acidic
rocks of the Taupo Volcanic Zone into five main groupings, on
the basis of their ferromagnesian mineral assemblages (see also
Cole 1970). Rapid methods of "finger—printing" heavy minerals
by X-ray diffraction have supplemented traditional studies
utilising the petrolecgical microscope (e.g. Pryor and lester 1969),
Salic mineral assemblages have been ussed less commonly to
characterise tephras, Atundances of feldspar, quartz and glass
have been determined in tephras by petrological microscope
(e.g. Ewart 1963), and infra-red analysis (s.g. Hodder and Wilscn
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 the characterisation of the Coromandel tephras,
the mineralogy of the coarser than 0O f size fraction has been
examined, along with modal analysaes of the salic minerals, X~-ray
"finger-printing” of the ferromagnesian minerals and modal

analysis of the ferromagnesian minsrals.

(a) Mineralogical examination of the coarsar than 0 # (1 mm)
size fraction
The coarse fractions (<0 @) of the tephras at Pukekauri Rd

are composed of quartz, rock Pragments and volcanic glass in the



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

The rock frajmenis are grey and white in colour and composed of

a glassy groundmass with isolated anhedral zones of devitrified

glaés and scarca altered plagicclase phenocrysts,

The

fumiceous grains of Field classes I and II are subdivided into

two categories on the basis of colour (Appendix A p.240),

Yellow orange pumice grains are strongly flow-banded and have a

low phenocryst content dominated by anorthoclase,

grains, less weathered than those described above, have a

predominantly plagioclase phenccryst <ontsnt,

TABLE 3.2:

Relative abundances of quartz, rock fragments and

volcanic glass in the coarser than 0 @ fraction of

the tephras at Pukekauri Rd, dotermined by

binocular microscops

56

White pumicsous

Volcanic Glass

Sample Quartz Rock
Fragment s Glassy Pumics | Ohsidian
Fragments
1 P1, P2 4 5 - EA S
I/11 & | P3,P4,PS - EA c
III
11/151 | P6,P7 vC Ve - A C-r
ITI P8~P11 A=\A A - -
ITI/1V | P12,P13 VA Ve - -
* A (Extremely zhundant) >70%
VA  (Very abundant) 50-70
A (Abundant) 30-45
ve  (Very common) 10-29
c  {Ccmmon) 5=9
5  (Scarce) =4
r (rare) < 1%
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Table 3.2 shouws 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 common to ver, abundant, at the expense of
the modal percentage of volcanic glass. The volcanic glass
fractién of classes I and II is dominated by pumiceous glass with
miner obsidian, which contrasts with the glass fragment-rich content

of other field classese

(b) Modal analyses of the salic minaral assemblage

Proportions of quartz, plagioclase and anorthoclase were
determined semi-quantitatively 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
1iquid techniques, and volcanic glass contents were cbtained by
difference. All samples were analysed in triplicate to provide an
estimation of error (standard deviations are shown in Table 3.3).
Errors were found to bte greater than the ) 10% of true valus
obtained by Nelson and Cochranes. figure 3,6 summarises the data
and allcws 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 P7.
Class II is characterised by high amounts of glass and anorthoclase,
and low amounts of plagioclase and heavy minerals. In class III,
anorthoclase is absent, the qlass content is lower and decreases

with depth, and the hsavy mineral ang plagioclase cuntent becomss

increasingly abundant in tha louwer parte. of the bed. The second
') 2 S



TABLE 3.3: Medal analysis of tha 2~4 @ fraction of tha Coromandal

tephras at Puksekauri Rd

Plagio- Anortho~- Volcanic Heavy
Samples clase Quartz class glass minarals

(ut %) (Wt %) (Ut %) (wt %) (we %)

p1 14%3,5 92,5 631.3 69 2
I p2 16%0.4 13814 s*0.2 64 2
1/11 p3 12¥1.5 11325 91,2 66 2
P4 1530.8 9t1,2 9%0.5 65 2
1
P5 14%1,2 9%1,2 %0 67 3
P6 12,5 otg 530.7 69 3
11/111 . N
p7 16%0.7 9t2.0 - 70 5
Pa 20%0.5 9¥1,2 - 65 6
P9 22%2,3 gta 2 - 58 11
I11
P10 22%1.8 9t1,2 - 55 14
P11 2581,9 9¥p - 49 17
P12 23350 5¥0,5 - 41 21
I11/1V + .
P13 3132.0 1133.0 - 36 22
P14 37%s5,0 11%3,2- - 34 18
IV
P15 28%1,9 11,2 - 45 16
P16 16¥1.8 11,2 - 67 4
v P17 30¥2,9 21t1.6 - 40 9

P18 3ets,2 532.6 - 40 17
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FIGURE 3.6 s The felsic and heavy mineral contents of the 2-40 fraction of the Coromandel tephras
at Pukekauri Rd.anorthoclase, plagioclase and quartz values were determined by XRD
and include the standard deviaticn., .
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major straéigraphic boundary lies bstween classes IV and V with
class V bsing distinguished frem class IV by its extremely
variable prcnerties,

Ccnsiderable mineralogical variation exists within, as well
as between, field classes, particularly for classes III and V.
Class III shous an increasing contont of plagioclase and heavy
minerals with depth, at the expense of volcanic glass, Thess
changes could possibly he due to preferential gravitational
settling of plagioclase and glass following eruption (plagioclase
density = 2,65, rhyolitic glass = 2,30), or to a gradual change in
magma composition as eruption progresses (c.f. the Hzkla eruption
of 1947, Thorarinsscn 1954), sr te the mixing of a younger, glass-
rich rephra with an older plagicclase-rich taphra, The latter
alternative is praferred becauss 2V measuraments of plagioclasé
in field class III show an unusually high coefficient of variation,
suggesting a mixture of twoc populations of different compositions
(see Appendix A p.249), Field class Y shows extreme mineralegical
diversity although its field propertics indicate that the zone of
shouwer~bedding has hnen derived from closely spaced eruptive pulses
from a single sourcs. To test the hypethessis that the
mineralogical diversity is associated with variations in particle
size, two samples from the zone of shower-bedding in fizld class V
wera sieved and their mineralogy examined for cach grain size
interval within the 2-4 ¥ range (Table 3.4}, Plagioclase and
quariz dominate the coarser intervals and volcanic glass and the
heavy minevals 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 @ fraction of two field class V samples

from the zone of shower-bedding

. Particle size fraction
Sample
2¢0=2¢5 F | 2¢5=3.0 B | 3.0=3.5 F | 3.5-4.0
(wt %) (Wt 3) (ut %) (wt %)
r

Quartz 24 21 13 13
P17 Plagioclase 43 20 21 17

Glass and heavy

minerals 33 49 66 70

Quartz 16 14 1 1
P1E Plagioclase 55 41 35 34

Glass and heavy

minerals 29 45 54 55

to the mean grain size and nct to real differences in composition
within field class V. Thus sample P'6 has a mean of 2,69 and is
therafore 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 ferromagnaesian
mineral assemblags
Smear mounts of ferromagnesian mineral separates from five
samples of the tephras at Pukekauri Rd were X=-rayed and compared
with samples from two tephras of known composition; the Tahuna

Tephra (Howorth, pers,comm.) and the Rotoiti Breccia (Ewart 1968).
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Figure 3,7 indicates that for the Coromandel tephras at Pukekauri Rd,
cummingtoniti increases in concentraticn with depth at the expense
of hypersthene and hornblande. While the youngest and oldast
tephras (classes I and V respectively) show distinct differences
using this method, the variaticns between adjacent field classes are

on too small a scale to permit easy distinction betuwean them,

(d) Modal analysis of the ferromagnesian mineral assemblagas

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 (1965). Between 300 and 500
grains were counted on sach slids to maintain an error for the major
constituent of better than = 5% (at the ©5% confidencs level),

Data on the ferromagnesian mineral abundances for the tephras
at Pulkekauri Rd are shown in Table 3,5 and summarised in Fig. 3.8,
The Pukekauri Rd column ca2n be subdivided inte five units on the
basis of hypersthene to amphibola ra*ios (Fige 3.8).

(1) Louw hypersthens/amphibole (Pi-P4).

(2) Increasing hyposthene/amphitols (P5-P7).
(3) High hypersthene/amphibole (P8=P12)

(4) Decreasing hypersthere/amphibole (P13-P15),
(5) Very low hypersthene/smphibole (P16~P18).

The youngest tephras, represented by P1-P4, are distinguished
from the samples balow by their high asgirine and augite contents,
The two rcategories of pumicecus grains occurring in field classes I
and II have distinctive Farromagnesian mineral assemblages

(Table 3.6)@
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by X-ray diffraction analysis cf treir
ferromagnesian mineral assemblages.

l.Tahuna Tephra: hornblende (48-62%)
hypersthene (32-46%).
augite (2-10%)
2.Rotoilti Breccia : cummingtonite (65-95%)
hypersthene (10-35%)
‘augite (0--5%)
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TABLE 3,5 : Modal analyses of the ferromagnesian minasrals in the 2-4 § fraction of the Coromandel

tephras at Pukekauri Rd

% % % % %
1
Field Sample Hyper- Cumming— Horn-  Augite Aegirine Additional minerals’
class sthene tonite blende
P1 28 19 30 17 6 titanomagnetite, zircon, cossyrite,
I olivine, riebeckite, oxyhornblende
p2 27 14 34 18 7
1/11 P3 23 20 26 24 7 titanomagnstite, zircon, cossyrite,
olivine, riebeckite, oxyhornblende,
? hedenbergite, tuhualite
P4 24 22 20 14 10
IT
P5 34 28 22 10 6 titenomagnetite, zircon
P6 44 33 17 6 3
11/111
p7 43 31 17 8 1
P8 47 25 24 4 titanomagnetite, zircon
111 P9 46 25 22 6
P10 47 27 22 4
P11 46 26 24 4

S9
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titanomagnetits
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Sea Appendix A for descriptions of minerals
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TABLE 3,63

Ferromagnesi.an mineral abundances

and II at Pukekauri Rd

in the pumiceous lapilli and 2-4 # fracticn of field classes I

7% i % 7% % %
Field Sample Size fraction Hyper— cupming- Horn=— Augite Aegirine Cossyrite
class sthene tonite blende
vhite pumiceous lapilli] 96 2 - 2 - -
I 01
2-4 28 19 30 17 6 trace
1
. Yellow crange pumiceous
i1 P4 lapilli 12 1 2 - A 14
2-4 24 22 30 14 10 trace

1o Lapilli crushed and passed through a 2-4 @ sieve before heavy mineral extraction

L9
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The white bumiceous grains which occur in field class I, are
dominated by hypersthene and hava a ferromagnesian assemblage

quite unlike that of the 2=4 ¢ fraction., Thas yellow orange

pumice grains in field class II =zontain aegirine, cossyrite and
hypersthene in diffarent proportions to the accompanying 2=4 @
fraction, The Ferromagnesian minoralogy therefore indicates

that at least three separats tephras are present in field classes I
and II, One tephra is repressnted by the hypersthens-rich white
puniceous lapilli, a second by the yellow orange pumiceous lapilli
which contains aégirine and cossyrite, and at laast one other fine
grained tephra, characterised by the larage amounts of cummingtonite
and hornblende in the 2-4 @ fractions, It is probable that the
hypersthena, cummingtonite and hornblende associated with the yellouw
orange pumiceous lapilli arve derived from a fine grained tephra of
different composition, whose crystals have become lodged within
surface vesicles of the pumice, This conclusion is based unon the
peralkalire rature of aegirine and cussyrite, which do nct crystalise
from the same magma as calc-alkaline minerals such as hypersthene,
cummingtonite or horznblende (Carmichasl at al., 1974).

A mora accurats rivision batween field classes wmay ba cobtained
by using a triangular plot of the three main ferromagnssian
minerals (Fig. 3.9). The diagram indicates that a number of
changes in the positions of the field clases boundaries should be
made: sample P3 hzv class II propertiss; samples PS5, P6 and P7 are
transiticnal between classes II and III although the low hornblende
content of P6 and P7 suggests that the samples may have been
infiuenced by another tephra; sample P12 has class III properties;

and sample P13 has clevs IV properties..
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.CGTE.

qYP.

FIGURE 3.9 : Triangular plot of the three main ferromagnesjan
minerals from the Coromandel tephras at Pukekauri
Rd, Sugqgested field class boundary limits are
represented by enclosed areaso. .
CGTE Cummingtonite
HBDE = Hornllende
HYP = Hypersthene
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(e) summary of the mineralogical characteristics of the Coromandel
tephras a%t Pukekauri Rd
The mineralogy of the Coromandel tephras at Pukekauri Rd
substantiates the fivefold division establisted in the field, and

enables the field class boundariass to be positioned more accurately

(Table 3,7).

TABLE 3.7: Repositioning of field class boundaries in the
Pukekauri Rd stratigraphic column on the basis of

mineralogical data

Field Designation Original field | Field class bound=-
class class aries inferred from
boundaries mineralogaical data
I Recent bed P1, P2 P1, P2
1/11 P3 -
1I Pumiceous bed P4, PS5 P3, P4, ? PS
TI/111 P6, P7 ? PS5, P&, P7
1T Silty bed P8, P9, P10, p8, P9, P10, P11,
P11 F12
I11/1V P12, P13 -
Iv Lumpy bed P14, P15 Pi3, P14, P15
v Shower~bedded P16, P17, P18 P16, P17, P18
class

The mineralogical characteristics of each of the five field
classes are summarised below,

The Recent bed represented by samples P1 and P2, is dominated
by pumiceous lapilli in the coarser size fractions and volcanic

glass, mainly in the form of curved and pumicecus fragments, in
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the finer. Clear and brown shards are both present, exhibiting

a wide rance of refractive indices (Appendix A) suggesting that the
Recent 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 whiée pumice containing plagioclase and
hypersthene, and the other is & yellow orange pumice dominated by
anorthoclisey, aegirine and cossyrite, The third tephra is
contained within the 2=4 @ fractien and characterised by minerals
not common in the pumiceous lapilli, namely cummingtonite and
hornblende.

The Fumiceous bed (samples P3 and P4) is dominantly glassy in
nature and contains an abundance of the yellow orange pumiceous
lapilli described above. The yellow orange pumices have a
phsnocrystic assemblage of anorthoclase, aegiriine and cossyrite,
with mincr olivine, riebeckite, and tuhualite, which indicates that
it has a pa2relkaline composition; it is subsequently referred to
as "paeralkaline pumice'". At least one other tephra is preseni in
the class II sand fraction and is represented by plagioclase,
hypersthene, cummingtonite, hornblende and augite. The tephras
corprising the Pumicecus bed had undergone substantial mixing with
other tephras, resulting in a non-~homogeneous deposit with
gradational boundaries above and below = 3.e, P2 grades into P3,
and P4 grades into PS5, Although PS5 has class ITI properties, it
also has strong affinities with field class II and has therefore

been placed in both class IT 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 by glass, it contains greater
amounts of quartz and plagioclase,. The high hypersthene content,
with lessar amounts cf cummingtonite and horriblende, enables
distinction of this class from other tsphras. The most significant
characteristic of the Silty bed is its gradational nature, with
properties varying uniformly from the top of the bed into the Lumpy
bed beneath, as exemplified by the increasing plagioclase
concentration with depth, The possibility that class TII 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 range of velues
(Appendix A).

The Lumpy bed is comparatively enriched in plagioclasa and
quartz relative to volcanic glass, a feature found in all the older
depositse. Like the Silty bed, it exhibits wvertical gradations with
plagioclase decreasing while cummingtonite increases in concentrartion
with depth, The trend of increasing cummingtonite concentraticn at
the expense of hypersthene and hornblende continues into field
class V, emphasising the gradational nature of the lower boundary,

The Shouwer—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
assemblagese. The plagiecclase, cuartz and volcanic glass contents
are controlled largely by grain sive and hence show corsiderable
variation within the individual éhcwer-bedded units of ¢lass V,

Cummingtonite comprises over 80% of the ferromacnesian mineral
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assemblages of all class V samples, which indicates a common origin

for the many shower-bedded units in the basal part of this field

classe.

SINGLE COMPONENT METHODS OF CHARACTERISATION

Multipartinle

(a) Introduction

The characteristics of a tephra deposit result from the
summation of the properties of the numerous discrete compecnents
comprising that tephra. The measurement of bulk composition and
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 fall closer to the volcanic vent while salic minerals and glass
increase in abundance with increasing distance from source
(Eaton 1964).

The usefulness cf single components in the identification and
correlation of tephras has been demonstrated by many workers
(e.ge Smith and uestgate 1969; Kohn 19703 Rankin 19733 UWestgate
and Fulton 1975; Hodder and Wilson 1976; Smith et al. 1977a and b).
Smith et al. (1977b) list three criteria for testing the usefulness
of a single component for correlation purposes: it should exhibit
maximum uniformitys; its compogition must be attributable with
certainty to contemporaneous 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 proposed by many workers as the most
useful single component for correlation purposes (e.q. Steen and
Fryxell 19653 Smith and Westgate 19693 Borchardt and Harward
19713 Howorth and Rankin 1975; Smith et al, 1977a and b),
However, in this study, glasses were avoided, becauss of the
weathered pumiceous lapilli in classes I and II,

The use of tha chemical composition of oxide minerals,
particularly titanomagnetites, for correlation purposss has only
received attention comparatively recently (e.g. Kohn 1970;
Westgate and Fulton 1975). Kohn (1970) working on czntral North
Island volcanic deposits pointed out that titanomagnetites are
attractive for corrslation purposss because they are ubiguitous
in thess deposits, they are stable during weathering, their range in
chemical composition is considerable, and they can be relatively
easily extracted and purified by magnetic methods, fMlorecver,
because titanomagnetites crystalise early in a silicate melt, their
chemical compositicn is characteristic of the parent magma
(Carmichael 1967). lWright and Lovaring (1965) hava demonstrated‘
that exsolution in titanomagnstite grains {Appendix A p259 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 bulk titanomagnetite

samples.
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(b) Titanomagnetite element content

Titanomagnetite was extracted by hand magnet, ground and
concentrated to a purity 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 analysed witihin a
single 24 hour period,

The fluorescent intensities from nine elements were recorded
(in counts per second) (Fig. 3.10) from eighteen samples representing
the five field classes at Pukekauri Rd, The data for Ti, V, Mn and
Fe are presentec in Fig. 3.11 and as ratios in the form of an X = Y
plot in Fig, 3.12. Seven of the nine elements analysed are
represented within either the titanomagnetite or ilmenite phases
(A, Cca, Ti, V, Cry Mn and Fe); thz remaining two elements (Si and
K) are contained within contaminating minerals such as volcanic
glass or included crystals. Ti occurs in both titancmagnetite and
hematite phases and shows important variation throughout the tephra
column (for P1 to P183 C = 10,7%), which makes it the most useful
element for characterising individual field classess V is generally
associated with the titanomagnetite phase {carmichael 1967) and
shows significant variation throughout the stratigraphic column
(C = 14,7%); the Ti/V ratio is particularly important for categoxrising
tephra samples., Mn in titanomagnstite is recommended by Kohn (1970)
for the characterisation of tephras and exhibits moderate variability
(c = 5,9%) and forms a useful ra?io with 71 (Ti/Mn). 78 is present
in both the titancmagneotite and hematite phases and shows the highest

count rates of all the elements examined. Howaver, it was not
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utilised for characterisation purposes becausa of its louw variability
(P1 to P18; C = 2.1%), In all XRF spectwa small quantities of Al
and Ca occurj Al is derived froﬁ'titanomagnetite, aluminous spinels,
hematite and aluminosilicates,while Ca is present in both the
titanomagnetite structure (Carmichael 1963, 1967) and in accessory
minerals such as apatite and aluminosilicates (Wright and Lovering
1965), The high Ca count rates 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
extraneous materials, Carmichael (1963) and Wright and Lovering
(1965) found that there was nc Si or K in titanomagnetits so that
the Si and K in this work are probably derived from volcanic glass
and inclusicns within the oxide minerals, Cr, although dsztectable
by XRF, is masked by V (Crko = 5.4%1 KaV; VKB = 4,95 KeV).
The concentratiocns of Cr are toos low to permit the application of
peak-ctripping techniques.

X = Y plots of the ratics of Ti/V, Ti/Mn, Y/Mn, V/Ti, Mn/V
and Mn/7i from titanomagnetites of all field classes indicate that
Ti/V and Ti/Mn give the most satisfactory results for distinguishing

- between 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 categoriess:
(i) those that have similar elemental ratiocs, Forming a group

€00s FoCa V {P165 P17, P18)3
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FIGURE 3.12 : Ratios of count rates of Ti, Mn and V from titano-

magnetites extracted from the Holocene and lLate Pleistocene
tephras at Pukekxauri Rd. Solid lines connect samples in
stratigraphic succession. The standard deviations for
samples P8 and P18 are calculated from repeated analyses
of the two samples (see Appendix B, p.286 ),
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(ii) thos=z that form a linear relationship with each ather

e.q. F.C, IIT (P8, P9, P10, P11, P1Z) and F,C, IV (P13, P14,

P15)3
(iii) those that do net fit into either category e.g. F.C. I (P1,

P2); F.C, IT (P3, P4) and intermediats samples (PS5, P6, P7),

Kohn (1970) found that samples from any ons tephra clustered
in a similar manner to that shown by category (i) so that field
clasz V probably represents a purs tephra -

The linear relationships formed by field classes III and IV
(category ii) could result frem compositional zonatiocn within the
class, or the fizld class may contain a mixture of two or more tephras.
Lipman (1971) found that compositional zonation occurrec within a
single ash flow shezet in Southern Nevada, and Ewart (1965) showed
there was a compositicnal variatian in the Uhakamaru Ignimbrite,
Compositional zonation within a single tepnra unit is less common,
but does occur (Or G,P,L, Walker, pers. comm., 1978), Utilising
data from Kohn (1973), the variability in the Ti, V and Mn element
contents throughout the Kawakawa, Waiohau and Kaharoa tephras has
been examined (Kohn's analysis numbers 241-245, 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 relates to the Coromandel tephras, it does
suggest that compesitional zonation is an unlikely explanation for
the chemical and mireralogical variations shown by classes [II and
IV,

Mixing of two or more pure\tephras would result in a sequence
of samples with compositions interwediate betwee) the end members

(Fige 3.13).  The mechanism shown is considered mocc likely to
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FIGURE 3.13 : Model explaining linear trends in properties
throughout a field class as the result of the
mixing of two tephras.



explain the relationships exhibited by field classes III and IV.
It is beyond the capacity ef single component (multiparticle)
mathods to distinguish between thése two hypothesess this can
only be achieved by single component (single particle techniques).
Electron microprobe analysis of a number of singie titanomagnetite
grains ccncentrated 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 expectsd 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 top to the
base of the deposit; when mixtures of tephras are involved,; two
distinct populations should be detectable,

Grialyses of the titanomagnetites by XRF support the zslocated
boundaries of the field classes presented in the mineralogical
cection (Table 3,7). In particular, P5, P6 and P7 have
titannmagnetite characteristics transitional between field classes II
and IITI. Samples P1 and P2 have clossly spaced elemental ratios,
indicating the homogeneous nature of class I, a property consisteqt
with the field class corresponding to the soil A horizon. The
. Recent bed is clearly separated from class II by its high Ti/V
valuese. Class II (P3,P4) is characterised by a low Ti/V ratio and
a medium Ti/Mn ratio, thus distinguishing it clearly from both
classes I and IIT. Class II is internally variable, with the
upper parts (e.qg. P3) grading into the overlying field class and thw
lower parts (e.g. P4, ?P5) into the undarlying Silty bLed.  Samples

pg to P12 show a linear relationship which is possibly the result of
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analyses of bulk titanomagnetite by XRF exhibit

a linear relationship. (e.g. in F.C.III)

ANTICIPATED RISULT IF THE HYPOTHESIS IS CORRECT

Elemental analyses of
single titanomagnetite
grains by E.M.

Bypothesis 1 : Compositional zonation

-

Percentage of
titanomagnetite
grains analyszd |

~ .

—
A unimodal distribution
with a high standard
deviation.

sl

Elemental ratio (e.g.X/z)

Hypothesis 2 : The mixing of two tephras

Percentage of A
titanomagnetite
grains analysed

& bimodal distribution
with low standard
H ' devj.ations .

FIGURE 3.14 3

Flemental ratio (é.g.X/Z)

Experimental procedure involving electron microprobe
(E.M.) analysis of single titanomagnetite grains
utilised to explain linear relationships shown by the
XRF analyses of bulk titanomagnetite.
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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
telow, Class IV (P13,P14,P15) e%hibits 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 field class VU titanomagnatites
demonstrate that this class is a compositionally homogeneous deposit

probably representing a single tephra.

Single particle

(a) 1Introduction

The second type of single component method is one in which
attenticn is focused on discrete particles, Single particle
methods grade continuously into the single component (multiparticle)
methods, depending upon whether results obtained from analysis of
one mineral grain are averaged with those of others, Hodder and
wilson (1976) point out that averaging a set of measurements from
discrete grains may be at the expense of detection of real

variation between mineral grains. They measured accurately the

"pefractive index of velcanic glasses from a tephra deposit and

ohtained 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 glass,; they showed that there was a mixtuvre of two

tephras in the deposit they studied.
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FIGURE 3.15 : Typical electron microprobe spectrum of
titanomagnetite from the Coromandel tephras.
Sample K10,
1. Element K(8)
All pcaks are K(&) unless otherwise indiéated.
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Although electron microprobe analysis (E.M,) provides a
similar potential for recognising mixtures of tephras within
spparently homogeneous 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 (WUestgate 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 individusl samples, for which E.M, analysis of
single titanomagnetite grains has been employed. In addition the
technique has been instrumental in indicating whether classes III
and IV are compositionally zoned or are composite deposits.

Five samples (K1; the finer than 2 mm fraction of K3; K63

K73 K10), representing field classes I to V, were collected from

we

the Kopu site (site 37, N49/252285) where field class boundaries
are mare clearly defined than at Pukekauri Rd (see Fig. 4.15 Pe137)0
Tndividual titanomagnetite grains were analysed using a Scanning
Electron microscope with an E.M, attachment (see Appendix 8),.
Various combinations of the ratios of the total coun:is over

40 seccnds for the three main elementé Fe, Ti, and Mn indicated
that the Fe/Ti ratio gave the most satisfactory results for
charackterising titanomagnetite from different tephras. A typical
plet of tha element intensities from a titanomagnetite grain
illustrates the reduced sensitivity of the S.E.M.-E.M. system for
the elements examined compared with X.R.F, spactra from bulk

titanomagnetite analyses (Fige 3.15). Exsolved grains identcified
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FIGURE

3.16

Scanning electron micrograph of a polished,
gold-coated, homogenecus titanomagnetite
grain (light grey) with included apatite
crystal (medium grey). The apatite crystal
is grey because of its lower conductivity
conpared with the surrounding titano-

magnetite crystal.
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by the method indicated in Appendix B p.289, and included crystals
which were visible on the screen (fFige. 3.76), were avoided during

the analyses. The analyses for the five samples are presented

ir, Table 3.8,

TABLE 3.8: Mean fe/Ti ratics of titanomagnetites extracted from

the Coromandel tephras at the Kopu site and anslysead

by E.M,
No.of grains| Mean Standard | Coefficient | Equivalent
of titano- counts Fe | deviation of Pukekauri Rd
magnetite counts Ti variaticn samples
analysed %
I K1 26 6,29 0.83 13,17 P1,P2
II K3 37 6,37 0,98 15433 P3, P4
(<2 mm)
ITY K6 37 6.56 0,97 14,81 P10,P11
TV K7 28 701 .74 10,58 P14,P15
v K10 23 7637 0,10 1.35 P18

(b) Discussion of results

The very low coefficient of varistion for field class V is
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 Fige 3.17 in which the Fe/Ti ratios are grouned into
0,05 intervals, Regrouping of the data reveals polymoial
titancmnagnetite compositions in all samples except field class V

(k10). Data con sach of the main modes are presented in Table 3,9,
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FIGURE 3.17 : Range in Fe/Ti ratios for titanomagnetites ertracted
from the Coromandel tephras at the Kopu site and
analysed by electron microprobe. The dominant modes
are indicated by lines overlying the data points.
Statistical parameters for these modes are given in
Table 3.9. "n* equals the number of titanomagnetite
agrainsg in any particular 0.05 interwval. .




Table 309:

jodal grouping of the

Fe/Ti ratics of titanomagnetites extracted from the Coromandel tephras at the

Kopu site
Range No.of graeins|% of grains | Total % of [Median Mean Standard |Coerficient
counts Fe | contained contained samnles counts Fe counts Fe |deviation|cf variation
s Ti t i ts T1 | .
counts T4 within tha |within the |accounted counts Ti counts of the of the mean
model range |modal range | for mean (%)
5,08 = 5,30 5 19.2 517 5.17 0.09 1.64
I K1 5,70 = 5,09 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
S5.14 = 5,31 i1 29,7 5.20 5.21 0.06 113
11 K3I<2 mm 7627 = 7,47 14 37.8 6746 7.35 7.36 0.06 0.85
5,07 = 5,37 10 27.0 5,18 5,23 0.10 1.99
II1T K6 72,9
7016 - 7048 17 4509 7.35 7.34 0011 1048
1V K7 7.18 = 7.62 20 71.4 71,4 7.36 7.39 0.14 1.86
Y K10 7413 =~ 7,56 23 100.0 100.0 7637 737 0,10 1e35
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The median is the best statistical measure for comparing the Fe/Ti
ratios of the modes, as it jgnores the extremes of the distribution
and reduces the possibility of erratic results being incorporated
into the parameter,

Field class I (K1) contains titanomagnetites with highly
variable compasitions., The class coincides with the modern soil A
horizon and hence experiesces subaerial additions in the form of
asolian 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
analysed. Both modes represent tephras that are calc-alkaline in
composition, as titanomagnetites from peralkaline tephras have
higher Fe/Ti ratios than those shown in Fig. 3.17. Coarse reddish
brown lapilli of peralkaline composition from field class II at the
0ld Mill site (site 25), contained rare phenccrystic titanomagnetite
with an Fe/Ti ratio of 9.2. Field class II must therefare contain
at least three tephras, two calc-alkaline and one peralkaline in
cempesition.  The Silty bed (K6) is also composed of titanomagnetites
with two domimant niodal Fe/Ti ratios having medians at 5,18 and 7.35
respectively; together these modes account for about 73% of the
grains examinaed, T3 marked'bimodality supports class III being
a mixture of two tephras rather than representing a single deposit

exhibiting compositional. zonation. The Lumpy bed, represented by K7,
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exhibits both class III characteristics, in that an important
fraction (23%) of the titanomagnetite grains lie outside the
principal mode, and also class Udcharacteristics, in its tendency
towards unimodality. The Showsr-~bedded class (K10) is strongly
unimodal and the distribution is consistent with a single tephra
origin, devoid of contaminating material.

E.M. analysis of titanomagnetites has revealed that ail 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

bedse.

DISCUSSION

Field class I (Recent bed)

Most of the data obtained indicate class 1 represents a
uniqua combination of tephras, distinct from class Il beneath,
Involvement in modern scil-forming activities has resulted in a
homogenised deposit containing at least three taphras, ones of

which also occurs in class II, At least ons tephra is contained

~within the finer part of the sand fraction (2=4 @) and is

charactarised by volcanic glass, plagioclase, hypersthene,
cummingtonite, hornblende and augite. Another ie represented by
white, fresh, pumiceous lapilli centaining hypersthene and
plagioclase phenocrysts. The third tephra, which is more abundant
in the underlying Pumiceous bed, centains yellow orange, highly

altered pumiceous lapilli with a peralkaline phenacrystic 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
betwzen these samples to allocate them to separate field classes
rather than placing P3 into an intermediate class, as was suggested

by initial field work.

Field class IT (Pumiceous bed)

The Pumiceous bed is clearly distinguished from the Silty bed
by its coarser grain size and peralkaline component. It is
dominated by the psralkaline, yellow orange pumiceous lapilli
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 uncertain; some parameters
such as particle size suggest that it lies between PS5 and P6, uwhile
others, such as mineralogy, indicate that PS5 is alsc transitiocnal
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.

Field class IIT (Silty bed)

Clay-rich class III samples near the centre of the
stratigraphic column are sanduwiched between coarser deposits above
and below, Grain size parameters, salic and ferromagnesian

mineralogy, and titanomagnetite chemistry are examples of parameters
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which change uniformly through the bed in response to varying
contributions from tephras ferming an intimate mixture within
class III. The bed appzars to bé a mixture of two tephras: a
younger, fine-grained, glass—rich tephra, and an older, comparatively
ccarse-grained deposit having qreater amounts of plagioclase and
quartz, Both tephras have a calc-alkaline ferromagnesian assemhlags
dominated by hypersthene, cummingtonite and hornblende, Many of
the properties associated with grain size; imineralogy and
titanonagnetite chemistry grade uniformly from P8 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 1is easily distinguished from the underlyino Lumpy bed

by its finer grain size, hypersthene-dominated {erromagnesian mineral

zssemblage, and titanomagnetite chemistry.

Field class IV (Lumpy bed)

The Lumpy bed is also non-~homogeneous, with textural,
mineralogical and chemical properties changing uniformly betuween its
top (P14) and the Shower-bedded class beneath (i.e. P16,P17, and P18),

Class TV samples are distinquished from class V by tisir finer grain

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

titanomagnetite chemistry. About 70% of the deposit is occupied by
a single tephra with the remainder containing subaesrial additions,

probably distal components of Central North Islana volcanism,
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5, Field class V (Shower-bedded class)

The oldest group of samples in the column are the non-bedded
sancy lcams and shower—bedded sands of class V (P16,P17 and p18).
Although particle size parameters and salic mineral assemblages
vary with the explosive strength of each eruptive cycle, the
cummingtonite~dominated ferromagnesian mineral assemblaqe and
titanomagnctite chemistry show remarkable constancy between
successive pulses, indicating a common origirn from a single,
prolonged, eruptive event,

Figure 3.18 summarises the relationships between field class
boundaries, samples and component tephras. Some of the five
tephras found in field classes III to V occur in more than one
field class, with the number of different tephras eontributing to
the three older classas probably not exceeding three (see

Chaptsr 4 p,160).,
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A 1] Tephra J : fine,hypersthene-
cummingtonite tephra
Tephra I : hypersthene-rich,
white,pumiceous lapilli
Tephra F / uim
Peralkaline,
p::éciz;ilifh H Tephras G and H : fine,
; hypersthene-=cummingtonite
b tephras
/LI

Tephra B Tephra C
coarse, fine,
cummingtonite- hypersthene=

rich rich

Tephra D Tephra E
coarse, fine,
cummingtonite- hypersthene-
rich rich

Tephra A
coarse,
cummingtonite-
rich

M Peralxaline composition
| ] calc-alkaline composition

FIGURE 3.18 : Relationships between the Fleld classes, samples,

and the number and vertical distribution of
component tephras in the Corcmandel tephra sequence
at Pukekauri Rd. Width of individual tephra symbol
denctes the approximate content of that tephra in
any particular sample (e.g. P3350%F,25%G,25%H) »

It should ke noted that some of the tephras occurring
1h field classes III to V are common to imore than
one field class.
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CHAPTER 4

VARIATION IN THE PROPERTIES OF FIELD CLASSES I TO V WITH
GECGRAPHICAL DISTRIBUTION OVER THE COROMANDEL PENINSULA.

INTRODUCTION

In chapter three, 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 of 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 field
classes representing the Coromandel tephras can be considered in
two greoups, classes I and 1I, and classes ITI, IV and V, with each
group contazining closely related tephras. This chapter follous
this grouping with the first section discussing the Recent and

Pumiceous beds and the second the three older field classes,
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A, FIELD CLASSES I AND IT (THE RECENT AND PUMICEOUS BEDS)

1 Introduction

Detailled examination of the stratigraphic column at
Pukekauri Rd has indicated that field classes I and II contain
multiple tephras (Fig. 3.18 p.26). Of these, at least four
tephras are calc-alkaline and represented by both lapilli and
ash deposits, and one is a peralkaline, pumiceous lapilli and ash-
sized tephra, Northwards from Waihi,field observations shouw a
gradual change in the characteristics of these tephras, The
influence of the peralkalins componant in class II increases with
the coarse pumiceous ash a2nd very fine yellow orange pumiceous
lapilli of the Pukekauri Rd site passing laterally into coarse,
reddish brown, lapilli at Whangamata, The Recent bad (Class I)
also changes character betuween Waihi and Mhangamata, with the
tephras unique to class I being mixed with the fine-grained, upper
part of the uncderlying peralkaline pumice deposit. The mixing is
a consequence of secil forming processes and North of Waihi is the
major reason for discussing class T in cconjunction with class II
with which it is intimatsly associated, Fios, 4.1 illustrates
the variation in the combined thicknassas of the class I and II

deposits over the southern end of the Coromandel Peninsula,

2. Field relations

The Recent bed thins from approximately 20 cm on tha Waihi Plain
to 10 cm at Tairua (Fig. 4.1) and is no longer detectable at

Whenuakite, %t changes from a very friable, distinctly gritty,
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sandy loam at Whangamata to a finer-grained, sandy loam further
south,

Near Whangamata tie Pumiceous bed consists of 60 cm of loose,
reddish brown pumiceous 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 crushed, 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 scmetimes overlain by dull yellowish brown lapilli
(Fige 2.8 p.26) which otherwise appears 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 whahgamata the deposit becomes
progressively finer and is of coarse ash grade at Waihi and Ohui,
Yith decreasing size, the lapilli lose their identity and become
incorporated into a yellowish brouwn, friable, sandy loam (similar
to that occurring at the Pukekauri Rd site), which has a diffuse
boundary with field class III, Hilly relief combined with the
weathered nature of the Pumiceous bed has limited the number of
good exposures of these younger tephras in the Whangamata regien,
Most data on classes I and II have come from the 15 localities
shown in Fig. 4.2,

The area covered by the Pumiceous bed is oblate and

asymmetrical around the eruptien axis, and is considerably thicker
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FIGURE 4.2 : Reference sites for the Recent and Pumiceous beds
in the southern Coromandel Peninsula.

Site number : 6 - waihi Beach
8 - Pukekauri Rd.
15 ~ Thames-Paeroa highway

21 - Maratoto Vvalley
23 - whangamata dump
24 -~ Ash type site

25 -~ 01d 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 influence of the class II calc-alkaline components or it may
indicate deposition of thas peralkaline component ir two lobes, one
striking ESE/WNW and the other NE/SW, or perhaps a combination of
botﬁ factors, Oiscrete yellcw orange pumice grains are detected
in field class II as far south as the Athenree Gorge and as far
rorth as Okui (Fig. 4.1), although laboratory evidence indicates
that the influence of the peralkaline tephra is more extensive

than this (sea p.125).

3. Gianulometric study

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

Pumiceous bed,

Grainr size parameters employed to characterise the beds
include thoese mentioned in Chapter 3 (p.44) together with the
maximur diameter of Kuno et al. (1964) and the modal size of Folk
(1966), The changes in particle size distribution with geographical
location were investigated using channel samplas (i.e. samples
repressnting material collected continuously from the top cof a
tephra unit, to its base) of class II material from seven sites in
fhe Whangamata region (Taole 4.1 and Fige. 4.3). Data uere
obtained from the coarser than 4 @ fraction of channel samples in
order to allow 2 comparison of parameters applicable to primary
material uvnaffected by internal properties of the bed, such as
gradinge. As Fig. 4.3 indicates, all samples are bimodal with four
showing a third mode in the 2-4 @ region, possibly the result of

taprtificial’ abrasion of the stronnly weathered pumice fragments,
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FIGURE 4,3 ¢

Histograms of the particle size distributions of the
coarser than 4 g fractinns of field class II channel
samples collected from seven sites in the greater

Whangamata region. Data in the form of cumulative

frequency curves ars shown in Appendix E (Fige. Ee5).
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Grain size parameters of channel samples from the

Puiniceous bed at seven sites in the greater Whangamata

region

Mean diam,

Coarcer than 4 @ fraction !

of the five
Site Site largest Median Mean Sorting f[rimary
No.| locality particles 2 (#) | coefficient mode>
(mm) (#) (%)
25 0ld mill 27.8 -1.,99 ~1.57 1.56 =2,25
81 Mayor farm 27,2 =171 -1.49 116 =1.,70
82 | Whangamata 26.4 ~2,02 -1.87 0,97 -2,03
reservoir
24 Ash type 24,6 ~1,82 -1.49 1.3C -1.79
83 Moana Point 2106 -1 099 "'1068 1.14 -2010
23 | Whangamata 19.6 ~-0,82 =051 173 -1.60 .
dump
37 KOpU 906 +0021 ’1‘0037 1-58 "0058

1 To ensure pariicle disaggregation, samples were gently wet-~

sieved through -1 @, 0 F, 1 # and 4 # sieves and then sub jected

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 (primery

mode - Fig. 403)0

Ward (1957),

It is calculated by the method of Folk and
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Grain size.parameters such as the median, mean and sorting
coefficient only have real significance for normal distributions
(Bond and Sparks 1976); these parameters have therefore been used
tc a limited extent only, with more emphasis being placed upon the
modal size value. The 0ld 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 (=f. Walker 1971), A comparison of
maximum diameters with parameters derived from sieve analyses
suggests reuorkiﬁg has occurred at some sitesjy for example, at
Moana Point (site 83), the deposit has btoth a coarse primary modal
valua and mean grain size but thi maximum diameter is considerably

finer than at many of the cother sites.

(b) Vvariations in the particle size distributions within the

Recent and Pumiceous beds

The graded bedded appearance or class II material in the field
is confirmed by particle size characteristics of the coarser than
4 @ fraction of deposits from the 0ld Mill {site 25) and ihangamata
south (site 84) sites iFig. 4.5). The field class and sampls
loeations for these sites and others used in this chapter are shown
in Fig. 4.,4. The Pumiceocus bed is normally graded (Fig. 4.,5) and
considerably soarser than the Recent bed above (cfo OM3 &nd OM1).
The dull yellowish brown lapiili in the upper part of the Pumiceous
bed (e.gs Wg 1) has modez in the coarse and very fine sand fractions,
in common with the reddish brown lapilli beneath (wg 2), but lacks

the nranule mcde o the lowar samples This suggests that the dull



FIGURE 4.4 tField class and sample locations for sites discussed in chapter 4.

WAIHI BEACH PUKEKAURI RD, MARATOTO VALLEY KOPU OLD MILL WHANGAMATA STH. NEAVESVILLE
6 8 21 37 25 .84 85
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60 } Ssq -~ I
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Note : Two types of samples were collected from these sites ; channel samples representing the entire field class

(eg.OM 3/4)

samples representing parts of a field class

(eg.OM 3)
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FIGURE 4. 5: Histograms of the coarser than 40 ‘raction
of field class I&II samples from sites
25 (o1a Mi11) and 84 (Whangamata South},
Data are surmarised in Appendix E (Fig.E.6)
(Note : Primary modal values are giwven in :arentheses)
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yellowish broun lapilli represent simply the upper part of the
pumiceous bed and that it is not a senarate tephra with the colour
differences being of post-depositional origin (see p.117). The
large difference in the primary medal diemeters between the dull
yellowish brown and reddish brown lapilli is related partly to the
normally graded nature of the deposit and alsgo to the tendency for
the softer, dull yellowish brouwn lapilli to abrade more during hand
sieving.

Textural analyses emphasise the polymodal grain size
distributions in the Recent and Pumiceous beds, even when any
artificially created modes are excluded. Thc relationship between
mineralogy and size classes was determined from the coarser than
2 f fraction of field class II samples at sites 25 (Old Mill) and
37 (Kopu), with Fhe results shown in Fige 4.6, The coarser grain
size (2 @) was selected to avoid sand-sized aggregates of secondary
material and to enable identification of the tephra components by
binocular microscope. The deposits are polycomponent being
composed of three types of pyroclastic niaterials (cf, Walker 1971):
vitric components (pumiceous lapilli); crystal components
(anorthoclase crystals); and lithic components (glassy rock
fragments containing minor devitrified glass and altered feldspar
phenocrysts), The polymodal nature cf the grain size histograms
in Fig. 4.6 results therefore from a combination of the particle
sizz distributions cof these three components. As the grain size
fines, as for example from site 25 to site 37, the crystal and
lithic components increase in abundance compared with the vitric

components so that site 37 shows stronger bimodality. While the
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FIGURE 4.6 3+ Particle size and Fall velocity distributions
and tephra components for the coarser than 20

fraction of field class I at

sites 25 and 37,

pata from Appendix E (Fig. E.7).

Note : Terminal velocity classes, calculated using data on

fragment size, density, shape and surface roughness

and the curves of Walker et al.(1271), are treated in

a similar mann=v to the grain size clasaes of Krumbpein

(1936). TV is the terminal velocity in metres per s&c.
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sanples as a whole are typically poorly sorted, the particle size
distributions for the individual components constituting sample

0M3/4 are either moderately sorted or very well sorted (Table 4,2),

TABLE 4.2: A comparison of the grain size properties of a poly=-
component tephra sample and its three constituents,
the vitric, crystal and lithic components

Sample 0M3/4.,

Percentage Median [lean Sorting

of total Coefficient
sample (2) (2) (eG #)

Whole sample (Gi13/4) 100.0 -2.10 ~1.85 1.26
(coarser than 2 f)

OM3/4  Vitric component 80,1 -2,23 -2,18 0,87
COBTSEL rrystal component 8.7 -0.15 -0.13 0.34
than

2 ¢ Lithic component 13 -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 density, 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 sizes
This would produce the type of bimodal size distributions shown in
Figse 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 al, (1971); the vitric componert occurs as rough sphores
with a density of 0.30-0,50 a/1; 'the crystal component as cylinders
with a density of 2,60 g/l; and the lithic component as rough
spheres with a density of 2,60 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 et al., (1971) and are shown as plots of weight percent

of the tephra components against terminal velocity class in Fig. 4.5.
The terminal velocity distributions are strongly unimodal and have

a standard deviation (Bv) that is considerably less than that
obtained from the equivalent particle size curves (8G g). The
unimodal fall velocity distributions shown in Fig. 4.6 demonstrata
that the particle size distribution of the coarser than 2 g méterial
from the Pumiceous bed in the Whangamata region is controlled by the
neralkaline 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 classss
contain a mixture of both peralkaline and calc-alkaiine tephras
(see Pe96)e To investigate the influence of the cale—alkaline
tephras on the particle size and fall velocity distributions, five
samples from sites 37 (Kopu) and 21 (Maratoto Valley) were examined
(Fige 4.7). The fall velocity distributions of the coarser
samples of class II (K2 and K3) are strongly unimodal and the crystal
component is represented by pure anorthoclase, which indicates tha

predominance of the peralkaline lapilli in those samples, Houwever,
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FIGURE 4,7

s Particle size and Fall velocity distributions and tepira

. components for the coarser than 2 g fraction from field

ciasses I and II at sites 37 and 21.

Data from Appendix E (Fig. E7).

Note:

Because of the fine grain size of the five samples
abovey, each samole containec a large proportion of
lapilli-sized aggregates of fine material which could
not be removed by wet sieving. The sainples were
therefors suspended in dilute HC1 (pH3) and slouwly
rotzted in an end-over—end shaker for seven hours.
Examination of individual size classes by binocular
microscepe enabled adjustments tc be mede -or the
minor amounts of aggregates particles still remaining
as well as determining the percentages of each of the

three compcnents as indicated above,
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the finer class II (M2/3) and class I (K1,M1) samples have
comparatively pcorly sorted fall velocity distributions and a
crystal component containing squal amounts of plagioclase and
anorthoclase, which identifies the presence of calc-alkaline
material in thess samples, The fail velocity distributions of the
Recent and Pumiceous beds therefore demonstrate that when the
Pumiceous bed is coarse, the particle size distribution of the
coarser than 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 g size range.

4, Petrugraphy 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 coarse, 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 sites are shown in Fig. 4.8, In
the coarser samples, for example 0M3/4 and K3, pumice predominates,
but free crystale and lithic fragments become increasingly abundant
with finer grain 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 promiqently 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

CRYSTALS LITHICS

TIGURE 4.8 : Percentage of Pux.nice, Crystals and Lithic fragments in the
Recent and Pumiceous beds in the greater Whangamata region,
Percent of the coarser than 2% fraction at sites 25 (OM 3/4),
37 (¥1,K2,K3) and 21 (M1,M2/3).
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A unique feature of the pumiceous bed in the Whangamata
region is the intense reddish brown colour of its pumice fragments.
Nicholls and Carmichael (1969) have noted that despite the iron-
rich nature of peralkaline deposits, ferromagnasian phenocrysts
are usually very scarce sc that residual .glasses are typically
enriched in Fe. It is therefore likely that the reddish broun
colour has resulted from oxidation of the Fe contained within the
glasses under the soil forming environment of the Coromandel
Peninsula. The proportion of selected elements was determined
using XRF for the coarser than -1 g fraction of thirtec: 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 colour 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 deposits
and the susceptibility of Fe to oxidation and mobilisation, it seems
likely that the colour differences have resulted from the movement
and deposition of Fe through the profile. The lapilli have probably
undergone the following sequences of changes:
(1) Intense chemical weathering under the influence of the soil
forming processes which resulted in physical decomposition of the
glass and oxidation of Fe, producing a change in colour of the lapilli
from grey to red brown.
(ii) Local mobilisation 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
cull yellowish brown lapilli (cf. the podsolization of tephras

described by Singer et al, 1978).
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X

Relative aicunts of Si, K and Fe in the coarser than
-1d fraction of the reddish brown and dull yellowish
brown lapilli in field class II, in the whangamata’
region. Units are si (cos %)3 K {(cps %); and Fe (
cpssxloml %) .
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(b) Quartz and feldspar

The felsic minerals of field classes I and II have been
described previously in Chapter 3 and Appendix A, and include quartz,
plagioclase and anorthoclase. The felsic mineral contents of the
2-4 @ fractions of the Recent and Pumiceous beds were determined
at four sites (Table 4.3)e The table shows the influence of the
class I[I calc—-alkalin= tephras (identified by their plagioclase
content), particularly at the sites in the southern part of the
region (e.g. M1; M2/3).  The similarity in the felsic mineral
contents of the dull yellowish brown and reddish brown lapilli at
the Whangamata south and Neavesville sites reinforces the view that
these two lapilli in fact represent a single deposit which has under-

gone post-depositional changes.

TABLE 4.3 : Felsic 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)
1T K2 11 5 7
K3 10 5 7
1 I M1 15 9 7
(Maratoto II M2/3
13 11
Valley) B '
84 wgl(yell 10
| ell, 5 10
(Whangamata I brown lap.)
south)
Wg2(red brouwn 10, 5 7
lapilli) ]
es N1 (yell, 13
(Neavesville) I brown lape.) ’ b
N2(red broun 13 5 1
lapilli) ~——ﬂ
8 11 P3 12 11 9
(Pukekauri Rd)

For site i o - N 2 .
e locations and the stratigraphic position of samples, see Figeded
Pe 107.



(c) Ferromagnesian mineralogy

The ferromagnesian mineral assemblaces of the coarser class I
and II deposits from ﬁhe Kopu siée are compared with the finer-~grained
Pukekauri Rd samples in Table 4.4 and fFig. 4,10, it is clear from
Table 4.4 that even the coarser samples of the Pumiceous bed
(e.qe K3) contain significant amounts of calc~alkaline material

which is concentrated in ths finer size fraciions and increases in

TABLE 4.4 : Ferromagnesian mineral assemblages in the 2-4 ¥

fraction of the Recent and Pumiceous beds

Peralkaline
Site Field|Sample Calc=alkaline mineral suite minsrals
class
Hypers- |Cumming~ | Horn=- Augite Aegirine
thene tonite biende ,
(52 (%) (%) (%) (%)
I P1 28 19 30 17 6
8 p2 27 14 34 18
(Pukekauri - P3 23 20 26 24
Rd) P4 24 22 30 14 10
I W1 36 20 25 10 9
6 12 29 17 31 14 9
(waihi w3 36 17 25 11 "
1T
Beach) Wa 45 29 11 8 7
I K1 44 20 24 8 4
37 1 K2 41 18 15 7 19
(Kopu) K3 49 32 8 . 11

For site locations and the stratigraphic position of samples, see

Fige 4.4 p.107.
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A : Triangular dizgram of the cummingtonite, hornblende and hypersthene contents.
B t Triangular diagram of the augite, aegirine and hypersthene contents.
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concentration south of Whangamata, The four main calc—alkalins
minerais represented at the Pukekauri Rd site, namely cummingtonite,
hornblende, hypersthene and augite, are also present at the Kopu
site but in differenf proportions, The major difference involves
the pyroxenes, the Kopu samples being dominated By hypersthene

while those from Pukekauri Rd contain subequal amounts of hypeisthsne
and augite. Samples from the Recent and Fumiceous beds were
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 Waihi region (Table 4,4 and fFigure 4.10).

It is apparent that the ferromagnesian mineral assemhlage of the
class II Waihi Beach samples (W3,W4) show more affinity with the

Kopu samples than do P3 and P4 from Pukekauri Rd, This is
particularly noticeable if the augite is excluded, as in Fig., 4,404,
These data suggest that the Recent and Pumicecus beds from sites

on the Waihi Plain have been influenced by an augite-=bsaring tephra,
the influence of which has been less significant at the Waihi Beach
site and absent at tha Kopu site,

In many of the sites examined, the field rclass I and II
peralkaline mingrals occur as phenccrysts in the pumiceocus lapilli
and therefore are present only in low. coencentration in the sand
fraction, To provide a more reliable estimate of the relative
procportions of the calc-alkaline and peralkaline tephras, the coarser
than 1 @ fraction was examined (Table 4.5)., Class I samples are
completely dominated by hypersthene with lesser amounts of aegirine
and cossyrite. Class II samples are dominated by either hyperstnene
or aegirine, with minor ccssyrite and cummingtonite, In all five

localities shown in Table 4,5, the proportions of argirine and
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(2-4 g fraction)

TABLE 4.5 Ferromagnesian mineral content
extracted from crushed lapilii (coarser than 1 f)
of field classes I and II
Calc~alkaline minerals Peralkaline minerals
Site Field |Sample |Hypers— |Cumning— | Horn- |Aegirine|Cossy- | Riebec-
class thene tonite blende rite kite
(% (%) (2) (52 (55 (%)
37 I K1 81 1 2 8 8 -
(Kopu) K2 48 12 5 30 4 1
T
I K3 15 & 3 76 - -
21 I M1 91 1 6 1 -
(Mara- M2 65 1 24 2
tovo M3 16 14 2 57 4
Valley) ' ‘ 7
84 Wg1 59 1 33 -
(‘thanga-II Wg2 12 2 68 10 -
mata
south)
85 N1 86 - 1 10 3 -
T
(Neaves='T | N2 66 - 1 33 - -
ville)
25 I1 oM2 34 8 9 49 - -
(o01d oM3 1 - - 96 2 1
Mill
Mill) oMa 1 - ~ 98 1 -

To estimate phenocrystic assemblages, the coarser than 1 g 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 aegirine replacing

hypersthene as the depocit coarsens.

This relaticaship between

mineralogy and texture also occurs within individual samples where

aegirine 1s concentrated in the coarser fractions and hypersthene
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and cummingtornite in the finer (e.g, in sample K3, Table 4.6).

TABLE 4,6 : Relationship between Ferromagnesian mineral content
and grain size in a sample of the Pumiceous bed
(sample X3).
Calc-alkaline minerals Peralkaline minerals|
Hypers~ | Cumming— | Horn- Aegirine | Cossyrite
therie tonite blende
7 mincral | coarser 30 15 5 49 1
in the than =0,5¢
size
fraction | -0.5-2 @ 33 29 5 32 1
shown
2=4 ¢ 48 32 8 11 1

Sample K3 was wet=sieved into the three fractions shown abova,
severely probed to remove superficial crystals ledged within pumice
cavities, crushed, and the 2-4 ¥ ferromagnesian mineral fraction

analysed.

In conclusion, hypersthene, cummingtonite, horntlende, and augite
are cnnsidered to represent calc—alkaline tephras which becoms
increasingly important in class I and the upper parts of class II,
and in the southern parts of the reagion. The ferromagnesian
mineral assemblage of the peralkaline pumiceous lapilli contains
aegirine, cossyrite, olivine, ? hedenbergite, riebeckite and tuhualite
and is most prominent when the Pumiceous bed is coarsest,

The only racorded Late Quaternary volcanic sources of aegirine
in Mew Zealand are the peralkaline eruptives of Mayor Island
(Marshall 15323 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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of the peralkaline lapilli, because of its distinctive optical
properties, On this basis, the peralkaline tephra has been
detected in tephra columns over TbU km distance from Whangamata
(Fige 4.11), with aegirine contents varying frem less than 1% in
the south (e.g. site 92) to more than 8% at sites further north

(e.ge. site 90) =~ Table 4.7,

TABLE 4,7 ¢ Percent aegirine in the ferromagnesian minerzl
assemblages extracted from Upper Quaternary tephras

in the Coromandel - Bay of Plenty - Waikato regions

g

Z aegirine in the Depth of the Sourcs of
Site Location 2-4ff fraction of cample from the data
No. the ferromagnesian surface (cm)

mineral assemblage

87 Ohui site 3 0-15 this thesis

90 Welches Rd 8 G-20 ibid

91 Rototuna 2-5 0-55 )

92 Kakepuku 1 25-45 g Mr D. Lowe

93 Taotaoroa 1 29-50 ) (M.Scyin

95 Tapapa 1 40-95 ) Prap.)
100 Te Matai Rd 1 6G~-70 this thesis

The presence of the peralkaline pumiceocus tephra in the Yaikato
region was 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 contains mineral layers ranging in thickness from 2 mm
to 50 mm, separated by finely disseminated black organic muds,

All the mineral layers are dominated by volcanic glass, much of which
is in the form of pumiceous ash and lapilli ranging in appecrance

from dark grey Lo white and varying in their degree nf vasiculation
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and phenocryst content.  The ferromagnesian mineral assemblages
commonly contain hypersthene, hornblende, and augite, and in
particular layersy aegirine, cummingtonite, olivine and biotite,
Layer X, only 5 mm in thickness, contains a ferromagnesian mineral
fraction including aegirine with minor cossyrite, olivine and
riebeckite, which identifies it as the peralkaline pumiceous teposit
of field class II (Table 4:8)., The relatively high proportion of
accompanying calc-alkaline minerals, suggests that layer X has been

contaminated atter depositior on the lake bed,

TABLE 4.8 ¢ The ferromagnesian mineral assemblage of Layer X from

the Waikato lake sediment core (2-4 @ fraction)

Calc=~2lkaline minerals Peralkaline minerals

Hypers«~ | Horne Augite Aegirine | Cossy- Riebec- | Olivine

thene blende rite kite
@ | | H | | @ (9
Layer X 26 16 26 28 2 1 1

For the stratigraphic pocition 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 km2 and has
@ northuesterly-trending axis (see Fig. 2.7 p.24). The presence of
free aegirine ciystals in the Bay of Plenty -~ uaikato region
indicates a very much wider dispersion area of some 10,000 km2 having
@ southuesterly axis (Fig. 4.11). On the basis of this, and the

grain size distribution of samples from class II, it appears that the

main eruption was distributed along a northuesterly-trending axis,
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while the finer material was deposited further to the south, along

a more soulhwesterly axis. The divergence in axial directions

could have originated in at least four wayss

(i) A northesasterly wind may have prevailed during eruption
from a vent inclined in a northwesterly direction (s.g. Fisher
1964 ),

(ii) The wind may have changed direction from the southeast to the
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 northwest and the upper
atmosphere distributing the finer material in a sauthwesterly
direction (cf. Topping 1972).

(iv) There may have been a seriss of lapilli and ash eruptions
within a single eruptive episode that were distributed by
winds from different directions,

There is presently insufficient evidence to decide between these

alternativess,

5. Titanomangnetite chemistry

Analyses of saven titanomagnetite concentrates (Figs 4.13)
show that a close relationship exists between the class II tephras
of the Waihi Eeach and Kopu sites. Two samples from the Kopu site
{2 and K3) were wet~sieved into coarser and finer than -1 o]
fractions and their titanomagnetites extracted and analysed with
the aim of testing the hypothesis that the coarser fraction is

dominated by the peralkaline tenhra and the finer by the calc~alikaline
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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
Fige 4.11). Layer X, 5 mm thick, is a grey, pumiceous
coarse ash which correlates with the field class I and
I1 peralkaline tephra, The base of the column is
approximately 15,000 years B,P.
The Lake Msngahia core was collected by Mr J. Boubeey

Biological Sciences, University of waikato,

1. % heavy minerals in the 2~4 @ fraction

2, UWhen more than one ferromagnesian minsral is present
the mineral in highest concentration is typad in

capital letters.
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Petrographical descriptions

7 XIV

XIII

XIiI

XI

VIII

VI

v

III

II

White, poorly vesiculated, sparsely
porphyritic, pumiceous coarse ash
and very fine lapilli.

White, fine ash composed of pumicecus
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 asho.

White to pale brownish yellow,
moderately vesiculated, sparsely
porphyritic, pumiceous coarse ashe

Pale yellowish brown and white, fine
pumiceous ashe.

white, fine ash composed of pumiceous
glass shards.

Dark grey and white, poorly .
vesiculated, sparsely porphyritic,
coarse ash (andesitic).

Pale grey, fine asho

white, fine ash composed of pumiceous
glass shards, multiple-kedded.

Very dark grey, fine ash.

white, moderately vesiculated,
sparsely porphyritic, normally graded
coarse ash and very fine lapilli.

white, fine ash compcsed of pumiceous
glass shards.
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FIGURE 4.1

T1
v

2 : Ratios of count rates of Ti, Mn and V from titanomagnetites
extracted from field classes I and II at Pukekauri R4
(P1,P2,P4), waihi Beach (W2,W3), Kopu (K2a,X21,K3a,K31),
and Old Mill(oM3/41) sites.
K21,K31,0M3/41 samples represent the coarser than -1

fraction of the Kopu aﬁﬁ ©cld Mill sites.
K2a and K3a represcnt the finer than —-12 fraction of the
Kopu samples K2 and K3 respectively.
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tephra and to try and establich the original stratigraphic
relationship betueen the peralkaline and calec-alkaline deposits,
Fig. 4,13 shous that there is very little difference between the
two size fractions from the Kopu samples (i.e., K2L and K2A3 K3L
and-K3A7), The titanomagnetites analysed from 0M3/4L are more
reprasentative of the peralkaline tephra titanomagnetite chemistry
since the conarse fraction of that sample is known from the silicate
mineralogy to contain only minor amounts of the calc—~alkaline
cemponent (see Table 4.5 p.123). The considerable difference in
the Ti/Mn ratios between the Kopu samples and OM3/4L demonstrates
the extent to which ths lapilli at the Kopu site have been
influenced by the calc-alkaline tephra, wheose fine grain size and
high proporticn of titanomagnetite gives the sparsely porphyritic
peralkaline lapilli a considerable calc-alkaline character, It is
therefore concluded from the titanomagnetite chemistry that only
sites containing coarse lapillii (coarser than 16 mm) in the
pumicerus bed have a predominantly peralkaline compositionj where
the Pumiceous bed is of medium, fine and very fine lapilli, an

important calc~alkaline component is also present.

6. Discussicn of the Calg~alkaline and Peralkaline tephras in

classes I and II

(a) The Calc~alkaline tephras

Four calc—alkaline tephras (tephras G, H, I and J in Fig., 3.18
p. 96) may he recognised in field classes I and 1I north of Waihi,
With the exception of Tephra I, they have fina grain sizes (Mz

finer than 2 #) and contain volcanic glass, plagioclase, quartz,
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titanomagnetite, hypersthene, cummingtonite, hornblende and augite,
The tephras decrease in thickness and have finer grain sizes north
of Waihi, indicating they were erupted from vents to tha south of

the Coromandel Peninsula.

(b) The peralkaline tephra (teohra F of Fig. 3.18)

This tephra is represented by an extensive ash and lapilli
deposit covering at least 10,000 km2 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
spreading over more than 8,000 km2 to the southwest, beyond Hamilton
City where it is 5 mm thicke.

The lapilli exhibit a polymodal grain size distribution
resulting from tha interaction of vitric, crystal and lithic
components of varying size, shape and density. Where the deposit
is coarsest, it is domipated 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 containirg
abundant glass and free crystals and representing the finer‘part of
the eruptiori, 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,
riebeckite, olivine, tuhualite and ? hedenbergite, A similar
mineral suite, which indicates the tephra is derived from an over-—
saturated, peralkaline magma, can be found as phenocrysts within
the dull yellouwish brown and reddish brown lapalli. Iron contained
in the glasses has probably been oxidised by weathering processes
intensified in the so0il forming regime, giving the reddish brouwn
colouratiion presently displayed by most of the lapilli, The local
areas of dull yellowish brown lapilli have been leached of thseir iron
under the influence of mor-forming vegetation associated with trees

such as ths kauri and rimu.

B, FIELD CLASSES ITII, IV AND ¥ (THE SILTY AND LUMPY BEDS, AND

SHEWER-BEDDED CLASS)

1. Introduction

Fizld classes III to V contain calc-alkaline tephras whose
sources lie to the south of the Coromandel Peninsula, as indicated
by decreasing bed thicknesses northwards.  The Silty and Lumpy beds
are non-homogenesous. exhibiting properties that change systematically
from the top of the Silty bed to the base of the Lumpy bed in
response to varying contributicns from mixtures of tephras, In
comparison, the Shower~bedded class (class V) has uniform compositional

properties, but variable particle size characteristics at any



135

particular site, indicating that this material was deposited during
a continuous period of volcanism coneisting of a number of discrete
eruptionse.

The following section examines some properties of field
classe; IIT to V as they vary 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 V on the Peninsula,
have been investigated using samples collected from Kopu (site 37),
Whitianga (site 58), and Waiaro Bay (site 78) (Figs. 4.14 and 4415).

At Kopus, the reddish brown 1apilli 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 psrts of the class I and II tephras (if
present) separately from class 1II material, 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 ‘A' horizon some
coarse (less than 20 mm) pebbles are present indicating that
colluvium has been added to the top of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>