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ABSTRACT 

A 1:25000 scale geological map of the southern part of the 
Tauranga Basin is presented together with numerous stratigraphic 
columns to illustrate the late Cenozoic stratigraphic development 
and depositional patterns of the Basin. 

The Tauranga Basin lies 40 km north of the Taupo Volcanic Zone 
and immediately east of the Kaimai Range where Beesons Island Volcanics, 
aged 16 - 7 m.y. B.P., outcrop as an effective basement to the west and 
south of the Basin. The Basin originated by the northeast tilting of 
a large fault block, the western upturned edge now comprises the Kaimai 
Range and the Quaternary sequence infills the downtilted eastern margin. 
The tilting and hence age of the Basin mainly post-dates ernplacement·of 
the Waiteariki Ignimbrite, aged 0.84 m.y. B.P., which now immediately 
underlies both the Whakamarama Plateau of the southeastern Kaimai Range 
and the Quaternary succession in the Basin. At a few localities within 
the Basin Waiteariki Ignimbrite surrounds and laps onto Minden Rhyolite 
(4.34 m.y. B.P.) and Aongatete Ignimbrite ("vl.26 - 0.86 m.y. B.P.); 
these older rocks are sometimes overlain by Pleistocene deposits. 

The Matua Subgroup is formally erected to classify the Quaternary 
sequence within the Tauranga Basin. It comprises up to 240 m of 
terrestrial and estuarine sediments with interdigitating pyroclastic 
deposits both of an a~r-fall and flow origin (ignimbrites). The 
ignirnbrites are classified and mapped as formations where they are 
subaerially exposed, and in stratigraphic order are: Wairoa Ignimbrite 
("v0.6 m.y. B.P.), Te Puna Ignimbrite ("v0.4 m.y. B.P.), Te Ranga ("v0.3 
rn.y. B.P.) and the Waimakariri Ignimbrite ("v0.18 m.y. B.P.). The 
ignirnbrites are unwelded and have suffered substantial post-depositional 
erosion thus providing the major source of the interstratified sediments 
of the Matua Subgroup. In many cases individual sedimentary units 
throughout the stratigraphic succession can be related by petrofacies 
studies to source ignimbrites. This enables the discrete tongues and 
lenses of sediments to be mapped as post-ignimbrite units. However 
these sedimentary units have not been formally defined as formations. 
A sequence of white to grey rhyolitic tephras up to 20 m thick and 
named the Pahoia tephras, are invariably part of the upper 40 m of the 
Subgroup and are intercalated with or overlie fluvial and pyroclastic 
flow deposits. Brown Hamilton Ash beds inturn overlie the Pahoia 
tephras and/or Matua Subgroup. The 42,000 yr B.P. Rotoehu Ash and 
younger Late Pleistocene-Holocene tephras mantle the present topography, 
and may overlie any of the stratigraphically older units. 

The pyroclastic flow deposits of the Matua Subgroup each show 
distinct but different textural and morphologic characteristics. These 
deposits are distinguished from air-fall units by their poorly sorted 
nature, coarser grain-sizes, and valley ponded distribution. The air-
fall units are invariably thinner, shower bedded and mantle the paleo­
topography. The fluvial sediments are dominated by planar stratific­
ation (Lenticular, Horizontal parallel, Horizontal discontinuous, Graded), 
and cross-stratification (Rho, Nu, and Alpha), and are interpreted as 
mainly braided river facies. 

The Taupo Volcanic Zone is considered the source of the Waiteariki 
Ignimbrite and younger pyroclastic flow deposits of the Matua Subgroup. 
A more northern, Coromandel Range, source is suggested for the older 
Aongatete Ignimbrite ("vl.26 - 0.86 m.y. B.P.). 
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Abstract continued 

The Quaternary geological history of the region has been informally 
considered as three main periods: early Ignimbrite period (0.34 - J.50 
m.y. B.P.), a late Ignimbrite period (0.50 - 0.14 m.y. 3.?.), 3.Ild an 
upper Matua Subgroup period (~0.16 m.y. B.P. - Present). The pri~cipal 
influences on the stratigraphic development and depositional patterns 
of the Basin are attributed to block faulting and tilting of t~e base­
ment and adjacent Kaimai Range, volcanic activity in the Taupo Volcanic 
Zone, and to a lesser extent, climatic and glacio-eustatic sea-level 
changes. 

/ 
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CHAPTER ONE 
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1.1 STUDY AREA 

The Tauranga Basin (Figs. 1.1 and 1.2) covering an area 38 km 

by 15 km (570 km2 ), is occupied by a large (200 km2 estuarine lagoon 

(Tauranga Harbour) on the western Bay of Plenty coastline. Tauranga 

city (pop. 37,500) is situated in this Basin. Research was confined 

to an area covering some 180 km2 , in the southern parts of the Basin 

(map series: NZMS 260 Ul4 Tauranga, 1 : 50,000 scale map), extending 

from Welcome Bay (Ul4/907819) to Omokoroa (Ul4/798928). Field work 

was also carried out in an area between Pyes Pa Road (Ul4/852760) and 

the Wairoa River (Ul4/790760) (Fig. 1.3). 

1.2 OBJECTIVES 

The aims of this study were two-fold: firstly to determine the 

subaerial (and shallow subsurface) stratigraphy of the Tauranga Basin 

and to compile a geological map; and secondly, to study in some detail 

the subaerially exposed sediments in the Basin and to determine their 

origin, both in terms of source and environment of deposition. From 

this work, the main objectives were to establish a general history of 

sedimentary and volcanic events and create a paleoenvironmental depo­

sitional model for the subaerially exposed deposits. 

1.3 PHYSIOGRAPHY 

The Tauranga Basin covers about 570 km2 and is bounded by the 

Kaimai Range and Whakamarama Plateau in the west, the Papamoa Hills in 

the southeast, and the Mamaku Plateau in the south. The Basin shows 

little surface evidence of faulting and is a northeasterly dipping 

tilted block inundated to the east and northeast by the sea. Former 

stream valleys have been drowned by the most recent post-glacial marine 

transgression and the Basin is now dominated by the tidal estuarine 
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lagoon of Tauranga Harbour. This coastal drowning is typical of a 

ria complex. 

Two plateau features are recognised. The Whakarnarama Plateau 

is an old feature (~ 0.84 m.y. B.P.) and dips gently into the Tauranga 

Harbour (Fig. 1.4) beneath sedimentary strata. The Marnaku Plateau is 

a younger feature (~ 0.14 m.y. B.P.) and approaches the Basin as a near 

horizontal surface entrenched by numerous valleys. Many Peninsulas 

extend into,and islands dot, the Tauranga Harbour which is confined by 

Matakana Island, a barrier island complex forming the entire north east 

seaward coastline. Stratigraphic evidence suggests that the topograph­

ically higher part of the Island in the vicinity of Matakana Point (Fig. 

1.1), as well as Rangiwaea Island, were once joined to the mainland in 

the vicinity of Aongatete/Omokoroa and Te Puna respectively. The island 

is now completely separate with tidal entrances at either end. Tidal 

channels are confined by Bowentown in the north and Mt Maunganui in the 

south, both of which are volcanic domes of Minden Rhyolite with tombolos 

connecting them to the mainland. 

Drainage patterns (Fig. 1.5) have been most effective in moulding 

the landscape in the Basin and active downcutting by the many NE flowing 

streams during the last (~ 18000 - 20000 yr B.P.) glacio-eustatic low 

(-120 m) sea level has given rise to the present highly irregular inner 

harbour coastline. Most of the streams now entering Tauranga Harbour 

have developed tidal swamps and wide flared estuaries at their mouths. 

Streams in areas south of the Wairoa River have also developed terraces 

and levees at their lateral margins, particularly in valleys which run 

northwards in the Basin. Terraces occur in remnant valleys, and were 

produced in most instances by lateral erosion of graded streams. Down­

cutting at several sites was accompanied by floodplain construction 

(e.g. localities from Wairoa River to Cambridge Road). 
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Fig. 1.4 Physiography of the Tauranga area. 

l. Hauraki Plains; 

2 Kaimai Range; 

3 - Whakamarama Plateau; 

4 - Tauranga Basin; 

5 Papamoa Hills; 

6 - Mamaku Plateau; 

7 - Maketu Basin; 

8 Kaharoa Plateau; 

9 Opotiki Basin. 
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Fig. 1. 5 Drainage characteristics of the Tauranga Basin. 
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1. 3 .1 Terraces 

Along the northern coastline of the Tauranga Basin a series of 

glacio-eustatic terraces occurs (Fig. 1.6) • Four terraces were 

identified and mapped at Waihi Beach (Kear and Waterhouse, 1961; 

Selby et aZ. 1971) and correlations with terraces further south ~ave 

been suggested (Chappell, 1975). The terrace surfaces at Waihi were 

estimated at 1.8 to 3.0 m a.s.l., 4.6 to 6.1 m a.s.l., 18.3 to 21.3 m 

a.s.l., and 33.5 to 35.0 m a.s.l. (Selby et aZ., 1971), and were 

assumed to be the result of "terrestrial aggradation as a consequence 

of the rise of sea level" (Kear and Waterhouse, 1961). The validity 

of mapping glacio-eustatic terraces south from Waihi is questionable. 

Terrace heights in the Tauranga Basin proper are variable and owe 

their present form to a number of processes (see below), so that cor­

relation with terraces outside the Basin is difficult. 

The landscape of the Tauranga Basin consists of many gently dip­

ping to horizontal concordant height surfaces*. Some are variably 

dissected but preserving concordant heights, suggestive of terrace 

levels (Fig. 1.7). However detailed study shows that these flat 

surfaces are underlain by a variety of deposits and that they have 

for.med in several different ways. 

Several terrace levels are evident in the southern parts of the 

Tauranga Basin (map area of this study, Fig. 1.8; Healy et ~ 
a(.,• f 1964) • 

Terraces have been recorded at various seaward elevations, >70 m, 

30 - 60 m, 12 - 22 m, 5 m and l O o 1 , • - • m above present sea level 

(Healy et aZ. , 1964) ' and most have dips of between lo and 4 o NE or N. 

Many of the terraces are intersected by broad shallow valleys and 
; 

terminate seawards in low cliffs or steep slopes. 

* Surface is used in this study to d 'b 
escri e the uppermost level of the terrace. 
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Minden 

0 5km 

A series of oblique views looking southward into the 
Tauranga Basin, are shown by these three dimensional 
models. These models serve to emphasize-the contrast 
between the lowlying flat surfaces and more prominent 
(highest elevation) features such as Mt Minden and the 
Paparnoa Hills. 
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The terraces in the area of study (Fig. 1.8, map folio) are 

polygenetic. Terraces are attributed to four major origins: 

(1) Volcanic constructional surfaces*: the tops of lobes of pyro­

clastic flow deposits, often variably degraded (Fig. 1.9). 

(2) Volcanic and/ or fluvial degradation surfaces modified by air­

fall tephra (Fig. 1.10). 

(3) Fluvial terraces formed by either aggradation or lateral erosion 

and variably degraded. 

(4) Terraces formed by marine aggradation as a consequence of a 

higher than present sea level: the lowest terrace surface* 

, 

(1.0 to 0.5 m a.s.l.) recorded in the Tauranga Basin, corresponds 

to the most recent post-glacial marine transgression (possibly 

correlates to the Waihi beach surface; Selby et aZ., 1971). A 

blue-grey muddy sand interpreted as belonging to estuarine 

facies is found 0.2 to 3 m below the terrace surface*. 

Most terraces in the Basin contain an ash increment. Variations 

in the thickness of specific air-fall tephra deposits, or missing units 

at different localities within the Basin appears to be a function of 

degradation and in some instances to regional undulation and/ or warping. 

The terraces represent different periods of fluvial deposition and sub­

sequent channel erosion. The stratigraphy beneath the terrace surface 

therefore records channel cut and fill episodes, the consequence being 

that specific air-fall tephra deposits have been removed in some areas. 

Some of the highest terraces in the Basin have formed atop pyroclastic 

flows which have ponded in topographic depressions or represent con­

cordant upper surfaces of flows deposited in valleys. Terraces con­

structed of sequences of fluvial and air-fall tephra deposits occur on 

many of the peninsulas throughout the Basin (e.g. Maungatapu, Matua, 

Katikati). Terraces of fluvial origin which occur in paleostream 
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A volcanic constructional surface fo.nned atop of 
the Te Puna Ignimbrite is ~30 m high. This terrace 
represents the concordant upper surface of the 
pyroclastic flow deposited in a valley at Te Puna 
(014/823854). 

Fluvial degradation surfaces modified by air-fall 
tephra adjacent to the Wairoa River (014/842825) 
re~ch a height of 30 to 40 m. The Wairoa Ignim­
brite crops out beneath several fluvial sequences 
near this area. 



-13-

valleys often reflect the longitudinal profile of the stream which 

formerly flowed in them. 

1.4 GEOLOGICAL SETTING 

The Tauranga Basin is a late Cenozoic sedimentary basin partially 

infilled by a sequence of volcanic deposits and fluvial and estuarine 

strata with a maximum thickness of "'500 m (Fig. 1.11) . 

The oldest rocks exposed just outside the Basin are Miocene 

volcanic rocks (Beeson's Island Volcanics) cropping out in the Kaimai 

Range. These are overlain by dacite (Waitawheta Dacite) domes and 

flows of Pliocene age (Adams et al., 1974, 1975). Early volcanic act­

ivity in the Basin is indicated by a number of Pliocene rhyolite domes 

and flows which project through (e.g. Mt Minden, Mt Maunganui) or are 

buried beneath ignimbrites and sedimentary strata of Pleistocene age. 

In the Basin, local basement consists of Minden Rhyolite c~ 4.34 

m.y. B.P.) and extensive Aongatete Ignimbrite c~ 1.26 m.y. B.P.). The 

Aongatete Ignimbrite is subaerially exposed in western areas marginal 

to the Basin (e.g. in the headwaters of the Aongatete River; Fig. 1.5) ., 

although outcrops are limited, and is part of a sequence of volcanics 

which testify to an early Pleistocene period of volcanic activity in 

the Coromandel region. The Aongatete Ignimbrite is unconformably over­

lain by the Waiteariki Ignimbrite c~ 0.84 m.y. B.P.) throughout most of 

the Tauranga area. An arbitrary local basement for this study consists 

of two welded ignimbrite sheets of Pleistocene age, the Waiteariki 

Ignimbrite which extensively covers the Whakamarama Plateau, and the 

Paparnoa Ignimbrite c~ 0.84 m.y. B.P.) which crops out in the Papamoa 
/ 

Hills along the southern margins of the Basin. Both ignimbrites dip 

gently eastward. 
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Volcanic activity has profoundly influenced the type of sediment­

ation in the Basin throughout the Pleistocene. Several unwelded distal 

ignimbrite's occur, contributing large quantities of volcaniclastic 

sediment and becoming intercalated with air-fall tephra and sedimentary 

units. Late Quaternary ignimbrites have formed the Harnaku Plateau. The 

sediments infilling the Tauranga Basin are time correlatives of the 

Tauranga Group (Kear and Schofield, 1978). This group comprises of a 

thick sequence of Late Cenozoic deposits in the Bay of Plenty, Hauraki 

and Waikato regions. In the Tauranga Basin, the sediments overlying the 

Waiteariki Ignimbrite are Castlecliffian and younger in age. However, 

sediment of a much older age, is presumably intercalated with several 

volcanic deposits beneath the Waiteariki Ignimbrite. 

A summary of major geological events since the Mesozoic is presented 

in Table 1.1. 

1.5 SOILS 

Soils of the Tauranga Basin (Fig. 1.12) are derived from weakly 

to moderately weathered accumulations of rhyolitic ash (Table 1.2). 

Two main soil types occur (Gibbs and Pullar, 1961), the yellow-brown 

pumice soils developed on Kaharoa Ash and Taupo Lapilli Ash, and yellow-

brown loams developed on a mixture of Late · 
Pleistocene ashes (< 42 ky) 

named the Waihi Ashes (discussed in deta.1.·1 
in Chapter 3). Soils in the 

Te Puna and Omokoroa areas have been mapped as Katikati black sand 

loams (Table 1.3; Taylor, 1954). 
Soils in the Maungatapu area (Fig. 

1.12) and south of this area are yellow-brown pumice soils. 

1. 6 PREVIOUS WORK 1 

Cox· (1887) made first note of the 
Tauranga sediments by referring 

to them as the "brown T auranga sands" . He believed that they occurred 

at various localities along the Bay of 
Plenty coast and made special 
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Soil types of the Tauranga area. The distinction 
between yellow brown loams and yellow brown pumice 
soils is improved because of recognition of 
andesitic ash as an inclusion in some_rhyolitic 
tephras (f~cm Gibbs and Pullar, 1961; and Gibbs 
et al., 1968). 



'l'ABLE l. 2 Soil types within the map area and areas adjacent to the Tauranga Basin (after Gibbs et al. 1961 and Gibbs et al. 1968) 

CLASSIFICA1'ION 

mod. 
YELLOW 
BROWN 

leached 

LOAMS strongly 
leached 

. mod. 
YELLOW leached 
BROWN 
PUMICE str?ngly 
SOILS .leached 

S'l'EEPLANO SOILS 

TOPOGRJ\PIIIC 
SETTING 

undulating to flat 

undulating to flat 

AGE 

'l.<20 ky 

NAME 

Waihi ashes 

COMPOSITION 

rhyolitic and 
andesitic ashes 

SOIL FORM OF 
ASH BEDS AND 

PRINCIPAL EFFEC'J'S 

gradual deep -
rejuvenation 

rapid deep -
regeneration 

POSI1'ION OF SOIL 
FORMING PARENT 

MA1'ERIAL 

surface and near 
surface 

<100 cm 

CLAYS 
IN 

SOIL 

Allophane 
Gibbsite 
llalloysite 

-------------------------------------------------------------- --- ------ ·-· ·· ----··--- - ·-
undulating to flat 

undulating to flat 

steep to 
undulating 

0.94 ky 

1.9 ky 

Late Pleist. 

Kaharoa ashes 

Taupo ashes 

sandy loam 

rhyolite lapilli 
and ash 

rhyolite lapilli 
and ash 

rhyolite and 
andesitic ash and 
rock 

rapid deep -
regeneration 

rapid deep -
regeneration 

surface and near 
surface 

<100 cm 

surface and near 
surface <40 cm 

Allophane 

I 
I-" 

---------------------------------------------------------------------------- ----- - - -- - --0'.l 

!ll 
t-1 
H 
0 
Ul 

E• z 
tJ 
~ 

DUNES 

PEA'J'Y 
SWAMPS 

RIVER 
FLATS 

flat (barrier 
island, low lying 
peninsulas and 
islands) 

Holocene yellow brown sands sand · surface and near 
surface 

-------------------------------------------------------------------------- - - - ---- - - - - ---- -·-- -- - - - -

flat (lowlying 
swamps - mangrove 
swamps 

flat (estuarine 
and river 
terraces) 

Holocene 

Late 
Pleist. to 
Holocene 

sandy loamR to 
clays (dark brown 
peaty loams) 

deep friable loams, 
sandy loams, loamy 
sands 

estuarine sands 
and muds and 
some ash; some 
alluvial sand 

alluvial sands 
and silts and 
some ash 

Comment: high 
organic matter 
content 

surface and near 
surface 

surface and near 
surface 

I 
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TABLE 1. 3 Soil types within t..'1e Tauranga rtegion (from Taylor 1954) 

Name 

(Parent Material) 

w J<atikati 

sandy loam 

• Katikati 

sandy loam, hill 
soil " 

* Katikati 

black sandy loam 1 

• Whakamarama 

sandy loan 1 

• Whakamarama 

sandy loam hill 
soil 3 

Waitekauri 

sand and coarse 
sandy loam, hill 
soil 2 

Waitekauri 

sandy loam, hill 
soil 4 

• Te Manaia 

sandy loam 3 

• Oropi 

shallow sand, hill 
soil 5 

• Oropi shallow 

sand 6 

?aengaroa 

shallow sand 6 

?aengaroa 

sand 6 

Parent Material -
1 'Naihi Ash 
2 Taupo - Kaharoa 

Waihi Ash over 

C:lassification 

Yellow-Brown Loam 

Yellow-Brown loam 

Yellow-Brown Loam 

Yellow-Brown Loam 

Yellow-Brown Loam 

Yellow-Brown Loam 

Yellow-Brown Loam 

Yellow-Brown Loam 

Pril!la.ry Podzolic Soil 

Primary Podzolic Soil 

Primary Podzolic soil 

Primary Podzolic Soil 

I 

Ash on Waihi Ash 
rhyolite 

• Waihi Ash on Rhyolite and andesite 
5 Kaharoa and Waihi Ash 
6 Kaharoa Ash on Waihi l'-.sh 

• Soil t.-ypes wi t.'lin t.'1e ':'auranga Basin. 

Profile 

page reference 
- Taylor 1954 

p. - 122 

p. - 124 

?· - 124 

p. - 124 

p. - 124 

p. - 124 

p. - 124 

p. - 124 

p. - 78 

p. - 78 

p. - 76 

p. - 74 

Topographic 

setting 

Easy rolling to rolling 

Moderately steep to 
rolling 

Flat to easy rolling 

Rolling and strongly 
rolling 

Moderately steep 

Moderately steep to 
steep 

Moderately steep to 
steep 

Rolling to moderately 
steep 

Moderately steep, 
broken 

Easy rolling to rolling 

Undulating 

Undulating 
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reference to Opotiki. This was followed by more extensive geological 

investigation in the Tauranga Basin by Henderson and Bartrum (1913) · 

Their report concentrated on field descriptions of the sediments, an 

analysis of "coal" in the area, and a geomorphological outline of the 

Tauranga Basin. They defined the "Tauranga beds" as a poorly consoli­

dated succession of sands with a "good deal of pumice" included, as 

well as conglomerates, clays and lignite, all of shallow water origin. 

The beds were estimated to cover an area of 82 mile 2 , extending as far 

north as the Waiau Stream, near Waihi. Kear (1957) noted the pumiceous 

nature of the Tauranga beds, and assigned a Mid-Pleistocene age of what 

he described as "richly pumiceous sediments" on the basis of a fossilif-

erous-marine sequence at Ohope, 90 km to the southeast. The inferred 

source of the sediments was the Rotorua-Taupo region, Kear adding that 

"Castlecliffian pumice was deposited in abundance" throughout the North 

Island and that this rhyolitic source has remained into the Holocene. 

Kear and Waterhouse (1961) recognised several terrace levels at 

Waihi, north of the Tauranga Basin. Pumiceous sediments (i.e. "Tauranga 

Formation") underlying the oldest aggradational terrace (? 33.5 -

? 35.0 m) were suggested to be correlatives of the "Tauranga beds" of 

Henderson and Bartrum (1913). They attempted to correlate these 

terraces with the classical European surfaces of similar altitude, but 

their investigations did not extend into the Tauranga Basin proper. 

Healy et al. (1964), in their regional 1 250,000 scale geological 

map, gave no group name to the Pleistocene sediments in the Tauranga 

Basin, but separated them on the basis of lithology and occurrence 

beneath terraces of different heights. A geological report on the then 

proposed (1967) Kaim~i Railway Tunnel (Healy J., 1967; unpublished 

report~ NZGS, Rotorua) gave a detailed description of v 1 · k . 
o canic roes in 

the area. 
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The terrace work of Kear and Waterhouse (1961) was extended by 

Selby et al. (1971) using volcanic ashes to distinguish, date and 

correlate the terraces. They recorded Late Pleistocene ash beds over­

lying Hamilton and Kauroa Ash beds in the highest surface (? 33.5 -

? 35.0 m) at Waihi. Underlying these ash beds was in situ weathered 

rhyolite. Pullar et al. (1973) interpreted a collective unit of older 

deposits in the Bay of Plenty below the Rotoehu and Hamilton Ashes as 

undifferentiated white tuffs and named them "Pahoia Tuffs". The type 

section at Pahoia is situated in the Tauranga Basin. They were des­

cribed on the basis of colour and texture, and were mapped in the 

Tauranga Basin with thicknesses totalling 20 m. The relationship 

between these tuffs and the terrace remnants in the Basin were un­

certain and the "tuffs occurred on or were associated with construct­

ional surfaces" (Chappell, 1975). It was reported by Pullar et al. 

(1973) that the Pahoia Tuffs covered pumiceous deposits of Castle­

cliffian age, and because of their highly weathered nature, were con­

sidered to be older than the Hamilton and Kauroa Formations. Investi­

gations of Quaternary warping and uplift rates in the Bay of Plenty by 

Chappell (1975) involved mapping tephras and tracing these along the 

coast. By using tephrostratigraphy Chappell (1975, 1978) attempted to 

date and correlate coastal terraces at Waihi with those in the Tauranga 

Basin, and at other Bay of Plenty localities. He attributed variations 

in terrace elevation along the coast to warping. 

The Pahoia Tuffs (Pullar et al., 1973) has remained a portmanteau 

term for tephras beneath the Hamilton Ash along the Bay of Plenty coast. 

Chappell (1975) referred to undifferentiated pumice in the Tauranga 

Basin and referred t9 two new stratigraphic units south of the Tauranga 

Basin (Little waihi Formation and the undifferentiated pumice beds) 

both of which are included in the Pahoia Tuffs. Further investigations 

of these tuffs were carried out south of the Tauranga Basin at Opotiki 
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by Kirkman and Pullar (1978) who suggested an age range of 125 ky -

220 ky for the sequence of beds investigated. Vucetich et al. (1978) 

extended their previous work of the lowermost members of the Hamilton 

Ash Formation (Ohinewai Tephra Formation) into the Tauranga Basin and 

concluded that the Pahoia Tuffs were older. 

The term Tauranga Group (Kear and Schofield, 1978) has been used 

by many workers, and it was originally proposed by Kear and Schofield 

(1978) that this term be used for Late Cenozoic terrestrial, estuarine 

and marine sediments found in the Bay of Plenty, Hauraki and Waikato 

regions. The reason for producing a collective term such as this was 

defended by authors (Kear and Schofield, 1978; Stevens, 1980) because 

a time break and a lithological change occurred at the beginning of the 

Pliocene in the northern part of the North Island. The Tauranga Group 

has included Holocene sediments and has been defined such that correl­

ation with the Kaihu Formation of Brothers (1954) is inferred. This 

latter formation of Pleistocene strata (sands banked locally against an 

old valley topography cut partly in Pliocene beds) represents a period 

of submergence in the SW Auckland area where several coastal terraces 

have been mapped (Brothers, 1954; Chappell, 1970). 

More recent work (1979 - 1982) in the Tauranga Basin has included 

several unpublished reports (NZGS, Rotorua) which record aspects of the 

stratigraphy of the Tauranga Basin. A continuous cored drillhole at 

Otumoetai (Houghton, B.F~, 1982) and a number of drill-cutting descript­

ions have provided much scattered data on the ub s surface geology of 

the region. Vucetich et al. (1980) described the stratigraphy of a 

section at Omokoroa and attempted to correlate tephras at this site 

with those outside the Basin at Tirau. 
A brief description of processes 

modifying_ the geomorphology of the Tauranga area was given by Bird (1 98l) 

in a study examining landsliding in coastal areas 1.·n the Basin. 
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Soils in the Tauranga Basin have been mapped by the New Zealand 

Soil Bureau (Taylor, 1954) and by Gibbs and Pullar (1961), the latter 

authors describing tephras and associated soil horizons. 



CHAPTER TWO 

METHODS 
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2.1 FIELD METHODS 

2.1.1 Introduction 

After preliminary reconnaissance studies, detailed field exam­

inations were begun in the southern parts of the Tauranga Basin. A 

number of well exposed coastal cliff sections were chosen for detailed 

stratigraphic logging (Fig. 2.1), the main sections being at Omokoroa, 

Te Puna, Matua and Te Ranga on the Pyes Pa Road. Representative 

samples were collected following completion of stratigraphic columns. 

Additional sediment data came from other subaerial exposures and drill­

hole reports (NZGS, Rotorua). 

2.1.2 

Field work involved: 

(1) Mapping of major lithological units and geomorphological 

features. 

(2) Erection of stratigraphic columns from both field exposures 

and drillhole reports. 

(3) Describing a number of lithofacies (based on structure/ 

texture/composition) for paleoenvironrnental data. 

Mapping Method 

Field mapping was carried out from December 1981 to March 1982. 

Aerial photographs of 1 : 18,300, 1 : 25,000, and 1 : 50,000 scales were 

used to locate outcrops and for the mapping of terraces and other geo­

morphological features (e.g. paleochannels) within the Basin. A large 

number of samples were collected at inland sites with the intention that 

their sedimentological and mineralogical properties might enable correl­

ation with samples fiom the coastal sections. 

several distal ignirnbrites were recognised in the Basin and a major 

part of the study was designed to map both pyroclastic flow and airfall 
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deposits and ~o establish the provenance of the fluvial sediments in 

areas proximal to, and at the coast. Initial mapping was carried out 

using al : 12,500 scale base map and field data were subsequently 

transferred onto a 1 : 25,000 map covering an area from Omokoroa to 

Welcome Bay along the coast and extending inland along the Wairoa River 

and across to Belks Road and Pyes Pa Road (map folio at back of thesis). 

A large part of the field work concentrated on describing structures in 

the sedimentary and pyroclastic deposits. 

2.1.3 

Basin: 

(i) References for maps used in this study 

Maps referenced in this study are: 

(i) N.Z. Geol. Map, 1 : 250,000, Sheet 5, Healy et aZ. 1964. 

(ii) NZMS (topographical) 260, Sheet Ul4, Tauranga, 1 : 50,000, 

Lands and Survey, 1980. 

Mapping of terraces 

A number of methods was employed to map terraces in the Tauranga 

(1) A 3 m staff rod and measuring tape were used to establish 

terrace heights< ~30 min areas near the coast. 

(2)- A contour map of the area was drawn using 1 : 50,000 and 

l : 12,500 maps. The aerial extent and elevation were 

checked using aerial photographs with scales of l : 18,300 

and 1 : 25,000 and further mapping was undertaken using a 

stereoscope. 

(3) Contour data were plotted onto a 30 cm x 20 cm table divided 

i 
into 1 cm grids. At the intersection of each grid line, a 

contour value was entered and digitised for computer analysis. 

These digitised contour values were then entered into the 

TOPOGRAPHY (FORTRAN 77 + NCAR Graphics computer using 
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modelling programme (W. de Lange, pers. comm. 1982, University 

of Waikato). The three dimensional models which can be viewed 

with similar obliquely enabled a check to be made on terraces 

elevation. 

2.2 LABORATORY METHODS 

2.2.1 Introduction 

1 d l.·n the Basin ranged from consolidated to uncon-Samples col ecte 

solidated and, except for those with a high clay content, most could be 

disaggregated using only moderate to light pressure. Because of the 

highly pumiceous nature of these sediments, slight modifications were 

made to some analytical methods which otherwise follow the standard 

procedures (Fig. 2.2) outlined by Mtiller (1967), Folk (1968), and 

Carver (1971). 

2.2.2 Textural analysis 

Disaggregation of harder sediments Jas achieved by soaking samples 

for 48 hr in distilled water. All samples were then wet sieved through 

a 4~ mesh screen and muds were collected and weighed by a decantation 

process. Grain size analysis of this mud fraction was made using the 

pipette method (Carver,1971). The weight of the mud was also established 

by removing 20 ml of the fluid after 20 sec. at 20 cm depth, and then 

drying before weighing (Carver,1971). 

Size fractions coarser than 4~ were dried at so0 c and dry sieved 

at 0.25~ intervals on an Endecott (T.S.) sieve shaker. Samples were 

split into sand and gravel fractions for textural classification (Table 

2.1). Because of the high proportion of pumice in most samples sieving 

time was reduced to 3 minutes to prevent excessive size modification 

(Walker,1971). Raw data were converted into a representative for.:t by 
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Limiting panicle diameter 

mm ,t, units Size class 

2048 __ -11 
1024 __ -10 

Sl2 __ - 9 

256 __ - 8 
128 __ - 7 
64 __ - 6 

32 __ - s 
16 __ - 4 
s __ - 3 
4 __ - 2 

2 __ - 1 
1 __ 0 

1/2-- + l 

1/4-- + 2 

1/s-- + 3 
1116-- + 4 

1/32-- + s 
1/64-- + 6 

l/123-- + 7 

l/256 -- + 8 

l/512 -- + 9 

Table 2.1 

Very large 

Large Boulden 
Medium 0 
Small :z, 

Large Cobbles > 
Small 

< 
Very coarse 

Coarse 
m 

Medium Pebbles 
r 

Fme 

Very fme Granules 

Very coarse 

.um Coarse _soo 
_250 Medium Sand 

_ l2S Fine 

62 Very fme --- Very coarse -- 31 

16 Coarse 
3: --

Medium Silt -- 8 
C: 

4 Fine --
0 ·2 Very fine --

Clay 

Grain-size scale (after Wentworth 1922) showing 
the millimeter and equivalent phi (¢) unit 
limits to each size class (after Folk et a~., 
1970). 
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statistical analysis following procedures described by Folk (1968), 

Walker (1971), Carver (1971) and Pettijohn (1975). The parameters 

determined included the graphic mean, inclusive graphic standard 

deviation, inclusive graphic skewness, and graphic kurtosis (Fig. 2.3). 

Data are summarised on grain size distribution plots. 

2.2.3 Compositional analysis 

Petrographic analysis involved separating samples into three size 

fractions, -2 to 0~ (gravel and very coarse sand), 0 to 2~ (medium and 

coarse sand), and 2 to 4~ (fine and very fine sand). A microsplit of 

the sediments was then made and thin sections were prepared using an 

impregnation technique (Bergin, s., pers. comm., 1982, University of 

Waikato). Approximately 500 grains were then point counted in slides. 

A loose sand fraction sample, -1 to 4~ (very coarse sand to very fine 

sand), was also retained for point counting. 500 grains were analysed 

(e.g. surface texture and shape) and counted on a grid under a binocular 

microscope (x 10 and x 40 magnification). Total phenocrystcontent (cal­

culated as whole rock) was then compared to that calculated from thin 

sections. 

Rock fragment analysis was conducted separately with selected 

samples but followed a similar procedure, using size classes< -1¢ and 

-1 to 2~. Splits of non-pumiceous material were impregnated and 300 

grains counted (Carver, 1971) under a petrographic microscope to establish 

rock fragment compositional types. Comparative analysis again was con­

ducted using loose sediment samples under a binocular microscope. 

Heavy mineral a;semblages were concentrated by passing a weighed 

2 - 4~ fraction through tetrabromoethane (T.B.E.) liquid (S.G. = 2.96). 

Following separation, the sample was washed and dried and grains were 

weighed and mounted in Canada Balsam. Detrital slides were then examined 

under a petrographic microscope and 500 point counts recorded. 
For 
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¢16 + q,50 + ¢84 

3 

Inclusive Graphic Standard Deviation 

----+----
4 6.6 

Verbal Classification: 

crI under 0. 35<P 
0.35 to 0.50</> 

a.so to o.71<P 

O. 71 to l.Oq, 

1.0 to 2.Ocf, 

2.0 to 4.04> 

over 4.0cf, 

Inclusive Graphic Skewness 

<f>l6 + q,84 - 2<1>50 

2(q,84 - ¢16) 

Verbal Classification: 

5k:r from +LOO to +0.30 

+0.30 to +0.10 

+0.10 to -0.10 

=0.10 to -0.30 

-0. 30 to -1. 00 

Graphic Kurtosis 

Kc; =_¢_9_s _-_<P_s __ 
2.44(¢75 - ¢25) 

Verbal classification: 

Kc; under 0.67 

0.67 to 0.90 
0.90 to 1.11 
1.11 to 1.50 

I 
~ ,..0 .L. ;:; to 3.00 
over,3.00 

Statistical 

very well sorted ( vws) 

well sorted ( ws) 

mderately well sorted (.zm.;s) 

rroderately sorted (ms) 

poorly sorted Cps) 

very poorly sorted (vps) 

extremely poorly sorted (eps) 

+ 
<PS+ <1>95 - 2¢50 

2(<f>95 - ¢5) 

strongly fi.-ie-skewed (sfs) 

fine-skewed (fs) 

near-symnetrical (ns) 

coarse-ske-..ied (cs) 

strongly coarse-skewed (scs) 

ve_ry platykurtic ( vpk) 

platykurtic (pk) 

mesokurtic (mk) 

leptokurtic (lk) 

very leptokur-'tic (vL~) 

extre.rr.ely lept'.)ku_Y'i:ic (elk) 
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comparative study, pumice blocks were extracted from selected samples 

(collected at stratigraphic sections) and crushed. Heavy minerals in 

the pumice were then subject to the same analytical procedure outlined 

above, with the intention of elucidating provenance. 

(i) X.R.D. 

The mineralogy of the sand and mud fractions was determined by 

X-ray diffraction using a Philips P.W. 1050 X-ray diffraction spectro­

meter (Hume and Nelson, 1982). Samples were prepared by grinding sedi­

ments in a 12 cm twin head Gilko (model LRM) ring mill for 10 sec. so 

that the material became reduced to a particle size between ~8 - 40 µm 

(Nelson and Cochrane, 1970). The powder was loaded into sample holders 

by the back-filling technique. Machine settings used were kV 35.0, 

rnA 15.0, rate meter setting 400 cps, time constant 4 sec. 

Semi-quantitative estimates of abundances were obtained for plagio­

clase, quartz and clay minerals using crushed bulk samples, bulk mud 

samples and separate grain size class samples. Determinations of wt% 

quartz were made using the peak at 4.26 R, of wt% plagioclase at 3.20 R 
and wt% clay at 4.46 R. The weight percent of each mineral was established 

by measuring the peak height above background and reading the value off 

intensity-concentration curves (Hurne, 1978; Hurne and Nelson, 1982; this 

study; Figs. 2.4 and 2.5). Because of the high glass content (Lister, 

1978; Hurne and Nelson, 1982) in many of the Tauranga Basin deposits, 

intensity concentration curves were drawn in this study using known wt% 

of glass, quartz and feldspar (Figure 2.5). It is known that amorphous 

materials have a significant absorption effect on X-rays (Hume and Nelson, 

1982) so that the I~ C graphs of Fig. 2.4 typically underestimate the 
I 

actual wt% of minerals in such samples. 
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The possibility existed that the grains within each sample may 

have been derived from a number of potential sources. Therefore 

multiple and single clast samples were analysed and compared with size 

0 
classes <2.0~ and between 2~ - 4~. Bulk samples were scanned from 4 

to 36° 28 following calibration with a quartz standard prepared by Hume 

(1978). 

(ii) X.R.D. Clay mineralogy 

Estimates of clay mineral abundances were interpreted using the 

average background level of intensity concentration curves (Hume and 

Nelson, 1982). Clay fractions concentrated during the pipette analysis 

were mounted onto glass slides using the dropper technique (Hume and 

Nelson, 1982). Samples were dried under an infrared lamp and placed in 

a desiccator containing HzO before being scanned. Untreated samples were 

scanned from 3° - 29° 28 and rescanned from 3° - 20° 28 after glycolation 

and again after heating to sso0 c for 1 hour. Diffractometer traces were 

then compared for observable shifts and differences in peaks and peak 

heights. This followed methods described by Hume (1978) and Hume and 

Nelson (1982) and enabled identification particularly of halloysite, 

kaolinite, and mixed-layer clays, along with their relative abundances. 

2.2.4 Microfossil analysis 

Fossils give an indication of previous environments and conditions 

prevailing after sediment deposition. Sample splits were gently broken 

down in water and the mud fraction was separated using a 75 µm mesh sieve. 

(i) For diatom analysis selected samples were taken from this mud 

fraction, dilu~ed ten times and passed through a millipore 

filter (0.45 µm) before being examined under a binocular micro­

scope at x 40, x 100 and x 400 magnifications. Analysis required 

the use of an eyepiece grid and stage micrometer. 
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A second method used involved drying a few drops of diluted 

mud solution onto a circular glass coverslip, the "precipitate''. 

being kept to sediment thickness of 1 grain. The coverslip was 

then immersed in Pleurax resin which has a high refractive 

index. If diatoms were detected a 50 cc fraction was retained 

for identification purposes. 

(ii) For foraminiferal analysis, the sand fraction was dried at room 

temperature and a 100 cc rnicrosplit made (Dr B.W. Hayward, pers. 

comm., Micropaleontology Section, NZGS, Lower Hutt, 1982). How­

ever no microfossils were found in the sediments analysed. 

I 



CHAPTER THREE 

STRATIGRAPHY OF THE TAURANGA BASIN 

AND ADJACENT AREAS 
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3.1 INTRODUCTION 

A major aim of this thesis was the compilation of detailed 

stratigraphic columns of coastal exposures in the Tauranga Basin, 

as well as construction of columns using information from inl~nd 

borehole data (NZGS, Rotorua); these columns are reproduced in 

Appendix I. To accompany these stratigraphic descriptions a 

1 : 25,000 geological map with associated cross sections has been 

produced for a part of the Tauranga Basin (see map folio). The 

ultimate goal was to establish a general history of geological 

events in the Basin and to place these events within the framework 

of an evolving sedimentary model. 

3.2 STRATIGRAPHIC USAGE 

Conventional stratigraphic terminology is used except that the 

formal name Matua Subgroup is proposed for the Quaternary deposits 

in the Tauranga Basin (see section 3.4.13). A lower time constraint 

of (0.84 m.y. B.P.) is imposed on this sequence by the local arbitary 

basement Waiteariki Ignimbrite. The Matua Subgroup comprises all 

those deposits above the Waiteariki Ignimbrite. It is dominate~ by 

fluvial and pyroclastic flow deposits but includes also a number of 

air-fall tephra deposits, particularly in the upper parts of the sub­

group (~ the upper 40 m). Air-fall tephra deposits which are inter­

calated with or overlying fluvial sediments in the upper part of the 

Matua Subgroup but beneath the Hamilton Ash Formation (Ward, 1967) 

are referred to as the Pahoia tephras~ The name Pahoia tephras is 

used principally for air-fall tephra deposits which include some 

pyroclastic-flow d~posits, the collective sequence being previously 

referred to by Pullar et al. (1973) as the Pahoia Tuffs in the 

Tauranga Basin. 
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The informal name upper Matua Subgroup is used for t~ose deposics 

, • 1 , sed ;n the :sas;n especially ~~ose described which are sunaeria ~Y expo • • , 

in some detail from the coastal stratigraphic sections. 

3.3. STRATIGRAPHY 

A generalised stratigraphic column for the Tauranga Basi~ (Fig. 

3.1) shows a varied sequence of sediments, ignimbrites and air-fall 

tephras. 

A number of ignimbrites are subaerially exposed in or at the 

margins of the Tauranga Basin and/or recorded in the subsurface s~rati-

graphy of the Basin. The Aongatete Ignimbrite (~ 1.26 - 0.86 m.y. B.P.) 

was previously described by Healy (1967) as being a member of a set of 

volcanics (i.e. Aongatete Volcanics). This ignimbrite is recorded at 

or near the base of drillholes (~ 200 m depth) throughout the Basin 

and is subaerially exposed west of the Basin. The Paparnoa Ignimbrite 

(~ 0.84 m.y. B.P.) bounds the Basin to the South (Healy et al., 1964). 

The Waiteariki Ignimbrite (0.84 m.y. B.P.) forms the Whakarnararna 

Plateau west of the Basin (Healy et al., 1964), and stratigraphically 

overlies the Aongatete Ignirnbrite as shown by borehole data, and sub­

aerial stratigraphy. 

In the study area (map folio at back of thesis) three new sub- • 

aerially exposed unwelded ignimbrites have been identified and named 

according to their geographic locality : the Wairoa Ignimbrite, the 

Te Puna Ignirnbrite and the Te Ranga Ignirnbrite. A fourth new moder­

ately welded ignirnbrite identified in the area, is the previously 

named, Waimakariri Ignirnbrite (Fransen, 1982). They are interpreted 
I 

as distal ignimbrites and are intercalated with Matua Subgroup fluvial 

and air-fall deposits. Based on stratigraphic association with the 

dated Waiteariki Ignimbrite and the degree of weathering and paleosol 
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development at Sharp Road (N35/4171) and at the Tauranga dump 

(N35/6056), the Wairoa Ignimbrite is considered the oldest of the 

three W1its. An age of between~ 0.30 rn.y. B.P. and~ o 50 . rn.y. 

B.P. is suggested for the Te PW1a Ignimbrite. This is based on 

air-fall tephra cover, paleosol development and a chalazoidite bed 

exposed at a number of sites in the Basin. The Te Ranga Ignimbrite 

is separated from the overlying Wairnakariri Ignimbrite (Fransen, 

1982) by an erosional W1conforrnity, and is therefore considered to 

be the yowigest (> ~ 0.18 m.y. B.P. an. age suggested for the Waimak­

ariri Ignimbrite, Fransen, 1982). 

The pyroclastic and sedimentary deposits exposed in the Tauranga 

area are described in the following section (Table 3.1). The major 

distinguishing features of principal ignimbrites exposed within the 

Tauranga Basin are presented in Table 3.2. 

3.4 LITHOLOGIC DESCRIPTIONS 

3.4.l BEESONS ISLAND VOLCANICS 

The Beesons Island Volcanics (Healy et aZ., 1964; Schofield, 

1973) or Coromandel Group (Skinner, 1976) are of Mid-Miocene to Late­

Miocene age, and stratigraphically W1derlie the Minden Rhyolite in 

the Tauranga Basin (Healy et aZ., 1964; Schofield, 1973). K-Ar ages 

range from about 16-7 m.y. B.P. (Richards et aZ., 1966; Adams 1975; 

Rutherford, 1978; Cole, 1979). The Volcanics comprise of an exten-

sive pile of andesitic to dacitic flows and plugs, volcanic epiclastics 

as breccias and lacustrine sediments and less common pyroclastics 

(Skinner, 1976). Andesites, some of which are propylitised, crop out 
I 

west of the Basin in the Kaimai Range and to the south in the Papamoa 

Hills. Rocks are often red-grey and are dominantly hornblende-bearing 

hypersthene andesites, usually with some augite; however, hornblende 
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is rare in basal members (Skinner, 1976) · Quartz a nd 6 ioti~ 2 are 

h the rock is crystal-=ich. present in uppermost members were 

3.4.2 MINDEN RHYOLITE 

Minden Rhyolite of Pliocene age (Healy et al., 1964; Schofield, 

1967; Skinner, 1976) stratigraphically overlies extensive andesitic 

eruptives (Beensons Island Volcanics) and drillhole information (Fig. 

3.7) indicates that the Minden Rhyolite flows stratigraphically under­

lie the Aongatete Ignimbrite (0.86 - ~ 1.26 m.y. B.P., Healy, 1967) • 

The Minden Rhyoli te in the Tauranga Basin has an age of "', 4. 34 m. Y • 

B.P. based on a fission track date on obsidians from Mt Maunganui 

(Rut.~erford, 1978). In some areas west of the Basin, the rhyolites 

are locally intruded and overlain by Waitawheta Dacite of Early-

Pliocene age. 

The subgroup name "Minden Rhyolite" (Skinner, 1976) has been used 

by Healy et aZ. (1964) and Schofield (1967) to include all lithoidal 

and spherulitic, hypersthene-hornblende-biotite rhyolites north of 

the Taupe Volcanic Zone. In the Basin the subgroup includes conspicu­

ous domes, rhyolite flows and pumice breccias (Healy, 1967). Pheno­

crysts (slide WT 18487) are dominated by quartz and plagioclase with 

subordinate hornblende and hypersthene. The groundmass also consists 

of these minerals. 

Rhyolite domes protrude through the ignimbrites and sedimentary 

deposits, at several localities in the Tauranga Basin. For example, 

Mt Minden (286 m; N.Z. Geol. Map 1 : 250,000, Sheet 5 GR N35/5357) 

dome occurs on the western margin of the study area where the pale 

red-grey fine-grai~ed rhyolite containing visible quartz is well 

exposed in a quarry at Te Puna. Exposures in road cuttings around 

the mountain are highly weathered. Rhyolite domes within the Tauranga 

Basin (i.e. Mt Maunganui aI1d Mt Minden) are possibly part of a large 
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volcanic complex extending north and south of the Basin and west of 

the Whakamarama Plateau. Numerous glassy and spherulitic rhyolite 

clasts (0.1 - 8 cm diameter) occur in streams and in fluvial deposits 

in the vicinity (5 km ra.dius) of the rhyolite dome. Indeed, rhyolite 

clasts (banded, lithoidal and spherulitic varieties) occur in fluvial 

deposits throughout the Basin and may be derived from several sources 

to the west of the Basin and from within the Basin (e.g. ignimbrite 

sheets and rhyolite domes). 

3.4.3 WAITAWHETA DACITE 

The Waitawheta Dacite (Healy et al., 1964) of Early Pliocene age 

(Rutherford, 1978) is a series of dacitic lavas and pyroclastic 

(ignirnbrite) deposits which overlie Beesons Island Volcanics cropping 

out west and northwest of the mapped area. They are exposed in the 

headwaters of a number of streams which discharge into the Katikati 

area (N.Z. Geol. Map 1 : 250 000, Sheet 5 GR N35/3875). The dacites 

contain phenocrysts of plagioclase, hypersthene, hornblende and 

corroded quartz and show spherulitic, glassy and perlitic textural 

varieties (Healy et al., 1964; Healy, 1967). 

3.4.4 AONGATETE VOLCANICS 

stratigraphic definition 

The Aongatete Volcanics (e.g. see Table 3.1) comprise of tuffs, 

breccias and ignirnbrite (Healy, 1967). The term is synonomous with 

the Aongatete Ignirnbrite, which is the main member. The Volcanics 

which overlie Beesons Island Volcanics west of the Basin, and strati­

graphically overlie Minden Rhyolite in the Basin, have fission track 
I 

ages between 1.26 and 0.86 m.y. B.P. (Healy, 1967). The volcanics 

are ConsJ..dered to have been derived from a Coromandel dip eastward, and 

source, as suggested by thickening away from the Basin towards the 
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west. They are exposed west and northwest of the 

Whakamarama Plateau and are se~arated streams which cut through the 

'k' Igni'mbrite (c. 0.84 m.y. 3.P.) cyan from the overlying Waiteari i -

The Aongatete Ignimbrite occurs at or near erosional unconformity. 

Basin and overlies the base of several drillholes in the Tauranga 

1 Drl..llhole data also confi.:::n Minden Rhyolite in some drillho es. 

thinning of the ignimbrite over the Minden Rhyolite (Houghton, 1982) • 

Lithology 

The volcanics have a variable composition, predominantly dacitic, 

but also rhyolitic and andesitic. Healy (1967) has subdivided them 

into three main units: 

(i) Lower tuffs and breccias 

(ii) Aongatete Ignimbrite 

(iii) Upper tuffs and breccias 

The Aongatete Ignimbrite possibly consists of a number of flows. 

Petrography 

Mineralogically they are quite similar to.the overlying Waite­

ariki Ignimbrite, but they have a lower crystal content and quartz 

may be absent or rare. In the Aongatete Ignimbrite (middle unit) 

and basal units of the volcanics the dominant phenocryst is plagio­

clase, with subordinate hypersthene and minor augite and magnetite. 

In upper members of the volcanics, hornblende occurs with minor 

magnetite. The dominant xenolith is pumice (Healy, 1967) 

3.4.5 WAITEAKIRI IGNIMBRITE 

I 
Stratigraphic definition 

Crystal tuffs of the Whakamararna plateau were mapped separately 

from the Waitawheta Dacites by Healy gt al. (1964) and given the name 
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Waiteariki Ignirnbrite. The ignimbrite was given a fission track age 

of 0.84 m.y. B.P. (Kohn, unpublished). The Waiteariki Ignirnbrite 

was thought by Briggs (1973) to have flowed from a source near the 

crest of the present Kaimai Range, but mapping evidence and coarsen­

ing of lithics away from the Basin suggest a more southerly source 

(B.F. Houghton, pers. comm. 1982). Upon entering the Tauranga Basin 

the ignirnbrite flowed firstly north and then east and its present 

form abuts against the Kaimai Range (Chapter 4). Borehole data 

(Fig. 3.7) and subaerial exposure shows that the Waiteariki Ignim-

brite overlies the Aongatete Ignimbrite and is in turn overlain by 

a thick (~ 150 m) sequence of fluvial sediments, estuarine deposits, 

and pyroclastic deposits. As such it is convenient to regard the 

Waiteariki Ignimbrite as a local basement rock in the Tauranga Basin. 

Lithology 

The Waiteariki Ignirnbrite consists of a number of crystal-rich 

dacitic flows which have been informally divided into four lithologic 

units (Healy, 1967), the middle two of which are hard and have a 

characteristic lenticular texture: 

(i) A poorly compacted pumice breccia and soft ash 
(basal ash) with a thickness of 5 m. 

(ii) The main unit comprising welded lenticulite with 
a max. thickness of 120 m. 

(iii) A well compacted to hard ignimbrite 20 - 35 m thick. 

(iv) An upper pumice breccia (poor to well compacted) 

70 m thick. 

The hard ignimbrite and parts of the welded ignimbrite contain 

light coloured (light grey to light brown) coarse lithics (~ 1 to 

I 
20 mm) set in a dark blue-grey to brown matrix. Flow textures are 

· · elongated pumice clasts (> ~ 4 mm). often indicated by characteristic 

h cavernous appearance in outcrop and 
Parts of the upper breccia ave a 
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Healy (1967) attributed this to completerecrystallisation ~= pumice 

fragments so that they have become loose aggregates of cristobalite 

and feldspar. Glass in the matrix is usually devitrified in this 

unit. 

The main unit consists of densely welded lenticulite containing 

dark grey flattened pumice and occasional lithic inclusions of 

andesite and rhyolite set in a grey or pink matrix. Some of the 

andesitic fragments may be accessory and incorporated into the 

ignimbrite as it flowed over Beesons Island Volcanics. The harder 

parts of the ignimbrite are often exposed as near horizontal or 

slightly undulating sheets in streams in the vicinity of the Wairoa 

River, and in the more northern parts of the Whakarnarama Plateau, 

where pothole scouring is a characteristic feature. 

Petrography 

Dominant phenocrysts in the Waiteariki Ignimbrite include plagio­

clase and quartz, which are frequently fractured, with subordinate 

magnetite, hypersthene and augite (slide R-44, NZGS, Rotorua); biotite 

occurs in the upper parts (the breccia) of the ignimbrite. Flow units 

are indicated by variations in the size of lenticles in the welded 

part of the sheet (Healy et al., 1964, Healy, 1967). 

Distribution 

The Waiteariki Ignimbrite forms · an extensive easterly dipping 

(~ 10°) surface co_vering most of the Whak 
arnararna Plateau and is 

characterised by a basal welded lenticulite and an upper 
moderately 

to poorly welded breccia (cross sect~on · 
- in map folio). The harder 

I 
and more welded parts of the ignirnbrite 

crop out in streams which 

dissect the plateau northwest of 
Omokoroa, at McLaren Falls (N.Z. 

Geol. Map 1 : 250,000 Sheet 5 GR N35/534S) 
- and along parts of the 
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Wairoa River. An upper breccia unit with a characteristic pinkish­

red to grey colour crops out in streams and in several road cuttings 

in the Whakamarama Plateau and along the Waihi-Tauranga highway (Fig. 

3.2) in the vicinity of Apata (N35/4664). The ignimbrite reaches a 

thickness of 120 m on this plateau (Healy, 1967) but has been eroded 

to a thickness of 30 min the Otumoetai and Matua areas (Fig. 3.7) 

where it is found in drillholes at over 100 m depth. Drillhole data 

and subaerial exposure indicate that the Waiteariki Ignimbrite also 

thins to 60 m against underlying breccias of the Aongatete Volcanics 

and Beesons Island Volcanics west of the Basin while thinning over 

Minden Rhyolite and Aongatete Ignimbrite within the Basin. In areas 

northwest of Omokoroa the breccia unit is covered by a thick (~ 4 m) 

sequence of Pahoia tephras, in turn covered by Hamilton Ash beds. 

3.4.6 PAPAMOA IGNIMBRITE 

Stratigraphic definition 

The Paparnoa Ignimbrite is considered to be of Middle Pleistocene 

age (~ 0.84 m.y. B.P.; Healy et aZ. 1964; B.F. Houghton, pers. comm. 

1982). Because of similarities (e.g. field characteristics, texture, 

mineralogy) with the Waiteariki Ignimbrite, the Papamoa Ignimbrite 

may either be an earlier emplaced flow unit of the Waiteariki Ignim­

brite (i.e. predates Waiteariki Ignimbrite) or synonomous with the 

waiteariki Ignimbrite. The Papamoa Ignimbrite is faulted in the 

Paparnoa Hills which bound the Basin to the south and southeast. 

Although it dips eastward (~ 8°) generally, subisdence in the Tauranga 

Basin has caused the_ignimbrite to dip northwards beneath Matua Sub­

group deposits, and form basement rock (= Waiteariki Ignimbrite) in 
I 

the Welcome Bay area. 

The source of this ignimbrite remains purely speculative but an 

origin in the Taupo Volcanic is suggested because of its thickening in 
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Upper breccia member of the Waiteariki 
Ignimbrite cropping out near the Waipapa 
River (U14/752893). The exposure is 
pale red to grey, unwelded, and contains 
abundant pumice lithics 1 - 5 cm across. 

The crystal rich Wairoa Ignimbrite (Type F4 
deposit) exposed at the Tauranga Dump 
(014/858835) showing leisegang phenomenon. 

I 
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from the Basl.• n and similarities with ::he Wai teariki the south away 

Ignimbrite. 

Lithology 

The Papamoa Ignimbrite is sub-divided into two informal field 

units: 

(i) A lower welded lenticulite 

(ii) An upper poorly welded breccia with a basal hard 
ignimbrite zone. 

It resembles the Waiteariki Ignimbrite in being dacitic,crystal rich, 

having flattened pumice lenticles in the hard parts of the ignimbrite 

and a lenticular texture in the lower (beneath the hard ignimbrite) 

welded parts of the ignimbrite. The hard to welded parts of the 

Papamoa Ignimbrite are grey to brown. In the basal part of unit (ii), 

weakly compressed pumice inclusions are set in a grey tuffaceous 

matrix (sample R-30; NZGS, Rotorua), while in the lower more welded 

parts of the ignimbrite, grey black lenticles are set in a buff grey 

ash (Sample R-52; NZGS, Rotorua). The rock type ranges from dacitic 

in the lower welded unit to andesitic in the poorly welded upper 

breccia. 

Petrography 

Dr J. Healy, 1980, has described the following thin sections: 

Specimens from unit (i) (slide R52, NZGS, Rotorua) show dark 

brown lenticles and phenocrysts of plagioclase and quartz, sub­

ordinate hornblende and less common Fe-Ti oxide, hypersthene and 

biotite pheocrysts set in a densely welded isotropic matrix in which 

I 
the outline of individ1.1al shards is obliterated by welding. Upper 

breccia • (unit ii) specimens show textural changes, the pumice is 

less compressed (although pumice lenticles are still characteristic) 
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and the shards in the matrix are undeformed and/or uncompressed 

(slide R-30; NZGS, Rotorua). 

Distribution 

The Papamoa Ignimbrite is exposed in the southern margin of 

the Basin, covering the Papamoa Hills. Outcrops of the upper breccia 

and lower welded unit occur in road cuttings along the Welcome Bay 

Road, Waitao Road and Reids Road (N.Z. Geol. Map. 1 : 250,000 Sheet 5 

GR N35/6853). 

3.4.7 WAIROA IGNIMBRITE (new name) 

Stratigraphic definition 

The Wairoa Ignimbrite (0.5 m.y. B.P. < Wairoa Ignimbrite < 0.84 

m.y. B.P.) is included in the Matua Subgroup. Based on air-fall 

tep~ra stratigraphy, the highly weathered appearance of the ignimbrite 

and its stratigraphic position overlying sediments derived from the 

Waiteariki Ignimbrite, it is considered to be the oldest of a number 

of newly identified ignimbrites subaerially exposed in the Tauranga 

Basin. 

Lithology 

At the Tauranga dump (Ul4/858835) it forms a pumiceous lapilli ash 

tuff which is crystal and lithic rich and displays leisegang banding 

(Fig. 3.3). The glass in pumice clasts is not devitrified and rhyolitic 

lithics commonly range from 1 - 4 mm. 

Petrography 

Dominant phenoprysts of plagioclase and quartz occur in a 2 1 

ratio, with subordinate hornblende,magnetite and limonite, minor 

hypersthene, and traces of zircon. 
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Distribution 

The Wairoa Ignirnbrite crops out at the Tauranga dump (':JJ.- ➔ ;858 335). 

'd h t d area 1.·nd.1.'cates that chis i;nirnbrite Investigation outs.1. et es u Y 

occurs 5 km north of the mapped area (i.e. Sharp Road)• At the Sharp 

Road locality t.'.e ignirnbri te is exposed at the sides of an :ild .9ro-

truding terrace remnant which lies adjacent to the lowest ~arine cut 

surface exposed a.s.l. in the Tauranga Basin. A correlation between 

that deposit exposed at Sharp Road and that exposed at the Tauranga 

dump is based on compositional and textural similarities. At the 

Tauranga dump (Fig. 3.3) the ignirnbrite is covered by at least 15 m 

of fluvial sediment derived from the erosion of the Wairoa Ignimbrite. 

The sediment includes 4 dark brown interbedded paleosols (dipping at 

~ 30°, 15 cm thick) and each paleosol is separate by~ l m of fl~vial 

sediment. The dip of the paleosols suggests that air-fall tephra 

mantled a hill at this site which has since been truncated by erosion. 

Overlying this thick sequence of fluvial sediment and interbedded 

paleosols is a thick sequence (to 3 m) of highly weathered ashes 

supporting light brown paleosols, which are preserved at higher ele-

vations along Cambridge Road. At Sharp Road, near Katikati (Fig. 1.1) 

the Wairoa Ignirnbrite is covered also by a thick (~ 2 m) sequence of 

deeply weathered air-fall tephra and again by a number of paleosols. 

However, fluvial sediment derived from erosion of the Wairoa Ignim­

brite at this location is exposed at the sides of the deposit. It 

is considered in this study that the Wairoa Ignirnbrite was once more 

laterally extensive in the Tauranga Basin, particularly in the 

Cambridge Road area and northwestwards from this area. 

3.4.8 I 
TE PUNA IGNIMBRITE (new name) 

Stratigraphic definition 

It is suggested from mapping and air-fall tephra stratigraphy that 
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the Te Puna Ignimbrite stratigraphically overlies the Wairoa Ignim­

brite and stratigraphically underlies the Te Ranga Ignimbrite. The 

Te Puna Ignimbrite is considered in this study to be older than 0.30 

m.y. B.P. but younger than 0.50 m.y. B.P. This approximate age 

range is suggested from a thick c~ 8 m) sequence of Pahoia tephras, 

a number of interbedded paleosols and~ 2.5 m of Hamilton Ash cover­

ing the ignimbrite at Omokoroa. A chalazoidite bed underlying the 

Waimakariri Ignimbrite c~ 0,18 m.y. B.P., Fransen, 1982) at Ruahihi 

and overlying a post-depositional slump deposit derived from the 

Te Puna Ignimbrite on Motuhoa Island indicates an age>~ 0.18 m.y. 

B. P. ( see section 3. 5. 3) . 

Lithology 

Te Te Puna Ignimbrite is an unwelded but consolidated lapilli 

ash tuff breccia, light grey to yellow, and containing grey to white 

pumice clasts (up to 8 cm). Lithic inclusions of rhyolite are 

abundant to common, while andesite is less common. 

Petrography 

Phenocrysts are dominantly plagioclase and quartz with suboxdin­

ate hornblende and minor hypersthene and biotite. The groundrnass 

consists mainly of glass shards, plagioclase and quartz, and pumice 

inclusions are not divitrified. 

Distribution 

Te Te Puna Ignimbrite crops out in cliff sections adjacent to 

Te Puna Station Road· (Ul4/826 855) and the Wairoa River. Limited 

Clarkes Road (Ul4/825 855), and in a road cut­exposure occurs al911g 

Road (ul4/831 845) close c~ 50 m) to the Waihi­
ting along the Wairoa 

Tauranga main highway. Further along (~ 200 m) the Wairoa Road, are 

· 'k' rgni'mbrite in banks at the sides of the exposures of Waiteari. i 
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Wairoa River. The Te Pwia Ignimbrite has formed a thick remnant 

(~ 30 m) tongue of material, producing a constructional but variably 

degraded terrace at Te Pwia (Fig. 3.4). Thinner (< 6 m thick) pyro­

clastic flow deposits are fowid at Omokoroa (Fig. 8.10) and a post­

depositional deposit (~ 6 m thick) derived from the Te Puna Ignim­

brite crops out in cliffs in the southern part of Motuhoa Island. 

These deposits are discussed in detail in Chapter 8. 

3.4.9 TE RANGA IGNIMBRITE (new name) 

Stratigraphic definition 

The Te Ranga Ignimbrite stratigraphically overlies the Te Puna 

Ignimbrite and stratigraphically widerlies the Waimakariri Ignimbrite 

within the Matua Subgroup. An erosional wiconforrnity which separates 

the Te Ranga Ignimbrite from the Waimakariri Ignimbrite indicates an 

age>~ 0.18 m.y. B.P. for the Te Ranga Ignimbrite (i.e. 0.18 - 0.16 

m.y. B.P. was an age for the Waimakariri Ignimbrite suggested by 

Fransen, 1982). The Te Ranga Ignimbrite is considered to be~ 0.30 

m.y. B.P., an age based on the severe erosion of the ignimbrite in 

the Basin before emplacement of the Waimakariri Ignimbrite and from 

air-fall tephra stratigraphy. The Te Ranga Ignimbrite is covered 

by~ 2 rn of Hamilton Ash in the Pyes Pa Road area (Ul4/846 773). 

Lithology 

The ignimbrite (Fig. 3.5) forms a dark grey to grey, poorly con­

solidated to consolidated slightly gravelly sand which has been the 

source of a large proportion of the fluvial sediment exposed through-

out the Tauranga Basin. Segregation channels, basal cross bedded 

structures and cha~coal fragments are characteristic of this deposit, 

these features being discussed in detail in Chapter Eight. Vesicular 

glassy pumice clasts, 4 to 20 mm, and obsidian and rhyolitic rock 
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The Te Puna Ignimbri te exposed in an. ",30 m 
thick section along the Te Puna Station ~~~d 
(Ul4/828859) . The spade at the base of ._ne 

cliff is 1 m. 

The glass rich Te Ranga Ignimbrite cropping 
out at the Melame Street quarry (Ul4/861805). 
Note the convolutions which appear beneath 
fluvial sediment at the top of the deposit. 
Spade is 1 m. 

I 





-56-

fragments (1 to 8 mm) are abundant throughout the :'2 Ranga Ignirnbrite. 

Petrography 

Glass is very prevalent in the ignirnbrite and occurs in tNO for.ns, 

vitreous flakes and brown to black obsidian flakes. Dominant pheno­

crysts are plagioclase and quartz with subordinate magnetite and 

hypersthene, and minor hornblende. 

Distribution 

Te Te Ranga Ignimbrite (Figs. 3.5 and 8.3) occurs in the map area 

in the form of two lobes. One extends eastwards from Pyes Pa Road 

(U14/846 762) to Greerton (Ul4/867 815), and crops out in a quarry 

near Te Ranga (Ul4/845 769), in a quarry adjacent to Keenan Road 

(Ul4 /846 763), and is exposed in cliffs at the end of Melarne Street 

(U14/856 805). The other lobe extends towards Belk Road (Ul4/820 770) 

and the main highway 29 (Ul4/840 776). At Belk Road the Te Ranga 

Ignirnbrite is covered by the Waimakariri Ignimbrite, which infills 

an old(>~ 0.18 m.y. B.?.) valley cut into the Te Ranga Ignimbrite. 

3.4.10 WAIMAKARIRI IGNIMBRITE 

Stratigraphic definition 

The Waimakariri Ignimbrite was previously identified in the 

Mamaku Plateau by Fransen (1982) and an age of 0.16 to 0.18 m.y. B.P. 

suggested for the ignimbrite was based on the sharp contact and the 

thin (~ 10 cm) depositional infill separating the overlying Marnaku 

Ignimbrite from the Waimakariri Ignimbrite. Based on a stratigraphic 

relationship with the Mamaku Ignimbrite (0.14 m.y. B.?., Murphy and 

Seward, 1981) , and .I on a thick (~ 2 m) sequence f · o Harru.lton Ash cover-

ing the_Waimakariri Ignimbrite in the Pyes Pa Road/Keenan Road area 

(Ul4/836 765), and along Joyce Road (Ul4/853 739), an age of ~,0.18 
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m.y. B.P. is suggested for the Waimakariri Ignirnbrite in the map area. 

The Waimakariri Ignirnbrite overlies the Te Ranga Ignirnbrite in the map 

area, but underlies the Mamaku Ignirnbrite just outside the map area in 

the Pyes Pa Road/Oropi gorge Road area (Ul4/855703). The Waimakariri 

Igni.nbrite was previously regarded as the lower Mamaku Ignirnbrite but 

several characteristic features give it separate name status (e.g. 

lithologic and mineralogic differences). 

Lithology 

The Waimakariri Ignirnbrite exposed in the Belk Road quarry 

(Ul4/830 770) and in cliffs adjacent to the Wairoa River is a moder-

ately to poorly welded, white to yellowish-grey, pumiceous breccia. 

Moderately welded parts of the ignirnbrite occur in vertically jointed 

(i.e. columnar jointed; Fig. 3.6) cliffs which run perpendicular to 

the main highway 29 (Ul4/795 759) in the southern margins of the Basin. 

Pumice clasts (up to 15 cm) protrude from the outcrop fac~ of moder­

ately welded ignimbrite exposed in cliffs along Belk Road. Other 

characteristic features include, charcoal fragments and segregation 

structures (discussed in detail in Chapter 8, Table 8.3). Rhyolitic 

lithics are commonly found throughout the ignimbrite. 

Petrography 

The dominant phenocrysts are plagioclase and quartz, with sub­

ordinate hypersthene and magnetite and minor hornblende. 

Distribution 

The waimakariri Ignirnbrite is exposed in an extensive area which 

The extends from the w,airoa River eastwards to the Papamoa Hills. 

ignirnbrite is exposed in cliffs at the sides of broad valleys which 

run north-south into the southern parts of the Tauranga Basin (i.e. 

the Mamaku Plateau area). The ignirnbrite crops out in cliffs (Fig. 3 • 6 ) 



Fig. 3.6 
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Columnar jointed Waimakariri Ignimbrite 
exposed in 40 m high cliffs near the 
Wairoa River (Ul4/795760). 

I 
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along the Wairoa River, at Belk Road (Ul4/820 770), Omanawa Road 

(U14/810 745) and in the Merrick Road/Pyes Pa Road area (Ul4/842 740). 

Investigation outside the map area, suggests that the ignimbrite 

thickens southward, and was once extensive in the Tauranga Basin and 

probably reached a thickness of"-' 60 m. The ignirnbrite reaches a 

thickness of"-' 30 min the Belk Road area. 

3.4.11 MA..\1AKU IGNIMBRITE 

The Mamaku Ignirnbrite overlies the Waimakariri Ignimbrite just 

outside the map area in the Pyes Pa Road - Oropi gorge Road area 

(Ul4/857 700) where it has a thickness of"-' 40 m. The ignimbrite 

is extensive south of McLaren Falls (Ul4/784 728), and Pyes Road 

(Ul4/856 705). It is probable that the Mamaku Ignirnbrite was once 

a thick deposit in the Tauranga Basin but has subsequently been com­

pletely eroded out. Field work in the Ruahihi area (Ul4/805 740) 

indicates that sediment overlying the Waimakariri Ignimbrite is 

Mamaku Ignimbrite derived. 

"-' 0.5 m of Hamilton Ash. 

Much of this sediment is overlain by 

3.4.12 TAURANGA GROUP 

Kear and Schofield (1978) proposed the name Tauranga Group for 

Late Cenozoic deposits found in the Bay of Plenty, Hauraki Lowland, 

Hamilton Lowland, Lower Waikato and Manakau Harbour areas. They 

described them as" mainly pumiceous, terrestrial,estuarine and 

marine sediments" with a probable source being the Taupo Volcanic 

zone. In the Hamilton and Hauraki Lowlands, Kear and Schofield (1978) 

divided the Tauranga- Group into the Frankton, Walton and Piako sub-

groups (Table 1.1) 1 However geographic restriction on these names 

h · · th T B s;n Part1.·a_1 ti'me correlatives prevents t e1.r usage in e auranga a~·-

( . younger than the waiteariki Ignimbrite of 0.84 m.y. B.P.) of i.e. 

these subgroups in the Tauranga Basin are here placed in a new single 

subgroup, the Matua Subgroup, as defined in_ the next section. 
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3. 4 .13 MATUA Su13GROUP 

The formal name Hatua Subgroup is proposed for the ?leistocene 

sediments (and associated lithologies) which overlie the Waiteariki 

Ignimbrite (c. 0.84 m.y. E.P.) within the Tauranga Basin. The Sub­

group includes a sequence of fluvial and estuarine strata as well 

as several ignimbrites and air-fall tephras. Matua Subgroup deposits 

infill the Tauranga Basin to a depth of"., 150 m (Fig. 3.7 represents 

part of this thickness). A wide range of lithologies occurs: 

pumiceous gravels; moderately and well sorted cross-bedded gravelly 

sands and sands; moderately to poorly sorted horizontally stratified 

pumiceous sediments; clays; fossiliferous sands; peats; carbonaceous 

and/or diatomaceous silts; breccias; and massive silts and sandy 

silts. The source for most of these sediments is a rhyolitic vol-

canic terrain. The upper parts of the Matua Subgroup are exposed 

in a number of coastal cliff sections (much of this study concentrated 

on describing subaerial exposures), and are referred to informally as 

the upper Matua Subgroup. The upper Matua Subgroup, which is rep-

resentative of much of the Matua Subgroup is discussed in detail in 

Chapter Five onwards. Sketches of the three main sections studied 

are given in Figs. 3.8, 3.9 and 3.10. 

Lignite within the Matua Subgroup 

(a) Stratigraphic definition 

Lignite is exposed at low tide on the beach surface at Omokoroa 

(Fig. 3.11) and Motuhoa Island, stratigraphically underlying the 

Te Puna Igni~brite at Omokoroa. A very approximate age for the 

lignite is therefo7e older tJ1an the Te Puna Ignimbrite ("v 0.30 _ 

0.50 m.y. B.P.). 
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(b) Description 

The lignite at Omokoroa (Fig. 3.11) is 5 m thick but thins 

markedly to 0.6 mat Matakana Island, and 3 mat the Te Puna estuary. 

It is characteristically black and obvious structures include numer-

ous branches and l ogs up to 0.5 m long and 0.06 min diameter. The 

lignite exposed on the Omokoroa beach displays several concentric 

radial patterns with intervening ridge s (2 cm high) spaced 4 - 6 cm 

apart and separated by flattened troughs. These concentric patterns 

appear to have developed around a central core, perhaps the more 

resistant stump of trees and shrubs which were once abundant in the 

swamp, and may be due to differential compaction about these centres. 

(c) Distribution 

The lignite exposed at Cmokoroa is covered by two pyroclastic 

flow units and a thick (~ 10 m) s equence of air-fall tephra. It~ 

extends east to Motuhoa Island where it is exposed on the beach sur­

face and southeast to Te Puna West where it forms at low tide, a 

saturated, densely bored and current scoured shore platform in the 

Te Puna estuary. The lignite has an average thickness of 2 to 3 m. 

It is assumed from ash cover correlation and pollen analysis (Hull, 

1977) that the same seam crops out~ 3.7 m above low tide level on 

Matakana Island. Another seam is exposed 6 m above low tide but 

represents a later period of swamp development. The surface of the 

lignite dips (4 - 8°) north and northeastwards away from Omokoroa 

Point (Ul4/798 927), and northwestwards away from Motuhoa Island and 

thins towards Mataka;i.a Island. This form may be suggestive of a 

raised bog (Hull, 1977; M.S. McGlone, pers. comm. 1982) or of diff-
; 

erential compaction and/or tectonics. 



Fig. 3.11 
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An ~3 m thick black lignite deposit exposed 
above low tide level at Omokoroa (Ul4/798928). 
Overlying the lignite is the Type FSa deposit 
(Chapter 8) showing iron pans near the base of 
the deposit and fluvial sediment intrusions 
near the top of the deposit. 

I 
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(d) Palynology 

Pollen analysis (Hull, 1977) of lignite samples from Omokoroa 

and Matakana Island were carried out by Dr M. McGlone, Botany Division 

D.S.I.R., Christchurch. 

Results 

In terms of total pollen and spore content, the dominant swamp 

pollen is Calorophus and Gleiahesia species (acid bog sedges). 

Gremineae (grass) pollen is absent. The main types of ferns present 

throughout the lignite are Diaksonia squarrosa and Cyathea smithii. 

Tree and shrub pollen composes the majority of the lignite. The 

restricted variety of shrubs include Lyptospermwn (Manuka and Kanuka), 

Daarydium bidwilli/bioforme group (bog or pink pine) and Epaaris 

pauaifl,ora. (acid soil or bog shrub). The occurrence of Podocarp/ 

hardwood forest types are identified throughout the lignite. Tree 

pollen is made up by Daarydium aolensoi (silver pine) and theNotho­

fagus fusaa group (all of the beeches except silver beech). Towards 

the top of the lignite the relative abundance of Daarydium aupressinum 

(rimu), Podoaarpus spiaatus (matai) and Podoaarpus ferrugineus (miro) 

increases. 

(e) Significance of observations 

The lignite acts as a stratigraphic marker and a potential paleo-

environmental indicator. Comparison of the vegetation types in the 

lignite exposed in the Tauranga Basin with modern swamps having similar 

vegetation types allows several paleoenvironmental interpretations to 

be made (Hull, 1977; M.S. McGlone, pers. comm. 1982): 

( i) 

I 

The swamp grew in stadial conditions, probably when 
temperatures were 3°c lower than the present mean 

o . T annual temperature of 14 C recorded in auranga. 



(ii) 

(iii) 
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Rainfall was possibly 800 to 900 mm higher t~an the 
annual precipitation in Tauranga of present mean 

1348 mm. 

An increase in podocarp pollens relative to Beech 
oollen in the upper part of the lignite sugge~ts 
~ climatic warming. This could signify stadial 
conditions when sea level was risi~g. 

3.5 AIR-FALL TEPHRA SEQUENCES 

Introduction 

Tephrostratigraphy has been an essential chronological tool in 

providing a geological framework for the Tauranga Basin. It has also 

been important as a means of establishing former land surfaces and 

for correlating terrace heights (Selby et al., 1971; Kamp, 1978; 

Kennedy, 1980; Vucetich et al., 1980). Tephra marker beds are of 

considerable value as instantaneous time planes, but limitations arise 

from problems with regional identity and reliable dates (Kamp, 1978; 

Kennedy, 1980) . The potential for tephr~ correlation with younger 

tephras (less than 42 ky) is usually greater than with older beds 

(> 42 ky). Limitations occur in correlating older ash beds outside 

the Tauranga Basin, mainly because of the high degree of weathering 

and los.s of primary components and because of limited exposures which 

make "hand over hand" correlation difficult (Vucetich et al., 1980). 

This obviously necessitates care in compositional analysis and text­

ural description. 

Tephra distribution (Fig. 3.12) 

The tephrostratigraphy overlying or within the Matua Subgroup may 

be grouped broadly into 2 sequences (Table 3.3): 

( i.) 

(ii) 

older (pre-Rotoehu Ash) tephras (i.e. structured and 
structureless deposits) 

I 

younger (Rotoehu Ash and post-Rotoehu Ash) tephras 

Together these tephras can range from 2 - 20 m thick in the 

Tauranga :aasir .. 
The older tephras [Hamilton Ash beds, Pahoia tephras 
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'l'ABLE 3.3 68 

TEPHRA AGE REFERENCES COMPOSITION CLAYS POSITION AS SOIL FORMING SOIL 
(Volcanic Centre) (yrs) 

SOIL PALEOSOL 
PARENT MATERL\L CLASSIFICATION 

-

Kaharoa Ash 930 ± 70 Vucetich and Pullar Rhyolitic Allophane Allophane At surface and near surface Yellow-brown pumice 
(Okataina) (1964) soil (sub-alvic) 

Taupo Pumice 1,850 ± 100 Vucetich and Pullar Rhyolitic Allophane At surface and deep Yellow-brown pumice 
Formation (1964) soil (sub-alvic) 
Taupo Lapilli 
(Taupo) 

Rotorua Ash 13,450 ± 250 Vucetich and Pullar Rhyolitic Allophane Near surface and deep Yellow-brown loams 

(Okataina) (1964) 

Okaraka Ash Pullar and Birrell Yellow-brown loams 

(Okareka) (1973) 

Oruanui Formation 19,850 ± 310 Pullar and Birrell Rhyolitic Yellow-brown loams 
(1973) 

Mangaoni Lapilli 30,100 ± 1300 Vucetich and Pullar Dacitic- Halloysite Near surface and deep Yellow-brown loams 
Formation (1969) Rhyolitic 
(Okataina) Pullar and Heine 

(1971) 

Rotoehu Ash 41,700 ± 3500 Vucetich and Pullar Rhyolitic Halloysite Deep Yellow-brown loams 
(Okataina) (1969) Allophane 

Pullar and Heine (1971) 
Nairn (1972) 
Howorth (1975) etc. 

Hamilton Ash >42,000 Ward (1967) Andesitic !Ialloysite Halloysite Deep Brown granular loam 
(unknown) or >42 ky Mccraw (1975) and Gibbsite Gibbsite (spadic) 

Vucetich et al. (1978) Rhyolitic Allophane Allophane 
Vucetich et al. (1980) 

Pahoia tephra 'vl25-220 ky Pullar and Birrell Rhyolitic Halloysite Deep 
(this study) (1973) 
or Pahoia Tuffs Kirkman and Pullar 
(unknown) (1980) 

Vucetich et al. (1980) 

Undifferentiated <'v220 ky Pullar and Birrell Andesitic Halloysite Halloysite Deep 
brown tuffs ( 1973) and Allophane 
(unknown) Kirkman and Pullar Rhyolitic 

(1978) 

Ka.uroa. Ash 'v200-800 ky Ward (1967) Andesitic Halloysite Halloysite Deep I (unknown) Mccraw ( l 'J ·; 5) and Allophane Allophane 

I Kirkman (l'Jf!O) Rhyolitic Gibbsite Cibbsite 



-69-

(Kauroa Ashes), (Selby et al., 1971; Pullar et al., 1973; vucetich, 

1978; Kirkman and Pullar, 1978)] are typically highly weathered and 

lack prominent distinguishing characteristics. The Pahoia tephras 

are intercalated with fluvial sediment and include pyroclastic flow 

deposits. For this reason they are included within the Matua Sub­

group. A number of paleosols are interbedded within the Pahoia 

tephra sequence which contains several unconformities representing 

missing time. The name Pahoia tephras is used in this study for all 

tephras below the Hamilton Ash Formation in the Tauranga Basin, and 

possibly includes tephra correlatives of the Kauroa Ash, found in 

areas outside of the Bay of Plenty. It is assumed in this study 

that the Kauroa Ash and Pahoia tephras are of similar age, and that 

tephras within the Pahoia tephra sequence possibly represent eruptive 

association with a number of the ignimbrites presently subaerially 

exposed in the Tauranga Basin. 

3.5.l OLDER (PRE-ROTOEHU ASH) TEPHRAS 

Pahoia tephras 

The name Pahoia tephras (Pahoia Tuffs, Pullar et al., 1973) is 

used in this study as a portmanteau term for highly weathered white 

tephras (dominated by halloysite) including some brown to grey undiff­

erentiated beds, forming ~1 to 15 m thick sequences beneath the 

Hamilton Ash beds in the Tauranga Basin (Fig. 3.13). The term tephra 

is used both because shower bedding is prevalent in less weathered 

exposures, and because thin (< ~ 2 m) pyroclastic flow deposits are 

included in the sequ~nce. The ash is distinctly rhyolitic and norm-

ally graded. The Pahoia tephras are intercalated with white pumiceous 
I 

fluvial sediment at several exposures (e.g. Matua), and deposits wi th 

charact~ristics which pertain more to a volcanic flow-type origin are 

interbedded with or immediately underlie Pahoia tephras at omokoroa 
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The Omokoroa section (Ul4/798928) exposing 
the yellow to grey Pahoia tephras overlying 
an inversely graded pyroclastic flow (Type 
FS; Olapter 8) deposit. A channel scour 
occurs in the centre of the photo, above 
the pyroclastic flow deposit. The dark 
brown Hamilton Ash beds occur above the 
Pahoia tephras, and below white Rotoehu 
Ash. The trowel is 30 cm long. 

Distribution map of the soil forming ash 
showers in the Tauranga area, showing the 
extensive Waihi Ashes. 

I 
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and at Matua (e.g. 'l"Jpe F7, Type F6, and Type FS deposits described 

in Chapter 8). 

An age range from 125 ky to 300 ky h~s been sugges~ed =or tie 

Pahoia tephras (Kirkman and Pullar, 1978; Vucetich et aZ., 1980) • 

The Pahoia tephras (Pahoia Tuffs, Pullar et aZ., 1973) are described 

outside the Tauranga Basin at several localities in the Bay of Plenty 

(Pullar et aZ., 1973; Chappell, 1975; Kirkman and Pullar, 1978). 

Kirkman and Pullar (1978) noted a minimum of 12 beds each containing 

a basal ash and an associated paleosol within the Pahoia Tuffs at 

Opotiki, 120 km southeast of the Tauranga Basin, and multiple paleo­

sols exist within the Pahoia tephras in the Tauranga Basin. 

The Pahoia tephra sequence, although highly weathered, is well 

exposed at Omokoroa (Ul4/797 927; Fig. 3.13). The term bed is 

adopted at the Omokoroa site for descriptive purposes. The beds 

described from the Pahoia tephra sequence are informally named Oa to 

On (Table 3.4) and form a sequence~ 5 m thick. The rhyolitic tephras 

range from prominently bedded to massive with upper contacts defined 

by colour and slight textural changes and/or commonly by pale brown 

clay rich (halloysite) paleosols (2 to 15 cm thick; Fig. 3.16). At 

the Matua coastal section (Ul4/849 877) the Pahoia tephras include 

paleosols up to 40 cm thick. 

All tephras except Oa contain at least 97% by weight of rhyolitic 

glass, pumice and felsic minerals. Tephra oa contained 7% heavy 

minerals, this concentration being due to fluvial reworking. The 

ferromagnesian mineral assemblages comprise green hypersthene, horn­

blende and biotite. 

I 

(a) Kauroa Ash 

The name Kauroa Ash Formation was given by Ward (1967) to 17 

discrete tephra beds occurring immediately below the Hamilton Ash 
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: ' . • • 

Ok 5 clay NB/0 white friable to prismatic .- ..• ( .. .': 
plastic rtrirc~lr ~ .. tt. to t;'lht brow!\ pa.le,,o !:.ol 

- \ 

Oj 15 sandy silt NB/0 to N7/0 compact massive 
. 

' ( ,Jni:t t. Cl~\.- ( cfuJn'j) 
greyish white ' 

' 

''. ~ \Ji~_1•:_•_'l l<le.A.k.l~ d..1A11,l.{Q..d ro.\l!,,o,o\ 
J 

Oi 60 silt NB/0 to N7/0 compact massive 
~·\ ' )-~-I 

greyish white - 'r. >- - • 
I ' 'f · : ~ , 

!tr · -· · ff\Oi''-Ja.r.~>Q.., 01.:,Ae.... 6to1.Nn~ "•,... . . . . '/ 
' . 

no J. .,J ._,) , -
Oh 30 silt N7/0 grey compact massive : ~ :o• -~ : __ -

C.fn,m~t\U\t (nO.C""jil4"C,J-..!, 

. - 6\o..,"-(' r.~JJ,;.,.~ .A- bo.rn . . , > cle>l"J<. ..,J..,.o:\.l ., 
> : B"''t l,,lili.."!" 

~ -
Og 40 sandy silt N7/0 to N6/0 hard to massive -, 

grey compact ' . .. ~ 

. . .. . . 
:.:.:.:."l -.- ,.,. ~ : __ . . . . 

pQrti"" ,s ho~u- . 
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0 
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Formation, west of the Bay of Plenty, in the Central North Island. 

[although it consists of a group of ashes with missing time existing 

between some of the beds (Ward, 1967)]. 

The beds possibly span a period of 500 ky as determined from 

stratigraphic associations with dated basalts (Mccraw, 1975; Kirkman, 

1980), while an age estimate for a lower member, the Oparau Tephra 

(Pain, 1975), is 750 ky (Vucetich et al., 1978). In the Tauranga 

Basin undifferentiated brown tephras of andesitic and rhyolitic com­

position interbedded with Matua Subgroup fluvial deposits, beneath 

the Hamilton Ash Formation, are placed into the Pahoia tephra sequence. 

Hamil ton Ash 

Hamilton Ashes occur immediately below the easily recognised 

Rotoehu Ash (c. 42 ky; Nairn, 1972). The Ohinewai Tephra, the lower­

most member of the Hamilton Ash Formation (Ward, 1967) was recognised 

by Vucetich et al., (1978) in the Tauranga Basin, although positive 

identification has proved difficult. These workers suggest an age 

for the tephra of 150 ky. Hendy et al., (1980) gave an estimated 

mean age for the H-1 bed of the Hamilton Ash Formation at 200 ky 

(± 75.0 ky) using a Uranium/Thorium dating technique. Coastal 

terrace correlation (Chappell, 1975) gives an age for the Hamilton 

Ash Formation of between 120 ky and 210 ky, Mccraw (1975) however 

suggests an age range of between 100 ky and 300 ky based on strati­

graphic associations with dated ignimbrites and basalts. 

The Hamilton Ash Formation in the Tauranga Basin fonns a thick 

(usually> 0.9 ml yellow brown to dark reddish brown deeply weathered 

sequence in which paleosols are developed. Most beds show a well 

I 

developed nutty to blocky structure. At Omokoroa (Fig. 3.13) this 

sequence is~ 2.5 m thick (Table 3.5) while at Te Puna and at Matua 

it is < 1. 2 m. 
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3.5.2 YOlJNGER (ROTOEHU ASH AND POST-ROTOEHU ASH) TEPHRAS 

R.otoehu Ash 

The Rotoehu Ash (c. 42,000 yrs B.P.) is a very conspicuous 

white ash layer occurring typically at a depth of 120-218 cm over 

much of the Tauranga Basin, lying above Hamilton Ash beds. It is 

distinctly shower bedded in units ranging from 2 - 20 cm (i' . e. 

multiple white to greyish yellow beds) and has a predominantly 

sandy texture. 

Post-Rotoehu tephras 

The younger tephras are red to dark brown, firm to friable and 

form a composite (i.e. mixture of ashes, and in parts of the Basin 

the ash column is described as collapsed) < 42 ky column. They 

have been derived from Rotorua, Okataina, Taupo and Mayor Island 

eruptive centres (Healy et al., 1942; Pullar et al., 1973; Hogg, 1979). 

Post-Rotoehu tephras are important because they are surficial 

and hence are the major soil forming ashes of the region. The name 

Waihi Ash is used to describe an intimate mixture of at least two 

of these younger tephras (< 42 ky) which occur in variable proportions 

depending upon geographic location (Hogg, 1979), east of the Kaimai 

Ranges (Fig. 3.14). Tirau Ash is used for a mixture of younger 

tephras west of the Kaimai Range (Fig. 3.14). The definition 

(Taylor, 1953) of Waihi Ash, was made to include components of many 

tephras (e.g. including the Taupo Pumice, Rotorua, and Oruanui 

tephras; Table 3.4) which may range from Taupe Pumice to Rotoehu Ash 

(H.S. Gibbs, 1983, pers. comm.). Tephras > 20 ky may or may not be 

I 
contained in the bed and identification of older tephras > 20 ky is 

complicated by mixing and the degree of weathering at different 

localities. Post-Rotoehu teohras may reach a thickness up to~ 3 m 
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in the Basin, but a thickness of~ 1 mis common throughout the 

Basin. Southeast of the Tauranga region the Taupo and Kaharoa 

Ashes can be distinguished separately (Figs. 1.12 and 3.14 ) • 

3.5.3 STRATIGRAPHIC RELATIONSHIPS OF TEPHRA SEQUENCES 

f • f 11 depos1·t~ 1·n the Tauranga Basin is The stratigraphy o air- a -

presented in Figure 3.15. 

Pahoia tephras describe a collective sequence of air-fall deposits, 

'bl 1 beds and pyroclastic flow deposits beneath paleosols, and possi y oess _ 

the Hamilton Ash Formation. The Pahoia tephras are included in the 

Matua Subgroup, which is overlain by the Hamilton Ash Formation. How-

ever at Te Puna (U14/821 887), Matua (Ul4/849 878) and Wairnapu 

(Ul4/879 799) there is evidence which indicates that the Hamilton Ash 

beds have been reworked, and fluvial sediments underlie and are inter-

bedded with Hamilton Ash beds. 

(a) Age of Pahoia tephras 

A chalazoidite bed exposed~ 30 cm below the Wairnakariri Ignim­

brite (separated from the Wairnakariri Ignirnbrite by fluvial sediment) 

in a road cutting near the Ruahihi powerhouse (Ul4/792 760; Fig. 8.14) 

also crops out at the base of a thick (~ 10 m) Pahoia tephra sequence 

(containing several unconforrnities) in a coastal cliff exposure (Fig. 

3.16) near Omokoroa (Ul4/790 898). The chalazoidite bed is also 

exposed overlying a post-depositional deposit derived from the Te Puna 

Ignimbrite, on Motuhoa Island. The Pahoia tephras overlie the Te Puna 

Ignimbrite at Ornokoroa Point (Ul4/798 928). Some Pahoia tephras may 

however stratigraphically underlie the Te Puna Ignirnbrite, but overlie 

the Wairoa Ignimbrfte (~ 0.84 - .. ,, 0.5 m.y. B.P.). Borehole data 

indicates that rhyolitic ashes occur intermittently at depth through-

out the Matua Subgroup. Fluvial sediment underlying the Wairnakariri 
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The Pahoia tephras exposed in a coastal cliff 
section at Omokoroa (Ul4/790899). Several 
paleosols occur in the section, and a grey 
chalazoidite bed is exposed at the base above 
the beach surface. The trowel is 30 cm long. 

I 



-80-

Ignirnbrite at Ruahihi (Ul4/792 760) may represent a period (> ~ 0.18 

m.y. B.P.) of channel erosion, which removed a large quantity of 

sediment from this site before the Waimakariri Ignimbrite was emplaced. 

Age equivalence of the Pahoia tephras (i.e. tephras subaerially 

exposed throughout the Tauranga Basin in sequences up to 15 m thick) 

with the Waimakariri Ignimbrite (~ 0.18 m.y. B.P.) and an age younger 

than the Te Puna Ignimbrite (~ 0.4 m.y. B.P.) is therefore suggested 

from stratigraphic evidence in the Tauranga Basin. 

Associations outside of the Tauranga Basin 

Attempts to correlate ashes from the Tauranga Basin with those in 

the Waikato and King Country are difficult because of both loss of 

primary components by weathering and limited exposures. The Ohinewai 

Ash, (i.e. lowermost member of the Hamilton Ash Forrnation; Ward, 1967) 

has not been positively correlated with an ash bed lying immediately 

above the Pahoia tephras in the Tauranga Basin. However, work by 

Vucetich et aZ., (1978; 1980) has tentatively established by strati­

graphy and description some tephra correlation between the Ornokoroa 

section in the Tauranga Basin and a section near Tirau, 55 km south 

of the Basin. Similarities between the section at Tirau and the 

section at Omokoroa (Vucetich et aZ., 1980) are: 

(i) a basal tephra flow~ pyroclastic flow deposit 

(ii) a collective sequence of tephras and paleosols dominated 
by halloysite above the basal pyroclastic flow deposit 
which are referred to as the Pahoia Tuffs (: Pahoia 
tephra). [(i.e. multiple bedded, weakly developed 
paleosols with interbedded acidic tephras, sandy clay 
(medium/coarse ash) (Vucetich et al., 1980)] 

(iii') air-fall tephra units overlying (i) and (ii) deposits 
dominateg by allophane and apparently paraconformable 
to basal deposits [i.e. (i) and (ii)]. Yellow brown 
friable tephras (: Hamilton Ash). 

Attempts have also been made to define and correlate tephra and 

~ luvial sequences occurring within the Pahoia Tuffs (: Pahoia tephras 
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in the Tauranga Basin) in the Bay of Plenty. At Little Waihi, 15 km 

southeast of the Tauranga Basin the Pahoia Tuffs are intercalated 

with fluvial sediment and possibly with pyroclastic flow deposits. 

Chappell (1975) defined the tuffs as including the Little Waihi Form­

ation (i.e. a sequence of air-fall tephra and fluvial deposits beneath 

the Hamilton Ash Formation) and the informally defined undifferentiated 

pumice beds (i.e. below the Little Waihi Formation). 

At the northern end of the Tauranga Basin at Waihi, the Kauroa 

Ash (Ward, 1967) was described as a "brown ash directly underlying 

the Hamilton Ash in the Anthenree deposits (Selby et aZ., 1971). 

White, pumiceous fluvial sediment and air-fall tephra deposits beneath 

this ash at Waihi are correlated to the Pahoia tephras in the Tauranga 

Basin. Chappell (1975) positioned the Kauroa Ash, identified at Waihi 

as resting conformably beneath the Little Waihi Formation at Ohiwa, 

100 km southeast of the Tauranga Basin. 

Discussion of previous work 

At t.~e southern end of the Basin, Pullar et aZ. (1973) and 

Birrell et aZ., (1977) recorded "undifferentiated brown tuffs" beneath 

both Rotoehu and Hamilton Ash beds and overlying highly weathered 

white tephras (= Pahoia Tuffs, Pullar et aZ., 1973). These "undiff­

erentiated brown tuffs" which are differentially eroded, probably 

include some of the Hamilton Ash beds, and some of the Kauroa Ash beds 

(Pullar et aZ., 1973). 

In the central areas of the Tauranga Basin, several dark brown 

firm ash beds and paleosols intercalated with fluvial sediments and 

Pahoia tephras (i.~- unconsolidated and consolidated tephra deposits 

below a sequence of Hamilton Ash beds) may possibly include older 

b d b e correlatives of Kauroa Ash. Hamilton Ash beds and some es may 

tephras (dominant in halloysite) beneath Therefore all white to grey 
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brown, more friable (many units are particularly dominant in allophane) 

tephras (= Hamilton Ash) are collectively grouped and given the name 

Pahoia tephra. 

The Little Waihi Formation (Chappell, 1975) and the Pahoia Tuffs 

(Pullar et aZ., 1973) were provisionally correlated by Vucetich et aZ., 

(1978) to an informally defined late ignimbrite period (< ~ 0.3 m.y. 

B.P.) with age equivalence to the Matahina, Waimakariri and Mamaku 

Ignimbrites. It is suggested however from this study that age equi-

valence for the Pahoia tephras, be extended back in time to encompass 

the emplacement of a number of newly identified ignimbrites and 

associated air-fall tephra in the Tauranga Basin. Namely, the Te Puna 

Ignimbrite (~ 0.4 m.y. B.P.) and the Te Ranga Ignimbrite (~ 0.3 m.y. 

B. p.) . 
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4.1 INTRODUCTION 

This study indicates that very little faulting has occurred 

within the Tauranga Basin in the last million years or so. However 

deep-seated faulting may be obscured by the thick sedimentary cover. 

Drillhole evidence shows quite marked variations in the depth at 

which specific rock units are found (Fig. 4.1) but this appears to 

be due to erosion rather than faulting. Volcanic rock units are 

dipping eastward into the Basin and therefore it is assumed that step 

faulting may have developed at depth in the Basin, or further north­

east of the Basin (Fig. 4.2). 

The Basin is a slowly subsiding depression <~ 0.12 mm/yr; Table 

4.1 and 4.2) formed by uplift of the Kaimai Range to the west (major 

uplift began~ 0.84 m.y. B.P.) and by tilting of this horst towards 

the east and northeast. Since about the mid-Quaternary subsidence of 

the Basin associated with this tilting has accommodated a sedimentary 

pile up to 300 m thick. Cross-sections through the Tauranga Basin are 

shown in Figure 4.3 (map folio at back of thesis). Cross sections 

through the Coromandel Range are presented in Figure 4.4 (i), (ii) and 

(iii) and suggest that rock units of Miocene age (e.g. Beesons Island 

Volcanics) and older, extend underneath the Basin eastwards. 

4.2 STRUCTURAL RELATIONSHIPS AND SUBSIDENCE 

Drillhole data (NZGS, Rotorua, 1978; 1979; 1980; 1981), sediment­

ation rates and stratigraphic evidence (this study) indicate that the 

Basin has been subsiding at least since emplacement of the Waiteariki 

Ignirnbrite (0.84 m.yl. B.P.; Fig. 4.5) • It is inferred that the rate 

of subsidence was highest immediately after emplacement of that ignim­

brite and decreased to a slower rate in the late Quaternary. An 
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Sketched cross-sections W-E across the Tauranga Basin 

representing various stages of geologic and structural 

development with time: 

(a) Immediately after emplacement of the Waiteariki 
Ignirnbrite (0.84 m.y. B.P.) in the Tauranga Basin. 
Cross-section through the Mt Minden rhyolite dome. 
In the ncrthern parts of the Basin deposits older 
than Waiteariki Ignirnbrite may have been tilted 
eastwards due to uplift of the present Kaimai 
Range in the north; prior to emplacement of 
Waiteariki Ignirnbrite in the southern parts of 
the Basin, the surface was largely horizontal. 

(b) After uplift of the Kaimai Range (and subsidence 
in the Basin) in the north and in the south, to 
present elevation. Cross-section through the 
Whakamarama Plateau - Te Puna area. 

(c) 

LJ 
B 
bh.iJ 
1 6 V I 

m rn 
I • I 
~ 

After uplift of the Kaimai Range to present 
elevation (and subsidence in the Basin). Cross­
section through the Kaimai Range - Katikati areas. 

Legend 

Matua Subgroup deposits 

Wairoa Ignirnbrite (~0.6 m.y. B.P.) 

Waiteariki Ignirnbrite (0.84 m.y. B.P.) 

Aongatete Ignirnbrite (~l.26 - 0.86 m.y. B.P.) 

Minden Rhyolite (4.34 m.y. B.P.) 

Beesons Island Volcanics (16 - 7 m.y. B.P.) 

Carbonaceous material (3 cm thick) 

Angle of dip of Waiteariki Ignimbrite 
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assessment of this subsidence can be made by stratigraphic correlation 

and terrace levels, as is elaborated upon below. 

Two'Middle-Pleistocene ignimbrites, the Aongatete (~ 1.26 m.y. B.P.) 

and Waiteariki, are recorded at, or near the base of the sedimentary 

succession in drillholes at depths between 100 m and 200 m throughout 

the Basin (e.g. Matua, Otumoetai, Te Puna, Greerton). The Waiteariki 

Ignimbrite, which forms the Whakamarama Plateau in the west, dips 8 -

14° E towards Tauranga Harbour, and in the southeastern parts of the 

Basin the Papamoa Ignimbrite dips 8 - 12° NE into the Welcome Bay area. 

The Te Ranga and Waimakariri Ingimbrites occurring in the southern parts 

of the Basin, have dips of only 1 - 4° towards the N and NE, and are 

part of a much younger topographic feature, the Mamaku Plateau. The 

Kaimai Range proper terminates by transition into this plateau (Fig. 

4.6). Mapping in the Whakamarama Plateau (Houghton B.F., unpublished; 

this study) suggests that the Range has been uplifted to a greater 

extent in the north than the south. Some evidence based on the occur­

rence of conglomerates interbedded with pyroclastic deposits older than 

~ 0.5 m.y. B.P. in the northern parts of the Basin also suggests that 

the Range may have been uplifted in the north prior to elevation in the 

south (Fig. 4.7). 

In the northern extremities of the Tauranga Basin the Kaimai Range 

causes the W - E lateral extent of the Basin to narrow. In the south 

the gradual transitional termination of the Kaimai Range into the 

Mamaku Plateau is probably related to the decreasing throw on faults on 

passing southwards in the Hauraki Depression. The throw on these faults 

possibly continues to decrease gradually underneath the Mamaku Plateau 

(Fransen, 1982 ) • It is suggested that in areas adjacent to the southern 

parts of the Tauranga Basin this transitional termination results from 

the tilting of the Kaimai horst towards the east. 
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(a) 

(b) 

(c) 

-91-

Schematic sketches of the Tauranga Basin, looking 

northward from the present day Marnaku Plateau. 

Initial uplift of the Kaimai Range during Pliocene 

to mid Pleistocene time. At the end of this period 

(mid Pleistocene) Waiteariki Ignirnbrite flows north-

wards into the Basin and is unrestricted in the 

south. In the northern parts of the Basin the 

ignimbrite flows eastwards. Major uplift (~0.84 

m.y. B.P.) of the Kaimai Range occurs after emplace­

ment of the Waiteariki Ignirnbrite. 

Subsidence in the Basin continues. Waiteariki 

Ignimbrite and older beds (Beeson's Island Volcanics, 

Aongatete lg.) are continually tilted eastwards. 

Subsidence continues in the mid to upper Pleistocene. 

Ignimbrites erupted from the Taupe Volcanic zone are 

deposited in the Basin. 

begins to develop. 

A thick sedimentary pile 
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Fig. 4.7 
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(i) Subsidence and sedimentation rates 

In a continuous core at otumoetai the Waiteariki Ignirnbrite is 

recorded at a subsurface depth of~ 110 m which imposes a maximum 

time constraint of 0.84 rn.y. B.P. on the sequence of sediments in the 

Matua Subgroup between this depth and 3.3 m, the depth of deposition 

resulting from the latest marine transgression. The recorded depths 

at which specific rock units (e.g. Waiteariki Ignirnbrite) were identi­

fied in several cores is shown in Table 4.1. Comparative depths of 

the welded phases of the Waiteariki Ignirnbrite in cores and where it 

crops out in the Whakamarama Plateau can be assessed in relation to 

information obtained from the Otumoetai core. The~ 106 m depth vari­

ation between the subsurface welded Waiteariki Ignimbrite at Otumoetai 

and the subaerially exposed welded Waiteariki Ignirnbrite cropping out 

in streams near Aongate~e (014/714915) and McLaren Falls (014/783727) 

gives an average subsidence rate of 0.12 mm/yr. 

However, accurate sedimentation rates are extremely difficult to 

determine in that they need to take into account compaction and regional 

undulation and/or warping in the sedimentary pile. Sedimentation rates 

since emplacement of the Waiteariki Ignirnbrite (0.84 m.y. B.P.) have 

been calculated by subtracting the thickness of the overlying sediment­

ary cover at several locations in the Basin (Table 4.2) to give an 

approximate minimum average rate/yr. 

A Maori occupation site with an age of 180 ± 50 y, 45 cm below 

present sea level (Schofield, 1968b),suggests a subsidence rate of 

2.5 mm/yr. Subaerial correlatio~ of sediments at Matua and Te Puna 

indicates regional undulations and warping over a distance of 2 km. 

For example, sediments exposed in coastal cliffs at Matua, 20 m above 

the beach surface, occur only 1 m above the beach surface at Te Puna. 

It is probable that regional warping in the Tauranga Basin is related 



TABLE 4.1 Recorded depths at which volcanic deposits were sampled in boreholes, from unpublished reports, 
N.Z.G.S. Rotorua 

Grid Reference Location Rhyolite Waiteariki (unwelded) Aongatete 
(m) (m) (m) 

Ul4/883881 Otumoetai 154 - 182 110.6 - 144 144 - 154 

014/798888 Te Puna (Wallace Rd) 271. 25 170 256 - 207 

014/802876 Te Puna (Snodgrass Rd) 140 - 237 

Ul4/805878 Te Puna (Park Lane) 231 152 - 158 175 - 226 
I 

I.O 
~ 
I 

014/856885 Matua 329 

Ul4/849844 Bethlehem (Moffat Rd) 155 - 177 128? 

014/896866 Tauranga City (Willow Park) 246 

014/892827 Tauranga City (Waimapu) 128 - 231 256 - 389 

Ul4/897816 Maungatapu 57 - 149 149 - 408 

014/817759 Belk Rd (Griffin Rd) 183 - 262 170 - 183 
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TABLE 4.2 SEDIMENTATION RATES IN THE TAURANGA BASIN 

Grid Reference Location Sedimentation rate 

014/883881 Otumoetai 0.13 mm/yr 

Ul4/802876 Te Puna 0.17 mm/yr 

Ul4/892827 Waimapu estuary 0.15 mm/yr 

014/897816 Maungatapu 0.07 mm/yr 

014/862809 Greerton 0.12 mm/yr 

014/843784 Kennedy Road 0.17 mm/yr 

Ul4/817759 Griffin Road 0.20 mm/yr 

014/736906 Apata 0.10 mm/yr 

Katikati 0.02 mm/yr 

Average= 0.12 mm/yr 
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to a combination of differential subsidence, variations in the thick­

ness of sediment throughout the Basin, and possibly to readjustment 

towards a state of equilibrium due to loading by water in the estuary 

(Bowen, 1978). 

Although subsidence has occurred since emplacement of the Waite­

ariki Ignimbrite the development of the Basin has also been affected 

profoundly by rhyolitic volcanism during the Pliocene (Fig. 4.8). 

Table 4.3 presents a summary of possible structural events in the 

Tauranga Basin since the Miocene. 

4.2.1 Intrabasinal faulting 

The only observed faulting in the study area is small scale (15 cm 

throw) N-S trending normal faults occurring immediately under a debris 

flow deposit of reworked Te Puna Ignimbrite on Motuhoa Island (Fig. 4.9). 

Fault displacement has resu.lted in synsedimentary deposition. This 

faulting suggests that some subsidence may have occurred after emplace­

ment of the Te Puna Ignirnbrite. 

4.3 HAURAKI DEPRESSION COMPARISON WITH THE TAURANGA BASIN 

Hochstein and Nixon (1979) suggested that the Hauraki Depression 

(Healy et al. 1964) is a large fault-controlled tectonic feature which 

they named the Hauraki Rift. The structure comprises two interdepres-

sional grabens separated by a median horst (Fig. 4.10), and horst-graben 

structures are also recorded southwards under the Marnaku Plateau (Fransen, 

1982) . 

The Depression is thought to have developed since about 0.84 m.y. 

B.P. (Cuthbertson, 1981), subsidence being related to the uplift of the 

Kaimai Range; however, initial movement was possibly earlier (Cole, 

1979). It has been suggested that the depression formed either in 
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-----=-=---=:.=-=.=-==-. 

Fig. 4.8 Sketches showing possible structural events in 
the Tauranga area since the Pliocene. The sketches 
relate to events listed in Table 4.3. 
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STRUCTURAL HISTORY OF THE 

TAURANGA BASIN 

Factors affecting subsidence Age (m. y. B. p.) 

(A) 

subsidence due to rhyolite 
volcanism in the Tauranga 5 - 2 
Region 

(B) 

uplift of Kaimai Range 
in the north 2 - 1 

(C) 

uplift of Kaimai Range 
in the south 1 - 0.8 

Series/Epoch 

Late Miocene 

to Pliocene 

Pliocene to 
Early Pleistocene 

Pliocene to mid 
Pleistocene 
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Small scale normal faults exposed in a coastal 
cliff section on Motuhoa Island (Ul4/805914). 

(Hunuol Hapuokohe Range 
-----Hauraki Ritt--------

'";.--------;:,.:;--------,;;.:--------,1::.:--------. .l....--------',.'---------',.-------...J,. 

Fig. 4.10 

OISTANCE/KM) 

Simplified geological section across the Hauraki 
Depression. (from Hochstein, 1979). 
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relation to a major readjustment of the Indian and Pacific plates 

(Hochstein and Nixon, 1979) or because of a collapsed geanticline 

(Schofield, 1968a). The depression has since been filled with up to 

1500 m of Quaternary sediments of the Tauranga Group (Tearney, 1981). 

Faulting was initiated in the Middle Tertiary (Hochstein, 1979) and 

two major fault systems exist in the depression (Fig. 4.11), one 

trending NNW-SSE and the other NE-SW (Hochstein, 1979). The throws 

on the faults are large (e.g. 3 km throw on the Kerepehi Fault; 

Hochstein, 1979) along with a deepening of the depression (Hochstein, 

1979) away from the Mamaku Plateau (Fransen, 1982). Transverse faults 

cross the Depression causing large horizontal offsets (3 km near P~eroa) 

of the major NW-SE fault systems. Large-scale faulting has displaced 

several ignimbrites (e.g. the Ongatiti (0.75 m.y. B.P.) by more than 

40 m, the Waiteariki (0.84 m.y. B.P.) by at least 450 m}. 

The Depression is unlike the Tauranga Basin in that it is directly 

fault-controlled. This has had an affect on the type of sedimentation, 

which is dominated by alluvial fan and braided river deposits (Cuth­

bertson, 1981}. 

Active faulting and shallow (c.12 km) earthquake activity indicate 

that the Hauraki Depression is still subsiding (Hochstein and Nixon, 

1979}. 

4.4 TECTONIC SETTING OF THE TAURANGA BASIN 

It has been suggested that a major readjustment of the Indian and 

Pacific plate margins occurred about 6 m.y. B.P. (Hochstein and Nixon, 

1979; Cole, 1979). The Hauraki Depression (Hochstein and Nixon, 1979) 

and the Havre Trough (Feden et al. 1976) possibly developed in response 

to this plate movement about 5 m.y. B.P. Tensional faulting occurred 
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on the eastern side of Coromandel Peninsula and rhyolitic eruptions 

related to this faulting unleashed new act1.'v1.'ty 1.·n th T e auranga Region 

(Cole, 1979). About 2 - 3 m.y. B.P. the Tauranga Volcanic Zone is 

thought to have formed in relation to tensional graben structures 

(Cole, 1979) or active marginal basins (Karig, 1974). 

Structural development in the Tauranga Basin has been due mainly 

to large scale tectonic subsidence. The uplift of the Kaimai Range 

(~ 0.84 m.y. B.P.) and evidence for the initiation of a rift system 

northeast of the Basin indicate large scale structural controls. 

Work by the Gulf Research and Development Company (1972) and 

Carter (1976) indicates that the sea bed immediately northeast of the 

Tauranga Basin has a steep-sided graben structure named the Ngatoro 

Basin (Fig. 4.12). Lying on the western boundary of this graben is 

Mayor Island, 28 km NE of Tauranga. It is suggested that this isolated 

volcanic island, which differs chemically from other Cenozoic volcanoes 

in the North Island, is compatible with a tensional rift setting (Cole, 

1978). 

Karig (1970) and Hawkins (1974) suggest that the Ngatoro Basin 

represents a southward continuation of the late Miocene Lau Basin, an 

interarc basin between the Lau and Tonga ridges (Cole, 1979), and the 

Havre Trough. 

The Ngatoro Basin then appears to form an extension of this system 

(i.e. Lau Basin) which is regarded by these authors as a relatively 

young extensional interarc basin. Extension of this structure south-

eastwards intersects the Bay of Plenty coast at Tauranga. 

This tectonic setting can be compared with that of the Ethiopian 

Rift (Cole, 1969; Gibson 1974; Cole, 1978) and of Pantelleria Island 

(Vilari, 1974; Cole, 1978). 



Fig. 4.12 
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Location of Mayor Island and its relationship 

to the Ngatoro Basin in the Bay of Plenty. 

Bathymetry in meters (from Cole, 1978). 
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OF MATUA SUBGROUP 
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5.1 INTRODUCTION 

Considerable amounts of information may be obtained from 

sediment property studies. Of particular concern ts the inter­

pretative analysis of environmental conditions prevailing at the 

time of deposition as inferred from the textural characteristics 

of deposits. Textural analyses were carried out on 50 samples from 

the three main stratigraphic sections at Matua, Omokoroa and Te Puna, 

as well as on samples from elsewhere in the Tauranga Basin. Results 

are given in Appendix II. 

Deposits in the Tauranga Basin have been ernplaced by 3 major 

mechanisms' : (a) Fluvial processes, (b) Pyroclastic flow, and (c) 

Pyroclastic fall. The textural characteristics of these deposits 

are described separately in the following sections with the intention 

of refining their modes of transport and deposition. The textural 

terminology used is shown in Figure 5.1 and a conclusions table is 

presented at the end of this chapter (Table 5.1). 

5.2 TEXTURAL CHARACTERISTICS OF FLUVIAL DEPSOITS 

5.2.1 Textural Plots (Figs. 5.1 and 5.2) 

Three major textural groups are evident from textural plots, 

namely gravel-, sand-, (Fig. 5.2), and mud - dominated deposits 

(Fig. 5.3). The proportions of each of these lithotypes vary between 

each stratigraphic section and at different localities within the 

Basin. 

A lateral variation in grain-size exists in some fluvial deposits 

and an overall decrease in grain-size is recorded away from source 

rocks, which are principally the distal ignimbrites subaerially 

exposed in the Basin (Chapter 6). For example, the central part of 
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The textural terminology used in Figs. 5.2, 5.11 

and 5.18, for : (a) Gravel-bearing detrital sediments 

and (b) Gravel-free detrital sediments (after Folk, 

Andrews and Lewis, 1970). 

G = gravel 

sG = sandy gravel 

rnsG = muddy sandy gravel 

mG = muddy gravel 

gS = gravelly sand 

gmS = gravelly muddy sand 

gM = gravelly mud 

(g)S = slightly gravelly sand 

(g)mS = slightly gravelly muddy sand 

(g)M = slightly gravelly mud 

s = sand 

ms = muddy sand 

sM = sandy mud 

M = mud 

s = sand 

ZS = silty sand 

ms = muddy sand 

cs = clayey sand 

sZ = sandy silt 

SM = _sandy mud 

sC = sandy clay 
I 

z = silt 

M = mud 

C = clay 
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the map area from Pyes Pa Road to coastal cliff sections at Matua 

and Te Puna records a northerly decrease in grain-size in fluvial 

deposits from slightly gravelly sands to d • pre ominantly sandy sedi-

ments. 

5.2.2 Grain-Size Distribution Curves 

The characteristics of individual grain-size distribution curves 

provide a basis for environmental interpretation (Visher, 1969). 

Cumulative size frequency curves on log-probability paper commonly 

display two or three straight-line segments, each corresponding to 

separate log - normal subpopulations within the total sediment 

(Visher, 1969). Visher (1965, 1969) presumed that grading curves 

of all elastic sediments are composites of three basic modes of sedi­

ment transport with the straight-line segments in the log-probability 

plot corresponding to transportation by traction, saltation and sus­

pension (Fig. 5.4). However, "any attempt to define precise limits 

for the slope, truncation points and percentages of the three basic 

populations for individual environments in impossible" (Visher, 1969) 

and grain-size distributions ral;'ely conform to a simple log-normal law. 

The grain-size distribution curves for the upper Matua Subgroup 

fluvial sediments (Fig. 5.5) are variable, and show that the samples 

range from poorly to well sorted. Most of the curves have two straight 

line segments and about 20% show three straight line segments (e g. 

similar to the sigmoidal curves of Visher, 1969). Comparison with 

the curves of Visher (1969) suggests that some of the Matua Subgroup 

deposits show no traction population, usually distinguished in the 

coarse,. <0.0 $ range, of a log-normal subpopulation. In others a 
/ 

traction population is only weakly developed. However, about 60% 

of the samples analysed showed a traction population and it is evident 

that material of an appropriate grain-size (i.e. granules and pebbles) 
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was avilable at the time of deposition. It is this size range, 

depending on the density of individual clasts, that is more con-

sistent with a t.ractive mode of sediment transport. The greater 

proportion of sediment in the Matua Subgroup, show log-normal sub­

populations which correspond to transportation by saltation. Curves 

showing a saltation population only, probably resulted from extreme 

mixing of suspension and saltation populations. Poorly sorted samples 

when plotted on log-probability paper showed simple curves with 

indistinct log-normal subpopulations. In moderately to well sorted 

sediment, the cumulative size frequency curves displayed more distinct 

subpopulations often showing three straight-line segments (Visher,1969). 

Only one sample recorded a more complex curve (i.e. four straight line 

segments_) . 

When compared with grain-size distribution curve characteristics 

given by Visher (1969) for modern fluvial sediments (Fig. 5.4) the 

upper Matua Subgroup curves show a coarser maximum limit for the 

saltation (-2.25~ cf. - 0.25) and suspension (2.0~ cf. 2.5~) popu­

lations, and a wider range (i.e. similar to that in the Hinuera sedi­

ments, Hume et al., 1975) in the slope (reflecting sorting) of the 

saltation population (28 to 64° cf. 42 to 60°), a generally coarser 

saltation population (-0.5 cf. 2.25~), a consistently well developed 

saltation population (70% cf. 95%), a poorly sorted suspension popu­

lation (up to 5% cf. up to 40%), and a greater degree of mixing 

between the saltation and suspension loads (significant cf. slight). 

It is inferred from comparison of the distribution curves with 

Visher (1969) and Hume et al. (1975) that the upper Matua Subgroup 

grain-size curve c~aracteristics indicate generally rapid deposition 

under turbulent, fluctuating energy conditions. The pumiceous nature 

of the Matua Subgroup fluvial deposits is regarded in this study as 
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h Poor Sorting shown by the curves and to a contributing factor tote 

the dominance of a saltation mode of transport. The density of clasts 

• must be consi'dered when interpreting subpopulations and the flow regime 

as being related to a traction mode of transport. The hydrodynamic 

h t fully understood, shows variable behaviour of pumice althoug no 

differences in behaviour • between waterlogged and dry vesicular clasts. 

Hydrodynamic experiments _ • show that saturated oumice may still be sus-

• by saltation up into the coarse, <0.0 ~, ceptible to transportation 

range of grain-sizes. 

5.2.3 Statistical Parameters 

(i) Grain-Size 

The mean grain-size of deposits ranges from -0.1 ~ (very coarse 

sand) to 3.3 ~ (very fine sand) with the most common values in the 

coarse, medium and fine sand-grades (Figs. 5.6B and 5.7A). Most 

samples are bimodal or trimodal (Fig. 5.6C); gravel modes occur at 

-2.0 to -2.5 ~ (small pebble), sand modes at 1.0 ~ to 1.5 ~ (coarse 

sand), 1.5 to 2.0 ~ (medium sand and 2.0 to 3.0 ¢ (fine sand). 

The gravel mode possibly represents blocks and lapilli sized 

material supplied from unwelded pyroclastic flow deposits. The sand 

modes represent poly- and monomineralic grains released during the 

physical disintegration of a number of source rocks, during glacio­

eustatic changes which affected the Tauranga area, or through the 

direct action of fluvial erosion. The attrition of pumice fragments 

was an important source for sand modes. The first percentile, c, an 

approximation of the- coarsest grain-size (Fig. 5.6A) in the sediment, 

indicates that cla7ts as large as -4.5 ¢ (pebbles) were incorporated 

in the upper Matua Subgroup sediments. The coarse-grained nature of 

fluvial sediments is partly a result of the hydrodynamic behaviour of 

pumice (i.e. low density). 
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(ii) Sorting (Fig. 5.6D) 

Fluvial sediments are poorly to well sorted. A large proportion 

(i.e. two thirds) of the samples are poorly sorted, indicative of a 

wide range of grain-sizes. Localities away from the coast become 

more poorly sorted in areas proximal to pyroclastic deposits. Source 

rocks, in particular distal ignimbrites, supplied a wide range of 

grain-sizes to the Matua Subgroup fluvial deposits. An increase in 

the mean grain-size of gravels is recorded in pyroclastic flow deposits. 

Information derived from sedimentary structures indicate that currents 

were often in the upper flow regime, and that the currents were com­

petent to transport a wide range of grain-sizes. However, rapid 

deposition prevented the washing out of finer sediments and a poorly 

sorted assemblage resulted from strong fluctuating currents. Most 

of the upper Matua Subgroup sediments lie above the sinusoidal sorting 

curve (Fig. 5.7A) of Folk (1968) in the sand range and in a region 

which is predominantly poorly to moderately sorted. As the mean 

grain-size of sands increase the sediments become more poorly sorted 

above this curve (Figs. 5.7A and 5.7D). This relationship between 

mean grain-size and sorting possibly indicates the competence of the 

current velocity to transport a wide range of grain sizes and reflects 

rapid deposition. 

(iii) Skewness (Fig. 5.6E) 

Skewness values for the upper Matua Subgroup sediments show a 

tendency to be slightly coarse-skewed (i.e. negative value). About 

one third of the sam~les were nearly symmetrical or slightly positive. 

When skewness is plotted as a function of mean grain-size (Fig. 5.7B) 
I 

a rough trend towards negative skewness with increasing grain-size is 

evident. The availability of gravel sized material and rapid deposit-

ion are probably important factors in explaining this negative skew-
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ness, in particular the proximity of pyroclastic flow deposits to 

fluvial deposits. The hydrodynamic behaviour of pumice claSt s is 

also important, and pumice because of its low denisty in water, 

even after saturation, is easily transported in a fluid medium. 

(iv) Kurtosis 

samples range from leptokurtic (peaked) to very platykurtic 

(F • 5 6F) Kurtosi·s i'tself is not environmentally diagnostic but ig. . . 

its relation to other grain-size parameters may be important. A plot 

of kurtosis against mean grain size (Fig. 5.7C) shows a slight tend­

ency towards leptokurtosis with decreasing mean grain-size. A trend 

towards platykurtosis with increasing grain-size is therefore evident 

and many of the samples showing this characteristic had a wide range 

of grain-sizes, from pebble to very fine silt or clay size. Finer 

grain-sizes in poorly sorted platykurtic samples are attribute~ to 

rapid deposition and/or physical disintegration and weathering of 

fluvial deposits. A plot of kurtosis against sorting (Fig. 5.7E) 

verifies this tendency and more poorly sorted deposits are platykurtic. 

A plot of kurtosis against skewness (Fig. 5.7F) suggests that finer 

grades for example, fine sands to clays have an affect on shifting 

skewness towards more positive numerical parameters and towards a more 

platykurtic plot. However, this trend is related to the poor sorting 

of deposits, the wide range of grain-sizes principally eroded from 

pyroclastic source rocks, and reflects rapid deposition of the upper 

Matua Subgroup fluvial deposits. 

(v) CM Patterns 

Passega (1957/ 1964) plotted samples from known environments 

using the distribution parameters : c, the coarsest one percentile, 

and M, the median grain-size (Fig. 5.8). It was presumed that the 
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particular C.~ pattern was indicative of the depositional agent or 

process. "The value of C is representati· ve of th • e maximum competence 

of the transporting agent and Mis a statistic characteristic of the 

total range of particle sizes undergoing transport by this agent" 

(Hume et al., 1975). Passega (1964) interpreted the composite CM 

pattern by segregating certain areas within the pattern in terms of 

the relative importance of traction, saltation and suspension modes 

of sediment transport. Certain values were introduced at points of 

inflection between the traction, saltation and suspension segments 

(Fig. 5.8). 

CM patterns for the upper Matua Subgroup sediments (Fig. 5.9) 

show certain exceptions to patterns established by Passega (1957, 

1964; Fig. 5.8), and there is displacement towards the coarse end of 

the C~ axis. Figure 5.9 suggests that the maximum diameter of grains 

transported in suspension (Ca) and saltation (Cs) was 0.0 ~ (coarse 

sand) and -1.3 ~ (granule) respectively. The values are very coarse 

for these types of transportation modes and suggests that current 

speeds were probably high, perhaps as much as 0.8 - 1.0 m/sec. The 

optimum diameter at which grains are easiest to roll under conditions 

of sedimentation (Passega, 1964) corresponds to a value Cr for the 

Matua Subgroup deposits of -4.5 ~, or pebble size. 

The situation is very similar to the patterns derived for the 

Hinuera sediments (Fig. 5.10) in the Waikato and Hauraki regions, 

which were also interpreted as very high energy deposits (Hume et al., 

1975; Cuthbertson, 1981). Passega (1964) developed certain curve­

segment. relationships for basic CM patterns (Fig. 5. 8) . If these are 

compared, the Q-P gegment for the upper Matua Subgroup fluvial sedi­

ments forms a similar plot to Passega's pattern for bedload movement 

and a tail giving an NPQ pattern (bedload and graded suspension)• 

f h fluv]..al sediments is a result of grain-sizes This pattern or t e 
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• t to move by traction which were moved by saltation and those easies • 

or rolling. 

axis, 

Of the Pattern towards the coarse end of the C~ The shifting 

Subgroup fluvial deposits were deposited suggests that the Matua 

The hydrodynamic behaviour of pumice under high energy conditions. 

f in this coarse distribution, because may also be a significant actor 

of its low density and partially to its commonly rounded shape 

increasing its ability to be transported by traction or by saltation. 

5.3 TEXTURAL CHARACTERISTICS OF PYROCLASTIC FLOW DEPOSITS 

5.3.1 Textural Plots (Fig. 5.11) 

Pyroclastic flow deposits are everywhere characteristically 

coarse-grained, although particle sizes range from cobble to clay 

grade. Two major textural lithotypes occur, namely gravel- and 

sand- dominated (Fig. 5.12). Most deposits have a slightly gravelly 

sand texture. 

5.3.2 Grain-Size Distribution Curves (Fig. 5.13) 

Visher (1969) demonstrated that many sedimentary deposits were 

composed of several sub-populations formed by different depositional 

mechanisms active simultaneously to produce a polymodal population. 

A similar but cautious approach may be applied to pyroclastic flow 

deposits, and genetic implications are combined with criteria such 

as geometry and depositional structures (Sparks, 1976). In a pyro­

clastic flow unit or_polycomponent deposit (Walker, 1971), the 

initial population - the entire assemblage of fragments coming from 
I 

the vent - can be discussed in terms of pumice, lithic and crystal 

components each having a different grain-size distribution. It is 

not the intention of this study to fully examine grain-size charact-
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ristics throughout individual deposits. The study has therefore 

been limited to discuss grain-size data as a means to interpreting 

some of the grain-size variations found in the Matua Subgroup 

deposits. 

Many studies have established that pyroclastic flow deposits 

are poorly sorted and contain a continuous range of grain sizes from 

cobbles to clay (Walker, 1971; Sheridan, 1971; Sparks, 1976; wright 

et al., 1980). The wide range of size characteristics can be related 

to several factors, of which probably the most important is the 

relative proportions of the three constituents pumice, crystals, and 

lithics (Sparks, 1976). 

Pyroclastic flow deposits of the Matua Subgroup exhibit relatively 

straight grain-size distribution curves with slopes of~ 18° to~ so0 

indicative of generally poor sorting. The deposits contain a consid­

erable (~ 85%) amount of pumice and grain-sizes are from large pebble 

to medium silt. Most deposits show a wide range of grain-sizes, and 

the grain-size characteristics represent both unimodal and polymodal 

populations. Variation in grain-size is attributed to subpopulations 

in different parts of the pyroclastic flow unit, in either the coarse 

range (very coarse sand to pebble) or in the finer range (medium sand 

to medium silt). Several deposits in the Matua Subgroup closely 

resemble parts of the standard ignimbrite flow unit (Sparks et al., 

1973; Sparks 1976, Fig. 8.1) in which the main portion of the flow 

unit is inversely graded and large pumice clasts are found at the top 

of the layer (layer 2b) while a finer grained basal layer, <. ~ 1 mm 

and>~ o.Ol mm, is found beneath layer 2b. However, an absence of 

grading in some Matua Subgroup deposits is also common. The main 

portion of the pyroclastic flow unit is poorly sorted, and cumulative 

curves for it cover a wide range of grain-sizes. The distribution 
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• th· mai·n porti'on was commonly unimodal but for most samples in is 

polyrnodal distribution occurred in some samples. In inversely 

graded deposits, the upper parts of the main portion showed a 

d mode O ften occurred in the bimodal distribution, and a secon ary. 

coarse fractions. The basal layer is often finer grained and mod-

d The base Of the flow unit lacks both the coarsest erately sorte. 

and finest grades and the cumulative curve for this region converges 

upwards towards the finer fractions. Other variations in grain-size 

occur within individual flow units, for example, segregation structures 

(Walker,1971; Wilson, 1980) are characteristically coarser grained 

than the surrounding grain-size population, and reflect sorting in 

specific channels or bodies. Normal grading (Sparks, 1976) of lithics 

was evident in only two deposits in the Matua Subgroup, however 

lithics and crystals were abundant throughout most deposits, and 

crystal and/or lithic rich deposits may represent the basal parts of 

flow units (Walker, 1971; Sparks et al., 1973; Sheridan, 1979; Wilson, 

1980). 

Poor sorting in ignimbrites is attributed to high particle con­

centrations, not turbulence (Sparks, 1976; Wilson, 1980). Sparks 

et al., (1973) suggested that the cumulative curves for the upper 

and lower parts of the main portion of a pyroclastic flow unit, con­

verge with the curve for the middle of the main portion, toward the 

finer fractions. This is indicative of enrichment of pumice at the 

top of the main portion and at the bottom bimodality is the result of 

an enrichment of lithics. A number of samples in the Matua Subgroup 

show e~richment of both pumice and lithics in different parts of the 

flow unit, however~ crystals are largely abundant throughout the whole 

deposit. Variation in grain-size within pyroclastic flow units is 

related to various emplacement mechanisms (Sparks et al., 1973; 

Sheridan, 1979; Wilson, 1980) which are discussed in Chapter 8. 
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Segregation structures were found to be fines depleted in the Matua 

Subgroup deposits, and grain-sizes<~ 0.05 mm were largely removed 

from these sites, possibly by gaseous flow processes (Sparks, 1978; 

Wilson, 1980) . In one deposit fines enrichment by grain-sizes 

usually < 0.3 mm was significant near the sides of the deposit, 

where the particular flow unit had been scoured by an overlying but 

separate lithologic flow unit (Fig. 8.3). Gaseous flow processes 

were probably an important factor in sorting finer grain-sizes in 

this example. The finer grain-sizes appear to have been transported 

vertically through the deposit. 

5.3.3 Statistical Parameters 

(i) Grain-Size (Figs. 5.14A, B, C and 5.15A) 

The mean grain-size ranges from -0.6 to 1.8 ¢ (very coarse sand 

to medium sand). Samples are unimodal, bimodal and polyrnodal; gravel 

modes occur at -2.0 to -2.5 ¢ and -2.5 to -3.0 ¢ (pebble), and sand 

modes at 0.5 to 1.0 ¢ (coarse sand), 1.0 to 1.5 ¢ (medium sand) and 

1.5 to 2.0 ¢ (medium sand). The first percentile, C¢ (Fig. 5.14A), 

an approximation of the coarsest grain-size in deposits, occurs 

typically in the -2 to -3 ¢ or -4 to -5 ¢ ranges for pumice, and -2 

to -3 ¢ range for lithics (see C-M plots). 

(ii) Sorting (Figs. 5.14D and 5.15A, D) 

on the whole, ignirnbrite flow units, particularly the main portion, 

are poorly sorted especially where the lithotype contains a high per­

centage of coarse sand to gravel pumice clasts in a coarse sand to clay 

matrix. However departures from generally poorly sorted values occurred 

I 
in samples from specific areas within a flow unit. For example moder-

ately sorted (aI = 0.71 to 1.0 ¢) values occurred in a sample from a 

basal section which showed well developed cross bedding, as well as 
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Strucr_ures which were enriched with a coarser median segregation 

size than the surrounding deposit. These segregation structures 

commonly in the form of vertical sinuous channels (Walker, 1971) 

are composed of coarser pumice fragments and were richer in heavier 

constituents such as lithic fragments and crystals. Not uncommonly, 

zones of finer and better sorted components occurred adjacent to 

lateral contacts and near the base of many flow units. These zones 

showed adecreasein their median size compared to the immediately 

surrounding zones. Layers which were poorly sorted but showed en­

richment of coarse to very fine sand lithic fragments and crystals 

possibly indicate more basal parts of particular flow units. When 

smaller flow units succeed one another the impression in the field 

is often one of stratification (Walker, 1971; Sparks et al., 1973; 

Sparks, 1976). When sorting is plotted against mean grain-size (Fig. 

5.15A) the plot shows a similar sinusoidal relationship to that found 

in fluvial sediments (Folk, 1968). This indicates that as the grain­

size of pumice increases, for example in the main portion of the flow 

unit, the deposit becomes more poorly sorted. 

Poor sorting reflects the wide range of grain-sizes transported, 

and possibly to the high particle concentrations (Wilson, J.980). In 

the Matua Subgroup deposits a lower cr¢ value in the basal layer of the 

ignimbrite flow unit, and in segregation structures withi~ the flow 

unit, may be attributed to gaseous flow processes (Walker, 1971; Wilson, 

1980). This is probably related to the winnowing out of finer and 

lighter components especially gravel pumice clasts (Walker, 1971; Wilson, 

1980). In a number of deposits the cr¢ and Md¢ values increased towards 

the top of the flow.1/ unit. The sot· h 
ring c aracteristics of the segreg-

ation channels and bodies are possibly associated with gases streaming 

through the flow unit during emplacement (Walker, 1971). Walker (1971) 
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suggests that some channels may also be formed by post-emplacement 

processes during a cooling period. It is suggested that the grain­

size characteristics in these types of channels is possibly due to 

a number of factors such as preferential cementation, welding, alter­

ation or mineralization along channels. Another type of segregation 

structure found in the Matua Subgroup deposits, with a more circular 

form (Fig. 8.3), was poorly sorted and coarse skewed, this being 

attributed to the depletion of finer grain-sizes. The structure was 

partly clast supported and partly matrix supported, and contained 

numerous pumice gravels. Nevertheless grain-size characteristics of 

the structure suggest a gas streaming mechanism and removal of finer 

grains. Crystal enrichment near the base of the flow unit is also 

possibly related to the removal of finer and lighter components 

(Walker, 1971; Wilson, 1980). However, lithic concentration near or 

at the base of some flow units in the Matua Subgroup deposits increases 

the cr<j> value. Lithic enrichment may be due in part to a "caterpillar 

track mechanism" (Wilson, 1980),whereby the coarse dense fraction is 

deposited at the base of the flow. 

(iii) Skewness (Fig. 5.14E) 

Pyroclastic flow deposits in the Tauranga Basin show a tendency 

to be coarse-skewed. When skewness is plotted as a function of mean 

grain-size (Fig. 5.15B) a trend towards negative skewness with in­

creasing size is indicated. Coarse-skewed deposits also show a rough 

trend towards poor sorting (Fig. 5.15D). This can be attributed to 

matrix supported pumice gravels, and a wide range of grain-sizes from 

gravel to silt. 

I 

Negative skewness is the result of pumice blocks and lapilli 

existing in the flow unit. Within a particular flow unit, there is 

often an upward increase in negative skewness which is attributed to 
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inversely graded pumice. Towards the base of the flow, an increasing 

positive skewness accompanies a decreasing Md~ value. However, in 

the Matua Subgroup, the base of the flow may be many deposits in 

d Th.l.·s i's partly due to some deposits having little coarsely-skewe . 

• • w.1.· th.1.· n the flow unit or to an increase in granule grain-size variation 

to medium sand sized lithic fragments or coarse debris at the base of 

the flow unit. 

(iv) Kurtosis (Fig. 5.14F) 

Deposits range from leptokurtic to platykurtic, with a tendency 

towards platykurtic values. Platykurtic values indicate that a wide 

range of grain-sizes make up the deposit. If kurtosis is plotted 

against mean grain-size (Fig. 5. lSC) a tendency towards platykurtosis 

with increasing grain-size is indicated. The only obvious relation­

ship between skewness and kurtosis (Fig. 5.15F) is that as the grain­

size and the percentage of grains greater than a particular grain­

size increases, the ability to effectively sort out distinctive size 

classes diminsihes and a platykurtic distribution results. This is 

true of the main portion of the flow unit which has been described as 

homogenous (Walker, 1970; Sheridan, 1976; Wilson, 1980). A more 

leptokurtic value occurs towards the base of some deposits which are 

finer grained and moderately sorted, or in some segregation structures 

which are depleted of finer and lighter components, particularly 

pumice. Poor sorting in samples therefore corresponds to a more 

platykurtic distribution (Fig. 5.lSE). 

(v) CM Patterns 

CM plots recoliding pumice clasts from pyroclastic flow samples 

were generally similar to those obtained for fluvial sediments and 

were comparable to the plots obtained by Sheridan (1971), for deposits 

interpreted as rhyolitic ash flows (Fig. 5.16 and 5.17). However, the 
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pattern is moved upwards on the 1st percentile (C ~) axis, reflecting 

the increased competence of pyroclastic flows to transport very 

coarse grain-sizes and a greater proportion of gravel-sized clasts, 

but with a slightly increased mean value than the fluvial deposits. 

The competence of the flow may also be assessed by calculating the 

coarsest one percentile of denser lithic fragments. Most C ¢ values 

for lithics were typically in the -2 to 0.0 ¢ range with median grain­

sizes ranging from - 2 to 4 ¢. It is valid to interpret these results 

as indicative of certain energy values in pyroclastic deposits and 

the C-M diagram is useful for defining the mode of deposition for 

fluvial sediments (Passega, 1964; Yamazaki et aZ., 1973). Any inter­

pretation from the C-M plots for pyroclastic deposits, should be 

treated separately from fluvial deposits because of the complex inter­

action of processes existing in pyroclastic deposits (Walker, 1971; 

Wilson, 1980; Wright et aZ., 1980). However, it may be useful to 

compare the distribution of populations for general identification 

of transport modes, for example, suspension and turbidity current 

deposits (Passega, 1964), and air-fall and ash flow deposits respect­

ively (Sheridan, 1971). 

5.4 TEXTURAL CHARACTERISTICS OF PYROCLASTIC FALL DEPOSITS 

5.4.1 Textural Plots 

Pyroclastic fall deposits are dominated by mud and sand litho­

types (Fig. 5.18) and are characteristically finer grained compared 

to fluvial and pyroclastic flow deposits (Fig. 5.19). 

5.4.2 Grain-Size Distribution Curves 

Walker (197 1) suggested that many factors affect the form of the 

cumulative curve for pvroclastic f 11 
-~ .a deposits. This in turn affects 

other grain-size statistics, for 1 examp e, the Md~ and cr¢ values. The 
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initial population of a fall deposi·t the materi'al 1 · 1 - - exp osive y 

ejected from the vent into the atmosphere - may be divided into 

three main components, namely, pumice and glass shards, crystals, 

and rock. fragments. The latter includes dense glassy lithics repre-

senting non-vesiculated juvenile fragments and fragments derived from 

pre-existing country rock (Walker, 1971; Wright et aL 1980). The 

form of the cumulative curve given collectively by several components 

is a result of the particle size distributions of each component 

(Walker, 1971). The grain-size characteristics of the initial pop-

ulation of pumice or lithic fragments are different from crystals. 

Pumice is a product of breakage whereas the crystals are released 

during explosive disruption of porphyritic magmas and have a grain­

size predetermined by conditions of growth in the magma. The crystals 

are modified only to a limited extent by breakage during ejection. 

After ejection from the vent, fragments settle through the air and 

are sorted according to their fall velocities. 

Textural analyses of Matua Subgroup deposits were made on samples 

which were composed largely of pumice and glass shard, with a relat-

• 1 1 < ~ 5% crystal content The grain-size distribution ive y OW, , • 

curves for pyroclastic fall deposits form relatively straight lines 

with slopes of 40 to 65° (Fig. 5.20). When comparing curves from 

different units an increase in the content of finer grades (medium 

silt to clay) can be attributed to weathering. The steepness of the 

curves indicates that most pyroclastic fall samples are moderately to 

well sorted, and the curves move upward steeply towards the finer 

grained fractions. The latter suggests a preponderance of finer 

t 1 s However sorting values indicate grain-sizes, < 2 qi, in mos samp e • 
I 

that the samples range from well sorted to poorly sorted. The grain-

. i's variable and is related to the fall size distribution of pumice 
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• 1 on fragment size 
velocity of each grain, which is dependent main y 

Pumice being measured at 1.00 g/cm3 
(Walker, 1971), the density of 

(Sparks, 1976) . 
Other factors which may affect the fall velocity, 

the grain and the surface roughness (Walker, 1971). 
are the shape of 

The difference in the fall velocity between pumice grains and dense 

has been demonstrated by Walker (1971). 
crystals and lithic fragments, 

t and pumice fragments indicated 
The mode values of dense fragmen s 

that the grain-size of the latter was greater, although both had 

• The cumulati've curves for the Matua accumulated at the same t.J..me. 

Subgroup deposits, therefore represent samples in which the individual 

· h strat1.'f1.'ed 1.·n deposits depending on their grain-pumice grains ave 

size and therefore their individual fall velocities. 

5.4.3 Statistical Parameters 

(i) Grain~size (Figs 5.21A, B, C and 5.22A) 

The mean grain-size ranges from 0.71 to 5.45 ¢ (medium sand to 

medium silt) and samples are typically unimodal or bimodal. A uni­

modal distribution can be partly attributed to the grouping of part­

icles which fall at the same ra-te. These samples are usually better 

sorted. A bimodal distribution may represent a mixing of two pre-

dominant grain-size classes. This may indicate weathering, bioturb­

ation, or a combination of factors involving the aerodynamic behaviour 

of individual grains in the atmosphere, for example, shape, surface 

roughness and size. The main modes in the Matua Subgroup deposits 

are in the 3.0 to 5.5 ¢ (very fine sand to medium silt) range; this 

distribution is particularly characteristic of air-fall tephra and 

paleosols at Omokoroa and is indicative of weathering at this site. 
I 

A coarser sand mode, from 1.0 to 1.5 ¢ and 1.5 to 2.0 ¢ (medium sand), 

is evident in~ 25% of the Matua Subgroup samples and may represent 

shower bedded units. The first percentile, C ¢, and approximation 
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of the coarsest grain si·ze, 1.·nd· t th ica es at a few samples include 

grains of granule size (-1.75 ~), which may be attributed to large 

pumice clasts, with greater fall velocities, which have accumulated 

in normally graded deposits. 

(ii) Sorting (Fig. 5.21D) 

Pyroclastic fall samples are poorly to well sorted. In many 

samples poor sorting probably reflects processes such as weathering, 

which would increase the clay and possibly silt content, and bio­

turbation, which is attributed to mixing the coarser pumice material 

(Walker, 1971). Moderate to well sorted samples are usually repre­

sentative of internal stratification of shower bedding (Wright et al., 

1980). 

A plot of sorting against mean grain-size is compared to Folks 

(1968) sinusoidal sorting curve (Fig. 5.22A). As the mean grain-size 

decreases, especially in the sand range, the sorting improves. How-

ever, in the silt range, a decrease in mean grain-size, indicates both 

well sorted and poorly sorted samples. Nevertheless, many fine-grained 

predominantly silty deposits with a smaller range of grain-sizes are 

generally well sorted. The plot suggests that material of a similar 

grain-size accumulating in specific parts of the deposit, for example 

in a stratified unit, are moderately to well sorted. 

Moderately to well. sorted samples (Fig. 5.23) possibly indicate 

sorting due to a number of factors, including fall velocities, wind 

strength the eruptive cloud dimensions and the eruptive column con­

ditions (Walker, 1971, Wright et al., 1980). Walker (1971) showed 

that when the weight percentages are plotted against fall velocity, 
I 

samples usually show much lower sorting values. 
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(iii) Skewness (Fig. 5.21E) 

Deposits range from coarse-skewed to fine-skewed. Two thirds 

Symmetrical distribution, or a slight of the deposits have a near 

d When Skewness is plotted as a function tendency to be fine-skewe . 

• • trend towards positive skewness with decreasing of mean grain-size, a 

grain-size is evident (Fig. 5.22B). A plot of skewness against sort­

ing shows a slight tendency towards positive skewness with a decreas­

ing sorting value (Fig. 5.22D). Finer grain-sizes represent a number 

of factors, for example weathering, which increases silt and clay 

size fractions, and sorting which is partly attributed to the settling 

velocities of finer grain-sizes. The latterrepresents samples from 

normally graded, shower bedded units where grain-sizes are stratified. 

However, skewness may also reflect the height of the eruption column, 

conditions in the column and the effect of wind. These factors 

ultimately affect the rate of fall of individual grains and the 

efficiency of sorting. For example a strong wind should give a low 

cr~ va~ue, while selective removal of specific grains depends partly 

on the eruption column conditions and distance from source. 

(iv) Kurtosis 

Deposits range from leptokurtic to platykurtic; ~ 80% are meso­

kurtic or leptokurtic (Fig. 5.21F). Kurtosis is probably more import­

ant when related to other grain-size parameters (Hume et al., 1975). 

A plot of kurtosis against mean grai· • · d' n-size in icates a trend towards 

mesokurtic and leptokurtic values as the mean grain-size decreases 

(Fig. 5.22C). When plotted against sorting, poorly sorted samples 

show an· increase in platykurtosis (Fig. s 22 ) 
• E • A plot of kurtosis 

I 
against skewness showed a trend towards 

more leptokurtic values when 

the samples were fine-skewed (Fig. S.22F). 
Leptokurtic values 

indicate better sorted samples with a narrow range of grain-sizes. 
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Several samples are fine-skewed and leptokurtic, which indicates 

finer grain-sizes within the initial population. These values are 

possibly attributed to sorting of individual grains within the 

eruption cloud and during fall under the influence of gravity, and 

to weathering, with an increase in the silt and clay fractions. 

Platykurtic values often represent samples which are poorly sorted, 

with a wide range of grain-sizes between -1 and 9 ¢. The grain-size 

distribution in some of these samples is attributed to weathering, 

while in others it may be due to a bimodal distribution with a coarse 

population mixed with finer grain-sizes. 

{v) CM Patterns (Fig. 5.24) 

Air-fall deposits plot in areas interpreted by Sheridan (1971) 

as deposits with dominant air-fall modes, or those interpreted as 

base surge dunes and lunar fines, and below the Matua Subgroup pyro­

clastic flow plots (Figs. 5.23 and 5.17). The plots are also com­

parable to Passega's (1964) segregated areas for suspended fluvial 

sediment. Compared to the Matua Subgroup pyroclastic flow and fluvial 

samples the pattern is shifted left along the Md¢ axis because of the 

finer - grain-sizes deposited by air-fall mechanisms. This is partly 

because of the selective removal of coarser grains close to source. 

These plots possibly reflect wind velocity, distance from source and 

eruption cloud conditions which affect the grain-size, grain-size 

distribution and the geometry of deposits. 

I 
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0 l 2 
Md¢ 

+ Flow 
o Fall 

6 

\ I 

3 4 5 

Contoured plot o= the data for pyroclastic 
fall (Fa) and pyroclastic flow (Fl) deposits 
(from Walker, 1971). 

I 
B Plot of some of the Matua Subgroup pyroclastic 

fall and distal pyroclastic flow deposits. 
There is a trend in the fall deposits to 
finer and better sorted samples. 
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Parameter 

Grain-Size 

-----Statistical Parameters 
skewness -

sorting -

kurtosis -

Structure 

TABLE 5.1 CONCLUSIONS 

MAJOR TEXTURAL DIFFERENCES 

Fluvial 

gravels common, but predom­
inantly sand sized 

coarse 
to fine-skewed 

poorly to well sorted 

platykurtic to leptokurtic 

normally and inversely 
graded; ~nverse grading 
common, because of large 
quantities of pumice 
supplied to deposits 

Pyroclastic flow 

coarse clasts up to 
cobble size; gravels 
common 

coarse skewed 

poorly sorted 

platykurtic 

massive or inversely 
graded 

Pyroclastic fall 

gravel uncommon, pre­
dominantly sands and 
silts 

symmetrical and fine­
skewed 

moderately to well 
sorted 

mainly mesokurtic and 
leptokurtic 

stratified, shower 
bedded and normally 
graded 

I 
...... 
.i:,. 
w 
I 



CHAPTER SIX 

COMPOSITION OF .MATUA 

SUBGROUP DEPOSITS 
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6.1 INTRODUCTION 

The composition of any elastic sedimentary deposit will reflect 

the nature of the source material and the inherent properties derived 

from transportation away from source. Analyses of the fluvial 

sediments in the map area were desi·gned t • t· h o inves igate t e composition 

by inferring that a number of potential source areas may have existed. 

Particular attention was paid to petrographic descriptions and to 

detailing detrital constituents. Evaluation is made of potential 

contributing sources and specific sources by a combination of 

analyses, including heavy and light mineralogy, and rock fragment 

types. 

6.2 DISCUSSION OF BULK MINERALOGY 

The mineralogy of 62 samples from stratigraphic sections within 

the Tauranga Basin was determined by standard techniques (see Chapter 

2). Most of the material was pumiceous, and rhyolitic lithics were 

frequently numerous. Major components included abundant pumice, 

feldspar and quartz, glass shards, rock fragments, and occasional 

carbonaceous material. In addition, several ferromagnesian minerals 

and minor quantities of clay minerals were identified. Significant 

quantities of specific clay minerals were present in tephric material 

and in paleosols. 

The bulk mineralogy recorded in the following diagrams (Figs. 

6.1 and 6.2) is separated on the basis of mode of emplacement of the 

deposits. 

I 

6.3 COMPONENT co~~OSITION 

Because of similarities between minerals studied in pyroclastic 

) d fluvial deposit_s the following section (especially ignimbrites an 
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Bulk mineralogy of representative samples from 
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and fluvial deposits at Te Puna and Omokoroa. 
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Fig. 6.2 Bulk mineralogy of representative samples from the 
Matua Subgroup including comparison of heavy 
mineral percentages. 
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details information concerning minerals in the Matua Subgroup deposits 

(i.e. excludes Hamilton Ash Formation mineralogy). Section 6.3.3 

describes rock fragments found in pyroclast1.·c flow, post-depositionally 

modified pyroclastic flow deposits and fluvial deposits, and the type 

of deposit examined is coded P, pd and f respectively. The following 

mineral descriptions are based on petrographic notes from thin section 

and they document the nature of the detrital constituents. Clay 

mineralogy has been determined by XRD analysis. 

6.3.1 Light Mineralogy 

Feldspar - Plagioclase feldspars are abundant(~ 65% of 
total phenocrysts) in the Tauranga deposits, generally 
occurring as sand-sized (0.2 to 2.0 mm) subhedral crystals. 
Limonite staining occurs marginally on some grains. 
Inclusions are common and include minute pale yellow to 
brown glass blebs, black euhedral magnetite crystals, and 
prismatic hypersthene and hornblende crystals. 

In thin section, the composition of the plagioclase feld­
spars ranged from An24 to An3g (i.e., sodic oligoclase to 
sodic andesine). Repeated larnellar albite twinning was 
common, ranging from narrow albite twin larnellae to 
relatively broad larnellae. 

Quartz - varieties of quartz in the Tauranga Basin deposits 
were predominantly volcanic and include: 

1 - vitreous, angular, elongate crystals are the dominant 
(~ 75%) quartz type in most assemblages, occurring with 
feldspars and glass shards. Sizes ranged from coarse silt 
to granule. Inclusions are rare and are mainly volcanic 
glass and scarce fine-grained, opaque material. Much of 
this material had fractured-conchoidal surfaces, and was 
anhedral in this section. 

2 - a more equidirnensional, subhedral to euhedral (bipyra­
midal) form. This quartz was relatively fresh, occurring 
close to source, and had suffered less fragmentation and 
fracturing than varieties land 3. Usually sand sized 
(0.4 - 2 mm). Relative abundance~ 15%. 

3 - corroded quartz with iron-stained, fractured surfaces. 
Relative abundance~ 10%. 

(i) Glass shards 

Abundant in t~e Tauranga Basin deposits derived from both primary 

volcanic and epiclastic material. Glass shards assume forms which 

grade into one another and different forms occasionally occur in the 

same pyroclastic or fluvial sedimentary unit. Three main varieties 
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were found: 

• • • Commonlv U- and Y-shaped, 1 _ curved in thin section. - _ 1 h' h eoresent fragments er? ass cuspate type shards w ic r - -· 'fi-ant 
originally enclosing rounded bubbl~s- A ~ignr_ivi.~t~eous 

• ~ 1 ;n pumices was o -(~ 20%) proport~on o_ g ass -
globule form. 

Derived from 2 - fibrous shards occurred in sediment~. 
framented pumice, colourless and fresh in appearance, 
fragments are angular - subangular and ~lo~gated. Tube­
like pumice chambers and fibrous types indicate that 
these shards were derived from elongated vesicles. 

3 _ glass plates and flakes, colourless or iron-stai~ed. 
Also abundant and often show angular, irregular outlines 
with spaced concave fractures and ragged shreds. Formed 
by fragmentation of walls of large, more compressed 
vesicles. 

6.3.2 Heavy Mineralogy 

Heavy minerals form 0.5 - 1.0% by weight of the Tauranga Basin 

deposits. They are dominated by hypersthene, magnetite, hornblende, 

limonite, zircon and biotite, with rare augite, and were most abundant 

in the fine and very fine sand fractions. Heavy minerals occurring in 

pumice clasts were dominated by the same minerals as above with the 

exception of limonite. 

Weight percentages were generally (~ 40%) lower in fluvial samples 

than in distal ignimbrite samples. This is possibly attributed to 

selective sorting and removal of heavier constituents at some sites. 

Sites recording low heavy mineral percentages, particularly those 

further from source (~ >2 km) showed an increasing abundance of pumice 

and glass shards. However, fluvial samples collected from heavy 

mineral concentration zones, for example from sites close (< ~ 1 km), 

to source, recorded very high (~ 10%) heavy mineral 9ercentages due to 
I 

fluvial reworking. Heavy minerals generally were prismatic, angular 

and subhedral in the 2 - 4¢ range, and were targely iamature and fresh 

in both fluvial deposits and distal ignimbrites. Euhedral shapes were 
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particularly characteristic for magnetite and for most zircons. Most 

ferromagnesian minerals were subrounded to subangular in coarse sand, 

subangular in the medium sizes, and subangular to angular in the fine 

sand and silt range. 

(i) Heavy mineral descriptions 

Hypersthene - very subtle colours, almost colourless in some 
crystals; pinkish yellow-light green, prismatic and acicular 
crystals, 0.1 to 2.0 mm long, usually with dentations or 
hacksaw type ragged tenninations often appearing to extend 
through elongate crystals. The ratio of prismatic to anhedral 
grains in the fine sand grade is about 1:1. Maximum inter­
ference colours are middle first order yellowish green to 
olive green. Inclusions are mainly blebs of glass in elongated 
prismatic crystals. 

Magnetite - small opaque crystals with metallic lustre. Many 
euhedral grains. Crystals 0.06 to 1.0 rrun in size ranging in 
shape from perfect octahedra to subrounded octahedra, giving 
square and hexagonal outlines. A few well developed faces are 
apparent in most grains. Reddish brown limonite stains from 
<5% - 80% of the grains in different assemblages from different 
localities. Magnetite occurs as inclusions in some feldspar 
grains, but is rare in hypersthene. 

Hornblende - in hand specimen, crystals are black with a glassy 
lustre. Elongate, prismatic and pleochroic from deep green to 
green crystals 0.1 - 2 mm long with high positive relief. Most 
grains were bladed and translucent at the edges, many were 
cleavage plates (110) with frayed and ragged ends, others showed 
prismatic striae. Only about 5% of the grains were euhedral, 
the majority being subhedral, and a few fragments were angular. 

Biotite - shows a brown-gold lustre. Thin platy six-sided 
crystals, 0.06 mm to 1.0 mm in size, about 90% are irregular 
but a few are subhedral. Most biotites are basal flakes with 
partial hexagonal outlines, rounded corners in many grains, 
or fractured with a concave to angular outline, and some 
ragged shreds. Brown-brownish green interference colours, 
but pleochroic from yellow to light brown, flakes sometimes 
showed ferrous-rich colours in more weathered samples. 

zircon - colourless, euhedral to subhedral crystals 0.4 to 
o.8 mm with high relief, often showing pyramidal terminations. 
Interference colours are mainly pastel shades of pinks and 
blues. Some crystals show minute vacuole inclusions and blebs 
of- glass. About 20% showed zoning. 

Limonite - red-brown alteration product of magnetite grains. 
1 0 06 - 2.0 mm in:size, with an earthy or powdery Irregu ar, . 

appearance, may be interstitial as a cement around other 

mineral grains. 

1 t d anhedral grains with a dull colourless Augite - e onga e , 
appearance, but showing pale yellow-green interference colours. 
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vermiculite - fan-shaped platy minerals, 0.08 - 0.06 mm in 
size, altered from biotite. High interference colours 

Rock Fragments 

Many deposits in the Tauranga Basin were rich in fine sand to 

fine gravel sized lithics. The following rock fragment types occur­

red in pyroclastic flow deposits, post-depositionally modified pyro­

clastic flow deposits and fluvial deposits and are assigned p, pd 

and f respectively. The pd deposits show either pyroclastic flow 

and debris flow or pyroclastic flow and fluvial characteristics (see 

Tables 6.1 and 6.2): 

1 - Obsidian - abundant. Occurred as black-brown glass 
shards, plates and as rock fragments. Subangular to 
angular fragments with conchoidal fractures. Vitreous 
lustre in hand specimen; p, pd and f. 

2 - Rhyolite - abundant. Angular to subrounded pale-red 
to dark-grey, fine to medium grained fragments. In thin 
section, rhyolites were porphyritic containing plagioclase, 
quartz and minor magnetite and hypersthene. Some rhyolite 
fragments showed flow bandings; p, pd, f. 

Three varieties were recognised: 

(i) 
(ii) 

(iii) 

spherulitic sand-sized bluish grey fragments 
flow banded, sand to gravel sized, brownish 
grey, blue grey to red fragments. 
lithoidal and glassy, sand to gravel size, 
pink to pale grey clasts surrounded by a 
manganese oxide shell (i.e., Minden Rhyolite). 

3 - Pumice - abundant. Subangular to rounded. Shapes are 
commonly oblate and equant. White - pale, grey - red, 
vesicular, spherical - ellipsoidal chambers often coarsely 
to finely cellular. Containing a high proportion of glass 
(e.g. globules) and fewer sand sized crystals of quartz 
and feldspar. 

Pumices in the Te Ranga Ignirnbrite were often glass-rich 
with a vitreous appearance. A few pumices show swirl 
structures, vesicles in the interior are often closed but 
chambers towards outside of pumice are more continuous 
w~th the exterior. Minor phenocrysts included quartz, 
feldspar, hypersthene, hornblende and magnetite; p, pd, f. 

I 

4 - Ignirnbrite - common. Angular to rounded, pale, brown 
grey fragments. Mainly Waiteariki and Waimakariri fragments 
containing phenocrysts of pumice, feldsoar and ~uartz. 
Fragments often contain varying amounts~ of hornblende and 
hypersthene; f. 



TABLE 6.1 

Sample No. 

501 

502 

503 

509 

520 

521 

523 

203 

205 

206 

207 

803 

106 

409 
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Locations of samples used for rock fragment 

compositional analysis (refer to Appendix Ir) 

Grid Reference Area 

014/849876 Matua 

ti 11 

ti " 

" 11 

" 11 

" " 

" 11 

Ul4/819888 Te Puna 

11 11 

" 
11 

11 11 

014/854805 Greerton 

014/796927 Omokoroa 

014/854834 Cambridge Rd. 



'!'ABLE 6. 2 Rock fragment types (%) in fluvial deposits in the Tauranga Basin.* based on pumice character (e.g. vesicular, fibrous, 
and nature of glass shards). 

501 502 503 509 520 521 523 203 205 206 207 803 106 409 

Te Puna Ignimbrite pumice• 6 87 

Waimakariri I. (White to 
yellow) pumice* 80 76 89 

•re Ranga I. Yellow to 
white red grey pumice• 
+ obsidian r-. f. 86 91 74 4 52 84 87 85 

Mindt:!n Rhyoli te J.i thoidal 
aud spheruli tic rhyolite 1 83 87 

. 
9 ' I-' 

tJ1 
·-------- I-' 

I 

Spheruli qc rhyoli te 7 26 

---··- - ------ - - - - -

Banded rhyollte 2 l l 4 3 6 4 4 4 7 1 

Pumiceous and lithic 
rich ignimbri te 6 28 6 2 32 

-----------·--

Rhyolite lithics (red 
to bluish grey) 9 11 4 10 6 12 9 10 9 9 12 9 l 4 

-------

Andesite lithics 2 

----------------·-
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5 - Andesite - rare. Fine - medium grained fragments, 
angular to subrounded. 
and hypersthene set in 
to brown; p, pd, f. 

Phenocrysts of quartz, feldspar 
a fine-grained matrix. Dark grey 

6 - Silt - rare. Subrounded to =ounded, pale white to 
brown. Fine-grained soft fragments; pd, f. 

6.3.4 Clay Minerals 

Because a large proportion of the deposits found in the Tauranga 

Basin are highly weathered and airfall tephra related, very fine 

material (<4µm) is quantitatively important either overlying or inter­

bedded with fluvial and pyroclastic flow units. The most abundant 

clay mineral identified was halloysite. Metahalloysite, allophane, 

mixed-layer clays and kaolinite were also present in varying amounts. 

Because clay minerals were abundant in pyroclastic fall deposits, clay 

mineralogy is recorded separately for deposits interpreted as being 

airfall (section 6.6). 

6.4 PLUVIAL DEPOSITS 

6.4.l Results: 

Rock fragment and heavy mineral analyses were used in this study 

to ascertain associations between fluvial-fluvial and pyroclastic-

fluvial deposits in the Matua Subgroup. The following tabulated 

results record characteristic individual or combination rock fragment 

types (Table 6.2 and Fig. 6.3) found in fluvial deposits throughout 

the southern part of the Tauranga Basin (Table 6.1). The results of 

heavy mineral analyses are shown in Tables 6.3 - 6.5 and Figs. 6.4 and 

6.5. 

I 



TABLE 6.3 

Sample No. 

106 

409 

6005 

803 

501 

502 

503 

509 

521 

522 

523 

205 

207 

203 

206 

207 
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Locations of samples used for heavy mineral 

analysis (refer to Appendix II) of fluvial 

deposits 

Grid Reference Area 

014/796927 Omokoroa 

014/854834 Cambridge Rd. 

014/845768 Pyes Pa Road 

014/854805 Greerton 

014/849876 Matua 

" " 

" " 

" " 

II II 

" " 

" " 

014/819888 Te Puna 

" " 

" " 
II 

II 

" " 

I 



TABLE 6. 4 

Sample No. 

106 

409 

6005 

803 

501 

502 

503 

509 

521 

522 

523 

205 

207 

203 

206 

207 
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Heavy mineral content (%) of fine sand fractions 

in fluvial deposits in the Tauranga Basin 

(1) (1) (1) C (1) (1) (1) 
C 'd .I,.) 0 .I,.) .I,.) .I,.) 
Q) C ·.-i CJ ·.-i ·.-i ·.-i 

..c:: (1) .I,.) 1-1 r-i .I,.) C 
.I,.) r-i 0 ·.-i ::i (1) 0 
Ul .a ·.-i N CJ C e 
1-1 C c:i ·.-i O'I ·.-i 
(1) 1-1 e r(I H 
0. g 1-1 ::;: 
>, (1) 
:i:: :> 

10.2 1. 6 4.0 8.8 72.4 3.0 

0.2 17.2 0.8 4.4 0.2 50.4 26.8 

14.0 1.1 1.6 81. 6 1.5 

35.2 8.6 0.6 55.4 

28.0 3.2 0.6 66.6 1.6 

22.4 4.1 0.4 71. 7 1.4 

19.1 2.0 0.4 77.9 0.6 

12.6 6.8 0.8 78.l 1. 7 

7.3 4.0 5.3 83.3 

2.5 1.5 2.5 56.6 36.8 

6.0 4.3 3.0 71. 0 15.6 

3.6 4.8 1.6 29.6 60.4 

10.4 7.8 1.8 78.2 1.8 

10.5 5.3 1.2 81. 8 1.2 

21.3 5.2 0.8 71.3 1. 4 

10.4 7.8 1.8 78.2 1.8 

I 



TABLE 6.5 

Sample No .. 

501 

502 

503 

509 

203 

206 

207 
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Heavy mineral content (%) of pumice blocks 

in fluvial deposits 

QJ Q) 

QJ (j) (j) s:: µ .;..J 

s:: 'd µ 0 -~ -~ 
QJ s:: . .., {.) ,-j µ 
.c Q) µ l,..j :, '1) 
µ .-I 0 . .., {.) ,... 
en _q . .., N . .., 5, 
l,..j s:: al s (1j 
QJ l,..j 1--1 :0: 
~ 0 QJ 
>, ::i:: > 

::i:: 

20.2 2.0 0.1 77.7 

16.4 1.0 0.1 82.5 

14.6 1.0 84.4 

6.0 3.1 0.1 90.8 

5.2 1.6 0.1 93.1 

12.4 5.2 0.2 82.2 

6.4 4.2 89.4 

I 
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.;..J . .., ,... 
0 
E: . .., 
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(a) sample 
(b) sample 
(c) sample 
(d) sample 
(e) sample 
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Average heavy mineral content(%) of the fine sand 
fraction from nine fluvial sediment samples in the 
Matua Subgroup. 

207 - Te Puna 
205 - Te Puna 
521 - Matua 
522 - Matua 
523 - Matua 
803 - Greerton (source rock = Te Ranga Ignimbrite) 
6005 - Te Ranga (source rock = Te Ranga Ignirnbri te) 
106 - Omokoroa (source rock = Te Puna Ignimbri te) 
409 - Cambridge Road (source rock= Wairoa Ignimbrite) 
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6.5 PYROCLASTIC FLOW DEPOSITS 

6.5.1 Results: 

A. Petrographic description 

• 11 d i·n the Tauranga Basin are Ignirnbrites subaeria y expose 

• t· Petrographic notes are given below. documented from thin sec ion. 

Descriptions for (i) and (ii) are for welded samples, while those 

from (iii) onwards are for impregnated unconsolidated samples with , 
sand to sandy gravel textures; (vii) describes ignimbr~te and 

ignirnbrite derived fluvial sediment: 

(i) Waiteariki Ignimbrite - (Houghton B.F.; slide R44; NZGS, 
Rotorua) 

Rhyodacitic, dark grey, welded ignirnbrite with lenticular 
texture. Phenocrysts are dominated by plagioclase, quartz 
and biotite. Microphenocrysts include Fe-Ti oxide, biotite, 
hornblende an~ rare hypersthene. 

(ii) Papamoa Ignimbrite - (Healy, J., 1977; slides KT-16, 
R-30, R-52; NZGS, Rotorua) 

Rhyodacitic, dark grey to brown, welded ignimbrite with 
lenticular texture. Phenocrysts are dominated by plagio­
clase, quartz, abundant hornblende, uncommon biotite, rare 
hypersthene and microphenocrysts of hornblende and Fe-Ti 
oxide. 

(iii) Wairoa Ignimbrite - (slide WT 18520) 

Brown to dark grey, crystal rich (~ 15%) unwelded ignimbrite. 
Highly weathered slightly gravelly sand (iron-stained) 
containing spherulitic and flow banded rhyolitic blue to 
grey lithics. Phenocrysts are dominated by plagioclase and 
quartz (2 : 1) with minor hornblende, biotite, magnetite and 
limonite. Hypersthene is rare. 

(iv) Te Puna Ignimbrite - (slide WT 18480, WT 18502, WT 18503) 

Rhyolitic, unwelded, brown, slightly gravelly sand containing 
rhyolitic and common andesitic rock fragments. Phenocrysts 
are dominated by plagioclase, quartz (3:1) with minor horn­
blende, magnetite and biotite set in a glass shard matrix. 
Hypersthene and vermiculite are uncommon although the latter 
is more common in samples collected at coastal exposures. 

(v) Te Ranga Ignimbrite - (slide WT 18528) 

Grey unwelded porous ignimbrite, with sandy texture containing 
black angular obsidian and rhyolitic (red to bluish grey) rock 
fragments. Phenocrysts are dominated by plagioclase, quartz 
(3:1) with minor hypersthene and magnetite set in a glass 
shard matrix composed of colourless to brown glass flakes. 
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(vi) Waimak.ariri Ignimbrite - (slide WT 18529) 

Brown_t~ white, poorly to moderately welded porous ignimbrite 
c~ntai~ing phenocrysts dominated by plagioclase, quartz (3:1) 
with minor hypersthene and magnetite set in a glass shard 
matrix. Subordinate microphenocrysts of hornblende and 
pumice containing glass globules are also characteristic. 

(vii) Pluvial sediments derived from ignimbrite (Te Ranga 
and partly Waimak.ariri and Wairoa) and Minden Rhyolite -
(Slide WT 18487, WT 18498) 

Weathered, slightly gravelly sand (manganese and iron oxide 
staining) containing pink to brown glassy and spherulitic, 
coarse sand to gravel size rhyolite, with pumice inclusions 
up to 2 mm diameter. Lithoidal rhyolite rock fragments are 
common. Phenocrysts are dominated by plagioclase, quartz, 
and magnetite, with subordinate limonite, and minor horn­
blende and hypersthene. 

B. Heavy mineral results 

Heavy minerals constitute about 1% of the weight of pyroclastic 

flow deposits and occur in coarse sand to gravel pumice clasts and 

in the coarse sand to silt grade matrix. The deposits are dominated 

by magnetite, hypersthene, hornblende and biotite and many deposits 

contain trace zircon. Biotite is often enriched in the upper parts 

of the pyroclastic flow unit while magnetite, hypersthene and horn-

blende occur throughout. The results of heavy mineral analysis are 

presented in Tables 6.6 and 6.7 and in Fig. 6.6. 

c. Results of pyroclastic flow deposits exposed at Omokoroa 
and Matua 

The results of petrographic description, rock fragment analysis 

and pumice character studies are shown in Fig. 6.7 for selected pyro-

elastic flow deposit samples. The table suggests possible carrel-

atives for pyroclastic flow units intercalated with fluvial and air­

fall deposits at Omokoroa and Matua. Pyroclastic flow units exposed 

at the coast were often thin (< ~3 m), but showed mineralogic and 
i 

textural similarities to distal ignirnbrites subaerially exposed inland 

away from the coast. 



TABLE 6.6 

Sample No. 

301 

302 

103 

6701 

603 

7011 

401 

504 

TABLE 6.7 

Sample No. 

301 

302 

103 

6701 

603 

7011 

401 

504 
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Locations of samples used for heavy mineral 

analysis (refer to Appendix II) of pyroclastic 

flow deposits. 

Grid Reference Area 

014/828859 Te Puna 

014/828859 Te Puna 

014/796927 Ornokoroa 

014/820770 Belk Rd. 

014/845768 Pyes Pa Rd. 

014/820770 Belk Rd. 

014/857835 Cambridge Rd. 

014/849876 Matua 

Heavy mineral content (%) of fine sand fractions 

in pyroclastic flow deposits in the Tauranga Basin 

Cl) Cl) Cl) C: Cl) Cl) <I) 
C: '"Cl +l 0 +l .+J +l 
Cl) C: -~ CJ -~ -~ -~ ..c:: Cl) +l !,..j ~ .;.J C: 
+l ~ 0 -~ ::, Cl) 0 
CJl ..Q -~ N CJ C: E !,..j C: al -~ O'I -~ 
Cl) ~ E (1j ~ 
0. 0 !,..j ::;: 
>, ::c: <I) 

::c: > 

8.0 47.3 3.8 1.6 37.8 1.6 

6.0 27.0 16.0 2.0 1.0 47.0 1.0 

2.0 28.2 3.2 66.6 

13. 3 2.0 1.0 76.3 7.3 

20. 0 , 3.3 3.3 66.6 6.6 

40.0 1.0 58.8 

1. 2 24.2 6.2 2.8 0.4 47.8 13. 4 

26.3 13.6 0.33 59.6 
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Fig. 6.6 Average heavy mineral content (%) of the fine sand fraction 
from selected pyroclastic flow deposits. 

( a) sample 401 - Wairoa Ignimbrite 
(;)) sample 7011 - Waimakariri Ignirnbrite 
( C) sample 301 - Te Puna Ignimbrite 
(d) samp1.e 6701 - Te Ranga Ignimbrite (Belk Road) 
(e) sample 603 - Te Ranga Ignimbrite (Pyes Pa Roadr 
( f) sample 103 - Pyroclastic flow deposit at Omokoroa 
(g) sample 302 - Te Puna Ignirnbrite 
(h) sample 504 - Pyroclastic flow deposit at Matua 
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6.6 PYROCLASTIC FALL DEPOSITS 

6.6.1 Results: 

Primary mineral assemblages are dominated by glass shards, 

feldspar and quartz. Secondary minerals are represented by amorphous 

colloids, halloysite and allophane. 

A. Results of heavy mineral analysis 

Heavy minerals constitute about~ 1 to 0.5% by weight of air­

fall deposits in the Matua Subgroup. Samples were selected from 

stratified units which were less weathered, containing a low pro-

portion of clay (< ~ 10%). The Pahoia tephras (see Chapter 3) were 

dominated by hypersthene, hornblende and biotite. Vermiculite was 

common in some deposits exposed in coastal cliffs. Results are shown 

in Tables 6.8 and 6.9 and in Fig. 6.8. 

B. Results of clay mineralogy 

Tephras were commonly highly weathered and contained varying 

amounts of clay minerals. Older tephras, such as the Pahoia tephras, 

were dominated by halloysite. The Hamilton Ash Formation overlying 

the Pahoia tephras was dominated by halloysite and allophane. Results 

of the clay mineralogy are presented in Table 6.10. 

c. summary 

A compositional summary of specific tephras is presented in the 

following discussion. The Pahoia tephras are included in the Matua 

Subgroup (see Chapter 3) while the Hamilton Ash Formation overlies 

. h I the Pahoia tep ras. some Hamilton Ash beds, however, have been re-

worked at some sites and fluvial sediments derived from and inter-

bedded with Hamilton Ash are included in the Matua Subgroup. It is 

therefore necessary to briefly describe the composition of both the 
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. 
TABLE 6. 8 Locations of samples used for heavy mineral analysis 

(refer to section 3.5.1,chapter 3 and Appendix II) 

of pyroclastic fall deposits. 

Sample No. Grid Reference Area 

105 014/796927 Omokoroa 

1066 II II 

107 II II 

108 II II 

109 II II 

110 " II 

1101 II II 

1112 II II 

112 II 

" 
.. 

510 014/849876 Matua 

511 II II 

512 II 

" 
515 " " 

I 
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':ABLE 5.9 Heavy rn.L.-.,,eral con ten,: (%) of fine sand :::::-actions in pyroclastic 

air-fal: deposits 

?ahoia Sample 1) <IJ :I) = :I) :I) :I) 

:l 
.., 0 .., .., .., 

tephras No. :! ~ 
.... :; . ... ..., 

:; 
.., .. J.l 

(code)* ..... 0 .... :I) 

~ '1! -§ ,.;i G 5, .. :::i .... ..... 
:I) ... ~ 11) ..-l 
0. .Q :::: .::, <IJ 

;:,. 

Oa 105 14.6 26.4 1.0 3.1 54.9 

Oa 1066 14.2 3.6 2.0 9.6 68.6 2.0 

Oe 107 31.4 20.6 14.8 1.0 32. 2 

Of 108 22.3 19.7 4.9 0.8 40.6 

0g 109 23.7 26.8 20.2 0.6 28.7 

Oj 110 21.3 29.4 5.8 0.4 43.l 

01 1101 20.6 30.l 16.3 1.2 31.8 

Om 1112 11. 5 12. 9 18.5 0.8 56.3 

Oj 112 10.l 11.9 15.4 0.8 61.8 

510 4.3 8.1 tr 0.66 84.3 3.1 

511 19.0 4.2 1.8 75.8 

512 16.7 6.9 1.2 75.2 

515 12.2 7.2 1.9 78.7 

* see Pahoia tephras - Chapter 3. 
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Fig. 6.8 Average heavy mineral content ( %)' of the fine sand 
fraction from two shower bedded pyroclastic fall 
emits intercalated with pyroclastic flow and fluvial 
deposits at Matua. 

(a) Sample 512 

(b) Sample 510 



TABLE 6.10 Clay Mineralogy 

Area Sample No. WT No. Halloysite Allophane Kaolinite Mixed-layer clays_ Vermiculite 

Omokoroa 1061 WT 18406 m C 

II 1051 WT 18405 C 

II 1081 WT 18409 a 

II 1091 WT 18410 a t 

II 1101 WT 18411 a t 

II 1111 WT 18458 C C t 

II 1121 WT 18459 C C t I 
1--' 
(j\ 

Matua 506 WT 18424 a t (X) 
I 

II 508 WT 18429 t a 

II 5pl WT 18438 m a 

II 5p2 WT 18439 a 

a= abundant; c = common; m = minor; t = trace 
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• h Formation and to summarise and Pahoia tephras and the Uarru.lton As 

interpret their clay mineralogy: 

(a) Pahoia tephras 

The Pahoia tephras contain the following minerals in decreasing 

order of abundance : glass shards, halloysite, feldspar (plagioclase) 

and quartz. Heavy minerals constitute a small weight fraction of 

the whole deposit (~ 1%) and the following decreasing order of 

abundance is recorded: magnetite, hypersthene, hornblende, and 

biotite. 

Vermiculite (i.e. biotite ➔ hydrobiotite ➔ vermiculite) was 

recorded in fluvial and pyroclastic flow deposits which were inter-

calated with, or underlying, Pahoia tephras. 

(b) Hamilton Ash Formation 

~ 

Hamilton Ash deposits contain the following minerals in decreas-

ing order of abundance : halloysite, allophane, glass shards, quartz, 

and feldspar. Dominant heavy minerals include magnetite, hypersthene 

and hornblende. 

(c) Distribution of clay minerals 

Halloysite was the dominant clay mineral identified in strati­

graphically older deposits (i.e. Pahoia tephras) below the Hamilton 

Ash beds. Pahoia tephras were sampled from both highly weathered ash 

beds (e.g. those containing greater than~ 40% weight of clay) and 

from less weathered samples which are more mineralogically immature 

and are described as sands and silts (e.g. those containing a greater 

weight% of glass shards and pumice). 
I 

Stratigraphically younger ash deposits (i.e. those which overlie 

Pahoia tephras) are dominated by allophane, which is particularly 

comm.on in Hamilton Ash beds (e.g. especially in ~he upper parts of the 
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Ornokoroa section). Halloysite is present in varying proportions 

and is dominant to minor. 

(d) Interpretation of composition in highly weathered deposits 

The presence of a particular clay mineral in volcanic ash possibly 

reflects the original composition and the degree of weathering as a 

function of time and climate (Fields, 1955; Fieldes, 1968; Kirkman and 

Pullar, 1978). 

Kirkman (1980) postulated that the morphologic form of halloysite 

in the Pahoia tephras indicates that it may have altered from feldspar 

(➔ allophane ➔ halloysite; Kirkman and Pullar, 1978), whereas in the 

Kauroa Ash deposits a more direct alteration is likely to have taken 

place (i.e. feldspar ➔ halloysite). In many other ash deposits it is 

likely that an indirect alteration process passes from glass ➔ allo­

phane ➔ halloysite (Kirkman, 1980). 

The presence of allophane in the Hamilton Ash beds indicates 

initial weathering of glass to allophane (➔ allophane B ➔ allophane A; 

Hogg, 1974). 

6.7 MINERALOGICAL GROUPS 

sediments in the map area contain a high proportion (~ 85% of 

the total rock assemblage) of pumice and glass shards, with the minerals 

feldspar and quartz abundant (~ 90% of total phenocrysts) in all samples. 

Feldspar (mainly plagioclase) usually dominates over quartz in the range 

3:1 to 4:1, depending on location. 

From the construction of stratigraphic columns, extensive mapping 
I 

and from mineralogical analysis, seven major petrofacies are recognised 

The underlined components are particularly characteristic in specific 

petrofacies. 



(A) 

(B) 

(C) 
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Pumice - glass shards - hypersthene - obsidian 

Pumice - glass shards - quartz - feldspar - hvpersthene 

Pumice_ glass shards - feldspar - quartz - hornblende -

biotite 

(D) Pumice_ quartz - feldspar - rhyolite - magnetite - limonite 

(E) Pumice - glass shards - quartz - feldspar - rhyolite 

(F) Quartz - feldspar - rhyolite - hornblende - hypersthene -

biotite (i.e. crystal rich~ 20%) 

(G) Carbonaceous deposits 

The distribution of petrofacies is shown in Figs. 6.9 and 6.10. 

(i) Petrofacies A occurs stratigraphically below petrofacies B. 

Both are important in the southern part of the study area. Petro­

facies A occurs in sandy gravels, gravelly sands, slightly gravelly 

sands and sands. It forms the Te Ranga Ignimbrite and associated 

sediments. The Te Ranga Ignimbrite is exposed at Belks Road, Pyes Pa 

Road and the Melame Street quarry. Associated fluvial sediments make 

up paleochannel and bar deposits exposed above and to the sides of 

the ignimbrite and can be foll0wed from Pyes Pa to Te Puna and Matua. 

Petrofacies A appears at the top of stratigraphic sections at Matua 

and just above c~ l m) beach level at Te Puna. It is overlain conform­

ably by petrofacies D at both these locations. 

(ii) Petrcfacies B makes up the Waimakariri Ignimbrite and 

associated fluvial sediments. It overlies petrofacies A and is con­

fined to southern and central sections of the map area. It is exposed 
/ 

at Belk Road, Wairoa River, Ruahihi, Pyes Pa Road, and is extensive 

and forms a thick (up to 40 m) deposit from Mcclaren Falls back to 

the Waipapa Stream in the Mamaku Plateau. 
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(iii) Petrofacies C is recognised in coastal exposures and 

underlies a thick sequence of Hamilton Ash, Pahoia tuffs and possibly 

Kauroa Ash and multiple paleosols at Omokoroa. It forms subsidiary 

pyrpclastic flow/debris flow, alluvial fan and distal ignirnbrite 

deposits. The petrofacies is important north of the Wairoa River 

at Te Puna, Motuhoa Island and Omokoroa. 

(iv) Petrofacies Dis important at Te Puna and Matua where it 

forms very extensive braided/ephemeral river deposits up to 4 m thick. 

Rhyolite clasts within the deposit have been derived from Mt Minden. 

Much of the material appears to have been reworked, possibly from 

alluvial fan/debris flow deposits and is exposed throughout the Basin 

beneath Hamilton Ash beds. Other locations include exposures at 

Welcome Bay and at Waimapu Road, where petrofacies D thins consider­

ably to less than 5 cm and 50 cm respectively. At Welcome Bay and 

at Waimapu Road, petrofacies D becomes interbedded with ash units 

and may incorporate ash. Petrofacies A is only recognisable north of 

these sections. 

(v) Petrofacies Eis recognised extensively in the map area, and 

at Matua it underlies petrofacies A and D deposits and is intercalated 

with pyroclastic flow material. At Welcome Bay, Mangatapu and at 

Bethlehem these deposits are below the Pahoia tuffs and often contain 

interbedded tuffaceous and unconsolidated ash deposits and paleosols. 

Stratigraphic evidence at coastal cliff exposures indicates that these 

deposits are older than petrofacies A and D but younger than petro­

facies B, C and F. However, in areas away from the coast to the west 

stratigraphic evidence indicates petrofacies Eis younger than petro­

facies A suggestiDg an inverse relationship in age correlation between 

areas at the coast and away from the coast. This can be related to 

periods of fluvial erosion and deposition after ignimbrite emplacement 
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(see section 6.9). Texturally the deposits are sandy gravels, slightly 

gravelly sands and sands and are interpreted as alluvial braided/ 

ephemeral deposits. 

(vi) Petrofacies Fis important in central parts of the study 

area, extending from Ruahihi to Bethlehem and is well exposed at the 

Tauranga Dump (Ul4/856835). It is characteristically highly weathered 

by iron and manganese oxides, is associated with several intercalated 

paleosols, and stratigraphically underlies petrofacies A, B, C, D, and 

E. The petrofacies forms alluvial wash, gravel lag and braided river 

sediments and pyroclastic flow/alluvial fan deposits; texturally these 

deposits are gravelly and slightly gravelly sands to sands. 

(vii) Petrofacies G is important in the Omokoroa, Motuhoa Island, 

Matakana Island and Te Puna areas. Lignite disconformably underlies 

pyroclastic flow, air-fall tephra and fluvial deposits. Carbonaceous 

silts exposed at Omokoroa and On Motuhoa Island are also interbedded 

with these deposits. 

6.8 PETROFACIES DISTRIBUTION AND INTERPRETATION; with emphasis on 

fluvial deposits 

It is concluded from this study that fluvial deposits subaerially 

exposed in the southern parts of the Tauranga Basin are derived mainly 

from a number of local ~yroclastic flow deposits (Figs. 6.11 and 6.12), 

with minor contributions of sediment derived from the Pahoia tephras. 

Figure 6.9 should be consulted during reading of this section. In the 

Matua, otumoetai, Maungatapu and Tauranga City areas, fluvial sediment 

(petrofacies A and E) has been derived principally from three sources: 

(a) Te Ranga Ignimbrite, 

(b) Waimakariri Ignimbrite, and 

(c) Pahoia tephras. 
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An intermixing of fluvial sediment derived from the above three 

sources and that derived from the Te Puna Ignirnbrite (petrofacies C) 

occurs northwest of the Wairoa River throughout the Te Puna area. 

In this area a lobe of the Te Puna Ignirnbrite has been laterally 

truncated by fluvial erosion. 

Further north in the Omokoroa area, petrofacies C crops out as 

fluvial, post-depositionally modified pyroclastic (e.g. slump deposits) 

and pyroclastic flow deposits above petrofacies G. Petrofacies G is 

intercalated with petrofacies E material at some site localities 

exposed along the coast in the Omokoroa and Te Puna areas. Pahoia 

tephras and Hamilton Ash beds are preserved to a greater extent in 

the northern parts of the map area, particularly at Ornokoroa. 

Petrofacies D (e.g. exposed at Te Puna, Bethlehem, Matua and 

Welcome Bay) consists of reworked material of rhyolitic (i.e. Minden 

rhyolite) and ignirnbritic origin. It (i.e. petrofacies D) is strati­

graphically younger than the other petrofacies deposits but is highly 

weathered. Stratigraphic and mineralogical evidence would suggest it 

partly consists of reworked Hamilton Ash beds, Te Ranga Ignirnbrite, 

Minden rhyolite and Pahoia tephras and this is substantiated by its 

distribution and stratigraphic position. 

Petrofacies F consists mainly of fluvial sediment derived 

principally from the Wairoa Ignirnbrite and crops out in a narrow belt 

extending from Bethlehem in the north, along Cambridge Road and south­

ward to the Ruahihi area. It is partially mixed with sediments 

derived from the waiteariki and Waimakariri Ignirnbrites in an area 

south of Cambridge Road. At Bethlehem, the composition of petrofacies 

F again becomes mixed with sediment derived from the Waimakariri and 

the Te Ranga Ignimbrites. Petrofacies Dis also partially interbedded 

with petrofacies A, B, and Fin the Bethlehem area. 
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6. 9 PROVENA.l."\l'CE 

The relative proportions of mineral components in the Matua 

Subgroup fluvial deposits suggests that they were derived principally 

from the erosion of ignimbrite, pumice, rhyolite and andesite source 

rocks and their air-fall equivalents (see Fig. 6.13 and Table 6.11) • 

The petrology of Quaternary volcanics from the Central Volcanic Region 

has been reviewed by Cole (1979). 

Pyroclasts deposited in the Tauranga Basin which result from 

volcanic extrusion (probable source is the CVR) are characterised by 

abundant rhyolitic pumiceous fragments and glass shards and by the 

following phenocrysts : plagioclase (An 0% - An 30%), magnetite 

(abundant), quartz, hypersthene, hornblende (common), biotite (less 

common) and augite (rare). Fluvial deposits in the upper Matua Sub­

group duplicate this mineralogy. Evidence presented in this study 

indicates that fluvial deposits are mineralogically similar to specific 

distal ignimbrites subaerially exposed in the Tauranga Basin (section 

6.7). A number of distal ignirnbrites cropping out in the Basin or 

showing thick deposits at the margins of the Basin are therefore con­

sidered the major source rocks for the upper Matua Subgroup fluvial 

sediments. The proximal nature of source rocks is evidenced by the 

freshness and immaturity (e.g. poor sorting and angularity of grains) 

of detrital sand grains in fluvial deposits. Specific fluvial deposits 

showing a mineralogical relationship with specific pyroclastic flow 

deposits also record textural similarities. Comparative mineralogy of 

ignimbrites and fluvial deposits subaerially exposed in the Tauranga 

Basin indicates that only minimal chemical weathering has affected 

most deposits, in particular source rocks (e.g. the Te Ranga Ignimbrite). 

This may be attributed to several factors, including the high perme­

ability of the unconsolidated distal ignimbrites and associated fluvial 

deposits, and cool climatic periods since emplacement of ignimbrites. 



Fig. 6.13 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Fig. 6.13B 

{a) 

{b) 

{c) 

(d) 

(e) 

(f) 

Schematic W-E cross-sections (cartoons) through the 

Te Puna-Wairoa River areas showing compositional 

variations within the Tauranga Basin with time; 

see Fig. 6.13 (1) (1) for location and Fig. 6.12 

for legend. 

Immediately after emplacement of the Waiteariki 
Ignimbrite (0.84 m.y. B.P.). 

The Waiteariki Ignimbrite was eroded and contributed 
thick sequences of fluvial sediment into the sub­
siding Basin. The Wairoa Ignimbrite {petrofacies F) 
was emplaced over the sediment derived from the 
Waiteariki Ignimbrite. 

The Wairoa Ignimbrite was eroded and thick sequences 
of fluvial sediment were supplied to the Matua Sub­
group. 

The Te Puna Ignimbrite c~o.4 - 0.3 m.y. B.P.), or 
petrofacies C was deposited in the Basin. 

The Te Puna Ignimbrite was eroded, and fluvial 
sequences were again deposited in the Matua Sub­
group. 

In the early stages of erosion and sediment supply 
after emplacement of the Te Ranga Ignimbrite and 
the Waimakariri Ignimbrite. Deposition of petro­
facies E; * see Fig. 6.13B for explanation of 
petrofacies sequences. 

Deposition of petrofacies Dover petrofacies A, 
Band E. 

Explanation of No. 6 schematic cross-section 

Emplacement of Te Ranga Ignimbrite {petrofacies A). 

Erosion of Te Ranga Ignimbrite. 

Emplacement of Waimakariri Ignimbrite over an 
eroded surface. 

Erosion of Waimakariri Ignimbrite. 

Removal of parts of the Waimakariri Ignimbrite. 
Renewed erosion and supply of sediment from the 
Tc Ranga Ignimbrite. 

~,trofaci~s Eis derived from several sources (e.g. 
W,dm.ikc1riri, 'f,_e Puna and Wairoc1 Ignimbritcs) but 
tli1~ 11r1~att.;r proportion of sediment is dr:::riv('d from 

t!l1- W<1im.:1k.J.riri I<p1irnbritc. 
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The freshness of minerals in a number of samples also suggests the 

renewed erosion effect on deposits previously buried by a thick sedi­

mentary cover. The mineralogy of fluvial deposits partially reflects 

depositional processes. Because source rocks (i.e. ignirnbrites) are 

largely nonwelded, erosion of the deposits was probably rapid (e.g. 

indicated by thick sequences of fluvial sediment and by a thickening 

of pyroclastic deposits away from the Basin) producing a high sediment 

input into the Basin and therefore high sedimentation rates during 

short intervals (e.g. sedimentary structures suggest this episodic 

nature). Minor contributions of both fluvial sediment and primary 

volcanic material have also been derived from the Kairnai Range and 

the remainder of the Mamaku and Whakamararna Plateaus. 

The mineralogy of the upper Matua Subgroup deposits has been 

grouped into a number of major petrofacies which reflect the mineralogy 

of distal ignirnbrites, fluvial deposits and reworked air-fall tephra 

deposits (Fig. 6.9). A large proportion (~ 60%) of this primary 

volcanic material has been reworked. Fluvial deposits contain a 

high proportion (~ 95%) of acid volcanic detritus and it is likely 

that most of the pyroclastic material subaerially exposed in the 

southern parts of the Basin but north of the Paparnoa Hills originated 

from a Central Volcanic Region source. It is suggested however that 

Matua Subgroup deposits at depth (~ >30 m) may be of both a Coromandel 

and Central Volcanic Region source. 

Clay mineral assemblages in the upper Matua Subgroup also indicate 

an acid volcanic source, with halloysite originating from older air­

fall tephra deposits and allophane and halloysite from the younger 

I 

Hamilton Ash beds. 



TABLE 6. 11 

Grid 
Reference 

014/745865 

' 

014/700952 

014/785915 
014/755915 
014/815860 
014/845820 
014/825760 
014/850770 
014/855740 
014/783730 

014/793759 

014/845850 
014/855885 
014/875798 
014/862810 
014/905825 

014/906820 
014/893853 

Main Ignimbrite source rock contributing sediment to different 

broad areas within the Tauranga Basin (based on subaerial exposure) 

Ignimbrite source rock 
Area 

Te Ranga Waimakariri Te Puna Wairoa Waiteariki 

Whakamarama * 
Plateau 

Katikati * * 
Aongatete * * 
Sharp Rd * 
Omokoroa * 
Pahoia * * 
Te Puna * * * 
Cambridge Rd * * * 
Belk Road * * 
Pyes Pa Road * * 
Joyce Road * 
Mcclaren 

Falls * * 
Ruahihi Ivy 

Bridge * * 

Bethlehem * * * 
Matua * * 
Waimapu Rd * 
Greerton * * 
Maungatapu 

Plateau * 
Welcome Bay * (Papamoa lg.) 
Tauranga 

City * * 

I 
...... 
()) 

I-' 
I 



CHAPTER SEVEN 

SEDIMENTARY STRUCTURES, HYDRODYNAMICS 

AND PALEOENVIRONMENTS OF PLUVIAL 

DEPOSITS OF THE MATUA SUBGROUP 
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7.1 INTRODUCTION 

Fluvial sedimentary deposits in ~he Tauranga Basin are either 

gravel-, sand-, or mud-dominated. Gravels form either clast-

supported deposits or, more commonly, poorly sorted matrix-supported 

deposits. The three major lithologies can be further subdivided 

into a number of lithofacies, principally on the basis of relation­

ships between sedimentary structures, sorting and texture. Litho­

facies may be interpreted as reflecting certain major sedimentary 

controls exerted within the fluvial environment (Miall, 1977; 1978). 

In particular, it is often possible to interpret the hydrodynamic 

conditions responsible for lithofacies formation within the Basin. 

Origins can be established by inferring relationships between sedi­

ment properties such as sedimentary structures and hydrodynamic 

factors (Allen, 1965; Harms and Fahnestock, 1965; Picard and High, 

1973; Miall, 1977). 

7.2 SEDIMENTARY STRUCTURES OF FLUVIAL DEPOSITS 

A variety of different sedimentary structures occur at various 

scales in the Tauranga Basin deposits (Table 7.1). Field exposures 

suggest there is a preponderance of horizontally bedded and low-angle 

cross-bedded strata. 

contributions are also made by high angle cross-stratified 

deposits which range from large scale, where set thickness is~ 5 cm, 

to less significant small-scale sets with a thickness~ 5 cm (Allen, 

1965; Sherwood, 1972). 

Deformation structures and post-depositional structures are 

recorded at sites exposed in cliffs and banks adjacent to the eSt uary. 
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TABLE 7 .1 

Fluvial structures in the Tauranga Basin deposits 

Syndepositional 

1. Planar - Stratification 

Lenticular 

Horizontal Parallel 

Horizontal Discontinuous 

Graded 

2. Cross - Stratification 

Low Angle -

Avalanche Front - (Alpha-) 

Rho -

Nu -

Post-depositional 

1. Deformation Structures 

Injection 

Slump 

Synsedimentary deformation 

Compaction al 
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The approach taken in this chapter in which the intention is 

to develop a fluvial paleoenvironmental model for Tauranga Basin 

deposits, is shown in Fig. 7.1. 

7.2.l Planar Stratification 

Four dominant forms of planar stratification are recognised 

(following Picard and High, 1973 terminology): Lenticular, horizontal 

parallel, horizontal discontinuous and graded (Fig. 7.2). Criteria 

used to identify each type are given in Tables 7.2 and 7.3 

(a) Lenticular Stratification 

This structure (Fig. 7.3) occurs in poorly sorted gravelly sands 

to sands. Because of the abundance of gravel-sized material in the 

structure, notably rhyolite and pumice clasts (up to 3 cm diameter), 

stratification within sets is generally obscure. Individual sets are 

large scale, commonly with a thickness of 5 - 20 cm, and persist lat-

erally for several metres before pinching out. Stratification thick-

ness and type is variable, and horizontal and low-angle cross-lamin-

ation are dominant. These structures are associated with internal 

trough cross-bedding and avalanche front cross-stratification. 

Lenticular stratification usually overlies low-angle cross-bedded 

sands which are moderately to well sorted. The deposits are generally 

weathered and as a result contain a relatively high percentage of mud 

(~ 10%) compared to other units in the Matua and Te Puna sections. 

(i) Hydrodynamic Interpretation 

This type of structure is formed by shifting sedimentary regimes 

(Picard and High, 1973; Miall, 1978) resulting in a composite set of 

strata which does not share the internal consistency of a sedimentary 

unit. 



Sedimentary 
Structures 

Hydrodynamic 
interpretation 
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depositional 
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Lithofacies 
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Sedimentary 
texture and 
composition 

Lithofacies 
code 

assemblages 
,---_i__~ ...________,.--------, 

! 
Physiographic 

model 
Lithofacies 

sequences 

Fig. 7 .1 Summary of the approach taken in this 

1 chapter to develop a paleoenvirorunental 

model. 
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Fig. 7.2 
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Planar stratification types. (i) lenticular; 

(ii) horizontal parallel; (iii) horizontal 

discontinuous; 

High, 1973). 

(iv) graded; (from Picard and 



'l'ABLE 7. 2 Planar stratification types in the Tauranga Basin 

Criteria for 
recognition 

Occurrence 

Grading 

Set thickness 

Scale 

Stratification 

Shape of lower 
bounding surface 

Angle of upper 
bounding surface 

'J'exlure 

Compositional 
character of upper 
part of set 

Compositional 
character of lower 
part of set 

Planar Stratification 
----------------,---------------'----------------------·-···--··•-·-

lenticular 

Common 

normal 

>20 cm 

large 

obscure 

planar and low angle 
cross lamination 

low <15o 

slightly gravelly to 
gravelly sands 

(a) poorly sorted 
sands and 
gravelly sands 

(b) rhyoli te clasts 

(c) pumiceous 

(a) pumiceous - glass 
shards - rock 
fragments 

(b) heavy minerals 

horizontal parallel 

Common 

inverse and normal 

>20 cm 

large 

sharp 

planar 

low <10° 

sands to gravelly sands 

(a) intermittent well 
sorted beds with 
poorly sorted beds 

(b) pwnice - glass shard 

(a) pumiceous - glass 
shards - rock 
fragments 

horizontal discontinuous 

Common 

inverse and normal 

>20 cm 

large 

sharp 

planar and low angle 
cross lamination 

low <15° 

sands to gravelly sands 

(a) pwniceous bands of 
sand and gravelly 
sands 

(b) glass shards 

graded 

Common 

inverse and normal 

>5 cm 

large 

sharp and obscure 

planar 

low <5° 

sands to gravelly 
sands 

(a) pumiceous bands 
of sand and 
gravelly sands 

(b) glass shc1rds 

(a) pumiceous glass shards (a) pumiceou::; glass 
shards 

I 
t--' 
CX) 

--.J 
I 



TABLE 7.3 Planar stratification types. 

Type 

Criteria 

Magnitude 

Character of 
lower boundary 
surface 

Shape of lower 
boundary surface 

Relations of 
planar strata to 
lower boundary 
surface 

Lithology 

Grouping of sets 

lenticular 

large scale 

gradational 

planar and low 
angle 

concordant 

heterogeneous 

grouped 

Classification on the basis of types described 

by Picard and High (1973) 

horizontal 
parallel 

large scale 

gradational and 
erosional 

planar 

discordant 

heterogeneous 

grouped 

horizontal 
discontinuous 

large scale 

gradational 

planar and 
low angle 

discordant and 
concordant 

heterogeneous 

grouped 

uraded 

-------- - - ---

medium and lar':le scale 

gradational and 
erosional 

planar 

discordant and 
concordaut 

heterogeneous and 
homogeneous 

grouped and 
individual 

I 
...... 
co 
co 
I 



Fig. 7.3 

Fig. 7.4 
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Lenticular stratification in pumice and 
rhyolite fragment rich, poorly sorted 
sandy gravels (Petrofacies D). 

Horizontal parallel stratification showing 
parting lineation in pumice clast and glass 
shard rich moderately sorted sands and 
slightly gravelly sands (Petrofacies A). 
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A steady and progressive change in conditions within a single 

regime therefore is not recorded and preservation may indicate 

several subenvironments . Lenses of material are developed under 

the fluctuating flow regimes (McKee et al., 1967; Picard and High, 

1973) with deposition of sediment being horizontally discontinuous. 

Horizontal beds with grains aligned parallel to the current are pro­

duced (Doeglas, 1962; Harms and Fahnestock, 1965; Picard and High, 

1973) as upper flow regime conditions are reached and bedforms assume 

a more planar surface. This type of stratification may record a 

vertical sequence of bar-channel-bar. 

(b) Horizontal Parallel Stratification 

Horizontal parallel stratification (Fig. 7.4) is associated with 

parting lineation. The stratification is small scale and thin even 

strata are 0.2 - 2 cm thick in horizontal sets 10 - 20 cm ~hick. 

Texturally it occurs in moderately to well sorted sands, and slightly 

gravelly sands. Each stratum is very fine and parallel with others 

in the set, and individual strata are laterally continuous for dis-

tances exceeding 30 cm. 

rock fragment. 

Composition is main ly glass shard-pumice-

(i) Hydrodynamic Interpretation 

This type of bedding is found underlying lenticularly stratified 

sets (Picard and High, 1973) and overlying cross-bedded sets. The 

sequence of bedding types seen particularly at Kings Avenue and at 

Te Puna indicates that it is associated with low velocity currents 

(McKee et aZ..; Picard and High, 1973) but the exact regime is uncertain. 

The beds possibly represent deposits of bar s (as shown by modern 

examples e.g. studies in the United States by McKee et al., 1967 and 

Picard and High, 1973) and the downstre am segments of channels 
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(Picard and High, 1973) and therefore may be indicative of shallowing 

in a fluvial or marine environment. This could be due to elevation 

of the bar or channel bottom as a flood waned. 

(c) Horizontal Discontinuous Stratification (Fig. 7.5) 

(Doeglas, 1962; Harms and Fahnestock, 1965; McKee et aZ., 1967; 

Picard and High, 1973). 

Strata! thickness is up to 10 cm greater than in horizontal 

parallel stratification. Sets are large scale with a thickness from 

30 - 80 cm. Texturally the deposits are moderately sorted to poorly 

sorted, slightly gravel l y and gravelly sands. Individual strata are 

laterally discontinuous over several metres, but form planar bedding 

and are associated with streaming l ineation. Microlensing (6 - 10 

cm) is common. These deposits often underlie cross-stratified and 

microcross-stratified structures and overlie cross-stratified normally 

graded and inversely graded structures. Composition is mainly glass 

shard-pumice-feldspar-quartz-heavy mineral sands. Deposits may con-

tain individual laminae usually alternating between (a) pumice-glass 

shard and (b) heavy mineral-glass shard-feldspar-quartz sand. 

Characteristic features of these deposits are that sets are 

multiply repeated to give very thick sedimentation units and inverse 

grading is very common. Four main types of horizontal discontinuous 

stratification are recognised in the Tauranga Basindeposits: 

1. Type 1 - This is recorded in inversely graded, 5 - 30 cm thick 

sets occurring in the Kings Avenue section. The base of each set 

is marked by glass shard-pumice-feldspar-quartz-heavy mineral sands 

which pass upwards through pumice sands to matrix-supported pumice 

clasts (2 _ s mm size), but some sets may show a layer which is clast-

supported. Upper boundaries of sets may contain a higher mud content, 



Fig. 7.5 

Fig. 7.6 
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Horizonal discontinuous stratification in 
pumice clast and glass shard rich moderately 
to poorly sorted, slightly gravelly sands. 

Graded stratification showing inversely graded 
pumice rich, moderately sorted slightly 
gravelly sands (Petrofacies E). Lens cap is 
5 cm diameter. 
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and weathering can pick out mud laminae. Upper and lower boundaries 

of sets can be erosional. Clasts at the top of sets vary in form 

from rounded to subangular to flattened, while at the base, pumice is 

fragmented and angular. 

2. Type 2 - Sets are 5 - 20 cm thick, commonly inversely graded and 

consist of individual laminae alternating between pumice-glass shard­

feldspar-quartz sands and glass shard-pumice-heavy mineral sands. An 

erosional contact at the upper boundary is formed with overlying 

cross-stratified sets at Kings Avenue. 

3. Type 3 - Horizontal strata which show normal grading occur at 

Bethlehem and Matua. Composition and texture are similar to Type l 

deposits. 

4. Type 4 - Horizontal stratification recorded in 2 - 20 cm thick 

sets, which are commonly stacked, show a greater range of grain sizes 

than in Type 2 deposits. 

Individual strata pinch out over several metres in pumice-glass 

shard-heavy mineral moderately sorted sands and gravelly sands. 

These individual layers often form laminations which grade into low-

angle cross-stratified laminae. Upper and lower boundaries are non-

erosional, except where horizontal strata overlie trough cross-

stratified sets. The Type 4 structure overlies trough cross-bedding 

and low-angle cross-stratification in several coastal exposures. 

Inverse grading is a characteristic feature in individual sets. 

(i) Hydrodynmaic Interpretation 

Horizontal discontinuous stratification (Doeglas, 1962; McKee 

et al., 1967; Picard and High, 1973) is typically formed in the lower 

part of the upper flow regime (Allen, 1965; Harms and Fahnestock, 196S; 
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Picard and High, 1973) when high velocity currents are just over the 

threshold of the lower flow regime. Usually it is the lowest 

sequence in most channel deposits (McKee et aZ., 1967; Picard and 

High, 1973) resting on an erosional surface. 

This structure occurred beneath trough cross-stratified deposits 

and above low-angle cross-stratified deposits at several sites in the 

Tauranga Basin. Horizontal discontinuous stratification is inter­

preted as being present in most channel deposits because of its 

position in vertical sequences in the Tauranga Basin and as described 

from examples of McKee et aZ. (1967) and Picard and High (1973). 

(d) Graded Stratification 

Graded stratification (Fig. 7.6); (Picard and High, 1973; Miall, 

1978) can be divided into two types: 

(i) normal, where grain-size fines upwards 

(ii) inverse, where grain-size coarsens upwards. 

Most deposits in the Tauranga Basin show the latter with grain-sizes 

ranging from silts and fine sands to coarse sand and gravels at the 

top of a single stratum or set. This type of stratification may 

form cosets (> 20 cm thick) or individual sets 2 - 40 cm thick and 

usually occurs within horizontally stratified deposits. Sets are 

composed of pumice-glass shard sand and silt at the base grading up­

wards into pumiceous gravelly sands. 

(i) Hydrodynamic Interpretation 

These structures are often associated with horizontal stratific­

ation and trough cross-stratified sets which may underlie or overlie 

these sets. They occur in channel and bar sequences (McKee et aZ., 

1967; Picard and High, 1973; Miall, 1977, 1978) and may form either 

during decreasing velocities due to pumiceous clasts continually being 
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worked to the surface during development of individual beds (Fiske, 

1969) or during backfilling as the velocity slackens (Picard and 

High, 1973). 

7.2.2 Cross-Stratification 

(a) Low-Angle Cross-Stratification 

Distinctive and volumetrically important in the Tauranga Basin, 

these structures (Fig. 7.7) form thick sets (5 cm - 50 cm thick) having 

wavelengths of several metres. Boundaries are usually non-erosional 

except where these beds overlie trough cross-stratified sets where 

they develop a more planar surface. Sets are often repeated vertic­

ally but amplitudes are out of phase. Individual strata may be 

concave and often as they approach the lower boundary they either 

become concordant with underlying strata or they pinch out and inter-

a sect them at a very low (~ 1 - 3) angle. Ma~imum dips (maximum dips 

0 of only 7 were recorded at Matua and Te Puna) in this type of strata 

are assumed to be downcurrent indicating the flow direction (Allen, 

1965; Picard and High, 1973). 

(i) Hydrodynamic Interpretation 

Low-angle cross-stratification develops in moderately to well 

sorted sand-sized material and forms under low flow regime conditions 

which are appraoching an upper flow regime (McKee et aZ., 1967; Picard 

and High, 1973). The lateral continuity of thin strata, low angles 

of inclination and predominant finer grain sizes compared to grain­

sizes in other sedimentary structures indicate a down-current migration 

of point and longitudinal bars, creating their own depositional surface. 

Deposition occurs during the receding period of a flood but while 

the bar is still flooded. 
The depth of water is indicated by the lack 

of ripple stratification. 
As the velocity decreases trough cross-



Fig. 7.7 

Fig. 7.8 

-196-

Low angle cross-stratification underlying 
trough cross-stratification at Te Puna 
(014/819888). 

Avalanche front cross-stratification in 
pumice clast and rhyolite rock fragment 
rich, well sorted, slightly gravelly 
sands to sandy gravels (Petrofacies D). 
Irnbricated pebbles have been sorted and 
have avalanches down the foreset slope. 
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stratification, rnicrocross-stratification and alpha cross-strata may 

be formed (Allen, 1965; McKee et aZ., 1967; Picard and High, 1973; 

Miall, 1977, 1978). Often this type of structure grades laterally 

into horizontal discontinuous strata in channels and inclined strata 

may be found in the more energetic margins of flow. 

(b) Avalanche Front Cross-Stratification (Alpha-) 

Avalanche front cross-stratification (Fig. 7.8) (Allen, 1965; 

Picard and High, 1973) is commonly associated with lenticular strati-

fication and this is the case in the Tauranga Basin. A typical suite 

may show development from the base of horizontally stratified sets: 

Avalanche front cross-stratification/Rho and Nu cross-stratification/ 

horizontal stratification. Texturally th e deposits are poorly to 

moderately sorted gravelly sands composed of rhyolitic and pumiceous 

gravels alternating with heavy mineral-glass shard sands and glass 

shard-pumice-quartz sands. Single thick tabular sets (5 - 15 cm 

thick) and strata (1 - 2 cm thick) are generally straight. These 

are inclined down current at angles between 35 - 45°. The lower sur-

face is planar and coarsest grains (up to 1 cm in diameter) tend to 

be concentrated at the base. Grains may be imbricated at the top 

of sets (Fig. 7.8). 

(i) Hydrodynamic Interpretation 

Avalanche front cross stratification (Fig. 7.8) is associated 

with low-angle cross-stratificati'on, lenti'cular ·f· strati ication and 

small-scale trough cross-beds (i.e.~ 10 cm thick Rho-, and Nu-types). 

It formed by the downcurrent migration of avalanche faces (Figs. 7.9, 

7.10) at the margins of bar surfaces. Imbricated pebbles and 

granules indicate that material was transported by traction across 

the surface of the bar in water t 1 5 a east cm deep in upper flow 



Fig. 7. 9 

Fig. 7.10 

Fig. 7.ll 
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Avalanche cross-stratification formed by migrating 

sand-waves (after Harms et al., 1975). 

Infill of a trough by aggradation to a profile of 

equilibrium under uniform conditions of flow and 

transport. The axis of the trough is taken to be 

at right-angles to the plane of the basal contact 

changes with variation in the depth-ratio. The 

sub-horizontal beds in the closing stages of infill 

are typical of a high depth-ratio (after Jopling, 

1965). 

Origin of coarse and fine foreset laminae by continuous 

avalanching. 

A - finer sediment composing the small scale asymmetrical 

bed form spills over the bar edge followed by B. 

B - avalanching of heavy minerals and coarse clasts 

previously segregated into leeside scour pockets. 

Thickness of laminae depends on length of foreset 

and size of surface bedforrns. 

(From Smith, 1972) 
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regime currents (Jopling, 1964; Allen, 1965; Picard and High, 1973). 

The finer matrix moved by saltation {Jopling 1964; Smith, l9 70; 

Picard and High, 1973) and as flow velocities and the depth decreased 

over the bar a progression of bedforms was produced dominated by 

The trough cross-stratification and planar cross- stratification. 

sediment is crudely sorted and avalanche faces result from sediment 

slumping into quieter waters (Picard and High, 1973) on the lee face 

of the migrating bar, with coarser material being deposited over the 

slope break followed by the spilling over of finer grain sizes. 

Jopling (1964) found that if the load of suspended sediment is high, 

sorting of foreset laminae may result from differential settling 

velocities when this material is carried over the slip face (Fig. 

7. 11) . This mechanism would be important during high flows because 

of the original poor sorting of sediment. 

The function of depth is related to its ability to reduce current 

strengths in the lee side current shadows in water ~60 cm deep (Picard 

and High, 1973). This condition is indicated by the high angle (30 -

0 40) of repose and the resulting straight tabular sets, inclined down-

current. The thickness of these sets is determined by the height of 

the foreset and the size of the parent bedform. As a flood wanes 

these fronts are deactivated suddenly and bedforms typical of decreas­

ing current velocities result from scouring and degradation of the slip 

faces, producing angles less than the angle of repose, and the shallower 

depths cause incomplete separation of the currents around the bars 

(Smith, 1970; Picard and High, 1973). Jopling (1965) and Smith (1972) 

noted that this foreset angle decreases also when flow strength increases 

with increasing depth and this instability at the upper slip face is 

due to a zone of flow detachment. 



-201-

(c) Rho-Cross-Stratification 

Rho-cross-stratification (Fig. 7.7 and Figs 7.12 - 7.14) occurs 

in association with low angle cross-stratification and horizontally 

bedded deposits and shows discordant contacts with upper and lower 

bounding surfaces. Set contacts are scoop-shaped in sections per-

pendicular to the flow direction while coset contacts are more hori­

zontal. 

It is preserved mainly in gravelly and slightly gravelly sands 

but occurs occasionally in sands. Sets are usually large scale 

(5 - 50 cm thick), inversely graded and grouped, so that cosets range 

in thickness from 1 - 3 m. Occasionally cosets reach a thickness of 

5 m, while set width and height ranged from 0.32 - 1.46 m and 0.24 -

0.90 m respectively. This type of structure (Fig. 7.13) may extend 

laterally for tens of metres in areas proximal to pyroclastic flow 

deposits, but is more confined in areas nearer the coast. 

contacts are marked by coarse material of the underlying set 

and finer material of the overlying set. 

At a number of localities set contacts are enhanced by a mud film 

(2 - 5 mm thick) continuous for 40 - 60 cm (Fig. 7.16) • 

Four characteristic types of Rho cross-stratification are recog-

nised in the Tauranga Basin (Table 7.4) • 
All are composed of pumice-

glass shard-feldspar-quartz-heavy minerals with variable amounts of 

rock fragments. 
Depending on location, rock fragment composition is 

dominantly rhyolite, fragmental obsidian and/or ignirnbrite. 

(d) Nu Cross-Stratification 

Nu cross-stratification (Table 7.5 and 7.6) was only a minor 

· • 'th Rho cross-
structure in the map area, occurring in conJunction wi 



Fig. 7.12 

Fig. 7.13 
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Rho- cross-stratification in moderately so~ted 
pumice rich sediments (Petrofacies E) • 

Large scale trough cross-beds in pumice rich 
moderately sorted slightly gravelly sands, 
exposed at the Pyes Pa Road quarry (Ul4/845768). 
Lens cap is 5 cm diameter. 
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Fig. 7.14 

10 cm 
Flow 
~ 

Block diagrams of Planar and Rho-stratification 
types (from Harms et al., 1975). 

A 

B 

Horizontal stratification produced by upper 
flat bed (or plane bed) with current lineation. 
Internal surfaces show parting lineation. 

Current ripples on sand, near equilibrium, 
forming trough cross-stratification, Rho -
and/or Nu types. 



TABLE 7. 4 

Criteria for recognition 

Occurrence 

Grading 

Set thickness 

Scale 

Shape of lower bow1ding 
surface 

A11qle of upper bounding 
surface 

'I'exture 

Compositional character 
of uvper part of set 

Composi tio11al character 
of lower part of set 

Character of lower 
bounding surface 

Composilional grading 
witld11 sets 

Rho Cross-Stratification Type 
------------------------------------------------------------------·-····-

abundant 

inverse 

(a) >20 cm 
(b) >10 cm 

large 

scooped 

high >15° 

1 

gravelly sands 

(a) mud film may be present 

(b) clast-matrix supported 

(c) pumiceous 

pumiceous 

erosional 

'l'o£ - pumice - glass shard 

Vs 

pumice - glass shard -
quartz - feldspar - heavy 
minerals 

Base - minor rock fragments 

2 

common 

inverse>> normal 

>20 cm 

large - medium 

scooped - inclined 

5 - 15° 

gravelly sands 

(a) clast-matrix supported 

(b) pumiceous or vice versa 
with lower part 

pumiceous 

erosional 

Top or Base - pumice 

pumice - glass shard 

pumice - glass shard - rock 
fragments - quartz -
feldspar - heavy minerals 

common 

normal 

5 - 10 cm 

large - small 

scooped 

>15° 

3 

slightly gravelly sands -
silts 

(a) mod. sorted matrix 

(b) silt 

(c) glass shard - pumice sand 

pumiceous 

erosional 

~ - pumice - glass shard 

Base - quartz - feldspar -

heavy minerals - rock 
fragments 

4 

rare 

normal 

5 - 10 cm 

large - small 

scooped 

10 - 20° 

gravelly sands - sands 

(a) gravelly sands - sa11ds 

(b) diffuse 

(c) mod. sorted sands 

heavy minerals 

erosional 

Base - we 11 so1· ted heavy 
111ine1·al layers I 4 uun 

thick 

diffuse 111,pei: surface 

- sharp lowt'I'. surface 

~'.9.1) - heavy 111i1w1als -
glass sha1·d - 11u,nlz -
feldsp,H 

I 
(\J 

0 
.i:,. 
I 
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TABLE 7. 5 Criteria used to define Rho- and Nu- cross-

stratification types on the basis of Allen's 

(1963) and aume et al. (1975) descriptive 

criteria. 

Type 
1 2 

Criteria 

Classification Rho Nu 

Magnitude 

Grouping of 
sets 

Character of 
lower bound­
ary surface 

Shape of 
lower bound­
ary surface 

Relation of 
cross-strata 
to lower 
boundary 
surface 

Lithology 
of cross­
strata 

medium and large 
scale 

grouped 

erosional 

scoop-shaped 

discordant 

heterogenous 

small scale 

grouped 

erosional 

scoop-shaped 

discordant 

heterogenous to 
homogeneous 



TABLE 7. 6 

Type 

Composition 

Texture 
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~NO main types of Nu cross-stratification are 

recognised in the map area. 

1 

Lag deposits 

(a) concentrations of 
heavy minerals 

(b) thin laminations 
(1 - 5 mm) 

(c) composition grades 
upward into pumice -
rock fragment -
glass shard sands 

(d) iron and manganese 
staining 

(a) mud content 5-30% 

(b) laminations of 
gravel and coarse 
sand 

2 

Pumice rich 

(a} pumice-glass shard­
rock fragments­
quartz-feldspar­
heavy minerals 

(a) mud content indurates 
deposit 10-40% 

(b) gradational textural 
change over 1 - 2 cm 
in sands and slightly 
gravelly sands 

(c) cross-laminated 
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stratification and horizontal stratification. It is characteris-

tically small scale and does not develop into cosets > 10 cm thick, 

although it may develop within units containing larger scale trough 

cross-stratification and the remains of ripple cross-laminated 

deposits. In transverse section sets are trough-shaped (with dips 

. o o d ranging from 8 - 30) and strata within a set are concave upwar 

and conform to a lower erosional surface. In longitudinal section 

sets become more wedged shaped and inclined downstream, whilst lower 

boundaries of cosets are terminated by planar surfaces (1 - 5° dip). 

The lower boundary of sets and cosets is commonly marked by concen­

trations of heavy minerals (1 - 4 mm thick) and individual strata 

are thin (1 - 5 mm). Commonly associated also with this boundary 

are gravel to coarse sand lag deposits, and iron and manganese stain­

ing. Usually the upper boundary of sets is more diffuse. Texturally 

the deposits range from moderately sorted gravelly sands to well sorted 

sands and where deposits are weathered, sizes grade down into muds. 

(i) Hydrodynamic Interpretation of Rho- and Nu-types 

Trough cross-stratification is produced by migrating trains of 

asymmetrical ripples and dunes (Harms and Fahnestock, 1965). 

Cosets of cross-strata indicate unidirectional flow, and the 

thickness of trough shaped sets is affected by the minimum average 

flow depth (Allen, 1963, 1965). This minimum depth is usually twice 

that of the thickness of individual sets. Distinctive types of 

cross-bedding are usually a result of ripple size and geometry, current 

velocity and sediment supply (Allen, 1963). The cosets of cross-

strata indicate that erosional and depositional processes have oper­

ated, the former accounting for the surfaces between sets and the 

latter for the growth of sets and shapes and attitudes of cross-strata 

(Allen, 1963; Hurne et al., 1975). 
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(i) Rho cross-stratification is formed by moderate velocity currents 

in the lower flow regime but flow conditions may range into the lower 

part of the upper regime (McGowen and Garner, 1970). It pertains to 

migrating lunate and possibly linguoid asymmetrical dune bedforms in 

which higher current velocities are more persistent than current 

velocities in which smaller-scale trough cross-stratification forms 

(Williams, 1968). Williams and Rust (1969) have also suggested 

formation by the downcurrent migration and interference of avalanche 

faces at the lobate margins of bars. 

(ii) Nu cross-stratification develops in association with the migrat­

ion of trains of linguoid small scale asymmetrical ripples in the 

lower part of the lower flow regime (Allen, 1963; Harms and Fahnestock, 

1965). 

7.2.3 Deformation Structures 

The following types are recognised: 

(D1) Injection structures 

(D2) Slump features 

(D3) Synsedimentary deformation 

(D4) Compactional faulting 

Type (D1) 

( a) on Motuhoa Island, sand overlying a chalazoidi'te bed has 

moved downward into a mud layer to form ball and pillow sand intrusion. 

Injection has accompanied deformation of the surrounding strata (Fig. 

?.lS) and this is shown by severe deformation of chalazoidites causing 

discontinuity of their skins and flattening them into ell i ptical and 

thin tubular lense shapes at the base of the bed. 



Fig. 7.15 

Fig. 7.16 
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Chalazoidi'te bed on Motuhoa Island intruded 
by sand. Accretionary lapilli in the bed 
are flattened and deformed near the base. 

Compactional faulting in Rho- cross­
stratified slightly gravelly sands 
(Petrofacies A) . 
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(b) Exposures adjacent to the estuary, near Omokoroa Point, 

Motuhoa Island, Bethlehem and Te Ranga, show examples of injection 

of coarse pumiceous sediment into finer grained fluvial sediment. 

This may result from small scale deformation within sets of strata 

of granule and sand size or may occur on a larger scale (metres) 

effectively concentrating coarse pumice clasts up to cobble size 

(e.g. sometimes cutting through sets of strata). It usually 

involves an upward or lateral injection of material into overlying 

deposits and may reactivate and rework previously laid sediments. 

Type (D2) 

Slump features are post-depositional disturbances. Often the 

attitude of the strata is altered while stratification is left 

intact. On Motuhoa Island the strata, though disturbed, are unbroken 

and convoluted into a recumbent isoclinal fold (Fig. 8.11). The 

amplitude of the fold is 10 - 15 cm. 

Type (D3) 

synsedimentary deformation (Fig. 4.9) is contemporaneous with 

sediment deposition. On Motuhoa Island normal faults within fluvial 

strata have disrupted the sedimentary beds. The collapse and move­

ment apart of the hanging wall has created spaces adjacent to the 

faults. These openings have been intruded downwards by coarse 

material (gravel and coarse sand) and sand during infilling of the 

overlying fluvial sediment. 

Type (D4) Compactional faulting 

Fost-depositional structures occur in sediments derived from 

the Te Ranga Ignimbrite in the Pyes Pa Road area (Fig. 7.16). The 

faults 
(some continue vertically for ~1 m and laterally for several 
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• 11 d obli'quely through cross-trough stratified metres) cut vertica y an 

'f' db d and are enhanced by a mud vein resulting and planar-strati ie es 

from post-depositional weathering. 

up to ~4cm. 

Several beds have been offset by 

7.3 BROAD DEPOSITIONAL ENVIRONMENT 

Detailed evidence presented by Doeglas (1962), Allen (1965), 

McKee et al. (1967), Williams and Rust (1969), Picard and High (1973), 

Hume et al. (1975), and Miall (1977, 1978) would suggest that the 

upper Matua Subgroup exposed at Te Puna, Matua, Maungatapu, Greerton 

and Pyes Pa Road, depicts a dominantly braided river environment which 

exhibits sedimentary structures intimately associated with ephemeral 

conditions. Several criteria collectively serve to establish this 

braided origin : 1. predominance of gravelly and coarse sandy lith-

ologies; 2. planar stratification; 3. poor sorting of sediments; 

4. the presence of abundant medium - and large-scale trough cross­

stratification; 5. sedimentary structures which indicate bar form­

ation and shifting depositional centres; 6. many bedforrns imply 

shallow water depths; 7. the description of sedimentary suites com­

parable with those from other modern braided river systems; 8. the 

absence of fining-upward cycles (e.g. in cross-strata); 9. variation 

in paleocurrent directions (Fig. 7.17); 10, the aerial distribution 

and thickness of the sediments; 11. the consistency of grain size 

statistic plots with those from modern braided river systems; 12. 

the mineralogically immature character of the deposits. 

7.4 LITHOFACIES 

Miall (1977, 1978) devised a letter· code for facies nomenclature 

from braided river environments. It is these codes which are adapted 
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BETHLEHEM • 

• CAMSitOGt 
• ROAD 

• PYE~ P~ 
XOAt> 

Radial scale: • 
TE K>.NGA 

•rAURANGA 
CTTY 

lr1A\JNGA~ 

Fig. 7.17 Map showing paleocurrent data of the dip direction of 
cross-beds at 45° class intervals, at various localities 

studied in the southeastern part of the Tauranga Basin. 
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for use in interpreting lithofacies and developing a model for the 

upper Matua Subgroup fluvial sediments (Table 7.7). 

The Sedimentary Structures discussed earlier are subdivided 

(e.g. St and Gt facies) or collectively grouped (e.g. Sh facies) 

into lithofacies which emphasize lithology and sedimentary charact­

eristics that uniquely indicate the conditions of its deposition. 

A number of lithofacies are recorded in the upper Matua Subgroup. 

These lithofacies are typical of several subenvironments and can be 

defined in terms of local processes operating during deposition. 

The following processes act as a guide to interpretation of the local 

depositional environment as a whole: 

1. 

(1) Bedform generation and migration (e.g. by asymmetrical 

ripples and dunes, etc.) 

(2) Channel scour and fill .• 

(3) Low-water accretion and modification processes. 

(4) Sedimentation in overbank areas. 

Bedform generation and migration 

(Facies Sh, Sp, St, Gt, Gp) 

Documentation from modern rivers indicates that a wide variety 

of bedforrns can be formed on non-cohesive sand beds, depending on 

grain size, flow depth and velocity, and rate of sediment supply 

(Miall, 1977). 

During flood stage, active bedforms of a variety of scales can 

be superimposed on each other. Many of the sedimentary sequences 

in the upper Matua Subgroup result from continuous deposition involv­

ing successions of individual floods where one or more sets of strata 

are deposited continuously. Flow, however, may be episodic and under 



'I'/,1',J,f, 7. 7 Lithofacics of the.' upper Matua ,~urYJTOuJ, 

Physiographic model 
facies code 

Facics code 
after 

(Miall, 1978) 
Lithofaciu; 
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Sedimentary 
structures 

Interpretation 

---------------------------------------------------------------------------------·. ·---------

A2, Al Gt gravel, stratified trough crossbeds minor channel fills 

------------------------------------------------------------------------------------- ------

B2 

Bl 

B2 

Bl 

Cl, C2, C3, C4, 
CS, C6 

A3 

C3, C4, C6, A3, 
D, Bl, Al 

D 

D 

E 

F * 

Gp 

St 

Sp 

Sr 

Sh 

Sl 

Ss 

Fl 

Fm 

C 

Gm 

gravel, stratified 

sand, medium to coarse may 
be pebbly 

sand, medium to coarse may 
be pebbly 

sand very fine to coarse 

sand, very fine to very 
coarse, often granulitic 

sand, fine to very coarse 
often granulitic 

sand, fine to coarse may 
be granulitic 

sand, silt mud 

mud, silt 

lignite, carbonaceous mud, 
carbonaceous pumice silts 

crudely bedded gravel 

* Description included with facies Cl-C6. 

planar crossbeds 

solitary (theta) or grouped 
(pi) trough crossbeds 

solitary (alpha) or grouped 
(omikron) planar or avalanche 
cross beds 

ripple marks of all types 

horizontal lamination parting 
or streaming lineation 

0 
low angle (<10) cross beds 

broad, shallow scours includ­
ing eta cross-stratification 

fine lamination, very small 
ripples 

massive, desiccation cracks 

plants, mud films 

planar stratification 

For relative abundance of structures in the upper Hatua Subgroup refer to Table (7.10). 

linguoid bars or deltaic growths from 
older bar remnants 

dunes (lower flow regime) 

linguoid, transverse bars, sand waves 
(lower flow regime) 

ripples (lower flow regime) 

planar bed flow and regime 

scour fills, crevasse splays, antidunes 

scour fills 

overbank or waning flood deposits 

overbank or drape deposits 

swamp deposits 

channel lag deposits 
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these conditions each event would have a limited duration. Thick 

sequences along Pyes Pa Road, at Matua and at Te Puna, suggest 

continuously varying conditions. 

(i) Sh 

Because a plane bed is a specific response to combinations of 

grain size and flow velocity (e.g. upper flow regime conditions and 

the hydraulic behaviour of sand and vesicular grains) it can be 

regarded as a bedform when there is virtually continuous particle 

movement. These bedforms have been described from both in-channel 

and channel-bar sequences (Picard and High, 1973). Planar strati-

fication can occur under two quite different conditions (i.e. usually 

under upper flow regime, Harms and Fahnestock, 1965) : in shallow 

water and during flood stage (Miall, 1977, 1978). 

(ii) Gt and St 

Lithofacies Gt and St represent cross-stratified deposits. 

(iii) Gp and Sp 

Alpha cross-stratification, avalanche cross-stratification and 

or planar cross-beds are formed by the down-current migration of 

avalanche faces at the margins of bar surfaces (Smith, 1972; Picard 

and High, 1973; Miall, 1977, 1978). Avalanche bedforrns are associ-

ated with channel-bar and bar sequences (Picard and High, 1973; 

Miall, 1977, 1978). 

2. channel scour and fill 

(Facies Gt, Ss, Sh, St) 

Shallow channels filled with sand and/or gravel represent minor 

channels formed by avulsion or bar dissection during falling water. 

scours occur at the lateral margins of unconsolidated distal 
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ignimbrites (e.g. Te Puna) which have formed thick lobes in the 

Basin. small scours may be related to strong separation eddies 

in the lee of advancing dunes or sand waves, or to local vortices 

developed around obstructions (Miall, 1977). Minor channels are 

often infilled by Sh and St lithofacies. 

3. Low water accretion and modification processes 

(Facies Sr, Sh, Fl, Fm) 

Bedforms which are typically small scale develop during low 

water, particularly on the bar surfaces, or in a channel-bar sequence. 

Several subfacies may be produced (Miall, 1977). During low­

flow conditions, ripple migration can be maintained on the sand bed 

but the record for accretion on bar surfaces (Miall, 1977) is poor 

in the upper Matua Subgroup deposits. Lack of preservation results 

from higher flow velocities which have flattened bedforms, and erosion 

in major and minor channels. 

Bar-front accretion during falling water stage is represented 

by sand wedges and avalanche slopes which develop straight foresets. 

During low water stage, drape deposits are formed in abandoned 

channels and in pools of standing water on the bar surface. Mud 

settles out as a veneer over cross-bedded deposits. 

4. Sedimentation in overbank areas 

(Facies Fl, Fm) 

I 
Lithofacies Fl and Fm occur in areas where sedimentation has 

occurred from suspension. Flow velocities will be slow in such areas 

because of shallow depths in lower flow regime conditions, and because 

of obstructions (e.g. vegetation) which are uncovered during low water 

stage (Miall, 1977). The lithofacies represent abandoned channel 

and floodplain sub-environments. 
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7.5 FACIES ASSEMBLAGES 

Having interpreted facies and internal bedding types in terms 

of local processes it is necessary to davelop a depositional model 

consisting of representative facies assemblages typical of various 

sedimentary cycles in the upper Matua Subgroup. Many of these 

fluvial cycles interdigitate with episodes of pyroclastic deposition. 

Several features are suggestive of episodic flow (e.g. horizontal 

discontinuous stratification, lenticular stratification, continuous 

bar sequences usually covering channel deposits, channel-bar and 

channel sequences) within this braided river environment. These 

cycles may be discontinuous or continuous. If the latter applies it 

infers that sedimentation resulted from a single episode which can 

be called a sedimentation unit (Picard and High, 1973). A sediment-

ation unit is "one or more sets of strata deposited continuously under 

uniform or continuously varying conditions" (Picard and High, 1973). 

Subenvironments therefore may be recognised on the basis of their 

characteristic sedimentary features, and by completely or incompletely 

preserved sedimentation units. 

Miall (1977, 1978) reviewed and summarised the main lithofacies 

types and facies associations (Fig. 7.18) that have been recorded in 

modern and ancient braided stream deposits. A number of vertical 

profile models were erected which represent these lithofacies assemb-

lages. An indication of the type of environment at the time of 

deposition is given when this procedure is followed. 

When facies of the upper Matua Subgroup are stacked vertically, 

they closely match assemblages presented by McKee et al. (1967), 

Picard and High (1973), and Miall (1977, 1978) for braided river 

environments having ephemeral characteristics. The deposits in the 

Tauranga Basin appear to be coarser than those described in similar 
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models by Miall (1977, 1978) and this may be explained by the proximity 

of the fluvial sedimentary sequences to coarse pumice source deposits, 

rapid deposition, and a high sediment input from unconsolidated distal 

ignimbrites and airfall-tephra deposits. The following assemblages 

(Fig. 7.19) are described from the upper Matua Subgroup: 

(a) Assemblage I : most closely matches facies assemblages 

recorded by McKee et al. (1967), Picard and High (1973) and the Bijou 

Creek type and Saskatchewan type models of Miall (1977, 1978). Some 

discrepancies arise, namely the abundance of gravel, coarsening up-

ward cycles and the predominance of Sh, St and Gt lithofacies in the 

same assemblage. 

The model consists of planar stratified (including low-angle 

cross-bedding) gravelly sands and sands, and sedimentation units may 

not be completely preserved. The assemblage includes trough and 

avalanche bedding. Sand bars, each of longitudinal, point and trans­

verse kinds, are dominant depositional features (Fig. 7.20). The sand 

and gravel was in many instances transported under upper flow regime 

conditions. 

Assemblage I represents a variety of vertical model types (i.e. 

usually associated with horizontally laminated sand) outlined by 

previous authors, dominated by petrofacies B, C, and E, and derived 

from the Late Ignirnbrite Period sediments (Chapter 9). 

(b) Asse~blage II : represents assemblages further inland 

t d at Te Puna The assemblage is char-
(2 - 4 km) from the coas , an • 

and St fac ies and a predominance of gravel and sand 
acterised by Gt 

lithotypes whish are commonly inversely graded. Assemblage II shows 

a number of cyclic sequences which resemble parts of the Donjek and 

South Saskatchewan type models (Miall, 1977, 1978) and identifies 
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Sequences as interpreted from the overall 
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both major and minor channel systems. Another part of the Assemblage 

is interpreted as having been deposited during episodes of greater 

discharge and is dominated by Sh facies. The Assemblage is dominated 

by petrofacies A and B. 

(c) Assemblage III : represents varied types of the Donjek, 

Saskatchewan and Bijou Creek models (Miall, 1977, 1978) • It is 

dominated by petrofacies F derived from Early Ignimbrite Period sedi-

ments. The assemblage is characteristically represented by St, Sp, 

s1, Sr and Sh facies of sand to gravel lithotypes and channel lag 

deposits. 

(d) Assemblage Iv: dominated by petrofacies A and D. These 

fluvial sediments are derived from the erosion of the Te Ranga Ignirn­

brite and Minden Rhyolite with minor contributions from the Wairoa 

and Te Puna Ignimbrites. The assemblage represents alluvial wash 

and braided fluvial material, which has been reworked in some areas, 

especially at Te Puna. It is characteristically represented by Sh, 

St and Sp facies of slightly gravelly sand lithotypes. 

7.5.1 Sequences 

Within the facies assemblages which have been stacked vertically 

in a number of general models, certain sequences (Figs 7.21 and 7.22) 

can be extracted and interpreted from the overall assemblage (Tables 

7.8 and 7.9, Figs 7.23 and 7.24). Many of the assemblages studied 

interdigitate with the next assemblage or with pyroclastic deposits, 

reflecting overlapping sedimentary and pyroclastic processes. Within 

the fluvial deposits or facies assemblages several flood cycles and 

channel re-occupation episodes are recorded. Flood cycles are recog-

nised by superposition of lithofacies representing progressively 
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INTERPRETATION 

(a) Bar Sequence 

muds, laminated silts, massive silts 
deposited during low flow 

low flow velocities 

lower flow velocities (strata becomes 
inclined) over the bar 

upper flow regime conditions 

flow in channel still vigorous 

(b) Channel - Bar Sequence 

diminishing current velocity 

sediment carried to the front of the bar 
is deposited as avalanche strata 

on top of the bar shallow water and high 
flood discharge result in high current 
velocities and upper flow regime conditions 

record an advancing bar 

(c) Channel - Fill Sequence 

renewed activity 

diminishing current velocity 

Gp, Sp, or Sh flood waters high 

i 
Gm, Sh 

Fig. 7.22 

lag deposit 

Group assemblages recognised in sequences showing vertical 
stacking relationships and the interpretation for individual 
lithofacies. Group and lithofacies codes are defined in 
Table 7.7 and Figure 7.20 respectively. 
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TABLE 7 .8 Some vertical sequences observed in the Matua Subgroup 

fluvial deposits (refer to Table 7.7) 

Sequence 

Gn~h~l~t 

Gt, St-+Sh-+Sl-+Sh 

Gt, St-+Sh-+S1-+Sh➔Fl, Fm 

Gt, St-+Frn, Fl-+S1-+Fl, Frn➔S1-+Sh 

Sh➔S1-+Sh-+Sp-+Sr 

Sh➔Sp➔Sh 

St-+Sp-+Sh 

St-+Sh-+S1-+Sp-+St 

Ss-+Sh-+St 

Sh➔Sl 

Gt, St-+S1-+Sh 

Location 

Bethlehem, Cambridge 

Pyes Pa Road 

Pyes Pa Road 

Pyes Pa Road 

Te Puna, Bethlehem 

Te Puna 

Te Puna 

Te Puna 

Te Puna 

Kings Avenue 

Kings Ave, Te Puna 

Rd 

Grid Reference 

014/858836 

014/845768 

Ul4/845768 

014/845768 

014/821887 and 

014/858836 

respectively 

014/821887 

Ul4/821887 

014/821887 

Ul4/821887 

Ul4/849875 

Ul4/849875 and 

Ul4/821887 

respectively 
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Table 7.9 Observed facies relationship code, which relates to 

Physiographic 
model code 

F 

CI- C6 
A3 

AZ-AI 

C3, C4, C6 
A3, D, BI 

AI 
Bl, Cl - C6 

D 

B2 

Figs. 7.23 and 7.24. See Table 7.10 for physiographic 

model code and Table 7.7 for braided river code. 

Braided Facies 
river code relationship Description 
{glur Mia/I, 7'78) code 

Gm 1 Chd11Me! scovrecl plt111t1r 
S't1rfpc11 !t1g l!!Pttrial 

Sh 2 f /1111t1r 6trt1ti/ict1tio11 

51 3 Low a-ngl~ (-110•) 
cross strt1i. 

Gt 4 Tro11gh cross- strat. 

Ss 5 Cht111t1el 5co11r 

St, Sh 6 Trough cro6G • strat. " 
pb11ar-strt1t sc,11c/e 

Fl, Fm 7 lr/11tl drt1pir1g t1ncl 
t16t:111tlonecl cha11n~/ 
deposits 

Sp 8 Ava!t111che cro55-5trt:tt. 
Gt711t:l6 c,nd ~rav~ls 
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Three types of vertical sequences are 

(a) Bar sequence - the sequence is deposited during the waning 

stages of a flood and the bar is subjected to lower-flow regime 

conditions. If the bar remains awash while flow velocity in the 

channel continues to decrease, Sh facies may persist until conditions 

of decreased flow velocity enable silts to be deposited. During a 

transition phase, silts may accumulate in the bar sequence, as 

evidenced in the Matua and Te Puna coastal exposures. If the water 

level drops rapidly enough a ripple stage (uncommon in the upper Matua 

Subgroup) is by-passed and planar stratification can be followed by a 

mud veneer deposit. 

Where the gravelly sand facies Gt and St persist, thin mud veneers 

are deposited during the falling water stage. 

(b) Channel-bar sequence - longitudinal and transverse bars are 

deposited in channels. The sequence at any one point may be from 

foresets filling relatively deep and quiet water to horizontal dis-

continuous strata in shallow water. If the bar remains under water 

while the flood wanes, a series of bedforrns indicative of diminishing 

current velocity are deposited. 

exposed by falling flood waters. 

Deposition ceases when the bar is 

(c) Channel-fill sequence - the sequence develops during high water 

stage. Termination is through non-deposition or erosion. 

7.6 LITHOFACIES OF UPPER MATUA SUBGROUP : PHYSIOGRAPHIC MODEL 

Lithofacies (Table 7.7) are constructed from lithological, 

textural and sedimentary structural descriptions (Table 7.10). Twelve 

lithofacies, related to flow regime, have been erected for the upper 
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Tl\BLE 7.10 Sedimentological churacteristics anr1 environmental interpretation of lj thofacies of ur,per Matua Subgroup. 

Lithofacies Occurrence Dominant Dominant Sedimentary Flow Bed Depositional Stratigraphic 
Composition Texture Structures Regime Forms Environment Position 

Al Common pumice gravelly Rho cross- Upper part Dunes on long-
glass shards sand stratification of lower to itudinal bars 
rhyolitic rock lower part 
fragments of upper 

or 

A2 Uncommon pumice slightly Rho cross- Upper part longitudinal 
rhyolitic rock gravelly strat. and of lower to bar migration 
fragments sand sigma cross- lower part 

strat. of upper 

A3 Extremely pumice slightly Low angle Upper part Point and long. 
Common glass shards gravelly cross-strat. of lower bar migration 

Bl Rare pumice sand Nu cross- Lower part Ripples on 
glass shards strat. of lower bars 

Active 

B2 Uncommon pumice slightly Avalanche Avalanche 
braided 

Lower part 
rhyolitic gravelly cross-strat. of lower faces of bars channel 
granules and 
pebbles 
quartz 
feldspar 

Cl Fairly pumice sand Horizontal Plane bed Channel 
Common glass shards parallel developed 

strat. on bar 

C2 Common pumice slightly 
glass shards gravelly 

sand 

C3 Common pumice sand Horizontal Upper Deposition 
glass shards disc. 

in 

C4 Rare pumice sand 
Channel 

glass shards 

cs Uncommon pumice sand 
glass shards 

C6 Fairly pumice gravelly Lenticular Transist- Shifting 
common glass shards sand stratification ional depositional 

centre 

D Common glass shards mud Horizontal Suspension Abandoned Overbank 
pumice stratification deposits braided 

or massive channel 
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Matua Subgroup at Matua, Te Puna and Te Ranga (Pyes Pa Road) and 

form the basis for environmental interpretation. They are as follows: 

Al. Rho cross-stratified, moderately- to poorly-sortetl, rhyolitic 

and pumiceous gravelly and slightly gravelly glass shard rich/quartzo­

feldspathic sands formed in the upper lower to lower upper flow regime. 

This lithofacies is predominant in sediments derived from the Te Ranga, 

Te Puna and Wairoa Ignimbrites. 

A2. Large-scale Rho cross-stratification interrupted by some 

Sigma cross-stratification showing the same textures and lithologies 

as lithofacies Al, formed in the upper part of the lower flow regime, 

and the lower part of the upper flow regime. 

A3. Low-angle cross-stratified, moderately to well sorted, 

slightly gravelly sands and sands formed in the upper part of the 

lower flow regime, but in conditions approaching the upper flow regime. 

Bl. Nu cross-stratified, moderately to well sorted, purniceous 

sands, formed in the lower part of the lower flow regime. 

B2. Avalanche cross-stratified, moderately to well sorted, 

gravelly sands and sands formed in the lower part of the lower flow 

regime and producing small-scale (i.e. ~ 5 cm) and large-scale (i.e. 

~ 5 cm) features. 

cl. Horizontal parallel stratification in moderately to well 

sorted, purniceous sands formed in lower and upper parts of the upper 

flow regime. 

C2. Type l Discontinuous horizontally stratified, poorly to 

well sorted, inversely graded pumiceous gravelly sands and sands 

formed in upper flow regime conditions. 



C3. Type 2 

sorted, slightly 

regime. 

C4. Type 3 

sorted, slightly 

regime. 

cs. Type 4 
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Laminated, inversely graded, moderately to well 

gravelly sands and sands formed in the upper flow 

Laminated, normally graded, moderately to well 

gravelly sands and sands formed in the upper flow 

Inversely graded, gravelly sands to sands formed 

in the upper flow regime. 

c6. Lenticularly stratified, poorly to moderately sorted, 

gravelly and slightly gravelly sands formed in fluctuating regimes 

in bar-channel-bar sequences. 

o. Horizontally stratified and massive muds deposited from 

suspensibn in abandoned braided channels. 

7.7 INTERPRETATION OF LITHOFACIES IN TERMS OF DEPOSITIONAL 

ENVIRONMENT: (Post-Te Ranga Ignimbrite emplacement) 

Lithofacies Al was deposited in rapidly shifting shallow braided 

streams during relatively high discharge by the migration of asymmet­

rical dunes (Williams, 1968) and/or by the downcurrent migration of 

avalanche faces associated with larger bedforms such as bars (Williams 

and Rust, 1969). 

Lithofacies A2 was formed by the migration of larger dune bedforms 

than Lithofacies Al, as well as from washed out dunes in which beds 

developed a low angle of inclination transistional to plane bed deposit­

ion. Conditions are likely to have been in the lower part of the upper 

flow regime. 
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Lithofacies A3 compares with low amplitude bedforms (Miall, 

1977) formed by shallow, high velocity flow in low relief scours. 

Picard and High (1973) have suggested point and longitudinal bar 

migration in the upper part of the lower flow regime, probably into 

the upper flow regime. 

During periods of low discharge when only sand was transported, 

lithofacies Bl was developed from ripples migrating across the 

surface of newly formed low linear mid-channel mounds and transverse 

bars. These became exposed as flood waters receded and ripples also 

developed at the side of streams where tributaries of the main channel 

moved across slumping and incised bands (Doeglas, 1962). 

Lithofacies B2 was formed during periods of high discharge when 

sorting occurred at the back of the bar, and gravels and sand moved 

down avalanche faces at the lee edge of transverse and longitudinal 

bars. The water was appreciably deeper in these areas and current 

velocities decreased progressively as the flood waned. 

During high flood discharge, lithofacies Cl formed by plane bed 

movement on the surface of the longitudinal bars, upon which upper 

flow regime conditions were probably reached (Picard and High, 1973). 

Lithofacies C2, C3, C4 and CS all occupy channel-fill sequences 

indicative of forming during high velocity currents, just over the 

threshold of the upper flow regime (Harms and Fahnestock, 1965; 

Picard and High, 1973). As the flood discharge increases the 

channel bottom is scoured and little deposition occurs until the 

flood crest passes. Initially, currents are vigorous and capable 

of producing upper flow regime bedforms but as the flood waters fall, 

the current velocity decreases and a corresponding sequence of bed-

forms is produced (Picard and High, 1973; Miall, 1978). 
With fluctu-

t-rom bar-channel-bar, a composite set of strata 
ating reg~mes, as 
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comprising lithofacies C6 is developed from shifting depositional 

centres. Subenv].·ronments within a braided stream, In the different 

and because of the rapidly shifting regimes, lenses of sediment are 

deposited atop each other. 

Lithofacies D represents overbank and abandoned channel deposits 

• d low current velocities following flood-formed by suspension an very 

ing. 1 t S]..lt deposi'tion on the bar while the It may a so represen 

velocity decreases and water level drops. 

7.8 DISCUSSION OF UPPER MATUA SUBGROUP MODEL 

on the basis of information collated from the hydrodynamic origins 

of sedimentary structures, the vertical assemblage of and the 

depositional environment, a general sedimentary model has been developed 

to account for post-Te Ranga Ignimbrite sedimentation (Fig. 7.25). 

This section discusses this sedimentary model by examining changing 

sedimentation patterns through time and within different areas in the 

Basin. 

The bulk of sediment supplied to the upper Matua Subgroup was 

derived from unconsolidated pyroclastic deposits, namely the Wairoa, 

Te Puna, Te Ranga, and Waimakariri Ignimbrites, as well as rhyolitic 

air-fall tephra. As drainage systems developed, the topographic 

relief of the Te Ranga Ignimbrite was reduced substantially during 

erosion and supply of material. During successive floods, incised 

channels became blocked by channel aggradation and a braided river 

system developed (Fig. 7.25). Stable banks, vegetated islands and 

swamps developed during this early sedimentation period which included 

the upper parts of Assemblage III (i.e. ~ 3 m) while burying the bulk 

of Assemblage III material (i.e. ~ > 20 m). Assemblage III deposits 

are older (i.e. associated with the Wairoa Ignimbrite) and are inter­

bedded with paleosols and air-fall tephra. 
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The Waimak.ariri Ignimbrite was emplaced over the Te Ranga 

Ignimbrite, Assemblage III, and over sediments derived from the 

Te Ranga during an earlier period. A number of flood cycles 

followed emplacement of the Waimak.ariri Ignimbrite and channels 

became incised once again, scouring, reworking and eroding out 

material from earlier sedimentation periods (e.g. Assemblage III 

and early Te Ranga-derived sediments). Assemblage I material 

(predominantly Sh facies) was deposited in the Matua and Otumoetai 

areas and covered Assemblage III material in the Cambridge Road area. 

Assemblage I was almost completely eroded out of the Cambridge Road 

area. Following a long fluvially inactive period interrupted by 

pyroclastic deposition (which is also represented by several uncon­

formities and three paleosols at Matua) a reactivated fluvial sedi­

mentation phase deposited Assemblage II material in the Pyes Pa Road 

and Te Puna areas. This.was followed by Assemblage IV deposition, 

which conformably covered Assemblage II material. During deposition 

of Assemblage II the braided river environment gradually changed to 

a more anastomosing one in which wandering deeply incised channels 

were interconnected by a network of low gradient, sinuous gravelly 

sand channels. Separating the channels were floodplains consisting 

of vegetated islands, natural levees and swamps. Airfall tephra 

deposited over Assemblage I and II formed a thick (~ 4 m) cover, 

which has been preserved mainly in modern coastal exposures. 

The vertical stacking of facies in the depositional environments 

was determined by the intensity of sediment input, as controlled by 

source area tectonics and erosion and the rate of basin subsidence 

and/or base level variations as related to sea level change (Chapter 

4 and 9). Together these regulated the landward or basinward 

migration of facies and the lateral development of facies from the 

major channels. 



Fig. 7.25 

Physiographic model showing schematic relationship 

of lithofacies in the Matua subgroup. 

defined in Tables 7.7 and 7.10. 

The code is 

Figure 8.15 should 

also be consulted. 
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8.1 TERMINOLOGY FOR PYROCLASTIC DEPOSITS AND FRAGMENTS 

( i) Definitions 

Because of the abundance of volcanic material in the Tauranga 

Basin, nomenclature for describing pyroclastic deposits and fragments 

is discussed below. The following terminology is based on Schmid 

(1981). 

Pyroclasts : "individual crystals, crystal fragments, glass fragments 

and rock fragments generated by disruption as a direct result of 

volcanic action. The shapes assumed during disruption or subsequent 

transport from the primary deposit must not have been altered by later 

redeposition processes. If they were altered, the crystals or £rag-

ments would be called "reworked pyroclasts" or "epiclasts" (if their 

pyroclastic origin is uncertain)" . 

• 
Pyroclastic deposits : "(= "pyroclastics") include both consolidated 

and unconsolidated assemblages of pyroclasts. 

than 75% pyroclasts by volume". 

They must contain more 

Pyroclastic flow: "involves the lateral movement of pyroclasts as a 

gravity controlled, hot, high concentration gas/solid dispersion which 

may in some instances be partly fluidized" (Sparks, 1976; Wright et al., 

1980) . 

Tephra : a collective term for unconsolidated pyroclastic deposits, 

including all primary deposits of elastic, unwelded material of either 

pyroclastic flow or air-fall origin. (Howorth, 1975; Schmid, 1981). 

Air-fall tephra : an unconsolidated, but usually weathered, pyroclastic 

fall deposit in which structural and testural descriptions can be 

recorded. some beds show shower bedding and/or grading. 
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pyroclastic air-fall or fall deposits : unconsolidated and consoli­

date deposits which have an air-fall origin. 

Tuff consolidated (indurated or cemented) pyroclastic deposits. 

Tuffite : rocks consisting of mixtures of pyroclasts and epiclasts 

(<75%, >25% epiclasts by volume). 

Epiclast: "crystals, crystal fragments, glass fragments or rock 

fragments that have been liberated from any type of pre-existing 

rock (volcanic or non-volcanic) by weathering or erosion and trans-

ported from their place of origin by gravity air, water or ice". 

Epiclastic deposit 

epiclasts. 

consolidated or unconsolidated aggregate of 

(ii) Granulometric Classification 

Pyroclastic deposits are characterised by their size, which is 

generally taken as the average diameter of the pyroclasts (Tables 8.1 

and 8.2). 

Nomenclature for pyroclastic deposits: 

Pyroclastic deposits have been separated into two subdivisions: 

(1) Unimodal and well sorted. 

(2) Polymodal, bimodal poorly sorted. 

Because a large proportion of pyroclastic deposits in the Tauranga 

Basin are poorly sorted, the following tenns adopting IUGS nomen­

clature have been used for deposits comprising more than one dominant 

size fraction. 

Examples: 

ash-lapilli tuff (lapilli > ash) 

ash-lapilli tuff breccia 

lapilli-ash tuff breccia (ash> lapilli) 
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Table 8.1 Granulometric classification of 
pyroclasts and of unimodal, well­
sorted pyroclastic deposits (from 
Schmid, 1981). 

Clast size 
(11'111) 

64 rrm 

2 lffl1 

1/16 ll'DI 

CRYSTALS, 
CRYSTAL 
FRAGMENTS 

Pyroc last 

Bomb, block 

Lap11 lus 

Coarse ash grain 

Fine ash ~rain 
(dust grain) 

PUMICE, 
GLASS 

LITH IC 
TUFF, ASH 

Pyroclastic deposit 

M.!inly unconsolidated: 
tephra 

Agglomerate, bed of 
blocks 

or 
bomb, block tephra 

Layer, bed of lapilli 
or 

lapil 1 i tephra 

Coarse ash 

Fine ash (dust) 

Mainly consolidated: 
pyroclastic rock 

Agglomerate, 
pyroclastic breccia 

Lap'i 11 i tuff 

Coarse (ash) tuff 

Fine (ash) tuff 
(dust tuff) 

Subdivision of tuffs and ashes according to 
their fragmental composition. 

ROCK 
FRAGMENTS 

Table 8. 2 Terms for mixed pyroclastic-epiclastic 
rocks (from Schmid, 1981). 

Pyroclastic• 

Agglomerate, agglutinate 

pyroclast1c brcccia 

Lap11 l I tu ff 

(Ash) tuff 
coar5e 

fine 

- 75 

Tuffi tes 
(mixed pyroclastic-epiclastic) 

Tuffaceous conglomerate, 

tu ff aceous brecc la 

Tuffaceous sandstone 

Tuffaceous siltstone 

Tuffaceou5 mudstone, shale 

Epiclastic 
(volcanic and/or nonvolcanic) 

Cong 1 omera te, brecc I a 

25 

Sandstone 

Sil ts tone 

Mud stone, sha I e 

Avg 
ciast size 

(ffffl) 

64 

1/16 

1/2S6 

Ol by volume 

______ Pyroclasts 
_____ .,.volcan;c + nonvolcanic epiclasts (+ minor a~ou!'lts of 

biogen1c, chemical sedimentary and authlgen1c 
constituents) 
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8.2 PYROCLASTIC FLOW DEPOSITS 

8.2.1 Introduction 

Many of the deposits exposed in the Tauranga Basin (Table 8.3) 

are interpreted as being the distal unwelded portions of ignimbrites, 

although the source of many of these deposits is speculative and is 

based on thickening of the deposits and lithic size. While many of 

these deposits are characterised by homogeneity, they also exhibit 

heterogeneity in the form of segregation structures, lithic and 

crystal enrichment layers, and grading. 

(i) Emplacement Mechanisms 

Pyroclastic flow deposits are topographically controlled, filling 

valleys and depressions. Each flow unit is the depositional product 

of a single pyroclastic flow (Sparks, 1976) but it is possible that 
4 

as the flow advances it may split into several subsidiary flows (Smith, 

1960; Wilson, 1980). 

The nature of distal ignimbrites reflects the flow mechanism 

(Table 8.4) and the environments encountered (Sheridan, 1979; Wilson, 

1980). A number of authors have suggested that ignimbrites show 

systematic variations within units (i.e. detract from homogeneity; 

Aramaki, 1969; Walker, 1971, 1972; Sparks, 1976; Sheridan, 1979; 

Wilson, 1980 (Fig. 8.1)). Evidence presented in this study indicates 

that most distal ignimbrites exposed in the Tauranga Basin show con­

siderable variation in structure (Table 8.5). 

(ii) The following section documents characteristics of the 

· fl d posi'ts A number of structural 
Tauranga Basin pyroclastic ow e • 

models have been developed (Table 8.5) and are interpreted in the 

t ll.·terature and from structural interpretation in 
light of curren 

the field (Table 8.6). 
Lithofacies codes (Table 8.7) have been 



Unit name 

TABLE 8.3 

Shows the various types of pyroc.lastic deposia 

recognised in the Tauranga Basin, as well as the 

syndepositionaJ. and post-depositionai struc~ures 

characteristic of these deposits. When mapping 

commenced. in- the Tauranga Basin pyroclastic flow 

deposits were simply given type names, as indicated. 

Further work indicated a correlation between these 

and certain focnal.ly named deposits, so that the 

latter terminology has genera.lly been adopted. 

PYROCLASTIC FLOW DEPOSITS 
Page Page 

Waimakariri Type F1 244 Inter- 247 

1244 
pretation Type F2 SD structures• 

Te Ranga Type FZ Type F2 PO structu~_s" 

ie Puna Type F3 

Wairoa Type Flt. 

Te Puna Type FS 256 
PO IF5a 259 

I nte rpretati.on struc. I F-b 2 6 0 -tures :i 

7 Type F6 

7 Type F7 

PYROCLASTIC FALL/ AIR FALL TEPHRA DEPOSITS 
Type A1 268 

Type A2 1268 
Interpretation 

Acc:retionary lapilli beds 

• PO= Post-depositionally modified SO= Syndepos1tional 

Table 8.4 Genetic classifi-:::ation of pyroclastic 
flow types based on fluidization 
behaviour (after Wil~on, 1980). 
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Page 

249 
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TABLE 8. 5 

Deposit 
Code 

Type Fl 

Type F2 

Type F3 

Type F4 

Type FS 

Type F6 

Type F7 

'0 .• 
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Structural characteristics of pyroclastic flow deposits 

in the Tauranga Basin. 

Welded Unwelded Segregation Grading Charcoal Crystal 

* 

3 

* 

* 

* 

* 

* 

* 

* 

Fine ash deposit 

One flow unit 

PyroCIOSIIC 

surge deposit 

Structures 

* 

* 

Fig. 8.1 

rich 
(c >10%) 

total 
phenocrysts 

* 

* 

* 

* 

* 

Schematic section through the 
products of an ignimbrite eruption 
showing one flow unit with layers 
2a and 2b, underlying pyroclastic 
surge deposit (layer 1), and fine 
ash deposit (layer 3); 
P, pumice clasts; 
L, lithic clasts 
(After Sparks, Self and Walker, 
1973). 



'!'ADLE 8.6 Criteria for distinguishing between pyroclastic flow and fall deposits in the Tauranga Basin (after Wright et al., 1980) 

Parameter 

Relation to topography 

Texture and bedding 
characteristics 

Sorting I 

F:xtent and thickness 

Mode of transport 

Direction 

0LJ1er characteristics 

Pyroclastic flow 

Deposits are topographically controlled filling valleys 
and depressions 

Homogeneous - vitroclastic, and shows devitrification. 
However basal .parts may show bedding and inverse 
grading occurs in <5 m thick deposits 

Poorly sorted o~ ~>2.0 

Extensive and thick 

Ground hugging - gas fluidized 

Follows pre-existing river valleys 

Lithic and crystal enrichment towards the base. 

Segregation bodies and pipes often relatively enriched 
by lithics and/or crystals. 

Evidence of gas streaming, transporting relatively 
finer grains upwards. 

Welding, colwnnar jointing. 

Pyroclastic fall 

Deposits show mantle bedding, maintaining a uniform thickness 
over restricted areas while draping all but the steepest 
topography 

Well bedded, normally graded bedding fines away from source. 

Better sorted at ~<2.0 

Extensive, but relatively thin 

Thrown into air 

All directions, but affected by wind 

Crystal enrichment in some beds. 

Shower bedding. 

lligh vitric ash content. 

Sorting and grading which suggests gravitational sorting. 

Accretionary lapilll in some beds . 

--- --

I 
N 
~ 
N 
I 
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Lithofacies of the upper Matua Subgroup 

Gms 

Gms 

SFm 

Lithofacies 

massive matrix 
supported 
gravels 

massive matrix 
supported 
gravels 

• 

massive sands, 
silts 

Structures 

laminations, 
horizontal 
stratificat­
ion to 
massive 

inverse 
grading,pyro-
elastic flow 
emplacement 
type 
structures 

structureless 
to stratified 
(shower 
bedding) 

Interpretation 

post-deposit­
ionally modified 
deposits 

distal ignimbrite 

air-fall tephra 
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used to record facies assemblage associations between fluvial and 

pyroclastic deposits (Fig. 8.15). 

8.2.2 1 ' flow deposi'ts in the Tauranga_ Basin Types of pyroc astic 

(Table 8.3) 

Type Fl - (Ash - lapilli tuff breccia/lapilli - ash tuff breccia) 

Texturally these deposits (Figs. 8.2A and 8.3) are poorly sorted, 

strongly cf. coarse-skewed, gravelly sands and sandy gravels. They 

are generally poorly welded to consolidated. Near the Wairoa River 

(014/796 761) however, welded zones can be distinguished and divided 

into an upper moderately welded zone (~ 30 m) showing columnar joint­

ing (Fig. 3.6) and a lower poorly welded breccia zone (~ 15 m). 

Large pumice clasts, commonly 5 to 10 cm diameter, are abundant and 

deposits generally contain ubiquitous glass globules (e.g. lining 

vesicle walls in pumice) and smaller glass fragments (i.e. acicular 

and flakes). Staining by iron oxides and sulphides is common, 

especially in and around clast and matrix-supported segregation 

structures which vary in fonn from cresentic to circular. Charcoal 

fragments are common, reaching 12 cm in diameter. The deposits are 

exposed at site localities along Belk Road, at Ruahihi and along the 

banks of the Wairoa River. 

Type F2 deposits - (lapilli - ash tuff) 

Texturally these deposits (Figs. 8.2B, 8.3 and 8.4) range from 

moderately sorted sands at the base c~ 0.5 m) to poorly sorted 

slightly gravelly sands (upper zone 5-20 m). They occur strati-

graphically below Type Fl deposits. Vertical variation is indicated 

by cross-bedding at the base grading upwards into a more homogenous 

deposit. Segregation structures are shown by elutriation in small 

vertical channels c~ 0.5 - 5 cm wide and 20 cm long) at the base and 
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Sketches showing the structure of the Type Fl 

and Type F2 deposits. 

B 

Type Fl; ungraded, segregation structures, 

charcoal fragments. 

Type F2; ungraded, segregation structures, 

charcoal frag~ents, basal cross-bedded 

structures. 



Fig. 8.3 

Fig. 8.4 
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The Type F2 (Te Ranga Ignimbrite) deposit, 
scoured and separated by an erosional 
unconformity from the overlying Type Fl 
(Waimakariri Ignimbrite) deposit (at right) 
at Belk Road (Ul4/820770). Note the 
segregation structure and 
fragments to the right. 
Ignimbrite has infilled a 
site. 

the charcoal 
The Waimakariri 
valley at this 

The type F2 deposit (Te Ranga Ignimbrite) 
exposed at the Pyes Pa Road quarry 
(Ul4/845769). 
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larger structures which are more sinuous, lithic rich and reaching 

2 min length. Fluvial sedimentary structures are well developed 

on the surface and in the lateral extents of the deposits. 

A high glass component throughout the whole of the deposits, 

consists of two types, vitreous fragments and abundant brown-black 

glass flakes. Obsidian rock fragments (1 - 5 mm) are also common. 

The high magnetite and obsidian content gives these deposits a dis-. 

tinctive grey/dark grey colour. Numerous charcoal fragments (0.5 

to 10 cm) are also characteristic. Type F2 deposits are exposed 

at sites along Belk Road, at the Pyes Pa Road quarry and at the 

Melame Street quarry; well developed syndepositional structures are 

shown at the latter locality (Figs. 8.4 and 8.5). 

Interpretation of Types Fl and F2 deposits 

Both these deposits are thick, Type Fl ranging from~ 5 m to 

40 m, and Type F2, from~ 2 m to 20 m. The internal structure and 

external morphology of these deposits may be explained by a fluidiz­

ation type process (Sparks, 1978; Sheridan, 1979; Wilson, 1980). 

Fluidization is a state whereby a mixture of particles (solid or 

liquid) are suspended in a fluid phase (fluid or gas) such that the 

whole mass behaves as a fluid (Sheridan et al., 1975). Segregation 

pipes, internal textural variations, such as those attributed to the 

selective removal of fine grains upwards from specific areas within 

the flow, and patterns of charcoal staining indicate that some type 

of vertical gas flow mechanism was operating at the time of emplace-

ment (Sparks, 1978; Wilson, 1980). Wilson (1980) described segreg-

ation (e.g. "fossil fumarole"; Walker, 1972; Wilson, 1980) features 

as suggestive of flows with high internal gas flow rates and this 

would indicate an expanded and/or segregating flow type (Wilson, 1980) • 

Fluidization gives the potential for this movement in which fluid 
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• 1 ggregate exerts sufficient 
moving vertically through a partic ea 

upward drag force o~ individual particles to be comparable wi th 

gravitational forces (Sparks, 1978) • Distal flows are emplaced 

under laminar flow conditions (Wilson, 1980), their poor sorting 

(commonly O ~ >2.0) being attributed to high particle concentrations 

(Walker, 1971; Wilson, 1980) rather than turbulence. 

Features characteristic and common to both the Type Fl and F2 

deposits include: 

- segregation structures 

- charcoal staining and fragments 

- homogeneity 

Features characteristic of the Type Fl deposit include no visible 

grading and lateral (i.e. breccia lobes) and vertical (i.e. columnar 

jointing) zonation related to different degrees of welding. Type F2 

deposits show textural variations, a thick (~ 10 m) ungraded layer 

above a thin (~ 0.5 rn) well developed basal layer. 

To explain these characteristics several processes may have 

supplied gas, and therefore aided the process of fluidization: 

(1) Gas sources may have been provided internally by the gaseous 

diffusion and/or breakage and attrition of juvenile clasts, or extern-

ally by the entrapment of air at the flow front (Wilson, 1980). It is 

believed that the lowest part of a pyroclastic flow is least affected 

by gas flow processes from juvenile clasts but this systematically 

increases with the thickness of the flow (Sparks, 1978; Wilson, 1980), 

The fluidization process in which air is trapped at the flow head 

affects the whole flow thickness (Wilson, 1980; Wright, 1981); 

(2) Charcoal fragments in both deposits, especially the Type Fl 

one(s), indicate that the incorporation and combustion of vegetation 
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was important (Wilson, 1980; Wright and Walker, 1981); 

(3) Evidence presented in this study indicates that the Type 

Fl, deposit flowed over an undulating topography and both Type Fl 

and F2 deposits probably flowed into pre-existing river valleys 

(Fig. 8. 3) . 

( i) As the flow moved over or through a river channel, 

gaseous mechanisms were further enhanced by the 

heating of water (Wilson, 1980); 

(ii) movement over rough topography also enhanced this 

gas supply (Wilson, 1980). The Type Fl deposit 

drapes topographic highs and fills depressions in 

the Ruahihi - Belk Road - Wairoa River area; 

(4) on an appreciable· slope, gas may induce secondary flows 

by slumping (e.g. subsidiary flows/Type FS and Type F6). 

Theoretical models (Sparks, 1978; Wilson, 1980) suggest that 

fluidization at the flow front may have resulted from a combination 

of the factors mentioned. The actual yield strength if low would 

have allowed internal structuring by a number of processes. Other 

factors such as shearing and frictional processes within the flow 

affect the flow profile and the degree of lateral mixing (Wilson, 

1980) . It is suggested by Wilson (1980) that any decrease in the 

velocity of a distal pyroclastic flow will reduce the amount of 

lateral mixing. 

Syndepositional structures in Type F2 deposits 

(i) Large-scale convoluted dish structures; (Fig. 3.5): 

Well defined convoluted laminations occur in a zone at the top 

of Type F2 deposits (e.g. at the Melame Street quarry). These 
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convolutions may be several metres apart. Individual structures 

are 4 - 6 m from crest to crest, with amplitudes up to 6 m. 

Laminations are continuous laterally for several metres and 

show only a very slight textural change from medium sand to very 

fine sand. Where the amplitude of the crest is highest, the curva-

ture of the crest flattens out but the series of crests and troughs 

gives a general appearance of continuous undulation. 

laminations are fluvial sediments 

Above these 

The laminations at the top of the Type F2 deposits indicate 

laminar grain flow. These flow lines could be caused by the flow 

movement in large waves (Davies et aZ., 1978) or convoluted lamin­

ations may be derived from movement of the flow over topographic 

undulations or movement over rigid objects (Sheridan, 1979). 

(ii) Cross beddin~ in pyroclastic flow deposits; (Fig. 8.5): 

Near the base of the Type F2 deposits exposed at the Melarne 

Street quarry is a well stratified, low angle cross-bedded layer 

("-' 0.5 m thick) in which elutriation structures occur. The cross-

strata have amplitudes between 3 and 10 cm and wavelengths approx­

imately 15 cm. Sinuous segregation (i.e. elutriation structures) 

channels (0.3 - 1.5 cm wide and 10 - 15 cm long) occur perpendicular 

to the cross-strata and are filled with moderately well sorted coarse 

sand and slightly gravelly sands. Texturally the cross-bedded 

structures consist of moderately well sorted fine to medium sand 

sized grains, which pass abruptly upwards into more poorly sorted 

slightly gravelly sands. 

The cross-bedding, elutriation structures and finer grain sizes 

in this layer possibly indicate the flow head deposits (Wilson, 1980) 

or the basal part of a pyroclastic flow unit (Sparks et aZ., 1973; 
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Cross-stratification at the base of the 
Type F2 deposit and vertical elutriation 
channels which intersect through these 
cross-beds. 

A post-depositionally modified Type F2 deposit 
showing a series of weathering bands. The 
deposit is exposed at the Pyes Pa Road quarry. 
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Sheridan, 1979; (Wilson, 1980). Sheridan (1979) has reported cross-

stratification at the•base of ash flow beds and laminations in the 

basal zone of ignimbrites. Sparks (1978) has also reported strati­

fication as a result of pyroclastic flows interacting with water. 

Post-depositional structures in Type F2 deposits 

(i) Weathering bands : Differential weathering in the Type F2 

deposit at the Pyes Pa Road quarry has produced many sinuous hori­

zontal bands (Fig. 8.6) which often intersect, cross over and thin 

out. Bands are 4 - 8 cm thick and spaced 6 - 15 cm apart. They are 

consolidated and weathered and contain a greater clay and silt con­

tent ('v 25%) than the adjacent gravelly sand deposit, so that they 

protrude slightly. Coarser grained vertical segregation channels 

pass up through these bands. 

This typi of structure develops in response to a fluctuating 

water table enhanced by the permeability of the deposit. Repeated 

cycles of wetting and drying have caused the water level to consist­

ently shift, the effect being a series of indurated weathered bands. 

In the vicinity of the segregation channels and the bands, a marked 

decrease in grain size does not occur. This is possibly explained 

by the greater p ermeability in the coarser grained segregation 

channels, than that area outside the channels. These indurated 

bands may there f ore be an equilibrium response to a number of factors, 

such as, permeability, hydraulic conductivity, grain size, and climate. 

_'.fype F3 - lapilli - ash tuff breccia) 

Texturally these deposits (Figs. 8.7 and 8.8A) are poorly sorted 

gravelly sands with no vertical variation in properties. Pumice 

clasts, 1 - 6 cm across are matrix-supported through the entire deposit 

which may reach a thickness of 30 m. These deposits are exposed at 
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The type F3 deposit showing pumice clasts 
set haphazardly in a glass shard-pumice­
rock fragment matrix (petrofacies C). 
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Sketches showing the structure of the Type F3 

and Type F4 deposits. 

A Type F3; ungraded, homogeneous with pumice 

clasts set haphazardly in fine matrix. 

B Type F4; ungraded, lithic and crystal rich, 

leisegang phenomenon. 
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several sites in the Te Puna area. 

The Te Puna Type F3 deposit is ungraded, unwelded and shows 

homogenous .characteristics. These deposits are interpreted as lobes 

of pyroclastic flow material. It is unlikely that these flows were 

substantially fluidized by exsolving gas and this could be due to a 

number of factors including cooling, lack of gas, high particle con­

centrations and matrix strength (i.e. high yield strength). Grain­

dispersion force and buoyancy mechanisms may also be important in 

the transportation of pumice lapilli and blocks up to ~10 cm (Sparks, 

1978; Wilson 1980). 

Type F4 - (ash - lapilli tuff) 

Type F4 deposits (Figs. 3.3 and 8.8B) are structureless and 

contain abundant crystals and lithics as well as pumice and glass. 

They are poorly sorted, consisting of slightly gravelly sands, and 

are strongly weathered showing leisegang phenomena. These deposits 

are exposed in the Cambridge Road area. 

The Type F4 deposit is interpreted as the basal part of a pyro­

clastic flow unit and is severely eroded, with fluvial sediments 

(~ 5 m thick) overlying and derived from this deposit. The fluidiz-

ation head model of Wilson (1980) is one possible explanation for this 

crystal and lithic enrichment. In a fluidized flow with a high degree 

of lateral mixing (e.g. caused by shearing) material will be trans-

ported to the flow front and agitated. During agitation, large 

amounts of fines are generated and lost in an overlying dilute cloud, 

while the coarse/dense fraction is deposited at the base of the flow 

by gravitational processes. A high vitric loss, greater internal 

mixing and systematic removal of fines (> 4 ¢) could be expected 

(Soarks 1976, 1978; Wilson, 1980). 
This mechanism can be partly 

attributed to a "caterpillar track mechanism" (Wilson, 1980) and 
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to density differences within the matrix (Wilson, 1980). 

Type FS - (ash - lapilli tuff breccia/lapilli - ash tuff breccia) 

The deposit, which is s m thick, comprises two units which uncon­

formably overlie a lignite seam at Omokoroa (Figs. 8.10 and 8.12A). 

A large part of the upper unit (2 m thick) has been removed by erosion 

while the lower unit is intact. The lower unit is characterised by: 

(i) Inverse grading (Fig. 8.9) - coarse skewed, poorly sorted 

gravelly sand at the base passes up through matrix - supported 

gravelly sand, to matrix-supported sandy gravel at the top of the unit. 

Pumice clasts averaging 4 cm and as large as 10 cm, and lithics up to 

3 cm in diameter, are concentrated at the top of the unit. This 

pumice concentrat±on layer is 20 cm thick and below this the deposit 

is more homogenous. 

• (ii) Compositional variation - the deposit is rich in pumice -

glass shard - lithics - feldspar - quartz. The composition at the 

top of the deposit is pumice rich with abundant lithics and glass 

shards. 

(iii) Internal structure (Fig. 8.10) - large spheroidal bodies, 

20 - 80 cm in diameter, similar in appearance to rip-up-clasts but 

comprising matrix-supported coarse pumice fragments (average size 

3 nun) are surrounded by a finer pumiceous matrix, in that part of 

the deposit which is largely homogenous (i.e. 2 - 5 m thick). Sand­

blasting by wind and erosion by saltspray has removed finer grain 

sizes from around the spheroidal bodies and effectively sculptured 

the outside of these structures. 

enhanced by iron oxide staining. 

The surface form has been further 

The most characteristic feature of the Ornokoroa Type FS deposit 

is the extreme inverse grading and distinct concentration zones of 
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Inverse grading in the Type FS deposit is a 
characteristic feature of pyroclastic flow 
deposits exposed in coastal cliff sections. 
Pumice clasts averaging 4 cm and lithics up 
to 3 cm are recorded at the top of each unit. 

The T"ype FS deposit showing a cha~ti~ as~emblage 
of spherical structures possibly indicative of 
some type of turbulent emplacement. 
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pumice and lithics. The departure from homogeneity (e.g. grading) 

may be explained by gaseous flow mechanisms (Sparks et aZ., 1980; 

Wilson, 1980). A unique feature of the deposit is the chaotic 

assemblage of spherical bodies throughout the entire deposit, en­

closing coarse grains of pumice lapilli and ash compared to the 

matrix. The form of these bodies suggests turbulence. 

The ves icular pumices (low specific gravity) have maintained 

their buoyancy in a fluid mass while lithics (high specific gravity) 

have been transported upwards, possibly by gas flow, shearing and 

grain-dispersion mechanisms. The lithic concentration zone and 

the range of lithic sizes at the top of the lower unit, and the 

random distribution of grain sizes throughout the unit below the 

upper concentration zone, however, cannot be directly attributed 

to gaseous flow. It is.possible that the upward movement of lithics 

was in effect due to the upward transportation of pumice, and non­

vesicular grains were subsequently depleted by gravitational and 

sieving-type processes in the upper part of the unit. Because of 

the pumice concentration at the top of the unit it is assumed that 

lithic grain sizes smaller than a specific size moved downward between 

pumice clasts. 

The energy level of the transporting fluid can be indicated to 

some degree by C-M plots of grain size (Wright 1981; Wright and Walker, 

1981). Because grain sizes of vesicular material reached 10 cm in 

diameter and non-vesicular grains of 3 cm are recorded it is assumed 

that the energy levels were comparable with pyroclastic flows deposited 

further inland in the Tauranga Basin (e.g. Type Fl and F2). 

The emplacement mechanism appears to have involved some type of 

turbulence, possibly due to the interaction of the pyroclastic flow 

with vegetation and water. It is assumed, therefore, that the 
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Omokoroa deposit was enriched by gas as the flow moved over a swamp 

(i.e. the lignite facies underneath the deposit) incorporating gas 

by the heating of water (Wilson, 1980). 

Other processes which may have aided the supply of gas to the 

Omokoroa pyroclastic flow are discussed later under the Type F6 

deposit. 

Post-depositional structures of the Type FS deposit 

Type FSa : Omokoroa deposit 

This ~4 m thick deposit is exposed at Omokoroa (Fig. 3.11). It 

is characterised by two zones: 

(i) upper zone 1 - 3 m thick 

(ii) lower zone 0.6 - 1.4 m thick 

(i) The upper zone is largely massive, coarse-skewed, lithic­

rich and poorly sorted. A gradual upwards increase in grain size 

occurs in two layers near the base of the zone, each ~20 cm thick. 

Pumice clast size increases upwards from <0.2 cm to ~o.s cm. In 

these two layers gravelly sands at the base pass up into matrix-

supported, gravelly sands and sandy gravels. Several fluvial in-

trusion structures appear at the top of the zone, and vague sedi­

mentary laminations and massive lenses of sediment infill parts of 

the deposit. 

(ii) The lower zone is nonnally to inversely graded, poorly to 

moderately sorted, lithic rich and stratified, with both horizontal 

bedding and low-angle cross-strata enhanced by iron oxide staining, 

iron pans and cementation. Lensing of coarse sediment occasionally 

occurs between these beds. In normally graded beds near the base, 

gravelly sands pass up through slightly gravelly sands to moderately 
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sorted sand. Inversely graded beds ~s cm thick show sands passing 

up into slightly gravelly sands. The upper part of the graded beds 

are often accentuated by an iron pan. 

The omokoroa deposit has fluvial characteristics which indicate 

its reworked nature. Sedimentary intrusions, lenses of coarse 

grains, low angle and planar stratification near the base overlain 

by massive, poorly sorted material are suggestive of a fluival/slurnp 

deposit. 

This heterogenous deposit has been derived from lateral erosion 

of the Omokoroa pyroclastic flow deposit (i.e. Type FS). Inversely 

graded layers possibly indicate slumped pyroclastic flow material 

which has retained part of its original emplacement form. 

Type FSb: Motuhoa Island deposit 

The deposit (Fig. 8.11) is exposed in a cliff section on Motuhoa 

Island. It consists of two zones: 

(i) upper zone 5 - 6 m thick 

(ii) lower zone 2 m thick 

(i) The upper zone is massive and consists of poorly sorted, 

coarsely-skewed, slightly gravelly sands. The zone is lithic-rich, 

consisting of rhyolite and weathered Te Puna ignirnbrite fragments. 

Crude laminations spaced ~1 cm apart are db expresse y elongated and 

stretched pumices 2 - 3 cm long. Pumice clasts are aligned parallel 

to each other and dip along their horizontal long axis 9° to the 

north. This pumice elongation and the incorporation of mud clasts 

(1 - 2 mm diameter) is sig~ificant in that it possibly indicates 

some type of earth deformation. 

clasts, 1 - 2 cm in size. 

Less common are spherical pumice 
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The Type FSb deposit, interpreted as a debris 
flow deposit or post-depositionally modified 
Type FS deposit contains stretched pumice 
clasts. An isoclinal fold (in line with the 
hammer) occurs at the base of the debris flow 
and the Type FSb deposit overlies fluvial 
sediment. 
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Sketches showing the structure of the Type 

FS and Type F6. 

A 

B 

Type FS; inversely graded, lithic 

concentration zones, spheroidal 

structures set chaotically throughout 

deposit. 

Type F6; inversely graded with pumice 

concentration zones. 

lithics. 

Normally graded 
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(ii) The lower zone consists of poorly to moderately sorted, 

slightly gravelly to silty sands which are both normally to inversely 

graded. The zone is characterised by horizontal bedding, low-angle 

cross-bedding and deformation structures similar to recumbent iso-

clinal folds. The middle section of the zone is faulted (see section 

7.2.3 and Fig. 4.9). A massive, weathered silty sand layer (15 cm 

thick) occurs above both this faulted section and low angle cross-

bedded sands. 

The Motuhoa deposit, F5b, mineralogically and texturally similar 

to both Omokoroa deposits, F5 and F5a, shows many features suggesting 

it was emplaced as a debris flow/slump deposit. These include : 

laminar shear planes, often showing vague stratification along which 

pumice clast long axes have been aligned (Carter, 1975; Naylor, 1980); 

sedimentary fold structures, for example, recumbent and curled 

structures immediately below the zone containing stretched pumice 

clasts; and mud or weathered ignimbrite clasts incorporated in the 

deposit. 

Interpretation of Type F5a and F5b deposits 

A number of debris flow/slump deposits are identified in the 

Omokoroa and Te Puna areas. 

lobes of ignimbrites. 

All have been derived from distal 

A debris flow can be defined as a slurry matrix incorporating a 

range of clast sizes (Carter, 1975). Many of the structures (e.g. 

· d' ) 1.·n these deposits indicate the way in which the 
inverse gra 1.ng 

deposit came to rest or "froze" (Carter, 1975). 
Inverse grading 

b h . ved by particle support mechanisms as the flow is 
can also e ac 1.e 

in motion. 
several interrelated processes are considered to induce 

material to slump or flow (Hampton, 1975; Carter, 1975; Naylor, 1980) 

and cohesive strength and buoyancy are considered to be primary 
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support mechanisms (Hampton, 1975). 

Movement of material from the lateral margins and/or surface 

of ignimbrites in the Tauranga Basin may have been triggered by one, 

or a combination of the following: 

earthquake jolts and localised small-scale faulting 

(e.g. Motuhoa Island); syntectonic deformation in 

underlying sediment (e.g. Motuhoa Island); failure 

along planes of weakness between consolidated and 

unconsolidated sheets of sediment (e.g. Omokoroa); 

loss of support as a result of erosion, for example 

undercutting by streams (e.g. Omokoroa). 

It is assumed that once triggered, the homogenous matrix acts 

as the interstitial fluid medium,and grains can be thought of as 

being rafted in the fluid matrix. The movement of the debris prob-

ably occurs by laminar shear (e.g. Motuhoa Island), (Hampton, 1972). 

Type F6 - (ash-lapilli tuff breccia/lapilli-ash tuff breccia) 

The pyroclastic flow deposit (Figs. 8.12B and 8.13) which is 

exposed in a coastal cliff section at Matua reaches a thickness of 

2.5 m and consists of three units. 

ations in grading. 

Each unit is recognised by vari-

A representative unit is characterised by: 

(i) Inverse grading - poorly sorted, matrix-supported,slightly 

gravelly sands at the base grade upwards through gravelly sands into 

matrix-supported pumice gravels. Pumice clasts at the top of the 

unit reach 4 cm across, while lithics (< 4 mm) show normal grading 

near the base and then a uniform grain size distribution towards the 

top of the unit. 

(ii) Composition and Texture - large pumice clasts occur in a glass 
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The Type ~6 deposit exposed at Matua 
(U14/849878) consists of three inversely 
graded units. The pyroclastic flow 
deposit overlies low angle cross-stratified 
and planar stratified slightly gravelly sands. 

Chalazoidite bed underlying the Waimakariri 
Ignimbrite and fluvial sediments at Ruahihi 
(014/795761). Accretionary lapilli average 

20 mm diameter. 
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shard-lithic rich matrix. Matrix composition (glass shard - pumice -

lithics - quartz - feldspar) is largely h omogeneous throughout the 

deposit. At the top of each unit there is an increase in the mud 

content in the matrix, caused primarily by the weathering of pumice 

clasts which are very vesicular to fibrous in form. 

The Type F6 deposit is interpreted as a pyroclastic flow deposit 

because of its structural (e.g. grading) and compositional charact-

eristics. The deposit can be separated into three distinct units, 

each showing inverse grading of pumice, normal to homogeneous lithic 

grain size distribution and a distinct pumice concentration zone. 

The appearance of stratification in this deposit is due to the super­

position of a number of flow units, .and individual deposits generally 

lack internal stratification. Inverse grading indicates that internal 

sorting processes have occurred, which are possibly related to the 

fluidization behaviour (Sparks, 1978; Sheridan, 1978; Wilson, 1980) 

of the flow during emplacement. The deposit unconformably overlies 

fluvial cross-bedded gravelly sands. It is possible then, that the 

Matua pyroclastic flow deposit was enriched by gas as it moved over 

or through shallow water (e.g. in a river channel). Evidence pre­

sented by Sparks et aZ. (1980a; 1980b) indicates that pyroclastic 

flows may enter shallow water without an explosive interaction. 

Two other processes may have aided the supply of gas to the 

0mokoroa and Matua pyroclastic flows: 

(1) subsidiary flow detachment (i.e. thin pyroclastic lobes) and 

enrichment of gas supply from the upper p art of the main pyro­

clastic body after detachment, results in the development of 

an overlapping series of thinner subflows (Aramaki, 1963; 

Wilson, 1980). 
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(2) A thin flow, after detachment, would be susceptible to 

incorporating air from the flow front (Sparks, 1978; 

Sheridan, 1979; Wilson, 1980). 

A grading mechanism ultimately resulting from gas supply from 

several sources [including (1) and (2)] is discussed below: 

Increasing gas flow velocities in a pyroclastic flow will result 

in a higher degree of fluidization which will allow the yield strength 

to decrease (Sparks, 1978; Wilson, 1980). This would enable a gas 

grading mechanism to operate, sorting out various grain sizes by 

gaseous flow. According to Wilson (1980) the fluidization behaviour 

with increasing gas flow velocities may lead to both expanded and 

segretating types of ignimbrites and this could explain the inverse 

grading and pumice concentration zones in the Type FS Omokoroa and 

Type F6 Matua deposits. These mechanisms enable certain grain sizes 

to be detectably graded and finer grain sizes are often moved upward 

by gas flow processes while coarser dense grains may be sorted out by 

gravitational processes. The upward movement of low density pumice 

may be analogous to that process which acts on finer grain sizes 

(Wilson, 1980). However, grain-dispersion mechanisms and variations 

in shear stress acting on larger grain sizes in the flow cannot be 

discounted (Sparks, 1978; Wilson, 1980). 

Type F7 deposit 

A thin (< 1 m), massive deposit at Omokoroa interbedded with pyro­

clastic fall deposits shows features more characteristic of a pyro-

elastic flow deposit (Fig. 8.10) • The deposit is indurated, poorly 

sorted and although highly weathered, pumice clasts up to 4 mm occur. 

The composition is mainly glass shard and pumice. Gradual thickening 

and thinning over ridges could possibly indicate a flow 
in depressions 

origin. 
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8.3 PYROCLASTIC AIR-FALL DEPOSITS 

8.3.l 1 d 't 1·n the Tauranga Basin Pyroclastic air-fal eposi s 

(Tables 8.3, 8.6, 8.7) 

Type Al - (Vitric ash tuff) 

These deposits (Fig. 3.16) range from ~5 to ~60 cm thick, are 

principally rhyolitic and contain variable amounts of clay. They 

are consolidated, massive pumiceous sandy silts and silts, usually 

associated with paleosols. Massive beds are often intercalated 

with less weathered, moderately sorted, normally graded shower bedded 

units, commonly of coarser texture. The composition is usually glass 

shard - feldspar - quartz - clay minerals - heavy minerals. These 

deposits are exposed at coastal sites in the Omokoroa, Matua, Maunga­

tapu and Welcome Bay areas. 

Type A2 - (Vitric ash tuff/tephra and Vitric lapilli - ash tuff/tephra) 

Deposits often exhibit stratification and normally graded hori-

zontal laminations 0.2 - 1 cm thick. The deposits may be up to 

~50 cm thick, occassionally comprising of normally graded layers, up 

to~ 10 cm thick. The composition is glass shard - pumice, while 

texturally the deposits are moderately to poorly sorted pumice sands 

to slightly gravelly sands containing pumice lapilli. Laminations 

often alternate between more poorly sorted beds and well sorted beds 

giving an appearance of planar laminations with contrasting light and 

dark shaded bands. 

Interpretation of Type Al and Type A2 Deposits 

Many pyroclastic deposits show features more characteristic of 

aerial deposition (Table 8.6), for example shower bedding and mantling 

of the topography, and are therefore interpreted as being emplaced by 
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pyroclastic fall mechanisms (Wright et al., 1980). The particles 

are sorted due to their fall velocity and these deposits generally 

exhibit better sorting (cr ~ <2.0), typically ranging from moderately 

to well sorted. The deposits in the Tauranga Basin conspicuously 

mantle the topography, and normally graded stratified beds enhance 

this characteristic particularly at the Matua coastal site. Air-fall 

tephra appears to drape the topographic irregularities of the under­

lying fluvial and pyroclastic flow deposits. 

However many of the deposits in the Tauranga Basin are highly 

weathered and poorly sorted beds are common in massive air-fall tephra 

and tuffs (e.g. in exposures along the Omokoroa coast). The poor 

sorting may be attributed to a number of factors (Walker, 1971): 

(1) fine-grained ash accumulating above coarser ash, with 

subsequent movement of fine material downward into the 

coarser resulting in poorer sorting. 

(2) several beds at Omokoroa show a mixing of grain-sizes in 

the upper parts of the bed. This may reflect some form 

of bioturbation which is attributed to rootlets or micro-

organisms. Many deposits lack bedding, or have become 

structureless in specific areas of the deposit. 

Compared to the pyroclastic flow deposits, the consolidated and 

least weathered air-fall deposits consist of finer grain-sizes. The 

· usually coarse silt to fine sand but the grain-size 
average size 1.s 

( 004 ) to lapilli sized (up to 4 mm) pumice. 
ranges from clay - mm 

b dd d b etween ash deposits may be loess (e.g. 
Thin clay beds inter e e 

Omokoroa Point) and possibly result from selective sorting by wind 

following deposition. 

d Sl.·ze of pyroclastic fall deposits reflect the 
The geometry an 
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height to which the grains attained in the eruption cloud, and the 

wind velocity and direction (Wright et al., 1980) • Sorting also 

reflects these factors (Walker, 1971). At several locations (e.g. 

at Matua and Omokoroa) tephra beds are of a uniform thickness and 

thick unweathered deposits (~ 1 m) are built up of a sequence of 

thin (~ 1 cm) beds. Pyroclastic fall deposits typically show well 

developed paleosols, which are likely to have formed over a 15 to 

50 ky period (D.J. Lowe, 1983, pers. comm.). However the time needed 

for a paleosol to develop is highly speculative, as it depends on a 

number of variables such as climate and time. 

Chalazoidite/Accretionary lapilli structures 

Accretionary lapilli (Fig. 8.14), (i.e. chalazoidites, pellets, 

mudballs; ~8 - ~38 mm) are scattered randomly or concentrated in 

clusters throughout fine-grained ash material. Each ball consists 

of a homogeneous nucleus (4 - 12 mm) surrounded by several white-grey 

accretionary layers; individually these accretionary layers are thin 

(1 - 0.1 mm) and concentric. Outer layers may collectively reach 

thicknesses of 18 mm and show a foliated appearance. Th~ set of 

concentric skins is usually continuous, although individual skins are 

sometimes discontinuous. Texturally the central nucleus is coarser 

(> 0.04 mm) while the outer layers become progressively fine (0.05 to 

0.004 nun). These balls are texturally and physically dissimilar to 

the moderately to poorly sorted matrix (generally ranging in grain 

size from 0.09 to 0.008 nun) in which they are contained. These 

chalazoidite beds are found~ 50 cm beneath the Type Fl pyroclastic 

flow deposit (equates with the Waimakariri Ignimbrite) near the 

Wairoa River/Ruahihi area, above the Te Puna Ignimbrite on Motuhoa 

Island (Fig. 7.15), and are covered by ~20 m of air-fall tephra and 

fluvial deposits at Omokoroa (see Chapter 3). 
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Chalazoidite Formation Process (Tabl 8 8) e . 

Mechanisms of formation of chalazoidites are not fully under­

stood and four schools of thought exi·st as to their possible origin. 

These are: 

(1) Accretion on the ground of fresh ash around a nucleus 
blown by the wind or rolled downslope (Moore et al. 
1962; Kennedy, 1980); 

(2) absorption of fresh ash by the water of a fallen/ 
falling raindrop (Moore et al., 1962); 

(3) lapilli formed in water by gentle agitation of a 
nucleus in contact with unconsolidated ash (Moore 
et al., 1962); 

(4) accretion of moist ash in an eruptive cloud to form 
mud pellet rains. (Moore et al., 1962; Barter, 1976; 
Self and Sparks, 1978; 1979). 

Berry (1928), Moore et al. (1962), Barter (1976), and Self and Sparks 

(1978, 1979) gave evidence for an ash cloud origin and volcanic hail 

hypothesis. 

The circumstances for formation may be by the explosive inter­

action of magma and water (Self and Sparks, 1978; 1979), by flushing 

out fine ash in the eruptive cloud (Self and Sparks 1978; 1979) or 

by formation of clumps of ash by flocculation in a steam-rich eruption 

column (Lowe, 1981). These clouds were thought to be of a high 

temperature (Berry, 1928; Moore et al., 1962; Barter, 1976) in which 

ash particles grew by accretion as they descended through the cloud. 

A low temperature cloud was postulated by Battey (1942) whereby 

accretionary lapilli or "pisolites" formed by accretion in a water-

laid environment in which the solid particle grew by rolling. This 

theory would explain discrete layers or bedded and ellipsoidal chala-

zoidites. 
However a rain/steam enriched-cloud theory is favoured 

because it explains differences in the texture and the physical 

appearance between accretionary lapilli and the matrix. It is also 

'd (Moore et al., 1962; Self and Sparks, 
substantiated by field evi ence 



TABLE 8. 8 Chalazoidites 

Phase 

1. Rapid nucleus aggregation 

2. Fall phase 

(i) Aerial 

3. Outer shell selective 
accretion 

(ii) Terrestrial 
(e.g. waterlaid 

environment) 

4. Deposition in ash bed 

Four phase development in an ash cloud 

Mechanism 

Condensation H20(g) 

low temp. high altitude ash 
high relative humidity 

! 
high temp. low altitude ash 
low relative humidity 

(a) Accretion around nucleus 
in fall 

(b) Accretion around raindrops 

(c) Accretion by grain move­
ment (e.g. rolling, 
agitation) 

(a) Layered 

(b) Random 

Characteristics of Chalazoidite 

Coarse grained 
Homogeneous 
No mineral orientation 

Selective accretion 

(i) mud pellet rains, continuity of 
skins 
spherical chalazoidites 

(ii) Discrete layering, ellipsoidal 
chalazoidites, discontinuous 
thickness of skins 

Preservation 

I 
N 
-...J 
N 
I 
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1978, 1979; evidence from Mt. St. Helens' eruptions). 

(ii) Chalazoidite beds in the Tauranga Basin 

Because of the continuity of the accretionary layers outside 

of the nucleus, the spherical nature of the chalazoidites and their 

ultimate preservation it is concluded that they formed before enter­

ing the matrix. The chalazoidites show no preferred orientation 

and do not reflect depositional layering. The accretionary layers 

have been sorted and particle sizes become progressively finer away 

from the nucleus. 

Chalazoidite beds in the Tauranga Basin are likely to have been 

water saturated and soft when accretionary lapilli entered the 

deposit at random. This is indicated by load deformation and 

intrusion by sands which overlie the chalazoidite bed on Motuhoa 

Island, flattening the chalazoidites and disrupting their outer skins. 

It is probable that ash cloud conditions and intensity and duration of 

rainfall are important controls on chalazoidi te formation. 

8.4 CONCLUSIONS 

Figure 8.15 presents some of the facies relationships recorded 

at various localities, between fluvial lithofacies defined in Tables 

7.7 and 7.10 and the pyroclastic lithofacies defined in Table 8.7. 

Much structural variation is recorded in the pyroclastic flow deposits 

and this diversity is generalised upon by the lithofacies code. The 

facies variation in the pyroclastic flow deposits is the result of 

complex interactions between many processes and the deposits have 

anomalous textural and morphologic characteristics. Fluvial erosion 

has also affected the thickness of deposits at various localities. 

Due to this variation in both fluvial and pyroclastic deposits, 

several models are proposed (Fig. 8.15). 
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9.1 INTRODUCTION 

During the Tertiary the landscape in the Coromandel-Tauranga 

region had been dominated by Beeson's Island Volcanics (16 - 17 m.y. 

B.P.) which covered greywackes and argillites of Jurassic age (Healy 

et al.,1964; Adams et al., 1975; Kear and Schofield, 1978). The age 

determinations on the andesites from Coromandel suggest volcanism 

began about 16 m.y. B.P. throughout the region, then ceased in the 

north, but continued in the south up to about 7 m.y. B.P. (Fig. 9.1); 

(Rutherford, 1978). About 6 m.y. B.P. extensive rhyolitic eruptions 

broke out, initiating a major change in the type of volcanism. Also 

at this time (5 - 6 m.y. B.P.; Cole, 1979) movement on the Indian and 

Pacific plate margins was compensated for by the creation of tensional 

graben structures in eastern Coromandel, perhaps forming the Tauranga 

Volcanic Zone some 2 - 3 m.y. B.P. (Fig. 9.2); •• (Cole, 1979). The rhyo-
.. 

litic eruptions may have been related to this tensional faulting 

episode. Minden Rhyolite overlies andesitic eruptives in the Tauranga 

region and the rhyolites exposed in the central parts of the Basin prob­

ably were active about 4.34 m.y. B.P. (Rutherford, 1978), an age based 

on fission track data on obsidians from Mt Maunganui. West of the Basin 

the waitawheta dacite domes and flows have K-Ar ages ranging from 4. 0 -

3.75 m.y. B.P. (Stipp 1968; Richards et al., 1966; Adams, 1975). 

Renewed andesitic and dacitic volcanism commenced in the Te Puke area 

to the south of the Tauranga Basin about 2.54 m.y. B.P. (K-Ar age, Stipp, 

1968). 

Since the beginning of the Quaternary the Tauranga Basin has been 

subjected to a complex sequence of events with overlapping periods of 

· t· ·t (Table 9 1) Three main periods are volcanic and sedimentary ac ivi y • • 

herein defined for convenience of discussion: 
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'!'ABLE 9.1 

AGE 
(m.y. B.P.) 

Suuunary table of events in the Tauranga Dasin during the Quaternary 

SERU:S/EPOCH vor.CANIC EVENT VOLCANO-SEDIMENTARY 
EVEN'l'S 

1-------1---- - - ---1--- --- ------------<--------- ----! 

I 

0.01 

0.02 

0 . 03 

0.04 

0.1 

0.2 

0.3 

0.11 

0.5 

0 . 6 

0 . 7 

0.0 

0.9 

1.0 

1. 1 

l. 2 

1.] 

l. 4 

1.5 

l. 6 

1. 7 

1.8 

1. 9 

2.0 

lloloceue 

Pleistocene 

Mamaku Ignimbrite (0.14) 
Waimakariri Ignimbrite (0.18) 

Te Ranga Ignimbrite ("-0.3) 

•re Puna Ignimbrite ("-0 . 4) 

Wairoa Ignimbrite ("-0.6) 

Waiteariki Ignimbrite (0.84) 
Papamoa Ignimbrite ("-0.84) 

Aongatete Ignimbrite (1. 26) 

(3) 

(2) 

~ 

(1) 

AIR-f'ALL DEPOSI'l' 

Kaharoa Ash 
'l'ilupo Lapil li 

Hotorua Ash 

Mangaone Lapil li 

Rotoehu Ash 

t"•mileoo Ash 

: l 
: Pah,ia tephars 

I 
I 
I 
I 

GROUP 

Tauranga 

SUBGROUP 

Matua 

Volcaniclastic 
sediments inter­
calated with 
Aongatete 
Ignimbrite 

'l'lsCTONIC EVEN'!' 

subsidence in the 
'l'auranga area 

uplift of the 
Kaimai Range 
continues 

I 
N 
-...) 
-...) 

I 
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(1) an early ignimbrite period; 

(2) a late ignimbrite period; 

(3) upper Matua Subgroup period. 

d . t t' was 1·n1·t1·ated 1·n the Basin by the onset of volcanism in Se imen a ion 

d h 1.gh rates of sedimentation have continued the early Pleistocene an 

since that time. summary of events since the Middle Pleistocene is 

presented in Fig. 9.6 at the end of this chapter. 

9.2 EARLY IGNIMBRITE PERIOD 

The early ignimbrite period began with the eruption of the Aongatete 

Ignimbrite (1.26 m.y. B.P.; Healy, 1967). An apparent westward thicken­

ing of this ignimbrite away from the Tauranga Basin (e.g. Kaimai drill­

hole data) indicates a possible Coromandel source. It is assumed, there­

fore, that the ignimbrite flowed eastward into the Tauranga area and 

evidence from drillholes suggests that the ignimbrite is extensive in 

the Basin and was possibly emplaced to beyond Matakana Island. The 

surface form in the Basin must have been largely flat or sloping at a 

very low angle to the east, although Minden Rhyolite domes (4.3 m.y. B.P.) 

must have formed a higher relief than their present elevation, and pre­

sented major obstacles for early ignimbrites flowing into the Basin. 

The Aongatete Ignimbrite initiated a renewed volcanic phase which 

lasted until approximately 0.86 m.y. B.P. A period of erosion followed 

the emplacement of the ignimbrite, removing parts of the weakly welded 

portions and depositing a large proportion of the derived sediment out 

onto the continental shelf and, to a lesser degree, into the Basin. 

Eruption of the Waiteariki Ignimbrite (0.84 m.y. B.P., Kohn et aZ., 

unpublished) probably coincided with the onset of volcanism in the 

Central Volcanic Region (Fig. 9.3); (Cuthbertson, 1981). The Waiteariki 
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northwards into the Basin and covered an eroded Ignirnbrite spread 

t t IgnJ..mbrite, and then flowed eastwards surface relief of the Aonga e e 

• • (suggested by present_ field investi-in the Basin before terminating 

gations and from regional mapping by B.F. Houghton; pers. comm., 1982). 

• suggests that the present Kaimai Range was elevated Regional mapping 

at this time in an area in line with the northern extremities of the 

Basin, which influenced the flow direction of the ignirnbrite and caused 

it to thin over topographically higher ground. In an area south of 

Katikati, entry into the Basin was unrestricted and it is presumed that 

uplift of the Kaimai Range in the north preceded that to the south. 

After emplacement of the Waiteariki Ignimbrite the southern part of the 

Kaimai Range was uplifted by at least 450 m, indi~ated by a down-faulted 

block of the ignirnbrite in the Hauraki Depression (Cuthbertson, 1981). 

The Waiteariki Ignirnbrite crops out on the Kaimai Range but no displace­

ment of the Waiteariki on the Tauranga Basin side of the Range is 

recorded, which suggests that the uplifted horst was simply tilted 

towards the Basin. The Waiteariki Ignimbrite effectively formed a 

local basement throughout the Tauranga Basin at this time, and possibly 

extended out onto the present continental shelf. By about 0.75 m.y. B.P. 

the Range had been uplifted sufficiently to represent a barrier to the 

Ongatiti Ignirnbrite, which is well exposed in the Hauraki lowlands. 

The Tauranga Basin has continued to subside since uplift and tilting 

of the Kaimai block (~ 0.84 m.y. B.P.), the influence of this tectonism 

being recorded in the Basin by rapid facies changes in the products of 

volcanism and by intercalated sedimentary deposits. The rate of sedi-

mentation has undoubtedly been influenced by this subsidence. Ignirnbrites 

entering the region from the Taupe Volcanic Zone appear to have been 

ponded within the Basin by a northern barrier (i.e. the present day 

Kaimai Range). This could be explained by uplift of the southern.parts 

of the Kaimai Range during post-Waiteariki Ignimbrite emplacement time. 
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The Kairnai Range appears to gradually terminate in the south, in an 

area convergent with the Mamaku Plateau. It has been suggested that 

the throw on the faults in the Hauraki Rift die out southwards (Fransen, 

1982) underneath the Mamaku Plateau, which may account for the decreas­

ing surface relief. 

The progressive uplift of the Kaimai Range caused the Waiteariki 

Ignirnbrite to also become progressively tilted, thus increasing its 

susceptibility to widespread erosion. Several streams were diverted 

into the Basin from the Whakamarama Plateau, and in an area just south 

of Te Puna and extending to Welcome Bay, a major discharge centre 

developed in which large quantities of sediment were supplied into a 

major paleobasin. Other major contributions of sediment came from 

the Kaimai Ranges and the Minden Rhyolite domes proximal to the Basin. 

The ~welded Wairoa Ignimbrite was deposited (0.84 m.y. B.P. > 

Wairoa Ig. > ~ 0.5 m.y. B.P.) in the Basin as a thin deposit (c.20 m) 

over a pile of waiteariki Ignirnbrite-derived sediments. The paucity 

of outcrops of Wairoa Ignirnbrite in the Basin suggests that it was 

severely eroded, and was covered in turn by a sequence of fluvial sedi­

ments containing well developed paleosols, which are subaerially 

exposed to a thickness of 20 m near the Tauranga Dump. After emplace-

ment of the wairoa Ignimbrite successive air-fall tephra sequences 

became interbedded with alluvial sediments, and material subject to 

active erosional processes was reworked. Near the end of the early 

ignirnbrite period large quantities of fluvial sandy and gravelly sedi­

ments were transported in braided/ephemeral channels towards the con-

tinental shelf. 
This sand was possibly shifted back towards the Basin 

during storm conditions and higher sealevels which inundated bifurcating 

channels proximal to the coastline. 
As coastal sand barriers became 

established, favourable conditions evolved for swamp development in 
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topographic depressions and low-lying flat areas. Stratigraphic 

evidence indicates that these areas were entrenched by tributaries 

flowing towards the main paleobasin near Te Puna and Matua, and that 

they were discharge sinks for streams which flowed across the Whaka-

marama Plateau. 

The Kairnai Range had possibly reached an elevation close to that 

of today during the early ignirnbrite period (0.84 - ~ 0.5 m.y. B.P.). 

This is suggested from evidence of andesitic conglomerates (containing 

cobbles up to 15 cm diameter) derived from the Kaimai Range deposited 

in channels and interbedded with fluvial sediments derived from the 

erosion of the Wairoa and Waiteariki Ignimbrites, 2 km south of Katikati. 

Andesitic gravels occur at depth in several drillholes throughout the 

Tauranga Basin (Table 9.2). The elevation of the Range would have had 

to have been sufficient during the early ignimbrite period for andesite 

to be eroded from this area, transported and rounded in streams which 

flowed perhaps~ 3 km from source, and deposited as gravels and cobbles. 

9.3 LATE IGNIMBRITE PERIOD 

This is a loosely defined period but stratigraphic evidence suggests 

it began~ 0.5 m.y. B.P. During this period the unwelded Te Puna 

Ignirnbrite (~ 0.36 m.y. B.P., Kennedy, 1980) was emplaced, its age being 

based on correlation with a tephra-flow unit near Tirau having a fission-

track age of~ 0.35 m.y. B.P. (Vucetich e~ al., 1980). Stratigraphic 

relationships of the Te Puna Ignirnbrite with air-fall tephra units in 

the Tauranga Basin indicate the ignimbrite is~ 0.4 _ 0.5 m.y. old. 

This ignirnbrite flowed northwards in the Basi·n, then divided into sub-

sidiary flows, some of which spread northeastwards. Channel deposits, 

interpreted from drillhole data and t opographic irregularities at the 

base of the ignirnbrite, suggest that the environment before the 



Table 9.2 

Grid 
Reference 

N57/406794 

Ul4/802876 

Ul4/871883 

Ul4/872883 

N57/406794 
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Table showing recorded appearances of andesitic 

gravels in the stratigraphic record (adapted from 

unpublished borehole data, N.Z.G.S, Rotorua). 

Depth (m) 

39.0 - 51.2 

103.6 - 109.7 

103 - 109.7 

96.0 - 115.8 

3.0 - 8.0 

Area and Description 

Katikati: andesitic river 
gravel. 

Snodgrass Road, Te Puna: 
andesitic conglomerate with 
sandy matrix. 

Otumoetai: a range of 
principally rounded rock 
fragments, white pumiceous 
rhyolite, conspicuous dark 
grey andesite, grey or pink 
lithic rhyolite, fluvial 
gravel. 

Otumoetai: grey lithic 
rhyolitic and andesitic 
granules and pebbles at 
96.0 - 115.8 m. 

Sharp Road, Katikati: 
andesitic conglomerates 
(rounded) interbedded with 
fluvial sediments derived 
from the erosion of the 
Wairoa Ignimbrite. 
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fan anastomosing network of streams ignimbrite was deposited was one o 

with local ponding in swamp areas. swamp deposits immediately under-

lying and beneath the Te Puna Ignimbrite in the Te Puna and Omokoroa 

areas covered sedimentary deposits derived from the earlier ignimbrite 

period. 

At Omokoroa two pyroclastic flow units are recorded which have 

been successively buried upwards by 15 m of air-fall tephra, inter­

bedded weathered loess deposits, and possibly a further pyroclastic 

flow unit (< 15 cm thick; > 150 k.y.). The Ornokoroa area has largely 

escaped fluvial erosion since the beginning of the late ignimbrite 

period (Le. evidence from the preservation of ash deposits) except 

for fluvial reworking in air-fall tephra and pyroclastic flow deposits 

just after emplacement of the two pyroclastic flow units. These two 

pyroclastic flow deposits at Omokoroa are correlated with an ignimbrite 

cropping out in the Te Puna area (forming a constructional terrace 

adjacent to the present Wairoa River). The lateral parts (~ 1 - 3 rn 

a.s.1.) of the Te Puna Ignimbrite exposed near the Wairoa River show 

fluvial scouring and channel infill deposits. Air-fall tephra 

deposits have been completely removed at this location. 

The Tauranga Basin continued to subside during this period causing 

active erosion and accumulation of sediment in a major paleobasin near 

Te Puna and Otumoetai. A slump deposit post-dating small-scale normal 

faults (10 cm throw) at Motuhoa Island may testify to tectonic instab­

ility in the region after emplacement of the Te Puna Ignimbrite. Small 

scale slump deposits were common in the Basin, possibly being activated 

by earthquake jolts or by undercutting in streams causing material to 

be rafted. 

A continuous core at Otumoetai indicates that there were repeated 

cycles of fluvial deposits with alternating tephric material throughout 
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this period, and the coarseness of deposits demonstrates both a high 

input of sediment and probably high energy floods. The dynamic 

depositional environment may have been related to alternating 'glacial' 

and 'interglacial' periods which ultimately affect the rate of erosion 

and sediment supply (Fig. 9.5), while contemporaneous and continued 

subsidence accommodated the bulk of material entering the system. 

Evidence that parts of the Basin were affected by glacially-induced 

changes in sea level at intervals during this period comes from 

estuarine sediments interbedded with swamp and fluvial deposits. These 

types of facies are recorded below the Te Puna Ignimbrite at Ornokora, 

and in drill cuttings at two Te Puna locations. It appears that 

estuarine facies were more common at the beginning and towards the end 

of the late ignimbrite period, corresponding to 'interglacials'. Before 

emplacement of the Te Puna Ignimbrite and at the end of this period, 

swamp conditions existed in many localised parts of the Basin, partic­

ularly at Te Puna, where fibrous wood fragments and peat occur at 

several levels in the drillholes. The kinds of swamp vegetation can 

be indicative of the prevailing climate regime. Pollen analysis of 

the lignite underlying the Te Puna Ignimbrite at Ornokoroa suggests the 

temperature in the Tauranga Basin was 3°c lower than the present mean 

annual temperature of 14°c (Hull, 1977), possibly indicating stadial 

conditions. 

Emplacement of the unwelded Te Ranga Ignimbrite (older than Mamaku 

Ignirnbrite which is dated at 0.14 m.y. B.P., Murphy and Seward, 1980) 

occurred near the end of this period. When this ignirnbrite flowed 

northwestwards across the Basin it covered laterally extensive and 

thick accumulations of older sediments (mainly fluvial) derived from 

the Te Puna, wairoa and Waiteariki Ignimbrites. It also came to abut 

against the dipping waiteariki Ignirnbrite forming the Whakarnararna 

Plateau. 
The Te Ranga Ignirnbrite probably formed an extensive sheet 
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f the Basin (extending (~ 200 krn2 ) over the southwestern portions 0 

south under the Marnaku Ignirnbrite) • Progressive downcutting by 

removed l arge quantities of Te Ranga Ignirnbrite in braided streams 

successive floods, until steep-sided valleys were incised into the 

landscape. These became established in vegetation in the southwest-

em areas of the Basin and indicate more stable features. This 

Suggests a period of volcanic quiescence and decreas­topographic form 

ing sedimentary activity. 

The waimakariri Ignirnbrite sheet (> 0.14 m.y. B.P.; Fransen, 1982) 

was emplaced over an eroded topography of the Te Ranga Ignirnbrite, and 

It also lapped onto the dipping Waiteriki Ignirnbrite in the west. 

obliterated vegetation cover and produced a barren landscape (Fig. 9.4). 

A chalazoidite bed underlying the Waimakariri Ignirnbrite exposed near 

the Wairoa River at Ruahihi is possibly related to this eruption. A 

correlative chalazoidite bed is found above the Te Puna Ignirnbrite at 

Te Puna and on Motuhoa Island. The Wairnakariri Ignimbrite was possibly 

deposited during a cold climate (Fransen, 1982) and presumably formed a 

more extensive plateau(~ 300 krn2 ) than is indicated by present exposures 

in the southwest of the Basin. Presently, the Waimakariri Ignirnbrite 

dips into the Basin at 3° to the north. North-trending streams dis-

secting the Mamaku Plateau have exposed the Waimakariri Ignirnbrite in 

cliffs at several locations. Outcrops throughout this southwestern 

section of the Basin are generally moderately to poorly welded, and 

vertical jointing occurs in a welded, 40 m thick outcrop at Ruahihi. 

Several localities at Ruahihi indicate that the ignimbrite was ponded 

in topographic depressions and became draped over topographic highs. 

At Belks Road the Waimakariri Ignimbrite forms a moderately welded, 

charcoal-enriched deposit (30 m thick) which has flowed into a valley 

cut into the Te Ranga Ignimbrite. At this location the ignimbrite has 

scoured the walls of the valley, and possibly a spur running down into 

the floor of the valley. 



"7; 

Mi .. .•. • .. 

u.J 

~ 
[L) 

}2'i::' - , £ 
t--1 I--/ / •• - ~ cr:'Q::' ------~ • L. ~ ll'.) _-:-:,-·· ·· ___ _:--:-·-··- ,,;::::, ' r, 

L,j -·- ...._ ..___, 

J--:::. ~ - ,~~~,x --··- ~ H ½ ,.__, --- ...,__ 

~ff~\ -- ··--- _;;;-
,_, ~ 1--...t 

J 

r-1r-.UN6t\NUI 

• - -.. . /" ,,..- . : . . .. ' .... . _ ,, _ .. 
., 

---• ... 
(!)- }!!·-._ ____ ~ 

ff 
"---I 

LLi z 
<..!) 

!-.-I 

Fig. 9.4 A sketch showing the Waimakariri Ignimbrite (~0.18 m.y. B.P.) immediately after 
emplacement over the Te Ranga Ignimbrite. Both these ignimbrites have been 
completely eroded out west of the Wairoa River, but once possibly onlapped onto 
the older Waiteariki Ignimbrite (~0.84 m.y. B.P.). The arrows indicate the 
hypothetical lifting of the sheet to expose the underlying deposit. 

I 
N 
CD 
-.J 
I 



-288-

(0 .. 14 m. y. B. p. ; Murphy and Seward, 1980) , 
The Mamaku Ignimbrite 

l.·n an area between McLaren Falls and Pyes Pa, presum­
which crops out 

l.·nto the Tauranga Basin shortly after c~ 0.02 
able extended f~rther 

82) emplacement of the Waimakariri Ignimbrite. 
m.y.; Fransen, 19 

This 

t thickness c~ 40 m) in the Pyes Pa/ is suggested because of its presen 

f h area The only subaerial d J·ust south o t e map • Oropi Gorge Roa areas, 

from a Mamaku Ignimbrite source occur above exposures of sediment eroded 

IgnJ.'mbri'te at Ruahi'hi and in road-cuts along Belks Road. the Waimakariri 

ht the Mamaku IgnJ.'mbrite has been completely eroded from It appears ta 

the lower parts of the Basin. 

9. 4 UPPER MATUA SUBGROUP PERIOD 

An informal upper Matua Subgroup is defined as a thick (up to 40 rn) 

sequence of sediments which are represented by subaerially exposed parts 

of the Matua Subgroup throughout the Tauranga Basin. 

This period began after emplacement of the Waimakariri Ignimbrite 

(~ ·o.18 m.y. B.P.) which was subsequently severely eroded to re-expose 

the underlying Te Ranga Ignimbrite in the south of the Basin. Active 

fluvial erosion also re-exposed ignimbrites emplaced in earlier periods, 

producing interfingering lobes of sedimentary and ignimbrite material. 

There has been a continual degradation of pyroclastic and fluvial 

deposits and terrace structures since the beginning of this period up 

to the present. A number of rhyolitic tephras were deposited through­

out the Basin during the late ignimbrite period and the upper Matua 

Subgroup period. These are the Pahoia tephras, which form thick 

c~ 10 m) exposures, especially in the Omokoroa and Maungatapu areas. 

The Pahoia tephras are extensively covered by Hamilton Ash beds 

(commonly 1.0 m thick) in some parts of the Basin. Elsewhere, Hamilton 

Ash beds (< 1 m) rest ~irectly on upper Matua Subgroup fluvial sediments 



-289-

exposed in several coastal cliff sections (e.g. Te Puna, Matua). The 

removal and preservation of tephra sequences in different parts of the 

Basin reflects erosion by shifting streams and local base-level changes 

(e.g. due to subsidence and eustatism). Air-fall tephra deposits were 

removed or partially removed in some areas (e.g. topographic depress­

ions) which being preserved in other parts of the Basin (e.g. swamp 

areas) . Areas in which ash beds were preserved included those which 

largely escaped active erosion, as on exposed braided bars and terrace 

surfaces. Preservation of underlying material may have also been aided 

by the development of soils and subsequent deposition of fluvial sedi­

ment and/or air-fall tephras. 

Valley incision from fluvial erosion throughout the upper Matua 

Subgroup period produced a variable topography (e.g. terraces) during 

degradation. The mantling of ash beds over several terrace heights, 

and subsequent fluvial erosion of some tephra sequences in valleys and 

low-lying areas, is suggested as the reason for the absence of specific 

tephras at various localities (Fig. 9.6). 

Sedimentary characteristics of the upper Matua Subgroup indicate 

periods of episodic flooding and high discharge rates which necessitate 

· f 11 It i·s i"nferred that climatic seasonality and an intense rain a • 

environment largely devoid of vegetation are both very important controls 

on the high sediment input into the Basin and the braided nature of the 

environment (Picard and High, 1973) • 

At the beginning of the upper Matua Subgroup period (~ 0.16 m.y. 

B.P.) streams began to dissect the Waimakariri Ignirnbrite surface. The 

· 5 presumably affected by a glacial period (Fransen, 
Tauranga Basin wa 

1982 ) which produced conditions favourable for intense weathering in 

the central North Island (Fig. 9.5) • 
Braided streams became quickly 
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entrenched in the ignimbrite sheet removing large quantities of detritus 

and depositing loads of material in the major paleobasin in the Matua 

and Otumoetai areas. A coastal cliff exposure at Matua indicates that 

after this period of intense erosion, sedimentation was interrupted by 

contemporaneous volcanic activity, evidenced by several rhyolitic tephra 

showers and a thin pyroclastic flow (2 m thick). The latter was presum­

ably a subsidiary distal pyroclastic flow of an ignimbrite which flowed 

from the Taupo Volcanic Zone after emplacement of the Waimakariri 

Ignirnbrite (or possibly correlated to the Waimakariri Ignimbrite). 

The Te Ranga Ignimbrite then became re-exposed in another (possibly 

a glacial entering into an interglacial period) of erosion and valley 

incision which cut into both the Waimakariri Ignimbrite and the Te Ranga 

Ignimbrite (Fig. 9.5). Two major paleochannel systems were rejuvenated 

in the southwestern parts of the Basin in an area extending northwards 

from Pyes Pa Road and Belk Road. Initially paleochannel I deposited 

sediment eroded from the Te Ranga Ignirnbrite in the Te Puna area, in 

which the Te Puna Ignimbrite also contributed sediment during initial 

development of the paleochannel. Then paleochannel II carried sediment 

into the Matua and Otumoetai areas. Several smaller tributaries flowed 

towards Welcome Bay. sediments eroded from the Te Ranga Ignimbrite 

formed a thick (~ 30 m) sequence in the headwaters of the braided river, 

but have been pregressively eroded nearer the coast, and are presently 

only 5 m thick. 
A series of episodic floods followed, reworking the 

1 · d i·ts (sediments eroded from the Te Ranga 
surface of under ying epos 

· large volumes of reworked debris flow/alluvial 
Ignimbrite) and carrying 

fan material into the Te Puna, Matua and Welcome Bay areas. This 

t d i·n braided streams towards the coast during 
material was transpor e 

the Mt Minden rhyolite dome. 
flood conditions from a source near 

Mt Bethlehem and Welcome Bay 
stratigraphic sections at Te Puna, .a ua, 

(F . 3 8 _ 3 lO) indicate that Hamilton Ash was still being deposited 
igs. . • 
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in the Basin at the end of this period of sedimentary activity. 

The upper Matua Subgroup was largely preserved during an inter­

glacial period (0.12 - 0.75 m.y. B.P.; Shackleton and Opdyke, 1973; 

Fig. 9.5) by a cover of air-fall tephra beds (i.e. Pahoia tephras and 

Hamilton Ash beds) and by soil development on ash and sedimentary 

deposits. River channel deposits at 30 - 50 m depth in drillholes 

(Fig. 3.7) suggest that renewed erosion in the Basin possibly began 

during a glacial period about 75,000 yrs B.P. (Shackleton and Opdyke, 

1973). This initiated a period of valley widening and incision by 

streams, responding to the lowering of base level, during which streams 

carried material beyond the present beach line at Matakana Island and 

dissected an exposed continental shelf. The interstadial which 

followed (64,000 - 32,000 yrs B.P.; Shackleton and Opdyke, 1973) pro­

duced high sea levels during a period between 50,000 - 35,000 yrs B.P. 

(Veeh and Chappell, 1970). Estuarine and beach sediments recorded 

in several drillholes at~ 30 m depth in the Basin were possibly 

deposited during these high sea levels. These sediments are covered 

by thick rhyolitic air-fall ash deposits which are interbedded with 

sediments at depths greater than 4 min the central to southeastern 

parts of the Basin (e.g. Te Puna, Matua, Maungatapu). Several road 

cuttings (e.g. Joyce Road, Keenan Road) and coastal cliffs also record 

a series of eruptions from the Okataina Volcanic centre about 42,000 

yrs B.P. (Howorth, 1975). These eruptions deposited the prominently 

shower bedded Rotoehu Ash above Hamilton Ash in the Basin. The 

Mangaoni Tephra (c. 32,000 yrs B.P.; Howorth, 1975) followed and was 

subsequently covered by several late Quaternary and Holocene tephras 

erupted from the Taupo Volcanic Zone. The present physiography of 

the Tauranga Basin can be attributed to the events of the last 100,000 

yrs, dominated by intervals of fluvial and marine erosion. The last 

40,000 yrs, however, has been particularly significant. Following the 
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last glacial period, a period of intense erosion occurred between 

30,000 and 20,000 yrs B.P. (Mccraw, 1973). This was followed by a 

very low sea level stand (20,000 to 15,000 yrs B.P.) some 100 m below 

present sea level (Carter, 1975) which would have greatly increased 

valley incision in the Basin. Further degradation of. pyroclastic 

and sedimentary deposits occurred, these having previously aggraded 

to form higher surfaces. Many of these terraces are concordant 

tongues of pyroclastic material, while several less distinct terraces 

have been constructed by aggrading braided streams with levee deposits. 

There was a rapid rise in sea level from 15,000 to about 7,000 yrs B.P. 

(Cullen 1967; Veeh and Chappell 1970; Carter 1975) and then a slowing 

down before the present sea level was reached some 2,000 and 4,000 yrs 

ago. Most controversy concerns the sea level in the past 7,000 yrs. 

The most recent post-glacial marine transgression (Cullen, 1967; Norris, 

1972; Carter, 1975) is rep~esented throughout the Basin by several low 

terraces, 0.2 - 0.5 m (height includes ash cover) above present sea 

level, which fringe the coastline in the Tauranga Harbour (e.g. 

Otumoetai, Omokoroa). Deposits 30 - 50 cm below the surface of the 

terraces consist of a blue-grey muddy sand which is covered in places 

by pumice lapilli and sandy mud. In the Otumoetai core this deposit 

occurs between 0.2 - 3.0 m depth below the terrace surface. The 

Tauranga Basin became aria complex but is now dominated by estuarine 

facies and enclosed by a barrier island. The Matakana Island barrier 

system probably developed between 4,000 and 7,000 yrs B.P. as the last 

glacio-eustatic sea level rise slowed. It was possibly due in part 

to drowning of the present harbour behind a series of ancient dune 

ridges. 
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Summary sketches of events in the Tauranga Basin since 

the Middle Pleistocene. 

(1) Prior to the early ignimbrite period. 

(2) After emplacement of the Waiteariki Ignimbrite during 

the early ignimbrite period. 

(3) During the early ignimbrite period the Wairoa Ignimbrite 

was deposited in the Basin and then severely eroded. 

(4) A braided river system developed in the early ignimbrite 

period. Large quantities of material were eroded from 

the Waiteariki Ignimbrite. 

(5) The late ignimbrite period was initiated by deposition 

of the Te Puna Ignimbrite. 

(6) Down-cutting of the Te Puna Ignimbrite and renewed erosion 

of the Wairoa Ignimbrite. 

(7) Re-exposure of older ignimbrites from early ignimbrite 

period, and active sedimentation in the Basin. 

(8) Continued down-cutting of the Te Puna and Waiteariki 

Ignimbrites. Re-exposed Wairoa Ignimbrite. 

(9) Emplacement of the Te Ranga Ignimbrite. 

(10) Down-cutting of the Te Ranga Ignimbrite. 

(11) Emplacement of the Waimakariri Ignimbrite. 

(12) Gradual initiation of the upper Matua Subgroup period 

after emplacement of the Waimakariri Ignimbrite, 

re-exposing and eroding ignimbrites emplaced in earlier 

periods. 

Mamaku Ignimbrite was emplaced in the Basin during 

this period but has subsequently been completely 

eroded out of the Basin. 
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Sea 

Braided river system 

Matua Subgroup deposits (pyroclastic and 
fluvial, some unidentified) 

waimakariri Ignimbrite 

Te Ranga Ignimbrite 

Te Puna Ignimbrite 

wairoa Ignimbrite 

Waiteariki Ignimbrite 

Papamoa Ignimbrite 

Aongatete Ignimbrite 

Minden Rhyolite 

Miocene - Pliocene volcaniclastic sediments 

Andesi te (Miocene to Pliocene) 

Dipping deposits 

1 4 km 

Approx. scale 
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INTRODUCTION 

The major aims of this thesis as outlined in Chapter 1, are 

concerned with the age and structure of the Basin, determination 

of the stratigraphy of the Quaternary succession and the nature 

and pattern of its depositional paleoenvironments, and a synthesis 

of the geological history. The physiographic development of the 

Basin is also briefly discussed. Each of these aspects is now 

summarised. 

STRUCTURE AND STRATIGRAPHY 

The Tauranga Basin originates from the northeastward tilting of 

a fault block, the upturned western margin being the Kaimai Range. 

A middle Pleistocene succession up to 500 m thick has accumulated 

upon the eastern margin of this tilted block. 

The Waiteariki Ignirnbrite (0.84 m.y. B.P.) outcrops in the 

Whakamarama Plateau and also extends beneath the succession thereby 

forming an effective basement in the Basin. While most of the sub-

sidence post-dates emplacement of the Waiteariki Ignimbrite there 

was probably some earlier subsidence as evidenced by underlying 

sediments within the Basin. The Waiteariki Ignirnbrite is displaced 

450 m between the Hauraki graben and the Kaimai Range. This further 

indicates that tilting of the Kaimai fault block, and hence subsidence 

of the Tauranga Basin occurred mainly after 0.84 My. The uplift 

pattern of the Kaimai Range was not a simple eastward tilting, but 

this was superimposed upon a regional trend for uplift to commence in 

the north and progress to the south along the range. The tilting 

was probably progressive as the Waiteariki Ignimbrite and older units 

dip at a greater angle than units within the Matua Subgroup which 

onlaps the Whakamararna Plateau. 
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Only very small scale fault displacements of up to 15 cm were 

noted in the field especially in coastal exposures, suggesting that 

the basement was tilted as a coherent block. The tilt block may 

have an eastern margin that corresponds with the present Continental 

Shelf. 

subsurface bore logs show that the Waiteariki Ignimbrite rests 

either upon the Aongatete Ignirnbrite ("-'l.26 - 0.84 m.y. B.P.), by way 

of an eroded contact, or upon fluvial volcaniclastic sediments derived 

from older units and perhaps mainly the Aongatete Ignimbrite. Else­

where the Waiteariki Ignirnbrite onlaps and overlaps Minden Rhyolite 

domes (4.3 m.y. B.P.) and Beesons Island Volcanics (16 - 7 m.y. B.P.). 

The Matua Subgroup (new name) lies immediately above the Waiteariki 

Ignirnbrite. The subgroup comprises several newly identified sub-

aerially exposed distal ignirnbrites named from localities where they 

are best exposed. They include the Wairoa Ignimbrite ("-'0.6 m.y. B.P.), 

the Te Puna Ignirnbrite ("-'0.4 m.y. B.P.), the Te Ranga Ignirnbrite 

("-'0.3 m.y. B.P.), and the formerly named Waimakariri Ignimbrite 

("-'0.18 m.y. B.P.). Sediments derived mainly from the erosion of 

these ignirnbrites are interstratified between them and are also 

included in the subgroup. 

White to grey rhyolitic tephras named the Pahoia tephras (equi­

valent to Pahoia Tuffs of Pullar et aZ., 1973) are part of the upper 

40 m of the Matua Subgroup. These highly weathered tephras underlie 

the brown Hamilton Ash beds and are probably air-fall equivalents of 

the upper ignimbrites in more southern parts of the Basin. From 

field correlations, and in particular their occurrence stratigraphically 

above the Te Puna Ignirnbrite, a maximum age of "-'0.4 m.y. B.P. is pro-

posed for these tephras. 
The Mamaku Ignimbrite (0.14 m.y. B.P.) is 

not included as a stratigraJ?hic uni·t wi·thi·n th T · • e auranga Basin, how-

ever, it crops out as a thick "-'40 m deposit "'5 km south of the Basin 
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The post-depositional southeast tilting within the Basin has 

caused an outcrop pattern where successively older units of the 

early ignirnbrite period outcrop in order towards the northwest 

especially between Matua and Katikati, and up the Wairoa River. 

Thickening of the Waiteariki Ignirnbrite (0.84 m.y. B.P.) and 

coarsening of lithics southwestwards away from the Tauranga Basin 

suggest that the ignirnbrite flowed northwards into the Basin. 

Similar evidence suggests that this is also the case for all post-

Waiteariki Ignirnbrites. Thickening of the Aongatete Ignimbrite 

(1.26 - 0.86 m.y. B.P.) westwards towards the Kaimai Range suggests 

a source north of the Taupe Volcanic Zone, possibly the Coromandel 

Range. It is suggested in this study that volcanism, although moving 

southwards in the Coromandel Peninsula over the interval ~16 - ~2 m.y. 

B.P., was intermittently active nearer Tauranga during the interval 

~3 to 1 rn.y. B.P. at about·the time active volcanism started in the 

Taupe Volcanic Zone. 

SEDIMENTS 

A sedimentary model was presented in Chapter 7 to describe the 

fluvial environment of the Matua Subgroup between Pyes Pa Road and 

Matua. seven major petrofacies were described to trace the changing 

sedimentation patterns in the Basin. Most of these sediments are 

considered to be derived from the erosion of the distal ignirnbrite 

formations within the subgroup. Sediment derived from the Waiteariki 

Ignirnbrite is not subaerially exposed within the mapped part of the 

Basin, but has been noted in the borelogs and outside the mapping 

area. Fluvial sediment derived from the erosion of the Mamaku 

· the wai·makariri Ignirnbrite in the Ruahihi area Ignirnbrite overlies 

(014/794750). 
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The textural characteristics and sedimentary structures of the 

Matua Subgroup indicate that they were deposited in a braided river 

environment of ephemeral nature. 

Episodes of fluvial erosion and deposition in the Basin often 

followed the emplacement of pyroclastic flow and fall deposits. This 

indicates a strong volcanic control on sedimentation. There was 

probably also some influence upon· sedimentation by the Quaternary 

glacio-eustatic sea level changes which acted to increase the extent 

of erosion of pyroclastic deposits during glacial ages. 

The development of sedimentary systems in the Tauranga Basin has 

been referred to three main periods of geological activity informally 

named the early ignimbrite period (0.84 - 0.5 m.y. B.P.), the late 

ignimbrite period (0.5 - 0.14 m.y. B.P.), and the upper Matua Subgroup 

period (~0.16 m.y. B.P. - Present). The early ignimbrite period 

includes the emplacement of the Waiteariki and Wairoa Ignimbrites, 

while the Te Puna, Te Ranga and Waimakariri Ignimbrites were emplaced 

during the late ignimbrite period. 

PHYSIOGRAPHY 

Within the Tauranga Basin there are many horizontal surfaces 

that could be described as terraces. Close attention has shown that 

most of them can not be mapped as extensive features. While some of 

the surfaces are clearly of constructional origin relating to the 

upper boundary of ignimbrite sheets, others result from variable 

degrees of mainly fluvial dissection and erosion. Some of the diff-

erences in elevation between terraces can be attributed to different 

thicknesses of Hamilton Ashes and Late Quaternary tephras. The 

different thicknesses of tephras is due mai·nly t · bl · o varia e erosion 

rather than differ~nces in depositional t."lickness. 
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APPENDIX 1 

Stratigraphic sections of the Tauranga Basin 



Appendix 1 . l : 

I:-·:.··.·: :I 
1°·0 : 0 1 

l:oo_.~ ~--~:'! 
l00•~o:I 

~ 
f2ZJ 
E 1 
I r 

I 1111 

~ 
~ 
1-:. ;. c;;j 

t Z 4l ft t I 
§ 
l½§§ij -I t ~ I 
I 111 

@ 
[!] 
[8J 
~ 
[IT] 

-302-

Stratigraphic Sect ions Key to the following 

TEXTURE 

Clay 

Silt 

Sand 

Slightly gravelly sand [ (g) S] 

Gravelly sand (g S) 

Sandy gravel (s G) 

STRUCTURE 

Trough cross-stratification 

Alpha cross-stratification 

Low angle cross-stratification 

Planar stratification 

Massive 

Pyroclastic flow deposit 

Matrix supported mass emplaced deposit 

Shower bedded air-fall tephra 

Paleosol 

Chalazoidite bed 

Post-depositional structures 

Lignite 

Columnar jointing 

Segregation structures 

OTHER ABBREVIATIONS USED 

Highly weathered 

Charcoal fragment 

Manganese staining 

Leisegang phenomena 

Iron staining 
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DEFORMATION 

Injection 

Slump 

Infilling by sediment (syndepositional and 
post-depositional) 

Compactional faulting 

IN SITU 

Lignite 

Fault 

Iron Pan 

SORTING 

Very poorly sorted 

Poorly sqrted 

Moderately sorted 

Moderately well sorted 

Well sorted 

Very well sorted 

COMPOSITION 

Glass shard-feldspar-quartz 

Heavy mineral 

Ignimbrite fragments 

Pumice 

Rock fragments 

carbonaceous 

Clay minerals 
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COLOUR 
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Appendix 1.2 

Number key for following stratigraphic sections (from borehole 

data, N.Z.G.S., Rotorua) 

Section Location Grid Reference 

1 0tumoetai Ul4/859886 

2 Greerton Ul4/862809 

3 Welcome Bay Ul4/942826 

4 Te Puna Ul4/802876 

5 0tumoetai Ul4/859868 

6 0tumoetai Ul4/883881 

7 Matua Ul4/856885 

8 Te Puna Ul4/798888 

9 Bethlehem Ul4/849844 

10 Te Puna Ul4/805878 

11 Maurtgatapu Ul4/897816 

12 0tumoetai 014/858866 

13 Te Puna 014/816865 

14 Kennedys Road Ul4/843784 

15 0tumoetai Ul4/872882 

16 0turnoetai Ul4/871883 

17 0turnoetai Ul4/888875 

18 Tauranga City Ul4/892827 
19 Cameron Road Ul4/894858 
20 Tauranga City Ul4/896866 
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Key to the following Stratigraphic Sections 

The following descriptions are from N.Z.G.S, Rotorua, drillhole 

reports. 

~ 
~ 

EE 
□ 
@ 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
□ 
§§ 

EZJ 

VOLCANIC DEPOSITS 

Waiteariki Ignimbrite 

Aongatete Ignimbrite 

Minden Rhyolite 

Undifferentiated ignimbrite 

Base of ignimbrite sheet 

Unwelded ignimbrite 

Welded ignimbrite 

Pumice lava flow or ignimbrite 

Indurated pyroclastic flow deposit 

Ignimbrite with interbedded lav~ or 
andesite inclusions 

Pumice tuff breccia (pyroclastic flow deposit) 

Pumice tuff 

Tuff 

Lava 

Rhyolite lava 

Rhyolitic pyroclastic flow or lava 

Rhyolitic air-fall ash 

Rhyolitic tephra 

White pumice rhyolite 

Pumice tephra 

weathered ash 

Ash 

Air-fall tephra 

Vitric ash 



-318-

SEDIMENTARY DEPOSITS 

~ Pluvial 

~ Weathered fluvial 

~ Pluvial sand with interbedded tuff 
~ 

~ River channel (gravels and sand) 

~ High energy fluvial 

~ Interbedded ash and fluvial sand ~ 

Q Beach sand 

- Muddy sand 

~ Reworked ash 

l--$ I Reworked tephra 

~ Reworked tuff 

~ Estuarine silt 

~ High energy estuarine 

~ Estuarine 

~ Low energy estuarine or marginal facies sediments 

~ Fossiliferous silt 

~ Clay 

~ Siltstone 

~ Carbonaceous 

13',t iii I Swamp (peat) 
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APPENDIX 2 

Textural and Mineralogical data 

Sample reference and type 

Textural data of representative samples taken 

from the Tauranga Basin. Tex~ural type and 

Statistical Parameter Symbols are defined 

in Figs. 2.3 and 5.1. 

Mineralogic analysis results. 

2.31: Heavy mineral results. 
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Apoendix 2.1 

SAMPLE NO. W.T. NO. LOCATION DESCRIPTION 
f s fluvial; p ~ pyroclastic 
flow deposit; pf .. pyroclastic 
air-fall deposit 

101 18401 014/795927 p 
103 18402 014/795927 p 
104 18404 Ul4/795927 pf 
105 18405 Ul4/795927 pf 
106 18406 Ul4/795927 f 
107 18407 014/795927 pf 
108 18409 Ul4/795927 pf 
109 18410 Ul4/795927 pf 
110 18411 Ul4/795927 pf 

1101 18412 Ul4/795927 pf 
1051 18413 Ul4/795927 pf 
1061 18414 014/795927 pf 
1071 18415 014/795927 pf 
1081 18416 014/795927 pf 

501 18417 Ul4/849875 f 
502 18418 Ul4/849875 f 
503 18419 Ul4/849875 f 
504 18420 Ul4/849875 p 
505 18421 014/849875 p 
507 18422 014/849875 pf 
509 18423 014/849875 f 
510 18424 014/849875 pf 
515 18425 014/849875 pf 
506 18426 014/849875 pf 
508 18427 014/849875 pf 

5151 18428 014/849875 pf 511 18429 Ul4/849875 f 512 18430 014/849875 pf 520 18431 014/849875 f 522 18432 014/849875 f 523 18433 014/849875 f 

605 18439 Ul4/862805 p 301 18451 Ul4/829859 p 302 18452 Ul4/829859 p 

603 18441 014/845768 p 6005 18448 Ul4/845768 f 401 18449 Ul4/858836 p 409 18450 014/853834 f 6701 18446 014/820769 p 7011 18438 014/820769 p 701 18445 014/820769 
p 

606 18460 014/845768 
f 801 18457 014/907820 f 201 18465 014/821887 f 203 18466 014/821887 
f 205 18467 014/821887 
f 2061 18468 014/821887 
f 2062 18469 014/821887 
f 207 18470 Ul 4/82188 7 
f 802 18453 Ul4/855805 
f 803 18454 014/855805 ,: 804 18455 .I.. Ul4/855805 
.i= 805 18456 .I.. 014/855805 
f 
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Snmµle Nu. Mean Grain Mediur1 Grain C Statistic Phi Values of Modes Sort.irrrJ Skewness Kurtosis 
Size Size 

101 -0.62 -0.125 -4.52 -2.0, 0.0, 0.5 ps scs mk 
103 0.95 1.0 -4.73 -2.0, 0.5, 1.5 ps cs mk 
104 l.ll 1.25 -2.47 -2.0, 1.5, 2.5 ps ns mk 
105 3.96 3.97 -0.66 1.5, 3.0 ps ns mk 
106 3.26 3.40 -0.65 1.5, 1.5 ps ns pk 
107 3.36 3.70 -1.50 1.0, 1.5, 2.0 vps cs mk 
108 2.66 2.80 -1.75 1.0, 1. 5, 2.0 ps cs pk 
109 5.14 4.82 -1. 22 2.0, 3.0, 4.0 ps fs lk 
ll0 5.45 5.45 2.06 2.0, 3.0, 3.5 ps ns mk 

ll0l 5.08 5.20 1.81 3.0, 3.5, 4.0 ps ns mk 

1051 2.61 2.8b -0.66 1.5, 2.0 ps cs pk 
1061 1. 83 1.80 -0.65 1.5, 2.0 ps ns pk 
1071 1.08 1.12 -1.50 1.5, 2.0 ms ns pk 
1081 0.61 0.75 -1.75 2.0 ps cs mk 

501 0.38 1.00 -3.14 -2.0, 2.0 ps cs mk 
502 1.88 1.95 -0.82 1.5, 2.5 ms cs lk 
503 1.17 1. 65 -3.17 -2.0, 1.5, 2.5 ps scs lk 
504 0.93 0.95 -2.60 -0.5, 1.5, 2.5 ps ns pk 
505 1.51 1. 55 -1. 25 0.5, 1.5, 2.5 ps cs pk 
507 1. 48 1. 55 -3.92 1.5, 2.5 ps cs vlk 
509 1. 78 1. 75 -2.46 1.0, 2.5 ms ns mk 
510 1.17 1.12 -0.90 0.5, 2.5 ms fs mk 
515 0. 71 0.75 -1. 92 0.5 ms cs mk 
506 4.71 4.52 2.11 1.5, 4.0 ms fs vpk 
508 4.90 4. 71 0.19 1.5, 4.0 ps fs pk 

5151 2.40 2.40 -0.68 0.5, 1.0 ps ns pk 
511 1.83 1.85 -0.84 1.0, 2.5 ms cs pk 
512 0. 96 1. 25 -3.12 1.5, 2.5 ps cs pk 
520 1.85 1.80 -1. 20 1.5 ps ns pk 
522 0.53 0.75 -3.76 -2.5, 0.5, 2.0 ps cs pk 
523 0.78 0.95 -3.80 -2.5, 0.5, 2.5 ps cs lk 

605 1.50 1.50 -3.04 -2.5, 1.5, 3.0 ps cs lk 
301 1. 31 1. 78 -4.34 -2.0, 1.5 ps scs pk 
302 0.91 1.48 -4.45 -2.0, 1.0 vps scs vpk 

603 1. 78 2.00 -2.06 1.5, 0.5, 2.0 ps scs pk 
6005 1.53 1.65 -1. 52 -2.0, 0.5 ms cs lk 

401 1.03 0.80 -2.68 -0.5, 2.5 ps fs mk 

6701 1. 62 1.86 -2.38 -0.5, 2.5 ps cs mk 
7011 1. 26 1.67 -4.56 -2.5, 2.0, 3.0 ps scs pk 

701 -0.27 -0.58 -5.67 -2.0, 2.5 ps scs pk 

606 2.23 1.95 -1.18 -2.0, 0.5 ps fs pk 
801 0.26 0.25 -3.27 -2.0, 0.5 ps sfs vlk 
201 1.09 1.40 -4.12 -2.5, 0.5, 1.5 ps cs pk 
203 -0.08 0.25 -4.47 -2.0, 0.5, 1.5 ps cs vpk 
205 0.11 0.50 -3.23 -2.5, 0.5, 2.5 ps cs vpk 

2061 1.01 1.12 -2.17 0.5, 1.5 ms cs mk 
2062 1. 93 1.85 0.03 0.5, 1.5 ms ns pk 

207 0.95 1.00 -2.34 1.0 ps cs lk 
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TEXTURAL DATA 

SAMPLE ~O. WEIGHT \ TEXTURAL TYPE 
gravel (G) sand (S) mud (M) 

101 27.36 70.84 1.80 gS 
103 13. 53 85.01 1.46 gS 
104 10.98 87.02 2.00 gs 
105 0.04 32.81 67.15 sZ 
106 0.28 51.69 48 .03 (g)mS 
107 1.10 43.25 55.64 sz 
108 6.35 43.34 49.39 gM-+ sZ 
109 1.29 6.28 92.43 z 
110 0.00 4.96 95.04 z 

1101 0.00 4.57 95.43 z 

501 27.45 71.73 0.82 gs 

502 1. 70 98.02 0.28 (g)S 

503 16.42 83.58 0.00 gs 

504 9.55 90.45 0.00 gs 

505 2.05 97.85 0.10 (g)S 

507 8.59 89.54 l.87 gS 

509 2.31 95.13 2.56 (g)S 

510 0.86 94.90 4.24 (g)S 

515 7.02 91.82 1.16 gS 

5151 3.9 95.28 0.82 (g)S 

506 0.00 4.24 95.76 z 
508 0.00 4.59 95.51 z 

511 0.63 97.30 2.07 (g) s 

512 15.40 82.97 1.63 gs 

520 1.16 98.84 0.00 (g)S 

522 20.64 70.05 9.31 gmS 

523 16.32 77.66 6.02 gs 

521 0.00 85.9 14.17 zs 

801 1.8 97.97 0.23 (g)S 

201 18.25 75.38 6.37 gs 

203 31.28 67.51 1.21 sG 

205 28.99 63.79 7.22 gmS 

2061 4.56 94.51 0.93 (g)S 

2062 0.00 94.47 5.53 s 

207 6.00 93.02 0.98 gs 

605 7. 72 87.76 4.52 gS 

603 4.38 91.35 4.27 (g)S 

606 1.19 69.24 29.54 (g}mS 

301 14.82 79.06 6.12 gs 

302 21.17 73.54 5.29 gS 

401 8.12 89.18 2.70 gs 

6701 5.69 87.05 7.26 gs 

65.25 5.82 gs • sG 
701 28.93 
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SAMPLE NO. cr I SKI ~ 

101 l.19 -0.47 0.92 

103 1.57 -o .13 l.07 

104 1.52 -0.08 0.93 

105 1.56 -0.01 1.09 

106 1.84 -0.08 0.88 

107 2.29 -0.13 0.98 

108 2.34 -0.10 0.87 

109 1.63 0.16 l.23 

110 1.48 0.07 0.90 

1101 l.03 -o. 03 l.Ol 

1051 1.40 -0.28 0.85 

1061 l.08 0.02 0.83 

1071 1.00 -o.oo 0.70 

1081 1.20 - .10 1.11 

501 l.73 -0.19 l.05 

502 0.87 -0.20 1.17 

503 2.01 -0.31 l.13 

504 1.44 -0.03 0.75 

sos 1.17 -0.12 0.80 
507 1.43 -0.27 1.91 

509 0.92 -0.04 0.92 

510 0.82 0.13 1.01 
515 0.89 -0.16 1.07 
506 0.89 0.25 0.66 
508 1.05 0.27 0.75 

5151 1.10 -0.05 0.81 
Sll 0.89 -0.16 0.67 
512 l. 70 -0.28 0.87 
520 l.04 0.00 0.79 
522 l.87. -0.16 0.83 
523 l.73 -0.19 l.17 

605 1.50 -0.14 l.38 
301 l. 79 -0.41 0.79 
302 2.02 -0.35 0.62 

603 1.28 -0.31 0.88 
6005 0.85 -0.14 l.20 

401 l.41 0.16 l.04 

6701 l.81 -0.22 0.98 
7011 1.76 -0.40 0. 73 

701 l.94 -0.49 0.85 

606 1.48 0.28 0.87 
801 l.10 0.40 l.60 
201 l.86 -0.27 0.85 
203 l.70 -0.10 0.66 
205 l. 79 -0.27 0.58 

2061 0.93 -o. 21 0.95 
2062 0.92 0.07 0.83 

207 1.01 -0.14 l.19 
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Appendix 2.3.1 

HEAVY MINERAL PERCENTAGES (WEIGHT%) 

SAMPLE NO. % in 2 - 4<!> % in WR* 

101 4.26 1.02 
103 3.32 0.94 
105 0.80 0.38 
106 17.49 6.80 
108 0.32 0.12 
109 0.34 0.15 
110 0.25 1.09 

801 0.26 0.10 
205 9.45 2.70 
207 2.19 0.30 

203 0.25 0.20 

201 0.19 0.20 

206 0.41 0.30 

501 0.27 0.10 

502 0.32 0.10 

503 0.30 0.10 

504 0.73 0.60 

508 0.64 0.22 

509 0.66 0.23 

510 2.82 0.45 

511 1.28 0.50 

515 0.74 0.42 

512 • 1.12 0.30 

521 0.85 0.30 

522 5.48 1.09 

523 9.38 2.41 

301 2.95 1.04 

302 2.86 0.92 

401 3.94 1.44 

605 01.66 0.91 

603 01.55 1.03 

409 2.7 0.99 

6005 74.11 17.2 

805 0.74 0.30 

803 5.55 2.50 

804 0.86 0.30 

7011 2.45 1.01 

6701 1.16 0.98 

* WR= Whole Rock 
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