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Frontpiece Puketoi Range looking south from Trig 154 The Vaewaepa

Range is to the right. Note the changes in drainage texture with respect

to geology.
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ABSTRACT

The research described in this thesis is the first investigation of the
karst geomorphology of Pliocene and Pleistocene limestones in the
southern Hawke’s Bay - northern Wairarapa area. The study area is the
Puketoi Range, which is situated 30 km southeast of Dannevirke.

The geology of the range is examined and a new geological map of the area
has been completed. The Te Aute Group (Pliocene in age) forms much of
the range. This consists of two limestone beds, the Te Onepu and Awapapa
Limestone Formations interbedded between two mudstone beds. This is
overlain by younger Pleistocene material, the Kumeroa Formation, the

upper portion of which is limestone underlain by mudstone.

Solutional processes and erosion within the range is investigated. Three
distinctive types of water are identified: allogenic water derived from
non-karst areas, autogenic water derived from the limestone, and mixed
allogenic-autogenic water. Each of these water types has specific

characteristics. The solutional erosion rate for a limestone basin

within the range is approximately 58.2 m’/km?/yr.

Selected karst and non-karst landforms and features developed on the

Puketoi Range are examined. Two of these features, case-hardened
limestone and bogaz, have not previously been described in detail in New
Zealand. Many of the features are the result of, or have been modified
by, past periglacial climatic conditions. Other landforms are developing

under present climatic conditions.

The characteristics of three drainage basins developed on limestone,
mudstone and greywacke respectively, are investigated. The drainage
density on mudstone is the highest of the three basins examined,

densities on limestone and greywacke are similar.

and

Sediment is examined from two caves in the area. Within Ramsay’s Neck
Cave ancient sediment was probably deposited during the Otira Glaciation.
This sediment consists of ancient cave stream sediment, forming basal
gravels overlain by fine-grained sediment and, in places, speleothems.
This sediment contains allophane, a volcanically derived material, which

was possibly deposited after a heavy volcanic ash fall within the cave’s



iv
drainage basin.

The sediment examined within PT17 Cave is contemporary gravel fluctuating

in response to present hydrological conditions within the cave.
features indicate that in

Surface
the past, gravel has completely infilled the
cave, re-establishing surface drainage until the gravel was flushed
the cave.

from

The development of the Puketoi Range cuesta and its
modification is examined.

subsequent
The two limestone beds on which the range has
developed strongly control the shape and form of the range.
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CHAPTER ONE
INTRODUCTION

The investigation of karst areas is a relatively new field of
geomorphological and hydrological study in New Zealand. Karst is defined
as: "terrain with distinctive landforms and drainage arising from
greater rock solubility in natural waters than elsewvhere" (Jennings 1985,
p.1). The majority of research work into karst areas in New Zealand has
been carried out from the late 1960's onwards, with only spasmodic
investigations before this time. Thompson (1854, cited in Gunn 1978)
produced the first written account of karst terrain in New Zealand and
recorded the approximate position and appearance of caves in the Waitomo
district. A review of New Zealand karst literature since this time is
given in Gunn (1978).

Carbonate rocks are found throughout New Zealand (Morgan 1919; Willett
1965), ranging in age from Cambrian limestone in the Cobb Valley, north
of Nelson, to semi-consolidated Holocene sands in Northland (Gunn 1978;
Williams 1982a). Karst terrain does not develop on all carbonate rock.
The prerequisites for karstification (relatively pure hard rock, high
rainfall, and high 1local relief) must be met before karst features will
develop. The most well known areas of karst in New Zealand are the King
Country of the west central North Island (Oligocene limestone), the
Punakaiki and Paturau districts on the northwest coast of the South

Island (Oligocene limestone) and in the Owen and Arthur Ranges to the
west of Nelson (Ordovician marble).

This thesis examines part of the Kahurangi karst, an area of karst
developed on relatively young (Pliocene to Pleistocene) limestone on the
East Coast of the North Island (Williams 1982a). The area of specific
interest is the Puketoi Range. The limestone of this range forms part of
a semi-continuous outcropping of thin alternating limestone beds along
the East Coast, from northern Hawke’s Bay to northern Wairarapa. No
detailed geomorphological investigations of the karst in this area had
previously been undertaken. Also, all previous investigations in karst
geomorphology in New Zealand have been in areas of more massive
limestone. For these reasons, the scope of this thesis has not been
restricted to one particular. area of study within karst geomorphology,

but has attempted to give a broad coverage of many aspects of this and



associated research fields.

1.2 Aims and Approach

The specific aims of this research are:

(1) To map, in detail, the geology of the Puketoi Range, emphasising the

extent, nature and distribution of limestone beds in the area.

(2) To describe the subaerial processes and 1landforms of karst, and
non-karst areas along and near the Puketoi Range. Emphasis is placed on
the solutional erosion of limestone compared with mechanical erosion of

the area surrounding the range.

(3) To discuss subterranean processes and morphologies of the karst area
of the Puketoi Range.

(4) To explain the evolution of the Puketoi Range: an area with thin
alternating limestone beds.

In chapter 2, the tectonic history and palaeogeography of the East Coast
and Puketoi Range are discussed. The chapter includes descriptions of
the stratigraphy, lithology and petrology of the range and a discussion
of the new geological map drawn for the area. Chapter 3 is a discussion
of karst processes, in particular the spatial and temporal variation in
solutional erosion, and the estimated solutional erosion rate of a
limestone basin in the area. This is followed in chapter 4 by an
examination of karst landforms of the range. In chapter 5, drainage
characteristics on differing lithologies in the area surrounding the
Puketoi Range are described. Chapter 6 includes a description and
discussion of cave sediment and its significance in the geomorphological
investigation of the range. Chapter 7 discusses cuesta development and
the geomorphological evolution.

1.3 Study Area

There are numerous discontinuous outcrops of Pliocene and younger

limestone along much of the East Coast of the North Island, from northern



Hawvke’s Bay to northern Wairarapa. The study area is confined to the
Puketoi Range, and the eastern flanks of the Waewaepa Range, where beds
of limestone are exposed. The Puketoi Range is situated approximately
20 km southsoutheast of Dannevirke and extends southward to approximately
16 km east of Eketahuna (see Fig. 1.1). The range is approximately 45 km
long and varies in width from 2 km to 5 km (Fig. 1.2). The northern
boundary of the study area is taken to be the Waitahora Valley Road (Grid
Ref. U24/830916). (Note - Grid references, unless otherwise stated, are
from the NZMS 260 map series. If not, the map series will be given
before the grid reference.) The southern limit of the study area is
where the limestone of the range thins out, that is, to the south of Pori
(Grid Ref. T25/550595). The area 1is bounded on the eastern side by the
steep scarp slope of the Puketoi Range, and on the west by the greywacke

of the Waewaepa Range, and mudstones of Opoitian age.

1.4 Natural and Human History

At the time of the arrival of the first Europeans, the Puketoi and
Waewaepa Ranges were covered by dense forest, fern, and swamp vegetation
forming part of the much more extensive ‘Forty Mile Bush’. The Bush
extended from Mauriceville, in the south, to Woodville in the north
(Carle 1980). Before forest clearance for farmland, there was a great
diversity of forest tree species and forest birds. Giant totara, rimu
and rata were common (Carle 1980). Gnarled rata and totara stumps of
huge girth are still common in the area due to the wood of these trees
being highly resistant to decay. Evidence of the historical diversity of
bird-life is seen today in the wide variety of subfossil bird bones found
within the caves of the region. Remains have also been found of frogs,
snails, tuataras and the extinct moa (Halliday and Gudex 1984). Lists of
historical botanical species, and subfossil remains identified in the
area are included in Appendix One.

There was little Maori occupation of the area, probably due to its
harshness and isolation. Evidence of their presence is therefore scant,
apart from the existence of a route through the Makuri Gorge to the East
Coast, which the present road now follows, and the discovery a number of

years ago of a burial cave in the vicinity of Coonoor (S.MacIntyre pers.

comm. ).
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The first European settlement was in 1863 when Captain G.D.Hamilton began
farming 12 600 ha of relatively clear country in the Mangatoro Valley
(Wilson 1976; MAF Advisary Services Division, Dannevirke 1979).

In 1883 Parliament gave 10 000 pounds for the opening up of Crown Lands
in the area (Carle 1980). This resulted in plans for the establishment
of the township of Makuri in 1885 (opened in July 1887), with the first
sections offered for sale in February 1892 (Bagnall 1976). The area is a
natural break in the range and had once been a resting place for Maori

parties travelling from coast to coast (Carle 1980).

The continuous demand for farm land resulted in the gazetting of the area
for Special Settlement Association purposes from 1892 onwards. The 1land
was divided into blocks averaging 200 acres (81 ha) with a maximum size
of 320 acres (130 ha) (Carle 1980). By the summer of 1892 - 93 the first
tracks had been cut into the district, these later being widened into
dray roads. This resulted in the rapid influx of settlers, with the
associated forest clearance, and early establishment of successful
pastoral farming. By 1900 the present pattern of sheep and dairy farming
vas well established (MAF Advisory Services Division, Dannevirke 1979).

Today the western slope of the Puketoi Range, and the eastern flanks of
the Waewaepa Range, are covered with introduced grasses (with small areas
of regenerating forest) supporting sheep, cattle and goats. Farm
properties range from 300 ha to 1000 ha, with a few large stations
greater than 1000 ha. Stocking rates vary from 8 to 15 stock units per
hectare, with Rommeys being the predominant sheep breed and cattle making
up 10 to 30 percent of total stock units on most sheep and beef farms
(MAF Advisory Service Division, Dannevirke 1979).

The development of shafts and other karst features has caused serious
problems to farmers. Stock losses down shafts have been estimated as
high as 15 percent (pers. comm., Waewaepa Station). This has resulted

in many farmers using explosives and bulldozers in attempts to eliminate
such hazards to stock.

The eastern scarp slope of the Puketoi Range has 1little agricultural

potential due to the steepness of the land and is covered predominantly
in regenerating forest. '



1.5 Regional Climate

The Puketoi Range has mild summers and autumns but is cool in winter and
spring. Rainfall is high and reasonably evenly spread, but its
effectiveness is reduced by strong westerly winds in spring and late

autumn.

Local wind patterns in the southern Hawke’s Bay - northern Wairarapa
region are strongly influenced by the shape of the land. Cook Strait,
and to a lesser extent the Manawatu Gorge, funnel low-level air-streams
from the Tasman Sea around the Tararua and Ruahine Ranges and into the
region (Coulter 1969). The winds tend to be either westnorthwesteriies
through the Manawatu Gorge, southwesterlies east of the Tararua and
Ruahine Ranges, or northwesterlies near Cook Strait (Coulter 1969). The
Puketoi Range forms a barrier to southerlies and easterlies, sheltering
inland districts to the west (MAF Advisory Services Division, Dannevirke
1979) but the range funnels westerly winds, which may reach gale force
(up to 150 km/h) during the equinoxes (Noble 1985). These winds have
been termed the ‘Puketoi gale’ and may last several days. The
northwvesterly facing dip-slope exposed to these westerly winds
experiences wide seasonal variations in soil moisture, while the
southeasterly scarp is subjected to far less moisture variation due to
its sheltered position (Noble 1985).

The rainfall and climatological data given below is based on information
from the New Zealand Meteorological Service rainfall and climatological
stations: DO06501 Tataramoa, Makuri (Grid Ref. T25/644700) - record
1943 - B4; D06322 Waitohora (Grid Ref. U24/830917) - record 1959 - 84;
and D06212 Dannevirke (Grid Ref. U23/?46062) - record 1953 - BO. The
rainfall record for Coonoor (Grid Ref. U24/738808) is based on Mr.
Stuart MacIntyre’s daily rainfall record, 1956 - B6, read at
approximately 8.00 am each day.

The average yearly rainfall varies over the Puketoi Range, from a maximum
of 2010 mm at Coonoor (480 m a.s.l.), to 1600 mm at Makuri (274 m a.s.l.)
and 1278 mm at Waitahora (250 m a.s.l.) (see Fig. 1.3). There is, on
average, 224 days of rainfall greater than 1.0 mm per day at Coonoor (61

percent of days per year), varying from a maximum average of 23 days of
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rain in July (average of 223 mm) to a minimum of 13 days in February
(average of 103 mm). About a third of the annual rainfall is in winter
(June, July and August).

The climatological station at Dannevirke (207 m a.s.l.), the closest
station to the study area, records an average yearly rainfall of 1093 mm.
The mean annual temperature is 12.3 degrees Celsius, with an average
daily maximum of 16.8 degrees Celsius, and an average daily minimum of
7.8 degrees Celsius. The Dannevirke climatological station averages
approximately 59 days of ground frost per year and receives an average of
1754 hours of sunshine annually. The Puketoi Range, and hill country
dowvn to an altitude of 450 m, are covered by snow three to four times a

year, but snow cover usually lasts only two to three days.

1.6 Soils

Soils developed in the Puketoi range in many situations reflect the
parent material on which they have developed. This has resulted in much
of the Puketoi Range, and eastern flanks of the Waewaepa Range, being
covered by Pukeokahu steepland soils (New Zealand Land Inventory
Worksheets N150, N152, N154), rendzina soils formed from calcareous rocks
with either limestone, or calcareous sandstone and mudstone as the parent
material. Gibbs (1980) describes rendzina soils in New Zealand as having
either a black, or very dark, greyish-brown A horizon, with a strongly
developed granular or nutty structure. Sometimes there may be a brown B

horizon between the A horizon and disintegrating limestone rock.

Soils developed on non—calcafeous parent material in the vicinity of the
Puketoi Range generally reflect the nature of the underlying rock, with
different soils developed on the greywacke, sandstone and mudstone

surrounding the calcareous rocks of the Puketoi Range.

1.7 Periglacial Climate

Variations in climatic conditions during the Quaternary have influenced
the morphology of many New Zealand regions. Some areas have been heavily
glaciated in the past. In the North Island, evidence of previous glacial
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advances can be seen on the central volcanic area and there is evidence
of minor glaciation in the Tararua Range (Willett 1950). Within the
Puketoi Range, the effects of past colder conditions have not been as
dramatic as witnessed in the glaciated areas, but the present landscape
of the range does show evidence of a past periglacial environment. A
periglacial environment is primarily influenced by freeze-thaw

oscillations in landform development (Tricart 1968).

The Otira Glaciation started 70 000 years B.P., and continued through to
approximately 13 000 years B.P. (Salinger 1984). During this period
there were four major glacial advances and three interstadials. The
largest glacial advances in the Late Otiran were between 27 000 and
19 000 years B.P.. Palaeo-snow-line and pollen evidence indicate a
temperature depression of 4 to 5 degrees Celsius below present-day values
during this period (Chinn 1983; McGlone 1983). This period of cooler
climatic conditions was followed by a period of warming. The beginning
of the Aranuian (c. 13 000 B.P. to present) saw rapid glacial retreat,
and ice diminishing to volumes close to that of present-day, by 12 000
B.P. (Chinn 1983).

Minor glaciation of the lower North Island was first noted by Adkin
(1912) from evidence in the Tararua Range, particularly Park Valley (Grid
Ref S$25/140475). Willett (1950) estimated a 6 degree Celsius lowering in
temperature during the Pleistocene to allow for nevé ice accumulation on
the Tararua Range. He estimated the composite snow-line to be 1198 m
lower than present. This estimate puts the snowline 200 m to 400 m lower
than most modern workers’ estimates (Chinn 1983; McGlone 1983).

The present highest point of the Puketoi Range is 803 m, 398 m below
Villett’s (1950) estimate of the Pleistocene snowline, and 600 m to 800 m
below more modern workers’ estimates (Chinn 1983; McGlone 1983). This
would nevertheless have resulted in periglacial and near-periglacial
climatic conditions over much of the Puketoi Range. Willett (1950)
believes that the type of forest presently covering the Tararua Range
would have survived only on the present coastal flats of the west coast
during the Otira Glaciation. On the Puketoi Range, during the same

period, the vegetation cover would therefore have been montane to alpine.

Neef (1967, 1984) was the first to find evidence within the Puketoi Range
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of previous cooler phases during the Pleistocene. He observed
solifluction deposits (resulting from soil and regolith saturated with
vater from summer thaw moving downhill as a soggy mass over the frozen
ground beneath (Bloom 1978)) in the hill country near Pori. Here tongues
of solifluction material were deposited up to 6 m thick and flowed for as
much as 1.5 km down Kaitawa Creek and Hirinakitu Stream, on the western
side of the range. These solifluction deposits contain blocks of
limestone up to 1.5 m in length. Streams have subsequently entrenched
their courses, through the solifluction material, to the approximate
level of the original stream courses (Neef 1967).

Further evidence for the effects of a periglacial climate in the study
area will be given in Chapter Four.
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CHAPTER TWO
GEOLOGY

2.1 Introduction

In an area such as the Puketoi Range, the relationship between
geomorphological processes and landform development cannot be fully
understood without a knowledge of the geological structure and lithology.
However, possibly owing to the isolated and exposed nature of the Puketoi
Range, and its position on the boundary of the provinces of Hawke’s Bay
and Vairarapa, there is a lack of comprehensive geological investigations
covering the range as a whole. Many of the previous geological studies
of the area (see below for more detailed references) have been restricted
to the individual provinces, resulting in a lack of continuity in the

classification and nomenclature of geological beds within range.

After a careful study of all published geological literature of the area,
it was recognised that confusion and inaccuracy could only be avoided by
the production of a new geological map, incorporating the entire range,
wvhich would enable the data of previous workers to be assessed and
correlated. For this reason, the production of a geological map became
one of the major objectives of this thesis.

The following chapter has been divided into two sections. The first
describes the structure and tectonic setting of the East Coast. This is
followed by a discussion of the palaeogeography of the area. The second
section, which is largely based on field studies, examines the structure,
lithology and petrology of the geological beds comprising the Puketoi
Range. This section concludes with a description of the stratigraphy and

a new geological map of the range (see back pocket).

2.2 Previous Geological Work

The earliest reference to geological investigation of the southern
Hawke’s Bay - Wairarapa area appears in Hochstetter (1864, cited in
Lillie 1953). Later Hochstetter, in his "New Zealand" (1867), gave a
"synoptical view of geological formations and strata" and described the
"Hawke’s Bay series", as "...a group of limestones, sandstones and clay
marls, replete with fossils belonging to the latest Tertiary Formations"
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(p.61).Some of the fossils described are from the Te Aute Group fauna
(Lillie 1953).

Crawford (1870) investigated the area when it was still in thick virgin
forest and made the first geological description of the Puketoi Range.
He states: "I found the blue clay, (which he had found throughout the
district) and on the ridges above, Tertiary sandstone beds, with the
usual fossil shells" (Crawford 1870, p.349).

In 1877 Hector described the geology of the eastern district of the lower
North Island, inland from Castlepoint, and including the Puketoi Range.
He noted a succession of clay marls and limestones forming the range.
McKay traversed the country between Cape Kidnappers and Cape Turnagain,
He produced the first geological sketch map, on a scale of 1:50 000, and
proposed the first stratigraphic classification of eighteen different
beds comprising the Cretaceous and Tertiary strata (McKay 1877a, 1877b).
0f the eighteen beds he proposed, the original classification of several

formations has been retained to the present day.

Henderson in 1915 drew attention to the prominent Mangatuna Fault, which
is located at the contact between the greywacke of the Waewaepa Range and

the limestone of the Puketoi Range.

Ongley (1935) mapped the 4400 square kilometre Eketahuna Subdivision,
publishing a geological map on the scale of 1:253 440. He outlined the
approximate distribution of the post Opotian strata of which the Puketoi
Range forms a part. Neef (1967, 1984) considers this as particularly
accurate where Ongley found well defined lithological changes.

Lillie (1953) mapped strata in the Dannevirke Subdivision, describing the
Mangatoro, Te Aute and Kumeroa Formations on which the Puketoi Range has
developed. This work, and that of Kingma (1971) on the Te Aute
Subdivision, is incorporated in the 1:250 000 Dannevirke sheet (Kingma
1962). Laing (1963) described and mapped the Waipatiki area
(NZMS 3 N150/5). This encompasses the northern end of the Puketoi Range,
that is, the area around Oporae (Grid Ref. U24/824875) identifying three
formations: Oporae (Opoitian to Mangapanian in age), Totara Road
Limestone (Mangapanian), and Kumeroa (Nukumaruan).
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Neef (1967, 1974, 1984) described and mapped the Eketahuna District.
This includes the southern end of the Puketoi Range, from approximately
Makuri south, where he describes the Makuri group. This consists of

sandstones, siltstones and limestones, Waipipian to Nukumaruan in age.

Beu et al. (1980) mapped the distribution of Cenozoic limestones, from
northern Hawvke’s Bay to mnorthern Wairarapa, and correlated limestone
facies within a biostratigraphic framewvork. Harmsen  (1984a, 1984b)
described Pliocene temperate shallov marine sediments in southern Hawke’s
Bay, dividing the Te Aute Group into six formations, four of which
outcrop in the Puketoi Range. More detailed reference will be made to
the work of Lillie (1953), Neef (1967, 1974, 1984), Beu et al. (1980),
and Harmsen (1984a, 1984b), later in this chapter. The stratigraphy
wvhich the above authors have used within the Hawke’s Bay - northern
Wairarapa region, is listed in Table 2.1. Absolute ages for the New
Zealand series and stages, referred to in Table 2.1, and their

relationship to international subdivisions of geological time, are
provided in Table 2.2.

Numerous other authors have made passing reference to the southern
Hawke’s Bay - northern Wairarapa region, in the vicinity of the Puketoi
Range, many in relation to potential reservoir rocks for hydrocarbon

accumulations and the limestone resources for agricultural lime.

No modern studies have covered in detail the geology of the Puketoi Range
as a wvhole. The lack of detailed geological maps and stratigraphic
sections, and the non-uniform nomenclature may have deterred
geomorphological studies.

2.3 Economic Geology

The analysis and distribution of limestone for sutiable agricultural use,
in the southern Hawke’'s Bay - northern Wairarapa region, have been
described (for example Aston 1915a, 1915b, 1918; Morgan 1919; Lillie
1953; Kitt 1962; and Moore and Belliss 1979). Pliocene limestones are
presently quarried for agricultural 1lime in four major quarries in the
central and southern Hawke’s Bay, with a total production of 230 000

tonnes in 1977 (Moore and Belliss 1979). Limestone is also quarried for
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Table 2.2 Late Cenozoic chronostratigraphic divisions. Time in millions

of years (Ma) and correlative international divisions. (From Neef 1984)

roading, for use in concrete products, and for building purposes, while

large blocks are used for river bank and foreshore protection work.
of the

1971).

Some
particularly pure limestone is used in glass manufacture (Kingma

The largest quarry in the Puketoi Range is the Makuri Gorge
(Grid Ref. T25/609689). Analysis of this limestone gave purities

Quarry

between
88.8 percent and 96.0 percent (Moore and Belliss 1979). Aston’s (1915b)

analysis of elements in the limestone gave the following results: CaCo,
93.3 percent, insolubles 4.6 percent, Al/Fe oxides 1.3 percent, and MgCO,
0.8 percent. Average yearly production from the quarry for agricultural
use, between 1973 and 1977, was 2876 tonnes (Moore and Belliss 1979).

Since the 1940’s much of the East Coast of the North Island has been

prospected for o0il. The Pliocene 1limestones are potential reservoir
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rocks for hydrocarbon accumulations. As well as having high porosity and
permeability values, the limestones are transgressive and diachronous.
This increases their hydrocarbon potential due to possible entrapment of

oil, and/or gas, beneath an upper unconformity (Forder 1975).

Small oil and gas seeps have been known since late last century
throughout the East Coast, particularly in the Gisborne area, but no
economic accumulations of oil have been found (Leslie and Hollingsworth
1972). A review of the hydrocarbon potential of the area was made by the
Petroleum Corporation of New Zealand (Exploration) Ltd, in 1978 (cited in
Harmsen 1984a). The Pliocene 1limestone was found to be freshwater
saturated from the examination of wells drilled in the southern part of
the East Coast Basin. This indicates that these potential reservoirs
have been extensively flushed and can no longer be considered to have

significant petroleum potential.

2.4 Structural and Tectonic Framework of the East Coast, North Island

The boundary between the Pacific and Indian plates passes along the
eastern margin of the North Island (Walcott 1978; Cole and Lewis 1981;
Davey et al. 1986) forming a 500 km elongated depression known as the
Hikurangi Trough. The oceanic crust of the Pacific Plate is subducted
obliquely beneath continential crust of the Indian Plate, to form the
Taupo-Hikurangi arc-trench system, (Fig. 2.1). This extends from the
Hikurangi Trough, on the eastern side, to the Taupo Volcanic Zone on the
vestern side. The relative motion between the tvo plates varies from
almost normal to the plate boundary, in the northern part of the North

Island, to almost transcurrent in the south of the North Island (Davey et
el. 1986).

For approximately 200 km west of the Hikurangi Trough, the Benioff Zone
dips beneath the accretionary prism. The prism is up to 150 km wide and
characterized by a series of imbricate thrust faults, along which
movement becomes progressively more oblique (dextral) towards the west.
On the outer eastern edge of the prism is the accretionary slope,
comprised of a series of ridges and basins 5 km to 30 km wide and 10 km
to 60 km long (Lewis 1980). Sediments on the accretionary slope are

progressively older vestwards, avay from the Hikurangi Trough, vith the
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older sediments forming the higher accretionary ridges, for example, the
Puketoi Range.

The inner part of the prism is structurally a forearc basin (also termed
the highest accretionary basin) filled by thick Plio-Pleistocene
sediments. The sediments are crossed by strike-slip faults which

increase in number and displacement westward (Cole 1984).

The prism is bound on the west by a frontal ridge composed of upper
Palaeozoic-Mesozoic greywackes and argillites, as seen in the Ruahine
Range. This ridge is undergoing rapid uplift. Present uplift rates are
estimated to vary from 2 m to 7 m per 1000 years along the axis of the
ranges (Wellman 1967). Studies of marine terrace surfaces at the
southern end of the North Island, give uplift rates of 3.0 m to 4.5 m per
1000 years (Ghani 1978).

The volcanic component of the Taupo-Hikurangi arc-trench system is the
Taupo Volcanic Zone (Healy 1962) which extends northnortheast from

Ohakune to White Island, and comprises a main andesitic arc.

In the remainder of this section the accretionary prism, and in
particular, the highest accretionary ridge and the accretionary slope
will be considered in more detail. Uplift of the ridge and offshore
slope has resulted in the exposure, at the surface, of a semi-continuous
outcrop of limestone along the East Coast of the North Island, part of
wvhich forms the Puketoi Range.

Along the East Coast of the North Island three clearly separate
topographical landform wunits are recognised in relation to the
accretionary prism system:

(1) The North Island axial range; including the Tararua, Ruahine, and
Kaweka Ranges; in the vest representing the frontal ridge. These ranges
are composed of strongly deformed and uplifted Mesozoic greywacke.

(2) The East Coast Inland Depression which represents the highest
accretionary basin, extending from Cook Strait to Hawke Bay, which is
interrupted only by a basement high area in the vicinity of Mt. Bruce,
northern Wairarapa (Bruce Hill No. 2 Grid Ref. T25/329479). The
depression is made up of sunken late Pliocene to Pleistocene sediments.
(3) The East Coast Uplands, which represent the higher accretionary



20

ridges (together termed the "highest accretionary ridge" by Walcott
1978). This is a 30 km to 40 km wide belt of hilly country which
separates the inland depression from the Pacific Ocean, and includes
several minor ranges such as the Puketoi Range. The area is composed of
highly deformed Cretaceous and Tertiary mudstones and limestones. This

then extends down the accretionary slope to the Hikurangi Trough.

The accretionary prism, with its basin and ridge system, is the result of
landvard-thinning wedges of sediment being scraped from the surface of
the subducting plate, as it is forced underneath the feather edge of the
over-riding plate (Lewis 1980) (Fig. 2.1). As each new ridge is
accreted, older wedges, with active thrust-faults between them, are
pushed upwards, and landwards, and rotated towards the vertical. This
forms the accretionary slope, with each wedge forming a topographic ridge
that dams sediment to landward in an accretionary slope basin. The
imbricate stack of wedges, particularly the highest accretionary ridge,
form a major trench-flank ridge which creates the eastern margin of a

relatively large highest accretionary basin.

The highest accretionary ridge from Hawke’s Bay south to Uruti Point,
southern Wairarapa, has a progression of seawvard-faulted, or sharply
dipping, anticlinal ridges (Lewis 1973; Katz 1974) and flat-floored,
sediment filled synclinal basins, aligned more or less parallel to the
slope (Pantin 1963; Lewis 1976). This extends seaward down the
accretionary slope to the Hikurangi Trough. The basins range from 5 km
to 30 km wide (ridge to ridge crest), and 10 km to 60 km long (Lewis
1980). Strata in the basins are thickest at their landward limit,
varying from 200 m to 2000 m thick (Lewis 1980), and then wedge out
tovards the seaward anticline ridge tops. The oldest beds in any basin
dip most steeply landward, and it is inferred from this that they have
been tilted from the original, near-horizontal inclination, of the

younger overlying beds (Lewis 1980).

Sedimentation changes, related to interglacial sea 1level highs, and
glacial sea 1level 1lows, are thought to have produced unconformities
within the Quaternary strata deposited on the accretionary slope (Lewis
1971, 1973). Lewis (1980) believes these unconformities can be
tentatively correlated with dated maximum glacial extensions. On the

basis of these correlations Lewis (1971) estimates the rate of uplift on
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the coastal hills to range up to 1.7 m per 1000 years. He estimates the
rates of subsidence in the shelf basins to range up to 1.5 m per 1000
years, with rates of tilting reaching a maximum of about 0.03 degrees per
1000 years. Analysis of deep water foraminiferal faunas, from sediment
cores of some upper slope anticlines, show uplift of at least 1000 m
since Pliocene times (Lewis 1974).

Present uplift rates along the Hawke’s Bay coastline have been estimated
by Berryman (cited in Kamp 1982) at 2 m per 1000 years. Uplift along the
southern Wairarapa coastline is estimated at 1.7 m to 2.2 m per 1000
years at Oterei (Singh 1971). Uplift rates at the White Rocks vary from
0.75m to 4.0 m per 1000 years, for the growing anticlines, and
subsidence rates at 0.5 m to 2.2 m per 1000 years, for the growing
synclines (Ghani 1978).

There is substantial sediment supply to the accretionary slope owing to
the proximity of the eroding frontal ridge mountain system, the rising
coastal hills, and showers of ash from volcanic activity. This
continuous supply of material has filled the basins, and in some places
draped over growing anticlinal ridges (Lewis 1980). The area of maximum
sedimentation varies in relation to the sea 1level at the time of
deposition, with the most rapid zone of deposition migrating back and
forth as sea 1level varies in response to the waxing and waning of ice
sheets. As sediment is deposited most rapidly in a coast-parallel prism
(Lewis 1973), this prism will move in response to sea level changes. The
prism is at present formed on the accretionary slope, ranging from 4 km
to 10 km from the coastline, where water depth ranges from 30 m to 100 m.
Sedimentation rates are estimated to range from 1.5 m to 3.0 m per 1000
years (Lewis 1980) with present sedimentation being rapid and muddy
(Lewis 1980).

2.5 Palaeogeography and Depositional History of the East Coast of the
North Island

During the late Miocene and early Pliocene the sea covered an extensive
planed surface of Mesozoic greywacke basement rocks over the East Coast
area. In Kapitian time, the Wanganui - Hawke’s Bay seaway extended as

far south as Eketuhuna depositing mud in that area and shallow water
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sediments further north (Beu et al. 1980).

Deposition of the Te Aute Group strata began during the early Pliocene
with the formation of the northeast-southwest trending fault-controlled
depression, along the boundary between the Indian and Pacific plates.
The depression was deepest around Hawke Bay; the greatest depth was
approximately 500 m before the early Pliocene, with water depth never
more than 100 m after this time (Harmsen 1984a). This depression
extended westward across the area now occupied by the Ruahine Range and
Wanganui Basin. This is based on Opoitian sediments on top of the
Ruahine Range (Beu et al. 1980). The axis of the basin continued to
subside, accumulating thick, monotonous mudstone (Mangatoro Formation)
deposits through most of the Pliocene, along the basin axis adjacent to
the Ruahine high.

The eastern side formed an extensive shallow platform on  which
alternating shallow water carbonates and deeper water terrigenous
sediments were deposited (Harmsen 1984a). This Harmsen believed was the
result of large-scale alternations in relative sea level positions. This
is accounted for by the tectonic setting of the area, and glacio-eustatic
changes in sea level, as first suggested by Vella (1965). These changes
in sea level have had a major control in the lithology of the sediments,
with widespread simultaneous cyclic variations inferred from changing
vater depth (Harmsen 1984a). This area was the first to be wuplifted,
forming the East Coast Uplands. Land was exposed in the early Pliocene
to the north of Castlepoint, and by the late Pliocene, this area had
extended northwards into Hawke’s Bay (Fig. 2.2a).

Subsidence in the depression kept pace with sedimentation (3.5 cm per
1000 years) with 1local variations in the thickness, assumed by Harmsen
(1984a) to result from contemporaneous tectonic deformation. During late
Opoitian time, marked shoaling is evident in northern and central Hawke’s

Bay, with the deposition of the Kairakau Limestone and Mokopeka Sandstone
Formations.

The early Vaipipian was a time of widespread carbonate deposition, with
extensive barnacle banks formed along the shallow western margin of the
depression (Beu et al. 1980). This is attributed to a glacio-eustatic
lovering of the sea level (Beu et al. 1980; Harmsen 1984a). WVaipipian
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Figure 2.2

Vairarapa.

Palaeogeographic maps showing development of Hawke’s Bay and

(c) Middle Pleistocene, (d) Late Pleistocene.

(Redrawn from
Kamp 1982, and Kamp and Vucetich 1982).
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limestone and calcareous sandstone (Awapapa Formation) were deposited
from Cape Kidnappers south to Eketahuna. These were deposited in very
shallow depths, the limestone being an intertidal and shallow subtidal
carbonate deposit. Their high terrigenous content also suggests
proximity to the shoreline (Harmsen 1984a). The Wanganui - Hawke’s Bay
seavay still existed, with Waipipian 1limestone cropping out along the
Ruahine Range (Browne 1978). Along the present Waewaepa Range, and
elsevhere along the East Coast, where greyvacke highs were uplifted,
Waipipian limestones contain large subangular greywacke clasts at their

base. This suggests sedimentation adjacent to an emerging greywacke
fault block.

Coastal hills, from Cape Kidnappers to Cape Palliser, were above sea
level by this time, with a major seaway still existing from Hawke’s Bay
southwards into the Wairarapa, and westward over the emerging Ruahine
Range into the Wanganui Basin (Kamp 1982). This constriction and
shallowing of the depression, to a depth of 30 m, throughout the
Vaipipian time, resulted in large-scale cross-bedding of the shallow
bioclastic limestone. The coarse nature of sediment suggests strong
tidal current activity (Harmsen 1984a). Vith the earthquake activity
recorded in local mass-emplaced deposits and slump units, and the rapid
variation in limestone thickness, Harmsen (1984a) believes tectonic
deformation was the major external control on sedimentation during this
time. In the late WVaipipian, carbonate sedimentation was followed by
reneved deposition of terrigenous sand and mud (Raukawa Mudstone),
considered by Harmsen (1984a) to have resulted from increased water depth

in response to a reduction in global ice volume.

Greywacke clasts within Mangapanian (late Pliocene) strata, along the
margin of the depression, suggest emergent land to the east (Waewaepa
Range) and west (Ruahine Range) of the depression (Harmsen 1984a). The
Vanganui - Hawke’s Bay seaway was still present. Sedimentation during
this period was initially mud-dominated throughout the area, but shoaling
to the north, possibly resulting from tectonic uplift (Beu et al. 1980;
Harmsen 1984a), resulted in the deposition of Argyll Sandstone (Harmsen
1984a). This was followed by widespread, mainly mid-shelf (30 m to
60 m), carbonate deposition (Te Onepu Formation), with the formation of
large sand waves and sand ridges, under the influence of strong tidal

currents (Harmsen 1984a). This 1is believed by Harmsen (1984a) to have
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resulted from a relative sea level rise through glacio-eustatic change.

The Wanganui - Hawke’s Bay seaway still existed in early Nukumaruan time
(Beu et al. 1980). The Ruahine Range had been uplifted by this time to
form islands in its central part (Fig. 2.2b).

Increased tectonic activity caused the middle of the East Coast
Depression to sink and the sides to rise (Beu et al. 1980). Uplift of
the Mount Bruce Block (Grid Ref. T25/329479) closed the seawvay to the
south of Hawke’s bay after early Nukumaruan time (Vella 1962).

Deposition of numerous thin, muddy, shelly 1limestone beds in central
Hawke’s Bay probably resulted from glacio-eustatic oscillations in sea
level during the Nukumaruan time (Beu et al. 1980). This also occurred
to a lesser extent in southern Hawke’s Bay, as seen in the lithological

changes in the Kumeroa Formation.

By the end of the early Pleistocene subsidence of the inland depression
had ceased and the whole area was uplifted above sea level. The initial
open folding in the Pliocene, changed to more widespread and tighter
folding early in the Pleistocene, giving way to reverse and transcurrent
faulting later (Kamp 1982). By the middle Pleistocene erosion of the
surface was well established, with rivers transporting and depositing
sediment, lakes accumulating sediment, and large gravel fans forming

along the eastern margin of the Ruahine Range (Kamp 1982) (Fig. 2.2c).

Much of the landscape seen today developed during the late Pleistocene
and Holocene periods (Fig. 2.2d). The 