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“I'm fascinated by the narrative of geology and I'm a veritable pack rat of a

collector on the road. | keep a rock hammer in my car.”

-Marianne Wiggins

Looking north over the broken hill country surrounding Coutts Creek and Mangara
Stream during a fine winters morning. Mt Ruapehu can be seen on a good day,
Taranaki on an exceptional one.



Abstract

Abstract

This story begins in the geologically young and active landscapes of the lower
North Island of New Zealand, positioned astride the interface between the Pacific
and Australian tectonic plates. The chosen field area is located within the onland
Whanganui Basin, a Late Miocene-Quaternary marine basin that has undergone
uplift, inversion and fluvial incision to form spectacular river valley exposures
through the basin succession. The area contains one of the most complete records
of Quaternary climate change exposed onland anywhere in the world. Our journey
centres on a portion of this uplifted marine basin, characterised by the highly

erodible, pastorally farmed hill country of the Rangitikei.

The Pourewa Stream, a tributary of the Rangitikei River provides a cross section

through rural landscapes of the lower North Island. The stream’s headwaters

begin in steep Taihape sheep and beef country, before transitioning into a broad
valley with a gentle gradient headed for Hunterville. The lower reaches step down

across extensive Late Pleistocene river terraces, providing versatile arable
cropping and dairy pasture, until finally joining the Rangitikei River 6 km east of

Marton.

Agriculture constitutes 90% of land use in the region, placing pressure on resources
required for ongoing agricultural development and production. Recent concerns
surrounding the long-term sustainability and potential contamination of
freshwater resources have initiated research into the regions groundwater system.
Previous studies have taken a broad approach examining large-scale issues
surrounding classification, allocation, management and vulnerability of

groundwater resources.
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This study takes a different approach by examining a single sub-catchment of the
Rangitikei River, with the aim of developing a conceptual hydrogeological model
for the Pourewa Stream area. The proposed model is underlain by a comprehensive
stratigraphic investigation of the Quaternary succession in the central Rangitikei.
Geological context is provided through the development of a 1:25 000 geological
map series and accompanying structural interpretation. Hydrogeochemical
datasets derived from targeted /n sitv and laboratory based analysis provide
baseline information. The conceptual hydrogeological model is applied on a wider
regional scale to investigate basin history and processes of landscape formation.
The project aims to support policy makers, landowners and developers in achieving
sustainable management of groundwater resources by the avoidance of over

exploitation and contamination.
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Introduction — Chapter 1

Chapter 1

Introduction

1.1 Overview

Water is a precious natural resource that supports all living organisms on Earth.
Everyday life relies on our ability to access inexpensive, clean water and dispose
of it after use (Allan 2011). Sufficient clean water supply is also essential to food
production. This is particularly evident in countries like New Zealand that rely on

the ability to produce and export food for their economic and social well-being.

Most of the Earths liquid freshwater is found, not on the surface but stored in
underground aquifers (Morris et al. 2003). Groundwater is generally cheaper, more
convenient and less vulnerable to pollution than surface water (Hiscock 2005). This
underground resource goes largely unnoticed by society due to its ‘invisible’

location within the earth and its seemingly infinite supply.

However, with the advent of steam driven pumps in the 18 th century, humanity’s
ability to pump large quantities of groundwater soon highlighted groundwater as

a finite resource (Yannopoulos et al. 2014). Newly established technological
advances coupled with an ever-expanding human population intensified pressure
on groundwater resources as abstraction for municipal water supply, irrigation,

and industrial use increased.

View east across the Rangitikei Valley, taken from a small terrace remnant off Iron Works 1
Road, Mangaonoho.
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An increasing human population has also exerted pressure on the agricultural and
horticultural industries, as global demand for food products rises. Primary
producing nations such as New Zealand have intensified production over the last
30 years to meet new global demands (Williams & Richardson 2004; MacLeod &
Moller 2006).

Intensification of land use has led to a greater demand for water, higher use of
fertiliser and agricultural chemicals and the need to dispose of large quantities of
waste byproducts (Quinn et al. 2009). Anthropogenic activities and their resultant

pressure on groundwater resources have led to groundwater degradation.

Groundwater degradation occurs as a result of:

X Excessive exploitation e.g. where groundwater levels fall to an unacceptable
level, reducing the available water resource. This can result in adverse and
expensive side effects including ground subsidence (Liu et al. 2001) and
saline intrusion (Antonellini et al. 2008).

X Major changes in land use e.g. conversion from natural vegetation to
intensive farming can lead to elevated nutrient levels in shallow
groundwater (Ford & Taylor 2006; Bidwell et al. 2009).

X Inappropriate and/or uncontrolled activities at the land surface e.qg.
incorrect disposal of waste or spillage of chemicals allowing leachates to

enter groundwater (Mor et al. 2006; Moreau et al. 2019).

The Rangitikei District in the western half of the lower North Island, New Zealand

is characterised by extensive rolling hill country with good quality groundwater
resources suitable for drinking and irrigation purposes (Catalyst-Group 2014).
Agriculture constitutes over 90% of the total land use in the region (Zarour 2008).
Land -use intensification, marked by the conversion of sheep and beef to dairy
farms has been driven by the relative economics of land use in the region (Quinn
et al. 2009).
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Figure 1.1: Location of the Rangitikei study area (black box). Orange lines indicate state
highways; Red polygons represent the location of GNS Science QMAP sheets.

Concerns around the long-term sustainability and potential contamination of the
Rangitikei aquifers has initiated research into the groundwater systems of the
Rangitikei (Bekesi & McConchie 1999, 2000; Bekesi & McConchie 2002; Roygard
& Carlyon 2004; Begg et al. 2005; Collins et al. 2016).
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