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4.1

Introduction

Soils and landforms are an integral part of th e urban
landscape, formin g the foundation fo r the built and
living environment. Soils also act to filter and buffer
natural waters in their passage from the atmosphere to
smface waterways or to groundwater.
D evelopment of land for urban uses has resulted in
significa nt impa cts on soils and geomorphology. The
landsca pe of th e C hristchurch urban area has been
con sid e rably alt e red by drain age , the shifting of
waterways, infilling of hollows, and construction of
roads and buildin gs sin ce its establishment in th e
1850's. Figure 4-1 shows th e Christchurch mosai c
of shallow soils, the related waterway pattern, current
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roading pattern , and urban boundary. See Webb et a!.
(1991) , for more detailed soil maps.
Th e C hristchurch area showing wa ten ;vays , we tlands,
and vege tation cover present in 1856 is show n o n the
Black M aps compiled by J. Thomas and Thomas Cass
C hief Surveyors. Figure 4-2 (over page) is a schematic
represe ntation of the Blac k Map s, modifi ed fro m a
compilati o n in Wilson (1 989). Information on the
original C hristchurch landscape has been co mpiled
by H ercus (1948), Scott (1 963), and Wilson (1 989).
This chapter desc ribes the evolu ti on of the present
surface landform and those near-surface soil types
relevant to waterway form and water flow, as well as
the impa cts of urbanisation on landform and soils.
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Figure 4- 1: Shallow soils fo und in the Christchurch area. Soils to the west are fluvial in origin. to the east are marine. and
in between are a mixture of th e two. To the south the Port Hills soils are volcanic in origin. or wind blown loess.
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Figure 4-2: Waterways . wetlands. and
vegetation cover of the Christchurch region.
as at 1856. Modifted by j. Walter based on a
compilation in Wilson (1989) . which was based
on the Black Map Rural Section cadastral maps
of 1856.
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4.2

Coast Line Movement and Sea Level Rise

Geomorphology

Christchurch is lo ca ted at th e so uth e rn e nd of
Pegasus Bay on the eastern edge of extensive g ravel
outwash plains derived from the Southern Alp s. The
city is built on a very recent low lying coastal m argin
flanked by the ancient volcanic rocks of Banks
Peninsula / Horomaka, with the wide braided riverbed
of the Waimakariri River to the north of the city.
Christchurch City lies within an area that was once
predominantly swa mp, situated be hind sand dun es,
estuaries , and lagoons . The gravel, sa nd, and silts of
river channels and overbank flood deposits of th e
Waimakariri River floodplain form the dominant
soils, interspersed with areas of peat. Extensive areas
of sa nd dunes and old dune ridges occur throughout
the eas te rn city towards the coast.
Th e following sec tions provid e a more d e tailed
account of the geomorphology of Christchurch, as
modified from Brown & Weeber (1992).

4.2.1
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The Port Hills

Betwe e n Christchurch city and Banks Peninsula /
Horomaka, are the Port Hill s (known to takata
whenua as Ka K6h atu Whakarakaraka 0 Tamatea
Pokai Whenua). They are the re mnant northern
shoulder of an ancient Lyttelton volcano, comprising
highly eroded basalt, scoria , and ash layers ranging in
age from 9.8 to 12 milli on years . In the la st burst
of volcanism. o n the Pe ninsula , th e Halswell Quarry
basalts formed as a sid e vent of th e Charteris Bay
volcanics 5.8 million yea rs ago.

Towards the end of the last glaciation period, sea level
rose several metres until about 6000 yea rs ago, w hen it
reached a level very close to the present day level. In
the time since, sea level has bee n relatively stati c, but
the coas tline ha s moved eastwards seve ral kilometres
as a result of fluvial and marine deposition. This ha s
led to a succe ss ion of beach deposits, sa nd dun es,
estuaries, lagoons, and interdunal swa mps. From time
to time there have been incursions by the Waimakariri
River into the area of marine deposits, resulting in the
laying down of allu vial gravel, sa nd , and silt. Coas tal
outb u ildin g or prog radation ha s averaged around
two metres per year. The prese nt rate of outbuilding
is un ce rtain be ca use of the difficulty in obtaining
m easurem ents on a dynamic shore , but figures from
0 .0 to 0.6 m /yea r have been suggested.
Remnant Waimakariri River Flood Channels

The old flood channels of the Waimakariri River
connect wit h th e prese nt da y Hal swell / Huritini ,
He ath co te/ Opawaho, Avon / Otakaroro, and Styx/
Purakaunui Rivers (Figure 4-1). The flood channels
are in mo st cases entrenc h ed into the surfa ce of
th e plain s, and are mainly infill ed with gravel and
sa nd . Higher adjacent areas are cove red in silt from
overbank flooding. Gravel flood deposits are relatively
common in the west of the city, and thin eastwards
into sinuous, discrete channel deposits.

The so ils of the Port Hills are ge nerally comprised
of thin layers of volcanic colluvium, w ith a coa ting
of the wind-deposite d yell ow-brown silt, known
as loess . Loe ss occ urs predominantly on the lowe r
slopes, but also occurs as outwash materials layered
with organic inclusions in the g ullie s and outwash
fan s. Lo ess is typica lly two m e tres thick, but can be
up to 20 metres thick on more sheltered hillsides and
on th e detritu s toe slopes of the higher ridges. These
soils are v uln e rable to erosion (Figure 4-3) , and
conseq u e ntl y so il conservation ha s b ecome an
important issue for managing the Port Hills. R efer to
Chapter 7: Hill Waterways, for additional information
of the charac teristi cs ofloess.

4.2.2 Christchurch Lowlands
The lowlands of Christchurch co mprise over 90% of
the area within the C ity boundary. Its present sl\l{ace
evolved from the dynamics of the Waimakariri River
flood channels, combined with coastal movem ent due
to deposition and sea level rise.

Figure 4-3: Erosion prone loess soils on the Port Hills .
Alderson Avenue. 1992 .
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Lowland Soils

Swamps developed in low-lying areas behind series of
coastal foredunes or levees formed by streams. Most
of these survived long enough for peat to accumulate.
In parts of Papanui/St Albans peat is up to four metres
in depth, with shallower areas occurring over much of
eastern Christchurch, including pockets within the
hillside waterway outwash fans.
Over most of the Christchurch lowland urban area
there are generally weak soils with a water table
typically one to two metres below the ground surface,
which increases to four metres in areas on the western
outskirts. Artesian upwelling is a factor to consider
when restoring waterways in any location with a
shallow water table.
Stratigraphy

The subsurface of lowland Christchurch is formed
of alluvial and marine deposits, and includes eight
named formations in the upper 150 m. Some of these
are permeable gravel formations lying between silty
sand aquicludes. It is frOln these penneable aquifers
that the City obtains its water supply and from where

spring flows onglllate. The western limit of the
surface confining layer and the general direction of
groundwater flow is shown in Figure 4-4.
The upper confined gravel formation (the Riccarton
Gravels), was laid down during the last ice age around
70,000 to 14,000 years ago. This gravel aquifer is the
primary source of spring water feeding Christchurch's
waterways. Christchurch and Springston formations
are found above the Riccarton Gravels.
The Christchurch formation consists of dune, beach,
estuarine, lagoonal, and coastal swamp deposits
made up of gravel, sand, silt, clay, shell, and peat. It
extends as far inland as Belfast, Papanui, Riccarton,
and Beckenham, and varies in thickness from several
metres inland to 40 m at New Brighton. This inland
boundary represents the limit of coastal intrusion
following several metres of postglacial sea level rise.
The Springston formation consists of postglacial
fluvial channel and overbank deposits, accumulated
at the inland margin of the Christchurch formation.
Deposits are gravel, sand, and silt; the gravel is finer
and lTlOre penneable than glacial outwash gravels.

PACIFIC
OCEAN

---,--- Western Boundary of Aquifer Confining Layer
-

Direction of Groundwater Movement

Figure 4-4: Contours of groundwater piezometric surface (in metres above mean sea level) and direction offlow (as at
May 1985). Modifted from Talbot et aL (/986).
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4.3

The Importance of Soils

4.4

Impacts of Development on Soils and
Geomorphology

4.4.1

Altered Soil Characteristics and Erosion

TIle nation that destroys its soil destroys itse!f(RooseIJe/t 1937).
Soils are substrates at the crossroads between the
atmosphere, biosphere and hydrosphere. In this
context, the main functions of soil (such as production
of bionuss; filtering, buffering and transformation
between the atmosphere, hydrosphere and biosphere)
are of pararTlount importance central to the design of
sustainable systems (Blum 2001).
Healthy soils in urban environments provide similar
important functions to those in natural environments:
provision of mechanical support for plants and
structures
storage of water and nutrients, and regulation of
their supply
neutralisation of pollutants added to the soil to
avoid their delivery into aquatic ecosystems
resistance to erosion
providing habitat for organisms that playa crucial
role in nutrient cycling, soil stability and structural
development, water holding capacity, organic
matter decomposition, and turnover.
For soils to provide these functions they need to have
the attributes of healthy soils, that are un-impacted
by urban development. Some of the characteristics of
healthy soils include (Basher 2000):
stable and well developed structure and porosity
good oxygen and nutrient supply
acid and base buffering capacity
organic matter decomposition
biological processes which provide pathogen
destruction, toxic metal and organic compound
inactivation and degradation.
Our urban centres are situated where they are for
historic reasons: ease of access, availability of natural
food and water supplies, and suitability for growing
crops. Most are built on relatively flat land and/or
close to water (coasts, rivers, and harbours). Hence
only the soils and landforms characteristic of these
areas are found in our urban centres.
In New Zealand many urban areas are situated on
alluvial plains, which coincidentally are some of the
most productive soils. As urban populations have
grown, cities have spread onto these high-value
soils. The resulting permanent loss of these soils to
agricultural production continues to be a significant
issue for planners, soil scientists, and the community.
Further information on the importance of soils can
be found in Basher (2000).
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Soil Characteristics
During urban development considerable modification
of soil properties occurs (Bullock & Gregory 1991,
Craul 1992, de Kimpe & Morel 2(00):
cutting and filling of slopes
compaction from the passage of heavy machinery
an increase in erosion by smface, mass movement,
and fluvial processes
alteration of the soil drainage characteristics,
which may increase (by installation of surface
or sub-surface drains) or impair (by compaction)
surface drainage
physical or chemical (e.g. heavy metals, and toxic
organic substances) pollution
removal of vegetation cover and covering the
surface with impervious materials, resulting in
impacts on soil temperature and moisture regimes,
organic matter cycling, and reduction in organic
matter content and biological activity.
As a consequence of these modifications, typical
characteristics of urban soils include (Basher 2(00):
high vertical and spatial variability
modified soil structure, high bulk density and low
structural stability
the presence of a soil crust on bare soil that is
often water repellent
restricted aeration and water drainage
modified soil reaction (pH) is usually elevated
low organic matter and plant nutrients
interrupted nutrient cycling and modified soil
organism activity
the presence of anthropogenic (caused by humans)
materials and other pollutants
modified soil temperature and soil water regimes.
Sedimentation and Erosion
Average sediment yields of the Avon and Heathcote
catchments have been around 35 to 43 t/km 2 /yr
respectively (as at 1993), values which are typical for
mature catchments (Hicks & Duncan 1993). Ignoring
entrapment in river channels, these figures suggest
input to the estuary of 2,600 t/yr from the Avon
River/Otakaroro and 4,500 t/yr from the Heathcote
River/Opawaho. In both rivers around 99 % of the
sediment load is carried in suspension, and consists
of clay and silt-grade particles. The small bedload
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component is a mi x ture of twigs and leaves and
medium coarse sand. In the Avon River/ Otakaroro,
the suspended sediment load during sto rm runoff
ave rages approximately 22 % organic material (Hicks
& Duncan 1993). This is almost twice the organic
load content of the Heathcote's suspended load .
During small magnitude storms, sediment yields from
the Avon River/Otakaroro are similar to those from
the Heathcote River/Opawaho, but during larger
events the Heathcote yields quickly outstrip those of
the Avon. This pattern reflects increasing sediment
production from the Port Hills tributaries, with
heavier rain and limited sediment supplies in most of
the flat tributaries of the Avon River/Otakaroro.
Bank erosion appears to be an important sedim ent
source in the largely urbanised Avon catchment, a
situation relic from the early 1900's when much of
the drain network in Christchurch had unprotected
banks and sediment yields were hi gher.
The main erosion processes contributing sediment
to hill tributaries include slips and tunnel gully
erosion. Slips, triggered by heavy rain, tend to occur
on steeper slop es. Slips making the largest sedime nt
contribu tions to wa terways tend to occur in road
cuts, embankments, driveways, and slopes undercut

by streams. Tunn el gullying is a common feature
with urban subdivisions , du e to conc entration of
runoff. N ew subdivisions that have bare ground
are susc eptible to sheet erosion , rilling and gullying,
and are prone to extreme ly high sediment yi elds
(Figure 4-5). Similar processes occur in areas of
market gardens on the lower valley slopes.
Overland flow, silt deposition on roads and footpaths,
and blocked drains are some of the effects of these
high sediment yields from the Port Hills. However,
the main impacts develop when the sediment enters
the stream network and affects water quality, instream biota , channel sedimentation , and aesthetics.
Sedimentation in turn impacts on navigability, flood
carrying capacity, and ecology. The bulk of this
deposition occurs in the tidal reaches, where the river
slopes flatten appreciably and sediment flocculation
occurs as fresh water runoff encounters saline water.
The range of soil erosion processes that occur in
New Zealand are described in Ministry for the
Environment (2001) , along with suggested control
Inethods, many of which are directly applicable to
Christchurch. Guidelines on erosion and sediment
control for land disturbing activities are contained in
Auckland Regional Council (1999).

Figure 4-5: The urban development of Westmore land caused severe ongoing problems with deep erosion of loess soils
from the 1970's (above left) to the 1990 's (above right) .
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4.4.2

Altered Geomorphology and Hydrology

Construction activities during urban development
result in major changes to the natural geomorphology
and hydrology of the surrounding landscape, some of
which become permanent features. Topography is
reshaped by the cutting and filling to lower slope
gradients in order to form smooth, even slopes. The
hydrological regime can be altered by the following
factors (Basher 2000):
increasing land surface imperviousness causing a
decrease in infiltration and increase in runoff
modifying drainage patterns and density, and the
timing and volume of runoff
draining wetlands that act as ponding areas
removing vegetation, which alters interception
and evapotranspiration rates of water.
Consequently slope, channel form, timing and runoff
volume, and erosion processes and rates are altered.
An increase in imperviousness (roads, footpaths, car
parks, and roofs) with urban development is one of
the key influencing factors in determining runoff
characteristics. In addition, many areas with pervious
cover are so compacted, with poor soil structure and
low infiltration rates and permeability, that their
runoff response is similar to impervious surfaces.
McConchie (1992) reviews the impacts of urban
development on hydrology, which are also outlined in
Chapter 2: III/pacts qf Dellelopmellt.

4.5

Minimising Impacts on Soils and
Geomorphology

To minimise impacts of urbanisation on soils and
geomorphology consider the following points (based
on Basher 2000):
preserve natural runoff systems and maximise use
of natural channels and detention areas
..

.

nllnlnllSe 1111perVlOusness
minimise cutting and filling
avoid or remedy trafficking by heavy machinery
retain or improve existing vegetation (especially
near watercourses)
utilise riparian buffer strips
maintain the natural soil orgamc matter and
biological activity

4.6
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Soils as a Basis for Urban Planning

Soils and geomorphology make up the foundation
for the built and living environment. Therefore soil
assessment is fundamental to urban planning and
restoration.
Analysis of the soil properties and distribution should
be a key element in assessment of land suitability for
urban development. Such analysis should also be
incorporated as part of the appropriate management
techniques used during development.
Knowledge of soil properties and soil distribution
can be used to direct development to those soils
most suitable for urban use and least suitable for
food production, to plan ecologically sensitive urban
development, and as a basis for ecological restoration
at both the site and landscape scales.
At the more detailed scale, site assessment and the
interpretation of soils can be used to plan ecologically
sensitive urban developments (the "designing with
the land" concept), by using natural or modified
soil characteristics to provide functions such as
stormwater ponding and drainage, and pollutant
removal. Interpretation is dependent on intended
use and may require the following:
identifying soils with appropriate characteristics
amending the existing soil materials
designing a topsoil or entire soil
importing topsoil.
Site assessment requires evaluation of appropriate
parameters including:
Soil morphology: natural or disturbed materials,
depth to bedrock, water table depth, mottling,
depth to restrictive layer, soil structure, texture, and
soil crusting.
Physical characteristics: particle size, bulk density,
penetration resistance, infiltration rate, hydraulic
conductivity, and dispersion.
Chemical characteristics: pH, macronutrient and
micronutrient levels, cation exchange capacity,
electrical conductivity, heavy metals, and organic
contalllinants.
Biological characteristics: the type, decomposition,
and amount of organic matter, faunal biodiversity,
and biological activity.

avoid development on steep slopes, erodible soils,
and directly adjacent to watercourses.
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4.7

Soils as a Basis for Ecological
Restoration

The urban landscape can b e broken into distinctive
assemblages of landforms and soils, which reflect age
and origin, have a direct relationship with naturally
dominant vegetation and wildlife habitat, and can be
used as a basis for ecological restoration.
Site assessment should be used to ensure the planting
technique and species selection are appropriate at
the individual site scale. These principles are being

used as a basis for planning ecological restoration in
Christchurch (Lucas et a1. 1995 , 1996a , b, 1997).
Christchurch City can be divided into three main
landform types: volcanic hills, alluvial floodplains and
terraces, and coastal plains: and each of these can be
further su bdivided according to age, parent material
texture, drainage, and soil type (Table 4-1). These
su bdivisions provide the basis for interpreting plant
habitats from soil characteristics, as well as providing
guidance or revegetation. Refer to Lucas et a1. (1995,
1996a b, 1997).

(

Tab le 4- 1: Ecosystems of Christchurch (after Lucas et 01. 1995, 19960, b, 1997).
Landform
Landform Component
Type

.
. .
S011 DeSCriptIOn

Soil Mapping
U .

Ecosystem

dry rocky ridges

shallow soils from volcanic rock

Cashmere

Korokio

crests and shoulder
slopes

well drained moist soils from
loess

Summit

Kotukutuku

mid-elevation, gentle
slopes

deep soils fi-om loess colluvium

Takahe

Silver
tussock

steep rocky bluffs

deep, well drained soils from
volcanic rock and colluvium

Evans

Porcupine
shrub

steep lower slopes

moist, deep soils from loess
colluvium

Kiwi

Mikokoi

well drained slopes

moist, deep soils from loess from
volcanic colluvium

Clifton

Horoeka

toeslopes and gullies

very moist, deep soils from loess
colluvium

Heathcote

Matai

valley floors and seeps

deep, poorly drained soils

Horotane

Kaikomako

floodplains

shallow, droughty soils

Selwyn

Tussock

deep, moist soils

Selwyn

Kowhai

shallow, droughty soils

Waimakariri

Ti Kouka

deep, moist soils

Waimakariri

Houhere

deep, moist soils

Kaiapoi

Totara

deep, poorly drained soils

Taitapu, Te Kakahi

Kahikatea

young dunes

droughty, raw soils

Kairaki

Pingao

old dunes

droughty, weakly developed soils

Waikuku

Akeake

....
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coastal peat plains

organic soils

Waimairi, Aranui
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U
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poorly drained, salty soils
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