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ABSTRACT

Mt Karioi is a 756 m high stratovolcano of Pliocene age (2.9 - 2.3
m.y. B.P.) situated south of Raglan, on the west coast of the North Island.
Immediately surrounding Mt Karioi are a number of small low-lying volcanic
centres of the Plio-Pleistocene Okete Volcanic Formation (3.79 - 4<08’h.y.‘?0
B.P.) which can be separated from the Karioi Volcanic Formation by their
volcanic form, petrology and petrochemistry.

The Karioi Volcanic Formation consists of basalt, basaltic andesite
and andesite lavas, volcanic breccias and tuffs produced by strombolian
eruptions, and lahar deposits initiated by heavy rain on the upper slopes
of the volcano. The Okete Volcanic Formation, comprising olivine basalt
lava flows, scoria cones and ash, was produced by strombolian and phrea-
tomamgatic activity. Karioi lavas are generally coarse-grained porphyritic
rocks with large phenocrysts of plagioclase, clinopyroxene and olivine.

The Okete lavas are dominated by olivine phenocrysts set in a fine-grained
pilotaxitic groundmass.

Thirteen new analyses of lavas in the region are presented and
discussed with ten previously published analyses. Chemically the Karioi
lavas show a complete range from basanitoids toquartz tholeiites. The
Okete lavas show less variation and are mainly basanitoids withminor alkali
olivine basalts and olivine tholeiites. From the trace element data,
strontium isotope information and restriction of ultramafic nodules to the
Okete Volcanics, it is apparent that these two formations are not linked
petrogenetically. The Karioicalc-alkaline rock series is largely the
result of amphibole fractionation of a nepheline normative hydrous basaltic
melt which produced a series of liquids which crossed the critical plane
of undersaturation. The Okete Volcanics underwent 1little or no differen-
tiation; each magma type is the result of varying degrees of uartial
melting of mantle at different depths which produced a variety of melts
with a range in saturation.

The basalts of both volcanic formations are behind-arc basalts which
show 1ittle pattern in relation to a subducting lithospheric slab and were
probably derived from a source in the lower velocity zone of the upper
mantle. The Timited volumes of andesite having been derived by fractional
crystallisation of a basalt cannot themselves be anyway related to the
Benioff Zone.

A summary of the volcanic history of the Mt Karioi region is discussed
and shown in a series of schematic diagrams.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

Mt Karioi is an extinct basaltic volcano of Pliocene age,
situated on the west coast of the North Island, immediately south of
Raglan Harbour.

It is unusual in two main respects. Firstly, because of its
young age and situation on the coast, cliffs ranging from 30 - 180m
in height have exposed a continuous sequence of a variety of lavas,
volcanic breccias, dykes, lahars, and epiclastic sediments. Secondly,
and surprisingly in view of the excellent exposures, it has not been
studied previously in detail except briefly by Henderson and Grange
(1926) in the geology of the Huntly - Kawhia Subdivision.

These factors make it ideal for a study of the structure and

petrology of a composite basaltic strato-volcano.

1.2 AIMS AND SCOPE OF STUDY

The main objectives of this study are:-
(i) to identify and describe the variety of rock types of
Mt Karioi and neighbouring olivine basalt volcanics;
(ii) to produce a geological map of the study area;
(iii) to draw geological cross-sections of selected high cliff
coastal exposures to elucidate the structure and volcanic

history of the volcano; and



(iv) to chemically analyse some selected rocks so that the
petrochemistry and petrogenesis of the volcanic rocks
can be described.

This study represents only a part of a much larger project on
the nature and origin of the Alexandra Volcanics presently being
conducted at the University of Waikato. Obviously a full petrological
study of Mt Karioi volcano in relation to others in the area like
Pirongia, and the volcanic rocks elsewhere in the North Island and its
full significance to the whole Pliocene-Quaternary volcanism in
New Zealand, is too large a scope within the realms of a MSc thesis.

It is hoped that the achievement of the objectives of this
thesis will privide a reliable base of information for future work,
and may make a small contribution to the understanding of island-arc

volcanism in New Zealand.

1.3 LOCATION

The area of study (Figs 1.1 and 1.2) comprises approximately
100km2 and is essentially that covered by the Karioi Volcanics, but
immediately adjacent areas have also been included. The approximate
boundaries of this study are the west coast, Raglan Harbour to the north,

a line from Raglan township to Te Mata in the east, and Waimaori Road

to the south.

1.4 PHYSTOGRAPHY

Mt Karioi dominates the topography of the area. Its rugged
outline of steep razorback ridges near the summit and dissected planezes

of lava flows down the slopes have resulted in a typical radial drainage

pattern. (Fig.1.2)
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The mountain is considerably eroded and has no obvious crater or
main vent. Kear (1957: 672, 680) states that the mountain has entered
the residual mountain stage of erosion, and as such no longer exhibits
any recognisable original cone surface. The highest point (756m) is at
the southern end of the mountain although most of the main ridges are
at least 600m in height.

To the east and south of Mt Karioi the topography and drainage
pattern is more variable. Streams flow to the west toward Mt Karioi
and the radial drainage pattern mentioned above no longer occurs. The
land surface is hummocky and rolling, this being the result of smaller
localised volcanic centres comprised of low scoria cones and small lava
flows.

To the south-west of Papanui Point large stable sand dunes have
been built up from the coast (to 120m) and have gradually migrated

inland overlapping on to the flanks of the volcano.

1.5 LAND TENURE

The bulk of the upper mountain is covered in bush and makes up
the Te Hutewai State Forest. Pasture occurs approximately below the
300m contour level and hence a knowledge of land tenure was important
throughout the field work and is shown in Fig.1.3 for location and

reference in the text.

1.6 FIELD WORK

Field work was carried out over about 12 weeks, mainly during
the 1979-80 summer, although further work continued throughout 1980.
Access to all areas of Mt Karioi and the surrounding districts was

facilitated by a metal road that passes right around the mountain.
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There is only one marked track on the mountain itself, beginning
from Mr L. Millward's farm in the north, traversing the mountain and
passing by the trig before dropping down to Mr J.W. Swann's farm in
the south. Access is possible, however, along the other main ridges
where goat tracks have made relatively easy routes. Access to coastal
sections was more difficult but all areas of the coastline from
Raglan to Matawha Point were examined except for a small inaccessible

100m section near Gull Point.

1.7 PREVIOUS WORK

Hochstetter (1864) was the first to mention Mt Karioi. He
described it as an old basalt volcano, although Hochstetter and
Peterman (1864) described it in their geological and topographical
Atlas of New Zealand as a trachydolerite volcano.

The first detailed geological study of the Waikato area was by
Hutton (1867) who mapped Karioi as an extinct volcano surrounded by
basaltic boulders and Whaingoroa Clay to the north. Further studies
by Cox (1876, 1877) and Park (1885) were also mainly concerned with
sedimentary deposits and merely mapped enormous areas of lavas, black-
sands, basaltic boulders and tuffs as "boulder formation".

Marshall (1907: 96), looking at the geology of the whole of
the North Island, described the rocks of Karioi as generally basaltic,
"perhaps best called a dolerite" which "differs markedly from all other
volcanic material of the North Island".

The first study of any real significance, and in fact the best
description of the geology of the area to date, is that of Henderson
and Grange (1926) in their geology of the Huntly - Kawhia subdivision.
They mapped the area on a 1:63,360 scale, describing the petrography of

some of the rocks and presented seven chemical analyses of selected rocks.



More recent studies have tended to be of a more general
geo]ogica1 nature, mentioning only briefly some aspects of the Karioi
volcanics. Player (1958) was concerned with the geology of north
Kawhia and described some of the rocks in the south of the mapping
area.

Kear (1957, 1959, 1964) looked at the erosional stages,
stratigraphy and volcanic alignments of North Island volcanoes, while
Kear (1960) mapped the whole Waikato region on a scale of 1:250,000,
largely following the work of Henderson and Grange (1926).

Further studies concerning Mt Karioi volcanics were done in
Quaternary geology and the dating of the Plio-Pleistocene boundary
(Chappell 1964, 1970; and Stipp et al.,1967); in the significance of
calc-alkaline andesites in New Zealand (Hatherton 1968, 1969; and
Hatherton and Dickinson, 1968) who used Mt Karioi lavas as examples of
High-K behind-arc volcanoes.

Stipp (1968) and Robertson (1976) were concerned with geochron-
ology and paleo-magnetism of the North Island Cenozoic volcanics, and
presented some K-Ar dates for Mt Karioi and other Alexandra Group
volcanics.

Recent studies have also considered Mt Karioi as a behind-arc
volcano and used petrochemical data of Henderson and Grange (1926) -
for example, Sameshima (1975) determined silica indices and Ballance
(1976) deduced Magmatic arc movements in New Zealand during the Upper

Cenozoic.



CHAPTER 2

GEOLOGICAL SETTING

2.1 REGIONAL GEOLOGY

The regional geology of the Raglan-Kawhia area is summarised
in Fig 2.1. The rocks are classified broadly into four groups on the
basis of 1ithology and age: the Quaternary sediments, the Plio-
Pleistocene volcanics, the Oligocene limestones and sandstones, and the
Triassic-Jurassic siltstones, sandstones and conglomerates. The Triassic-
Jurassic rocks have been subdivided in Fig.2.1 into the Puaroan or .
uppermost Jurassic, and the rest of the Jurassic and Triassic strata.
This enables the relationship between age and topography to be
distinguished, with the rocks becoming progressively older from the
west coast to the top of the Hakarimata Ranges in the west.

It is convenient to describe the regional geology in terms
of the rocks associated with the above four periods.

TRIASSIC - JURASSIC

The Triassic and Jurassic rocks which form the basement rocks of
the Raglan and Kawhia areas, are relatively hard bluish-grey argillites,
mudstones, sandstones, greywackes, and conglomerates. They are very
thick, probably exceeding 7.5km (Suggate et al.,1978), and accumulated

as shelf deposits on the upper margins of a geosyncline (Schofield, 1967).
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These geosynclinal rocks have been variously called Shelf,
Western or Facies, but following the proposal of Kear (1971) the term
Oparau Facies is used here to describe those Triassic-Jurassic west
of the Waipa fault. They are abundantly fossiliferous, including species

of Halobia, Manticula,Otapira, Inoceramas and Buchia as well as common

belemnites andammonites (Kear, 1960).

After deposition, extensive faulting, folding and erosion
occurred. The bulk of the movement probably took place in the uppermost
Jurassic and resulted eventually in the non-marine sequence of the
Huruwai Formation (Purser, 1961) to the north.

However, some orogenic activity certainly took place in mid-
Jurassic times as well (Kear and Schofield, 1978). The total period
of orgenic activity in the Jurassic was named the Post-Hokonui Orogeny
by Schofield (1967) and the term Rangitata Orogeny is now widely used
for this period of movement which probably continued in the late
Cretaceous (Suggate, et al., 1978).

The Mesozoic rocks are typically folded along the north-south
trending axes (see Fig.2.2 for regional structure). The two major
features are the Kawhia Syncline and the Hakarimata Anticline. The
Kawhia Syncline actually consists of two major synclines, an anticline
and several minor folds (Kear, 1960). The Hakarimata Anticline is a
major fold with minor folds superimposed on its western flank.

These folds are clearly seen to the north, in the Te Akau and
Port Waikato areas (Kear 1960), and to the southeast, but in the
Raglan area they are obscured by Tertiary sediments and Plio-Pleistocene

volcanics (Suggate, et al., 1978).
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Faulting during the Rangitata Orogeny is not common and because
of the general lack of reliable marker beds, is difficult to interpret
(Kear and Schofield, 1978). It is known that most major faults, for
example the Waipa Fault, parallel Rangitata structural trends and strike
roughly north-south.

OLIGOCENE

The next period of recorded sedimentation was in Upper Eocene
times when the Waikato Coal Measures were deposited (Schofield, 1967).
These are the oldest rocks in the Te Kuiti Group and unconformably
overlie the Triassic and Jurassic basement rocks.

Studies of these 0ligocene rocks are well documented in the
literature (for example Kear and Schofield, 1978; Nelson, 1978) but
detailed mapping of the formations has not yet been done in the area
from Te Akau to Kawhia. Nomenclature of the various formations and
members in the Te Kuiti Group has varied greatly from area to area and
between different authors (summarised by Nelson, 1978).

The marine Oligocene rocks crop out widely north of Raglan
Harbour and south of Kawhia Harbour, but in the intervening region of
Raglan-Pirongia outcrops are thinner and more localised. The deposits
range from estuarine mudstones and sandstones to open marine sandstones
and limestones which become more calcareous towards the top of the
group (Schofield, 1967).

In the late Miocene, subsequent to the deposition of the Oligocene
sediments and the Waitemata Group sediments, major Kaikoura Orogenic
movements took place (Kear and Schofoeld, 1978). Large areas were block
faulted and these generally dip to the north-west. This faulting
parallels much of the Rangitata structural trends in the Triassic-Jurassic
rocks and may in part record rejuvenation along the older fault planes.
Minor faults occur in a north-easterly direction suggesting a change in

stress direction since the Rangitata Orogeny (Kear, 1964).
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The harbours of Raglan, Aotea, and Kawhia occur in depressions
formed by north-east trending faults and associated downwards block
faulting during this late Miocene period (Chappell, 1970).

LATE PLIOCENE TO PLEISTOCENE

The most important period as regards this thesis is the onset of
volcanism in the area. The geology of the Alexandra Volcanics will be
discussed in the next section (Chapter 2.2), but volcanism also occurred
in surrounding areas at similar times.

To the north, the South Auckland (Bombay and Franklin) field of
alkaline olivine basalt centres of 1.6 to 0.51 m.y. B.P. produced lava
and extensive scoria over an area of 190 square kilometres (Rafferty,
1977; Rafferty and Heming, 1979).

The Ngatutura Volcanics are further south of the Franklin and
Bombay fields, at Kaawa (Henderson and Grange, 1926; Kear, 1957;
Rodgers et al.,1973; Spratt and Rodgers, 1975). They produced alkaline
olivine basalt lava and breccias that were erupted close to the west
coast during the period 1.8 - 1.4 m.y. B.P. (Stipp, 1968).

South of the mapping area at Albatross Point are the Orangiwhao
Volcanics of Upper Miocene to Pliocene age, comprising andesites and
dacites (Henderson and Grange, 1926; Kear, 1959).

The Miocene Kiwitahi Volcanics occur to the east of the Hamilton
Basin and have been described by Henderson and Grange (1926), Kear and
Schofield (1964, 1978) and Cole (1978). They consist of andesite cones
and dykes, and occur in a number of volcanic centres extending from
Miranda in the north to Maungatautari in the south.

QUATERNARY

After the period of volcanism had subsided the landscape was
subjected to many climatic changes, resulting in fluctuating sea levels.
This produced the overlying sediments of the Kaihu Group and the high

level terraces seen on the west coast of the region.
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More recent deposits of sand have been blown on to the coast,
and alluvial gravels, sands, muds and swamp deposits occur in modern
river terraces and about the harbours' margins.

Over the last 750,000 yr. volcanic eruptions in the central
North Island and Taranaki areas have produced numerous tephra deposits,
some of which reached the Raglan area. Although they are largely
weathered, and in some cases totally eroded off the steeper slopes, they
are remarkably well preserved as compacted ash deposits in the low-1ying
areas near Te Uku (Salter, 1979). These have been mapped to the east by
Pullar (1967) and Ward (1967), and more recent work by Pain (1975, 1976)
has shown that some tephras extend out to the west coast and may be

correlated with the coastal formations.

2.2 VOLCANIC GEOLOGY

2.2.1 Separation of the Okete Volcanics

The term Alexandra Volcanics was -first proposed by Kear (1960)
to designate a group of basic volcanic cones that are mainly aligned in
a north-westerly direction and which include Karioi, Pirongia, Kakepuku,
Te Kawa and Tokanui (Kear and Schofield, 1978). These have been previous-
1y described by Henderson and Grange (1926: 67-68) as "Olivine andesites
and basalts of Karioi, Pirongia and related volcanic masses".

However, within this group, two types of volcanics can be separated
on geomorphological, petrographical and chemical grounds. These two
different volcanic groups have been previously noticed by Henderson and
Grange (1926: 29) who stated "there is a second group of basic lava
flows and scoria in the Karioi Survey District and small patches of
similar material occur in the adjoining survey districts". Henderson
and Grange also noted that "because they are coalescent, they are not as
conspicuous as the Ngatutura or similar volcanics". However, little has
been done to distinguish or map the separate volcanic groups, and

Henderson and Grange (1926) and Kear (1960) included all these volcanics
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within the one formation.

It is proposed to call the smaller centres of scoria and lava
that outcrop around and among the larger masses of Karioi, Pirongia,
Kakapuku, Te Kawa and Tokanui, the Okete Volcanic Formation (R.M. Briggs,
in prep).

The products of each of these other main centres (for example,
Karioi) shall be considered as one formation (Kear and Schofield, 1978)
and all these volcanic formations (for example, Pirongia Volcanic
Formation etc) together constitute the Alexandra Volcanic Group (see

Table 2.1 and Fig.2.2).

TABLE 2.1 - Formations of the Alexandra Volcanics Group

GROUP FORMATION MAIN LITHOLOGIES PRESENT

OKETE Olivine basalt lava, scoria and tuff

Basalt, basaltic andesite and ande-
KARIOI site lavas and tuffs; andesite dykes;
and volcanic breccias

ALEXANDRA
Basalt and basaltic andesite lavas,
VOLCANIC PIRONGIA and volcanic breccias
GROUP
KAKAPUKU Basalt lava
TE KAWA Basalt lava and scoria
TOKANUI Basalt lava

The Okete Volcanics are distinctive because of their low-1lying
morphology, fine grained petrographic nature and chemical characteristics
(particularly weight % TiOz) as discussed in later sections. The type
site is at Okete Quarry (N64 438439) and the distribution of these
volcanics as shown on Fig.2.2. Possible sites of eruption are also shown
in Fig.2.2, but as the material ejected by these centres has "for the
most part concealed the fractures or other vents by which the lava and

stream reached the surface" (Henderson and Grange, 1926: 69), these



SCALE

‘(in kilometres )

e |
@ @

* VOLCANIC CENTRE

OKETE VOLCANICS

ALEXANDRA VOLCANICS

S
== *=""" VOLCANIC ALIGNMENT

+ FOLDS

————— FAULTS

=== == CONCEALED FOLDS OR
FAULTS

Fig. 2.2 - Volcanic geology and regional structure (after Kear, 1964

and R.M. Briggs, in prep.).

16



17
remain speculative.

Further detailed studies of these volcanics (Briggs, in prep)
should distinguish the distribution of the numerous centres involved,

possibly as many as forty.

2.2.2 Age
There has been considerable speculation on the age of the

Alexandra Volcanics. Henderson and Grange (1926) thought that volcanism
commenced with the eruption of the Pirongia group of volcanics at the
close of the Pliocene. Player (1958) suggested that the main cone of

Mt Karioi was built in the Upper Nukumaruan (late Pleistocene), and Kear
(1957, 1959) considered Karioi and Pirongia to be of Waititaran -
Castlecliffian (middle Pleistocene) age on the basis of paleobotany

and degree of erosion.

Several samples of Alexandra Volcanics have subsequently been
dated by the K-Ar method by Stipp (1968) and Robertson (1976). Their
dates are summarised in Fig.2.3. Robertson gives two dates derived
from two different grain sizes of the ground samples. The Karioi
Volcanics yield an age range$q£$2;92 - 2.16 m.y. B.P. and the Okete
Volcanics a range of 3.79 -:Iiééfm.y. B.P.

It is likely, however, from both stratigraphic and erosional
evidence that the Okete Volcanics were erupted over a longer period
than these dates suggest. For example, while the Wharauroa Plateau
basalt is very deeply eroded and is consistent with its date of
3.79 m.y. B.P. (Briggs, pers. comm.) some of the scoria cones in the
Te Mata area appear much younger, since well bedded, weakly weathered
scoria still remains, and may be as young as 0.5 m.y. B.P.

Although the oldest date recorded for Mt Karioi is 2.92 m.y. B.P.,
volcanism may have commenced earlier than this, as the lavas dated at
Jacksons Cut (2.92 m.y. B.P.) are not the oldest on the volcano. The
date of 2.31 m.y. B.P. from the andesite dyke at the summit, probably

marks the culmination of volcanic activity as the dyke appears to have
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cut all previous lava flows and was a late differentiate phase of
eruption.

It is 1ikely than, that activity on Mt Karioi occurred over a
somewhat shorter period than that for the Okete Volcanics, but it is
still likely that volcanic activity lasted about one million years.
However, considering that the lavas throughout the volcano are similar
in their degree of erosion and weathering, and the lahars on the surface
are also similar in this respect to the lavas, it is likely that the
bulk of the activity occurred over a relatively short period, perhaps
about 2.4 m.y. ago. Stipp (1968: 202) suggested that eruptions

occurred over 0.3 m.y., from 2.6 m.y. to 2.3 m.y. ago.

2.3 STRATIGRAPHIC SUMMARY OF THE GEOLOGICAL MAP

2.3.1 Introduction

The base map used for construction of the geological map (see
map pocket) of the study area was produced from enlargements taken from
N.Z.M.S. 1 topographical map (N64, 1971) and drawn initially on a scale
of 1:12,650. This was subsequently reduced to 1:20,000 after the
final draft had been prepared.

2.3.2 Stratigraphic Summary

A stratigraphic summary of the geological units mapped in the
area is presented in Table 2.2.

The oldest rocks outcropping in the immediate vicinity of Mt
Karioi (and the presumed basement beneath Mt Karioi) are Te Kuiti
Group limestones and sandstones. They crop out at 15 - 30mabove sea-
Tevel in topographical lows along streams or in estuaries. Immediately
south of the area at Taranaki Point they occur (probably Waitatuna
Limestone) extensively along the coast over a distance of 2.5 km and
up to 60 m a.s.1. While the Te Kuiti Group rock types present, such
as limestones, sandstones, or mudstones, are mapped as one unit because

of their limited extent in the area, possible formations present are



TABLE 2.2 - Stratigraphic Summary of Mapping Units

GROUP FORMATION LITHOLOGY AGE _]
Undifferentiated Recent alluvial gravels, sands, muds and swamp deposits Recent
Kaihu Group Undifferentiated Fixed sand dunes Pleistocene

UNCONFORMITY

Okete Volcanics
Formation (n. fm.)

0livine basalt lava, tuff and scoria

Plio-Pleistocene

Lahars

Alexandra Andesite dykes

Volcanic Karioi :

Group ¥gl;22}g§ Andesite lavas Pliocene
Volcanic breccia
Basalt Tava

Undifferentiated Epiclastic siltstones, sandstones and conglomerates Pliocene
MAJOR UNCONFORMITY
Te Kuiti Group %ZQLOEEaEgETationS Glauconitic and calcareous sandstones, siltstones and 0ligocene

3.10.2)

1imestones

0¢
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postulated in Chapter Three (see Table 3.2).

Eipclastic sediments occur at numerous places in the coastal
sections and are of varying thickness and extent in the mapping area.
These are sufficiently widespread to be mapped as a separate unit.

The Karioi Volcanic Formation is subdivided into several members:
basalt lavas, andesite lavas, andesite dykes, volcanic breccias and
lahars. The lahars, which only occur on the surfaces of the lower
flanks of Mt Karioi, are represented as an overshadowed area on the map
above the basalt lavas, which are volumetrically the major component.

It has not been the intention of this thesis to study the Kaihu
Group which have been described in neighbouring areas by Chappell
(1964, 1970) and Pain (1976). Any sand deposits of significant size
(mostly Kaihu Group) have been mapped as fixed sand dunes of undiffer-
entiated formations.

Recent stream deposits of gravels, sands, muds and swamp deposits
are shown as one combined unit. In many places, particularly in the
east, the area is covered thinly by tephra deposits derived from the
Central North Island and Taranaki areas, but no attempt has been made

to map or distinguish them.
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CHAPTER THREE

DISTRIBUTION AND STRATIGRAPHY

3.1 INTRODUCTION

An understanding of the distribution of the geological deposits
of an area and their relationship to one another, is fundamental to all
geological studies and especially so in the study of the history of
volcanic deposits.

This chapter incorporates most of the detailed field work com-
pleted in the course of this thesis, in particular the work done on the
coastal sections, and discusses the main rock types, their size,
distribution and field relations. A reference list of all the samples
referred to in the text is displayed in Appendix IV, showing field number,

location and rock type.

3.2 CROSS SECTIONS

3.2.1 Introduction

Eleven cross-sections have been drawn to give a visual insight
into the stratigraphy of these deposits, and are included in the back
map pocket. Their field location is shown in Fig. 3.1.

The following section describes the location and stratigraphy of
each cross-section and the relationship of its geology to the surround-
ing area. The geological units themselves are discussed in later parts
of this chapter.

3.2.2 Section A - Tauranga Trig

This section occurs on the southern end of the headland which is

located south of Whale Bay. Henderson and Grange (1926) referred to a
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Tauranga Trig on the highest point of this headland, but this is not shown

on modern maps.

Thin olivine basalt lava flows crop out from Bryant Home Point to
Manu Bay. From Manu Bay to Whale Bay, Karioi flows with typically large
clinopyroxene phenocrysts occur. These lavas are thin and generally
scoriaseous and appear to be the distal margins of flows. South of Whale
Bay the flows are overlain by a thin coarse grained Karioi basalt flow
(W17017) and a 12 metre thick Karioi porphyritic basalt lava flow (Fig.
3.2) which makes up the bulk of the Tauranga Trig headland.

Henderson and Grange (1926) described three rocks in this area
for which they had chemical analyses. It would appear that analysis
No. 9 is the. thick Karioi porphyritic basalt flow (W17018), analysis
No. 10 the underlying thin coarse grained Karioi basalt (W17017) and
analysis No. 13 the underlying Okete olivine basalt lava flow (W17020).

The section itself shows the underlying Okete lava flows with
brecciated and scoriaceous margins, which continue throughout the section
right down the coast past the Tait section and are overlain by the thick
Karioi lava flow of the headland. The coastal cliffs are made up of a
series of thin Karioi flows which overlie the Okete lavas. In this
section a series of tuffs and tuff breccias overlie the Okete lavas and
intercalate with the lower Karioi flows.

3.2.3 Section B - Tait

Tait section lies on a fairly inaccessible piece of coastline
150 m south of Tauranga Trig section.

The section is typical of the two kilometre part of coastline from
Tauranga Trig to the northern tip of Te Toto Gorge. Okete olivine basalt
lava flows occur at the bottom of the section and are overlain by Karioi
breccias, lapilli tuffs and tuffs. Karioi lavas, on average 5 m thick,
overlie and intercalate with the pyroclastics and continue to the top

of the cliffs.
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Fig. 3.2 - 10 m thick Karioi basaltic lava flow south of Whale Bay. The
lava flow shows platy jointing at the base grading into blocky
and finally columnar jointing at the top.

Fig. 3.3 - Typically small fault with 2 m displacement “in Karioi basaltic
lavas and tuffs at Tait Section (see Section B).
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Small faults, striking both north-east and south-east with only

centimetre to several metre displacements are typical of this area and
occur frequently throughout the section (Fig. 3.3). One fault at the southern
end of the section has downthrown the lavas so the Karioi lavas outcrop at
the bottom of the section, instead of the stratigraphically lower Okete
lavas.
Okete lavas are exposed in the bottom part of the section to the
south and continue: to the northern tip of Te Toto Gorge.

3.2.4 Section C and D - Te Toto Northern Cliffs and Te Toto Southern

Point

These two sections, one kilometre apart on opposite sides of the
Gorge are stratigraphically similar but have some interesting differences.

Section C exposes epiclastic siltstones and sedimentary conglomerates
at the coast level. These are overlain by an Okete olivine basalt lava
flow which is seen at various points westward and inland on the grassed
slopes of the Gorge (for example at W17135). The section is dominated
by a series of thin flows with the typical brecciated upper surfaces.
Thin (one metre) layers of lapilli tuff may occur (W17010) underlying
some of the lava flows, and indicate that ash eruption often preceeded
the outpouring of lava.

Section D is stratigraphically similar to Section C, as columnar
jointed Okete lava crops out within the cliff section (W17043), and as
a prominent point on the beach (W17042), beside and below the eipclastic
sediments. The epiclastic sediments range from well sorted siltstones and
sandstones to chaotic conglomerates. The feature of the section is an
Okete olivine basalt dyke which intrudes the sediments (see Chapter 3.5.2).
Karioi Tapilli tuff and a thin Karioi lava flow overlie the epiclastic
sediments and are in turn overlain by a much thicker (10 m) Karioi coarse
grained basalt flow with a well developed coarse columnar jointing, and

a series of thin Karioi lavas with brecciated upper surfaces.
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3.2.5 Section E - Te Toto Remnant

This outstanding structure of well-bedded and well-sorted
epiclastic sediments capped by a Karioi tuff and basaltic lava flow lies
on the middle of the sloping plain of the Te Toto Gorge, 400 m from
the southern point. It is stratigraphically similar to Section D and
probably represents an erosional remnant. This would imply that the cliffs
of the gorge did at one time extend down to the coastline.

3.2.6 Section F - Te Toto Vent

This section shows a volcanic vent that is presumed to be the
site of a former flank eruption of Mt Karioi.

The Te Toto vent site is situated right beside Te Toto stream just
as it opens out from the Gorge into the semi-circular bay which slopes
down to the beach (Fig. 3.4). Evidence for a vent here is seen by the
steeply dipping lavas (W17041, W17044), volcanic breccias and pyroclastic
deposits (Fig. 3.5, 3.6). The lavas dip 50° southeast and have thick
brecciated, scoriaceous surfaces. The rock is a coarse grained Karioi
basalt Tava which is petrographically distinct from the lavas in the
Te Toto Northern and Southern sections.

Airfall tuffs underlie the dipping lavas and are also found
underlying a massive breccia to the south. They are crystal-rich
lapilli tuffs which contain small angular rock fragments (generally less
than 1.5 cm). The tuffs vary from ash to lapilli size and may contain
occasional blocks which are more common near the wavy, upper contact with
the overlying lavas and breccias. The airfall tuffs dip at low angles
of 20° or :less, generally to the east, in contrast to the epiclastic
sediments which dip off the mountain to the west (compatible with a
fluvial or marine origin).

The airfall tuffs are overlain at the southern end of the section
by a massive chaotic volcanic breccia, which is also exposed in the Tow
lying basin-like area to the west (Fig. 3.4). The breccia is massive,

clast rich and contains angular blocks of lava and scoriaceous material.
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Fig. 3.5 - Steeply dipping lavas, brecciated lavas and volcanic breccias
of th§ Te Toto Vent site (geological hammer, bottom left for
scale).

Fig. 3.6 - Airfall tuffs from Te Toto Vent site overlain by volcanic
breccia and brecciated lava (geological hammer for scale).
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These deposits are interpreted as being vent breccia material derived from
explosive phreatomagmatic eruption. A further deposit of this volcanic
breccia is also found 600 m northwest of the Te Toto Vent site which
indicates volcanic material was ejected for considerable distances.

A second type of volcanic breccia is also seen in the gorge area
as large boulders west of the basin towards the beach. This breccia is
crystal-rich, reddish-orange, and contains small clasts of both Karioi
and Okete Volcanics. The origin of this deposit is unknown, although
the presence of olivine basalt clasts and finer ash material suggests
that it may be a volcanic breccia erupted from Te Toto Vent that has been
reworked and deposited by fluvial or marine processes.

There is 1little evidence to suggest that the vent deposits were
intruded or erupted through pre-existing lavas since there is no shatter-
ing or baking of the lavas, or any dykes exposed. It would seem likely
then that these cliffs were eroded back to much the same position as they
are at present, before the Te Toto flank eruption occurred.

Thus the volcanic products of this site (Section F) most Tikely
represent a section through a volcanic vent. The vent itself probably
lay to the southwest of these deposits at Section F and perhaps is marked
by the basin-1ike feature at Te Toto (Fig. 3.4).

It would appear that if any deposits were erupted from this vent
to the west, south or north of Section F, that they have been subsequently
eroded, probably by fluvial and marine action.

