Identification of Springston
Formation Gravel lobes in the
Christchurch Formation

P.A. White
J.H. Weeber
R. Pamer
G. Minni

S. Cave

GNS Science Consultancy Report 2007/195
October 2007

&

GNS

SCIENCE
TE PU AO




CONFIDENTIAL

This report has been prepared by the Institute of Geological and
Nuclear Sciences Limited (GNS Science) exclusively for and under
contract to Environment Canterbury. Unless otherwise agreed in
writing, all liability of GNS Science to any other party other than
Environment Canterbury in respect of the report is expressly
excluded.

The data presented in this Report are
available to GNS Science for other use from
October 2007

‘ L Environment

Canterbury

Your regional council

Environment Canterbury Report U07/38

Project Number: 520W2155



CONTENTS

EXECUTIVE SUMMARY .ottt ettt e e e e e e et e e e e e e e e e bt e e as v
1.0 LA I @ 151U 1@ N 1] 1
2.0 SURFACE FEATURES ...ttt e e e e e e 2
21 Historic Christchurch water features and vegetation..............cccocoiii e, 2
2.2 S0ils IN ChFIStCRUICN ... e 2
2.3 Geomorphic features associated with recent Waimakariri River deposition................. 3
2.4 [oToz= 1110 ) a I o1 i=] o] (] o < 0SSR 4
25 Estimated groundwater discharge to surface water............ccccooviiiiiiiie e 4
26 Sediments in Stream Deds ... 4
27 Ground €lEVALION ..........ueiiiiie s 4
2.8 Evidence of pre-historic floodways from surface features..............ccccoceeeveeiiicciiineen.n. 5
3.0 SUBSURFACE FEATURES ...ttt e e e e e e e e e e 7
3.1 LCT=To] (oo [ Ter=1 I [oTe - T PSP PUPPP 7
3.1.1  General geologiCal I0gS. ... ...cii i 7
3.1.2 Geological cross-sections and data proCcessing..........cccccevvvieeeiiiiereesiieeeeenne 7
3.1.3 Interpretation ... 10
3.2 (€T o] (oo [Ter=1 I g qTo o = SRS 10
3.3 Surficial fine SEAIMENTS ........ooiiiiiii e 10
3.4 RadiocarbOn dates ........cocuiiiiiiii e 11
3.4.1 Radiocarbon dates from shallow sediments ............cccocoviiiiiniiiiciice 12
3.4.2 Radiocarbon dates from wells recorded by Environment Canterbury............ 12
3.5 Chronology of Springston Formation deposition from radiocarbon dates................... 13
3.5.1  Range of deposition using Christchurch Formation radiocarbon dates.......... 13
3.5.1.1 New Brighton Sands...........c.eeiiiiiiiii e 13
3.5.1.2 Christchurch Formation fine sediments.............ccccooiiiiiiii e 14
3.5.2  Springston FOrMation ...........coiiiiiiiiiiii e 14
3.5.2.1 Commencement of Springston Formation gravel lobe deposition ................. 14
3.5.2.2 Deposition of Springston Formation gravel layers within gravel lobes........... 16
4.0 SYNTHESIS OF SURFACE AND SUBSURFACE FEATURES.......ccccooovviiiiiieee, 21
5.0 SUMM AR RY et a e e e e ae 22
6.0 RECOMMENDATIONS ...ttt ettt e e e e aeb b e e e e e eeeaenaaas 24
6.1 Radiocarbon data ..o 24
6.1.1  Environment Canterbury radiocarbon records ............ccccevciveeeicieeeesciieee e 24
6.1.2 Smith (1992) assigns a radiocarbon analysis to two wells............................. 24
6.1.3 Update Environment Canterbury radiocarbon records with non-well
STz 1 10] o] [ RSP RUPPRN 24
6.1.4 A forward programme of radiocarbon data collection is recommended......... 25
6.1.5 Priority issues for further investigation in order of priority ............ccccoccceeenee 25
6.2 Publication of revised geological nomenclature .............ccocvieiiiiiiiiniiee e, 26
6.3 Ground leVation ....... ... e e e e e e e e e aann 26
6.4 Improvements to geological characterisation of gravel lobes. ............c.ccccoiiiiiiic. 26
6.5 3D datasets of Springston Formation gravel Iobes ..o 27
7.0 ACKNOWLEDGEMENTS ...t e e e e e e e e e e aaaas 27
8.0 L o N [ 0 27

GNS Science Consultancy Report 2007/195 i



Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.

Figure 9.

Figure 10.
Figure 11.

Figure 12.
Figure 13.

Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.

Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.

Figure 39.
Figure 40.

Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.

Figure 48.

FIGURES

Water, vegetation and geographical features of the Christchurch area in 1856 (White et al.

2007 ). ettt bbbt h ettt h et bt R et bt e e et b et e ea ettt e b et e naree s 30
1856 map of Christchurch City showing relatively dry and relatively wet features and lobes
associated with stream headwaters. ... 31
Soil texture in the Christchurch City area mapped by Landcare Research (Environment
(07101 (= 4 o 10T VA o 1= ST w0101 1 o 10 IO PR SPRPR 32
Soil texture in Christchurch City area mapped by Landcare Research (Environment
Canterbury pers. comm.) in black and White. ............oooiiiiiiiii e 33
Profile available water of soils in the Christchurch City area.............cccoooiiiiie, 34
Profile available water of soils in the Christchurch City area, black and white version.................... 35
Sandy loam soil textures and possible associated pre-historic channels of Christchurch City

V=T PP ERPPTP 36
Geomorphic features of the Waimakariri River flood plain mapped by McPherson Associates
200 T U PTURROPRPRN 37
Geomorphic features of the Waimakariri River flood plain mapped by McPherson Associates
(2004), black and WhiIte VEISION. ........coiuiiiiiiiiie ittt ettt e 38
Geomorphic features of the Waimakariri River flood plain mapped by McPherson Associates
(2004) with locations Of flIOOAWAYS. ........ccuuiiiiiii e e e e e st e e e e eneaes 39
Springs mapped by Environment Canterbury, Christchurch City Council and the Sibly 1856

map (Wilson, 1989), with modern water courses (White et al. 2007). ........cceeeiieiiiiiien e 40
Estimated discharge from groundwater to streams in Christchurch City............ccccccooiiiniiin, 41
Locations of measurements of stream and river bed sediment type (Christchurch City
Council, Van Nieuwpoort Pers. COMIML). ...... it iiiiiiiee e et e e e e e et ee e e e e e e aanaeeeeeaeeeaanneeeeeaeeeaannes 42
Gravel percentage in Christchurch stream beds. ...........coooiiiiiiiiii e 43
Ground elevation in Christchurch, digitised from Wilson (1989)..........ccooiiiiiiiiiiiiii e 44
Interpretation of surface elevation map with proposed Iobes. ...........ccoooiiiiiiiiiiiiic e, 45
Lobes identified from the 1856 map and SOil teXIUre. ...........coiiiiiiiiiiiii e
Lobes identified from the 1856 map and geomorphic features. ......

Lobes identified from the 1856 map with baseflow and spring location. .............ccccccoeiiiiiiiee e, 48
Lobes identified from the 1856 map with proposed lobes from the ground elevation map............... 49
Floodways from the geomorphic map and soil teXtUre. ...........cccviiiii i 50
Floodways from the geomorphic map, sandy loam soil texture and proposed lobes from the
GrouNd €lEVALION MAP. .. ..ottt e e e e e e 51
Location of eight geological cross-sections, Christchurch City..........cccccoviieiiiiiiii e 52
Legend for geological cross-sections of Christchurch City............ccccoiiiiiiiiie e 53
Ge0l0giCal CrOSS-SECHON ONE. ...cciiiiiiiiiiiii ettt e e e 54
Ge0logiCal CrOSS-SECHON tWO. ......uiiiiiiiei it e e e e e e e e e e e e be e e eaeeeesasbenaeesanes 55
Geological Cross-SECHON thrEE. ........cccoiiiiiiiii e e e e e raaae e e eaes 56
Ge0logiCal CroSS-SECHON FOUN. .....ciieiiie ettt e e e e e e e e e e e e eneeeeeeeeeeennee 57
Geological CrosSS-SECHON fIVE. ....cciiiiiie e e s e e e e e e sneee e e eee e e ennee 58
GE0l0giCal CrOSS-SECHION SIX.....teiiiiutiiiiiiiie ettt s et e e et e e s e s snn e e e srneeenanee 59
Ge0logiCal CroSS-SECHON SEVEN. ......eiiiiiiiii ittt ettt e e s re e e e s eenanee 60
Geological Cross-section €Ight. .........ooiiiiiiiii e 61
Location of geological sections in the south Christchurch area................cccooooiiiiiiii e 62
Location of geological sections in the central-west Christchurch area. ...............cccccooiiiiii i, 63
Location of geological sections in the south-west Christchurch area. .............ccccccccooiiiiiis 64
Location of geological sections in the north Christchurch area. ......

Geological logs in cross section S2 — E2 (FIgure 33).......ccciiiiiiiieeiiiee e e seee e e
Geological logs in cross section S2 — E2 (Figure 37) and interpretation of cross section S2 —

E2 as connected Springston Gravel (dark blue) and Riccarton Gravel (green)..........cccoceeevvvennneen. 67
Geological logs in cross section S8 — E8 (Figure 33)........ccuueiiiiiiiiiiiiii e 68
Geological logs in cross section S8 — E8 (Figure 39) and interpretation of cross section S8 —

E8 as unconnected Springston Gravel (light blue) and Riccarton Gravel (green). .........cccccccveenneen. 69
Location of unconnected Springston Gravel lobes. These gravel lobes are separated from
Riccarton Gravel by non-gravel sediments in Cross SECHONS. ........cc.ceviiiiieiiiiii i 70
Unconnected gravel lobes and location of unconnected gravel on the geological cross

L= Tox 1] 1RO UPRT 71
Location of “connected” Springston Gravel lobes. These gravel lobes are connected
vertically with Riccarton Gravel by continuous gravel sedimentation. .............c..cccoccoviiiiieeiiiinnee.. 72
Connected gravel lobes and location of connected gravel on the geological cross sections. ......... 73
Extents of unconnected gravel lobes and connected gravel Iobes..............cccuvvieiiiiiiiiiiiiinee e, 74
Locations of wells with geological logs in the Christchurch City area (after White, 2007). ............... 75
Lithological logs of wells in Christchurch showing gravel (red colour) and other sediments

(blue colour) viewed towards the north (after White, 2007)...........cocoiiiiiiiiiii e 76
View of 3D model of gravel in the Christchurch City area indicating gravel lobes in the
Belfast, Fendalton and Sydenham areas (White, 2007).........ccoociiiiiiiiiiiiiiee e 77

GNS Science Consultancy Report 2007/195 ii



Figure 49. Interpretation of extents of gravel lobes in the Sydenham area from the 3D model (White,

O[04 TSR TPRPRR 78
Figure 50.  Thickness of fiNe SEAIMENTS. ..o e 79
Figure 51.  Thickness of fine sediments and location of unconnected gravel lobes. .............cccceeiiiiiiiiiiincnns 80
Figure 52.  Radiocarbon analyses of shallow sediments; location and sample number...............cccccceevvnnnnen... 81
Figure 53.  Radiocarbon analysis of shallow sediments: radiocarbon age and error in radiocarbon age.......... 82
Figure 54.  Wells in Christchurch City with radiocarbon analyses of sediments held in the Environment

Canterbury dat@base..........coooiiii i 83
Figure 55.  Ages of sediments in Christchurch City from radiocarbon analyses held in the Environment

Canterbury dat@base..........cooiiiiiiii e 84
Figure 56.  Formation classification of Christchurch City sediment radiocarbon analyses. ............c.ccccceviieeennne 85
Figure 57.  Location of wells with radiocarbon dates of New Brighton Sands. Wells are within the

geographic boundaries of proposed gravel IODES. ...........cooiiiiiiiiiiei e 86
Figure 58.  Location of wells with radiocarbon dates of Christchurch Formation fine sediments within

the geographic boundaries of proposed gravel Iobes. ..o 87
Figure 59.  Location of wells with radiocarbon dates of Springston Formation sediments (SFF and SFG

[11gTe](o]e 1Y A oo o (=T ) FAN PRSP URPPRI 88
Figure 60. Radiocarbon ages of Springston Formation sediments (SFF and SFG lithology codes) in

connected gravels and unconNNECcted Gravels. ..........ooiiiiiiiiiiiieiie e 89
Figure 61. Radiocarbon ages of Springston Formation sediments by easting coordinate for connected

and unconnected gravels. West Christchurch is towards the left of this figure.............cccccceeee. 90
Figure 62.  Radiocarbon ages of Springston Formation sediments and sample depth. ............cccccoeeeeiiinneeen.n. 91
Figure 63. Radiocarbon ages of Springston Formation sediments by easting coordinate and by gravel

(o] o1 PP EEPPRIN 92
Figure 64. Estimates of the age of the base of Springston Formation gravels. ..........cccccoooiiiniiiii e 93
Figure 65 Schematic of Springston Formation gravel deposition in Christchurch City. The start and

end of gravel deposition iS INAICATEA. ..........coiiiiiiiii e 94
Figure 66.  Location of: springs (White et al. 2007), modern water courses, unconnected gravel lobes

and connected gravel [ODES. ... ... .. e e nnne 95
Figure 67.  Baseflow discharge from Christchurch streams (White et al. 2007), location of unconnected

gravel lobes and location of connected gravel IODES. ...........ceviiiiiiiiiiiee e 96
Figure 68.  Unconnected gravel lobes and surface features indicating pre-historic channels: lobes from

the 1856 map, proposed lobes from the elevation map and Soils. .........cccoccviiiiiiiiii e 97

TABLES

Table 1. Geomorphic features identified by McPherson Associates (2004)...........cooeeieiiiiiiiieeeeeeiiieiee e 3
Table 2. Maximum age of gravel lobe as indicated by Christchurch Formation radiocarbon ages

DElOW the Gravel I0De. ... ..o ettt e e e e e e e e e e e e e aeeeaaeeanes 14
Table 3. Radiocarbon samples identifying the base of Springston Formation gravel deposition. .................. 15
Table 4. Radiocarbon analyses that identify the start and end of Springston Formation gravel

Lo =Y oTo 1S3 (o] o VPSSP PRPR 18
Table 5. Proposed chronology of Springston gravel deposition. ...........cceioiiiiiiiiiee e 19

APPENDICES

Appendix 1 - Geological logs in southern Christchurch City .........coocuiiiiiiiiiii e 99
Appendix 2 - Geological logs in central-west Christchurch City...........ccoouiiiiiiii 115
Appendix 3 - Geological logs in south-west Christchurch City...........ccoooiiiiiiiiiii e 127
Appendix 4 - Geological logs in north Christchurch City............oooiiiiiiiiiiie e 136
Appendix 5 - Radiocarbon dates of shallow sediments ...............coooiiiiiiiiii e 143
Appendix 6 - Geological logs of wells and radiocarbon ages of sediments ...........cccccoveiiiiiiiiieicin e 153

GNS Science Consultancy Report 2007/195 iii



EXECUTIVE SUMMARY

Springston Formation deposition within the Christchurch City area in the last 10,000 years is
assessed in this joint project of Environment Canterbury (ECan) and GNS Science. Pre-
historic Springston Formation deposition, particularly gravel deposition associated with gravel
deposition from the Waimakariri River, is assessed with maps of surface features, geological
logs and radiocarbon dates of recent sediments.

Springston Formation depositional lobes, proposed from an interpretation of surface features
and geological logs, in Christchurch City area, include, by surface catchment:

- Halswell River catchment
- Halswell.
« Heathcote River catchment
- Heathcote River A (located around Wigram Airfield);
- Heathcote River B (located around Curlett’s Drain catchment);
- Heathcote River C (located in the historic Wilson’s Creek catchment).
« Avon River catchment
- Fendalton (between the airport and the City Centre, approximately).
« Styx River catchment
- Belfast.

Surface features that are used in this interpretation include maps of a survey of Christchurch
in 1856 before urbanization, soils, geomorphic features associated with recent Waimakariri
River deposition, location of springs and ground elevation.

Springston Formation gravel sediments, identified from geological cross-sections, are:

« vertically connected to Riccarton Gravel mainly in the west of Christchurch City;
« unconnected to Riccarton Gravel in central—-east of Christchurch City.

Springston Formation gravel sedimentation is interpreted as a series of lobate features
including:

. ‘connected’ gravel lobes in Halswell, Woolston, Sydenham, Fendalton, Belfast and Old
South Branch areas;
« ‘unconnected’ gravel lobes in Halswell, Sydenham, Fendalton and Belfast areas.

Connected gravels link to unconnected gravel lobes, with the exception of the Woolston
connected gravel lobe. The Woolston connected gravel lobe is isolated from other connected
gravels and from unconnected gravel lobes. However geological data in the area of the
Woolston connected gravel lobe is relatively sparse and future drilling may identify links
between this gravel lobe and other Springston Formation gravels.

Radiocarbon dates of sediments in the Christchurch City area are used to identify a
chronology of Springston Formation gravel sedimentation. The chronology of sedimentation
is summarised as, from older to younger, with ages rounded:

« Woolston connected gravel up to about 7800 years ago;
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Halswell connected gravel about 8800 years ago to about 5000 years ago;

Sydenham connected gravel about 6300 years ago to about 2800 years ago;

Sydenham unconnected gravel in two depositional phases:

- phase 1 sedimentation started 4100 years ago, however the end of sedimentation is
undated;

- phase 2 sedimentation started 3000 years ago, however the end of sedimentation is
undated;

Fendalton connected gravel began at an unknown time and ceased about 4400 years

ago;

Fendalton unconnected gravel in two depositional phases:

- phase 1 4200 years ago to 3000 years ago;

- phase 2 2000 years ago to 1600 years ago;

Belfast unconnected gravel, depositional ages unknown;

Old South Branch connected gravel 4000 years ago to 80 years ago.

The locations of gravel deposition changed significantly in the period 4400 to 4000 years ago
in the Sydenham, Fendalton, and Old South Branch gravel lobes. These gravel lobes
deposited sediments into the pre-historic Christchurch estuary.

Recommendations coming from this work include:

improvements to current radiocarbon data held by Environment Canterbury including
cross-referencing to sample analysis and adding available records of samples not
collected from wells;

a forward programme of radiocarbon data collection with priorities in the Sydenham area;
complete digitizing of Wilson (1989) elevation map for Christchurch City;

a forward programme of shallow drilling to improve our knowledge of links between
Springston Formation unconnected gravel lobes;

development of 3D datasets defining the Springston gravel lobes;

development of a 3D model of the geological evolution of Christchurch over the last
10000 years.
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1.0 INTRODUCTION

Groundwater is the sole source of drinking water for the approximately 350,000 Christchurch
City citizens. An understanding of the geology of near-surface sediments under Christchurch
City is fundamental to an understanding of the groundwater resource and to the protection of
the quantity and quality of this resource.

Environment Canterbury commissioned GNS Science to identify Springston Formation gravel
lobes in the Christchurch Formation as part of a re-assessment of the geology of
Christchurch. These lobes are near the ground surface and probably play an important role
in groundwater flow between the Christchurch City groundwater recharge zone and the
springs that support flow in Christchurch City rivers. They probably represent pre-historic
floodways of the Waimakariri River.

Springston Formation gravel lobes in Christchurch City are identified with an assessment of
surface features of Christchurch City and an analysis of sub-surface occurrence of gravel
sediments under the City.

Surface features of Christchurch City used to assess gravel lobe location include maps of:

. waterways, swamps and vegetation of Christchurch in 1856 (White et al. 2007);
« soils;

- geomorphic features associated with recent Waimakariri River deposition;

« location of springs;

. estimated groundwater discharge from sediments to stream beds; and

« ground elevation.

The geographical distribution of Springston Formation gravel lobes, and links to Springston
Formation gravels in the Christchurch City groundwater recharge zone, are identified with:

. athree dimensional geological model (White, 2007);
. a map of surficial fine sediment thickness; and
« interpretation of geological sections derived from lithological logs.

Geological sections are interpreted as a three-dimensional distribution of Springston
Formation gravels within the Christchurch Formation.

A chronology of Springston Formation gravel deposition is proposed using:

. radiocarbon ages of samples from shallow sediments; and
. radiocarbon ages of samples from wells.

This chronology includes Springston Formation deposition within the last 10,000 years in the
Christchurch City groundwater recharge zone and in the gravel lobes under Christchurch
City.
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2.0 SURFACE FEATURES

Soils, geomorphology, spring location, stream baseflow and ground elevations in the
Christchurch City area give evidence of sub-surface geology. Therefore relevant surface
features are collated as GIS datasets for the purposes of assessing the surface expressions
of subsurface gravel lobes.

2.1 Historic Christchurch water features and vegetation

Christchurch City water features and vegetation, mapped in 1856 (Scott 1963), are
summarised by White et al. (2007). Water features (Figure 1) include: rivers, creeks,
springs, swamps and ponds. Vegetation (Figure 1) includes: bush, flax, grass, fern and
rushes.

Lobate features representing relatively dry ground are clearly identified in the 1856 map of
Christchurch City (Figure 2) in the headwaters of the Halswell, Heathcote, Styx and Avon
rivers as follows:

- Halswell River catchment
- a lobate feature in the headwaters of the Halswell River where Nottingham Creek
rises.
« Heathcote River
- A, lobate feature in the headwaters of the Heathcote River, approximately surrounding
Wigram Airfield, where the Heathcote River rises;
- B, lobate feature in the headwaters of the Heathcote River, approximately from
Sockburn to Spreydon, coincident with Curlett’s Drain;
- C, lobate feature in the headwaters of the Heathcote River, approximately from
Sockburn to Addington, where old Wilson’s Creek (White et al. 2007) rises.
« Avon River
- lobate feature labelled “Fendalton” where the major streams of the Avon River rise in
the headwaters of the Avon River.
« Styx River (Purarekanui Creek on Figure 1)
- lobate feature where the headwaters of the Styx River rise.

2.2 Soils in Christchurch

Soil texture and profile available water are described by Landcare Research (Trevor Webb,
pers. comm.) in a compilation of Christchurch City soil maps. A GIS version of these maps
was supplied by Environment Canterbury (Ellery, pers. comm.). The variation of soil texture
can be explained by geological, hydrogeological and hydrological phenomenon that occurred
in the past.

Profile available water (PAW) represents the water available for pasture growth to a depth of
1 m. PAW depends on the capacity and the texture of the soil. The unit used is the
millimetre. The range of PAW is from about 15 mm to 300 mm in the Christchurch City area.

The soil texture is represented in Figures 3 and 4 and profile available water is represented
in Figure 5 and Figure 6. Soil texture generally corresponds to soil PAW.
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The soil texture that has the maximum available water is silt loam and fine sandy loam with a
maximum PAW in the range 200-300 mm.

Channels of Christchurch rivers are possibly identified by the soil map. In particular a sandy
loam soil texture is associated with current channels of the Styx, Avon, Heathcote and
Halswell rivers (Figure 7). Other, pre-historic channels of these rivers are possibly identified
in association with the sandy loam soil texture.

2.3 Geomorphic features associated with recent Waimakariri River
deposition

McPherson Associates (2004) map of the recent Waimakariri River flood plain (Figure 8)
includes eight geomorphic features (Table 1). The area coloured green on Figure 8 was not

mapped.

Table 1. Geomorphic features identified by McPherson Associates (2004).

Geomorphic feature

Notes

Waimakariri River bed

Active and inactive river bed between stop banks.

Old South Branch

Channel of Waimakariri River to 1932.

Harewood Floodway

Pre-historic channel of the Waimakariri River.

Airport Floodway

Pre-historic channel of the Waimakariri River.

Halswell Floodway

Pre-historic channel of the Waimakariri River.

Springston Formation 3

Gravel fan surface leading to urban areas bearing present river course and
majority of pre-historic floodways.

Springston Formation 2

Older gravel than Springston Formation 3 characterised by dunes and thin loess.

Springston Formation 1

Oldest Springston Gravel surface characterised by dunes and loess deposits.

The area has a very large range of geomorphic settings and the map of M°Pherson
Associates (2004) is simplified to six geomorphic units in Figure 9. The main features that
characterise the Christchurch area include:

. a dark tone mainly representing coastal deposits. The coastal deposits are composed of
sand dunes and tidal deposits present in the lagoons and swamps;

. the light and mid-grey tones represent the floodplain and the extents of pre-historic
floodways;

. the vertical stripes show the location of the pits and excavations below the natural
floodplain surface;

« horizontal stripes represent the Waimakariri River and streams with a border of willows,
pine plantations and minor scrub;

. the crosswise stripes characterise the dry courses of the old river bed.

The geomorphic map (Figure 10) identifies (presumed) pre-historic channels of the
Waimakariri River including:

« Old South Branch;

« Harewood Floodway;
. Styx;

« Airport Floodway;

» Halswell Floodway.
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Note that the geomorphic map is not complete so boundaries on the edges of the mapped
areas (e.g. between the Airport floodway and Halswell floodway) may not represent
geomorphic features.

2.4 Location of springs

Locations of springs from three sources (Environment Canterbury, Christchurch City Council
and the 1856 map) are plotted in Figure 11.

2.5 Estimated groundwater discharge to surface water

Discharge of groundwater to surface water is estimated by White et al. (2007) using
observations of surface flows held by Environment Canterbury and Christchurch City
Council.

Figure 12 represents estimated discharge of groundwater to surface water (i.e. baseflow) for
catchments in Christchurch City. The thickness of the red line is proportional to the baseflow
of the streams. This representation of baseflow shows flow in the main stream and shows the
localities of flow gains in stream headwaters.

2.6 Sediments in stream beds

Christchurch City Council (Van Nieuwpoort pers. comm.) is currently surveying features of
Christchurch City streams including sediment type in streams and rivers (Figure 13).

Gravel, as a proportion of stream bed sediment type (Figure 14) indicates significant
occurrence of gravely river beds in the following areas: Old South Branch, Upper Styx River
Papanui — Richmond, Upper Avon and Upper Heathcote (Hoon Hay). This figure plots gravel
as a percentage of bed sediment type from the Christchurch City Council
‘vwinorganicsubstrate’ data set.

2.7 Ground elevation

Topographic elevation contours in the Christchurch area are approximately 40 meters in the
west and approximately 5 meters in east Christchurch (Figure 15). The contours are digitised
from a map in Wilson (1989) registered on stream and estuary positions plotted in Wilson
(1989).

Curvature of elevation contours appears to identify features that may relate to gravel lobes
(Figure 16) including:

. Styx — relatively elevated ground level north of Belfast;

. Fendalton — relatively elevated ground between Christchurch International Airport and St
Albans, and possibly Richmond;

o Yaldhurst — Sydenham - elevated ground level between north-west Christchurch,
approximately from Yaldhurst Road, to the Heathcote River;

. Hoon Hay - relatively elevated ground east of Hoon Hay;

. Wigram — relatively elevated ground between Islington and Wigram airfield.
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2.8 Evidence of pre-historic floodways from surface features

Evidence of pre-historic floodways from surface features is assessed in this section by over
plotting maps developed in Section 2.1 to Section 2.7.

Figure 17 combines:

« proposed lobes from the 1856 map (Figure 2);
. streams mapped in 1856 (Figure 1);
« soil texture (Figure 4).

Figure 17 indicates that sandy loam soil textures are associated with proposed lobes and
1856 streams as follows:

. Halswell lobe and Halswell River;

« Heathcote lobe A and B with the Heathcote River (main stream);
« Heathcote lobe C with Wilsons Creeks/Heathcote River;

« Fendalton lobe with Avon River (main stem);

« Fendalton lobe with Avon River (Dudley Creek);

« Styx lobe with Styx River.

Figure 18 combines:

« proposed lobes from the 1856 map (Figure 2);
. streams mapped in 1856 (Figure 1);
. the geomorphic map (Figure 9).

Figure 18 indicates a correspondence between proposed lobe location, 1856 streams and
geomorphic features, for example:

. the “Halswell Floodway” of McPherson Associates (2004) links to the Halswell lobe,
Heathcote lobe A and Heathcote lobe B;

. the “Airport Floodway” of McPherson Associates (2004) links to the Fendalton lobe;

. the Styx lobe is associated with the Styx River but McPherson Associates (2004) do not
map wide floodways within the area of the Styx lobe.

Figure 19 combines:

. proposed lobes from the 1856 map (Figure 2);
« springs mapped by ECan, Christchurch City Council and in the 1856 map (Figure 11);
« baseflow of rivers in Christchurch (Figure 12).

Figure 19 indicates:

. most springs in the Halswell and Heathcote catchments are south, or east, of the
boundary of proposed lobes from the 1856 map;

. most springs in the Avon River catchment are westward of the proposed lobe boundaries
from the 1856 map;

« springs in Papanui are north of the proposed lobe boundary from the 1856 map;
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. springs in the Styx catchment are generally close to, or westward of, the proposed lobe
boundary from the 1856 map.

Figure 20 combines:

« proposed lobes from the 1856 map (Figure 2);
. proposed lobes from the elevation map (Figure 16).

Figure 20 indicates:

. the “Wigram” lobe identified in the elevation map is associated with the Halswell lobe and
Heathcote lobe A;

. the “Yaldhurst” lobe identified in the elevation map is associated with Heathcote lobe C
and possibly associated with Heathcote lobe B;

. the “Fendalton” lobe identified in the elevation map is associated with the Fendalton lobe
of the 1856 map;

. the “Styx” lobe identified in the elevation map is associated with the Styx lobe of the 1856
map.

Figure 21 combines:

. floodways from the geomorphic map (Figure 10);
« soil texture (Figure 4).

Figure 21 indicates that floodways proposed by McPherson Associates (2004) are
associated with sandy loam soils. It appears that sandy loam soils are associated with river
channels discharging from the areas mapped by McPherson Associates (2004) as
floodways.

Figure 22 combines interpretations of three maps with full coverage of the Christchurch City
area to represent pre-historic channels of the Waimakariri River:

« proposed lobes in the 1856 map (Figure 2);
. lobes proposed from the elevation map (Figure 16);
. soils indicating pre-historic channels (Figure 7).

These three maps are used to summarise surface information that indicates pre-historic
channels as these maps have near-full coverage of the Christchurch City area. The
McPherson Associates (2004) is not used here as the map covers only a small portion of the
Christchurch City area. This representation of pre-historic channels is developed to compare
with sub-surface gravel lobes in Section 4.
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3.0 SUBSURFACE FEATURES
3.1 Geological logs
3.1.1 General geological logs

Eight geological cross-sections (Figure 23) are generated from the Environment Canterbury
geology data base. In each plot, geological logs are collated from a zone within 500m of the
section line. The legend for each cross-section is plotted in Figure 24.

The upper 10 — 25m of cross-sections one (Figure 25), two (Figure 26), three (Figure 27) and
four (Figure 28) show shallow Springston Formation gravel lobes (coloured blue). They are
covered with clay and sand. Cross-section five (Figure 29) shows a large volume of gravel
from +10m of elevation to more than -40m below sea level (Riccarton Gravel). Cross-
sections six (Figure 30) and seven (Figure 31) show few gravel layers close to the ground
surface but a large gravel lobe from -10m to -40m of elevation (Riccarton Gravel). Gravels
are the most common sediments in cross-section eight (Figure 32).

3.1.2 Geological cross-sections and data processing
Geological cross sections are generated in the Christchurch City area for:

« South Christchurch City (Figure 33 and Appendix 1);

« Central-West Christchurch City (Figure 34 and Appendix 2); and
« South-West Christchurch City (Figure 35 and Appendix 3);

« North Christchurch (Figure 36 and Appendix 4).

These sections (Appendices 1, 2, 3 and 4) plot geological logs within 500 m of the section,
i.e. a 1 km ‘strip’ of geological logs.

Springston Gravel is identified from the cross-sections as:

. gravel lobes connected vertically to Riccarton Gravel (e.g. Figure 37 and Figure 38);
. gravel lobes unconnected to the Riccarton Gravel (e.g. Figure 39 and Figure 40).

Ground surface on each section and the top of the Riccarton Gravel are also identified in the
cross-sections.

These observations are converted into a three-dimensional data set using the following
process in ArcGIS and Earth Vision software:

« register the sections;

« assign codes to the digitised points as follows
10 = ground surface
20 = gravel connected to Riccarton Gravel
30 = gravel unconnected to Riccarton Gravel
40 = top of Riccarton Gravel
50 = lobes of fine sediment within gravel.
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These interpreted outlines are digitised from the cross sections with the codes for each line
as a projection on the y-coordinate (x is seen as constant, i.e. digitising in a y-z coordinate-
system) and exported as a 2D-lineshapefile (ESRI-format)

Two datasets are produced:

. a polyline-dataset for the interpolation of the surface of the Riccarton Gravel and
preliminary topography, and
. adense point raster for the interpolation of gravel and non-gravel deposits in 3D-space.

Within the ArcGIS-environment and extension ET-GeoWizard-Tool (free download) the
following steps are performed:

. densification of vertices on lines to 1 vertex every 10m;

. conversion of lines to points with profile-coordinates (y-z);

. calculation of x coordinates as a linear function of y according to
dim xs,ys,xe,ye as long

xs = 2474000
ys = 5743500
xe = 2477700
ye = 5748800

shape = xs+((xe-xs)/(ye-ys))* ([X]-ys)

. merge of all files into a single one (one per unit);

. export points as a text-file (tab-separated) and import with predefined free header to
Earthvision as a .dat file.

Within ArcGIS-environment and extension ET-GeoWizard-Tool (free download) the following
steps are performed:

. multiplication of the digitized polylines’ z-value for the purpose of better editing within the
shapefiles by the raster calculator on the attribute-table’s field [shape] according to lanko
Tchoukanski’s collection of VB-scripts for ArcGIS in GeoCalculate5.0 (free download):

Dim pPoint As IPoint

Dim pPolyline As |IPolyline

Dim pPointColl As IPointCollection
Dim pNewPointColl As IPointCollection
Dim pZA As |ZAware

Dim dY As Double

Dim i As Long

'adjust the parameters below

dY =20

'if Z value from a field is to be used unremark the following line
'remove the quotation marks and adjust the field name

dY ="[Z_FIELD]"

If (Not IsNull([Shape])) Then
Set pPolyline = [Shape]
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If (Not pPolyline.IsEmpty) Then
Set pPointColl = pPolyline
Set pNewPointColl = New Polyline
For i =0 To pPointColl.PointCount - 1
Set pPoint = pPointColl.Point(i)
pPoint.Y = pPoint.Y*dY
pNewPointColl. AddPoint pPoint
Nexti
Set pPolyline = pNewPointColl
Set pZA = pPolyline
' pZA.ZAware = True
End If
End If

Shape = pPolyline

. closure of all polylines and creation of a polygon at the base for the Riccarton Gravel;

« creation of polygons from polylines within ArcToolbox;

. attribution of all polygons with given codes for units;

. creation of a raster with 20m spacing from polygons with ArcToolbox;

- creation of a pointshapefile from that raster;

. adding X and Y coordinates to the attribute table;

. multiplication of Y by 1/20 to re-establish correct coordinates (method mentioned above);

« calculation of real Y from X (method mentioned above);

« merge of all files to a single one with standard names of columns;

. export as a text-file (tab-separated) and import with predefined free header to Earthvision
as a .pdat file.

Three-dimensional analysis is used to:

. assess connections between gravel lobes by tracing structures of Springston Gravel
lobes (connected and unconnected to the basal Riccarton Gravel) back towards their
origin; and

. identify features in the sections that identify depositional features. Analysis of the
interpreted cross-sections is done within ArcGIS and Earthvision.

Therefore, as a first step, the maximum outline of unconnected gravel lobes is digitised in
3D-space and correlated with the known occurrence of Sydenham, Fendalton and Belfast
gravel lobes of Springston Gravel. A lobe may be attributed as connected, though it is merely
connected to a narrow extent, in the area of transition from a connected to an unconnected
lobe. Therefore the analysis considered the strength of evidence for connection shown by the
well logs.

Features in the sections are correlated by connecting the tops of potentially correlated lobes
with 3D lines and marking the trend of deposition. Where possible, these lines are traced
towards the west using the shape and occurrence of connected and unconnected gravels.
Additionally, any structures indicating possibly contemporaneous deposition are marked on
the cross-sections by 3D lines. Well data used in the 3D geological model (Section 3.2) are
also considered in the 3-D analysis.
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A system of text-codes for the unconnected gravel-lobes is introduced with the first letter S, F
or B regarding the correlation to the Sydenham, Fendalton or Belfast gravel lobes,
respectively. The following letters refer to the hierarchical order of splitting into sub-lobes by
naming lobes of the same sub-hierarchy A, B, C, etc, from the south to the north. For
example the Fendalton gravel lobe F can be subdivided into the lobes FA, FB, FC, FD and each
of these can also be subdivided into sub-lobes naming them FAA, FAB, FBA, FBB and so on.

3.1.3 Interpretation

The “unconnected” gravel lobes (Figure 41) are classified as either Belfast, Fendalton,
Sydenham or Halswell. These lobes cover most of western, central and southern
Christchurch City.

Unconnected gravel lobe location is compared with the occurrence of unconnected gravel in
the cross sections (Figure 42).

Connected Springston Gravel lobes (Figure 43) sit directly on Riccarton Gravel. Lobes are
identified in Belfast, Fendalton, Sydenham, Woolston and Halswell. Geological cross
sections that identify connected gravels are shown in Figure 44. The connected lobes in
Belfast and Woolston may link to unconnected gravel above. The nature of possible links in
these areas has not been explored in detail in this report.

Unconnected gravels generally occur further east than connected gravels (Figure 45). This
indicates that early Springston Gravel deposition (i.e. the connected gravel) was followed by
later Springston Gravel deposition within Christchurch Formation sediment as Springston
Gravels were deposited in the palaeo-estuary from Waimakariri River channels.

3.2 Geological model

A geological model of the Springston Gravel and Christchurch Formation (White, 2007)
includes lithological descriptions from 4596 wells in the Christchurch area (Figure 46).
Lithological logs (Figure 47) show a layering interpreted as a glacial/interglacial sequence of
sedimentary deposition in the Christchurch area.

The geological model identifies gravel lobes within the Christchurch Formation sediments,
ie.:

. Belfast area (Figure 48);
. Fendalton area (Figure 48), related to the Avon River (White, 2005);
« Sydenham area (Figure 49).

33 Surficial fine sediments

All bore log lithological descriptions from drillers are assigned lithological codes when they
are entered into ECan’s Wells Database. These codes are used to generate graphic
representations of the bore log, either as individual bore logs or many bore logs, on cross-
sections for hydrogeological interpretation. The computer is used to search the lithological
codes for the depth at which first gravel was encountered in the bore logs. A map is
generated in GIS showing the locations of wells and thickness of fine sediments. Fine

GNS Science Consultancy Report 2007/195 10



sediments comprise marine/estuarine sand /silt and alluvial silt and sand with peat. Fine
sediments are annotated and colour coded according to a specified depth range. The
following depth ranges are adopted: 0 - 0.9m, 1 - 2.9m, 3 - 4.9m, 5 - 9.9m, 10 - 14.9m, 15 -
19.9m, 20 - 24.9m, 25 - 29.9m, 30 - 34.9m, 35 - 39.9m, and 40 - 44.9m. Isopach contours
are manually drawn in GIS for the following fine sediments thicknesses: 1, 3, 5, 10, 15, 20,
25, 30, 35 and 40m (Figure 50).

The isopach contours are drawn manually for two main reasons:

. the process allows geological interpretation of the data to be consistent with the known
floodplain surface features, which is not possible, if contouring software (e.g. “Surfer”) is
used. Former Waimakariri River channels entering Christchurch have been mapped
(Brown & Weeber 1992, McPherson 2004) and some shallow and apparently isolated
gravels are linked as channel features;

. itis easier to find and allow editing of anomalous data, e.g. gravel fill brought into various
sites to form a firm building foundation base on softer sediments.

The isopach contours do not necessarily represent the total thickness of Springston
Formation sediments overlying Riccarton Gravel because Springston Formation sediments
represent former Waimakariri River channels that interfinger as lobes within the fine
sediments.

Three broad zones are recognised:

. eastern (coastal) north and south of Banks Peninsula zone with no interbedded gravels
above Riccarton Gravel, dominated by marine fine sediments, some alluvial silts at
surface;

. central complex zone with interbedded/interfingering Springston Formation channels
within marine and alluvial fine sediments. In some places Springston Formation
sediments are in direct contact with Riccarton Gravel, especially towards the western
side of Christchurch;

. western zone where soils are generally thin i.e. gravel is at, or near, the ground surface.
There is no obvious marker bed separating Springston Formation gravels from Riccarton
Gravel and therefore these gravels are difficult to distinguish in bore log descriptions.

The map of fine sediment thickness broadly corresponds with the extents of unconnected
gravel lobes (Figure 51).

3.4 Radiocarbon dates

Radiocarbon dates measured by the GNS Science Rafter Radiocarbon Laboratory are
identified from:

« records summarised by Grant-Taylor and Rafter (1971);

. Rafter Radiocarbon laboratory paper records (Chambers, pers. comm.);

. a search of the GNS Science PETLAB database for all radiocarbon samples held as of
13 August 2007 for metric map sheets M35 and M36;

« Environment Canterbury records of radiocarbon dates of samples from wells.
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Samples are grouped into two sets:

. radiocarbon dates from shallow sediments. These include radiocarbon ages estimated in
soils, peat, gravel, excavations and wells compiled from original radiocarbon records
(Section 3.4.1), Figure 52 and Figure 53;

. radiocarbon dates from samples recorded by Environment Canterbury in their well
database (Section 3.4.2), Figure 54 and Figure 55.

Radiocarbon ages were recalculated in May 2007 to the revised international half life
(Chambers, pers. comm.).

Two radiocarbon dates are recorded by the Rafter Radiocarbon Laboratory: original analyses
and recalculated dates in May 2007. Radiocarbon dates used in this report are those of the
original analysis because:

« Environment Canterbury records original radiocarbon analysis in its database and the
interpretation of the chronology of gravel lobe deposition includes shallow samples and
ECan’s samples from wells (Section 3.4.2);

- not all samples have recalculated (i.e. May 2007) dates;

« some recalculated radiocarbon dates are inconsistent with the original data. It appears
that some recalculated ages require detailed checking which is beyond the scope of this
report;

. recalculated radiocarbon dates are mostly within the standard error of the original data
(Appendix 5, Table A5.1)

Estimates of age are used to assemble a chronology of gravel lobe, and gravel layer,
deposition.

3.4.1 Radiocarbon dates from shallow sediments

Radiocarbon dates of shallow sediments in the greater Christchurch City area are listed in
Appendix 5 (Table A5.1). Radiocarbon dates of shallow sediments in the Christchurch area
are listed in Table A5.2.

The provenance of radiocarbon samples (Appendix 5, Table A5.3) is assessed from the
records obtained during sample collection. Records obtained during sample collection are
summarised by Grant-Taylor and Rafter (1971) and useful additional information is held in
GNS Science, Rafter Radiocarbon Laboratory field sheets (e.g. notes, geological sections
and geological logs).

Radiocarbon samples of shallow sediments that are used to assess the chronology of gravel
deposition in Christchurch (Table A5.4) includes samples that have both:

. radiocarbon analysis (i.e. Table A5.2);
« geological information in the sample collection record (i.e. Table A5.3).

3.4.2 Radiocarbon dates from wells recorded by Environment Canterbury

The location, and well number, of wells with radiocarbon analyses recorded by Environment
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Canterbury in the Christchurch area (Appendix 6) are shown in Figure 54 and Figure 55. The
lithology of each radiocarbon analysis is determined (Figure 56) from the lithological
descriptions held by Environment Canterbury (Appendix 6).

Radiocarbon analysis recorded by Environment Canterbury (Appendix 6) are a subset of all
radiocarbon analyses (Appendix 5). Analyses held by Environment Canterbury are classified
by formation and are used to identify ages of sedimentation in the Christchurch Formation
and Springston Formation.

On Figure 56 lithologies are classified for each radiocarbon sample within the Christchurch
Formation as:

« NBS — New Brighton Sands;

e« CFF — Christchurch Formation fine sediments;

« CF undif — either fine sediments or New Brighton Sands — the geological log is not clear;

« CFF? SFF? — either Christchurch Formation or Springston Formation — the geological log
is not clear.

The NBS and CFF classifications are preliminary to separating the Christchurch Formation
into two members on the basis of depositional environment and permeability properties;
these members will be defined in a paper that will follow this report.

Other lithologies are classified for radiocarbon samples taken from formations other than
Christchurch Formation or Springston Formation as:

» Bromley — Bromley Formation;

« Linwood — Linwood Formation;

« Heathcote — Heathcote Formation;
« Riccarton — Riccarton Formation.

3.5 Chronology of Springston Formation deposition from radiocarbon
dates

Radiocarbon dates are used to propose a chronology of Springston Formation deposition in
the last 10 000 years in Christchurch.

Firstly, radiocarbon samples in the Christchurch Formation are assessed to determine
minimum and maximum deposition ages of gravel lobes. Then radiocarbon ages are used to
identify the commencement of gravel lobe deposition. Lastly, radiocarbon are used to
identify a chronology for phases of gravel deposition within gravel lobes.

3.5.1 Range of deposition using Christchurch Formation radiocarbon dates
3511 New Brighton Sands

New Brighton Sands samples with radiocarbon dates (Figure 57) are located in the south-
east of Christchurch City close to, or overlapping with, Springston Gravel lobes from Figure
41. One radiocarbon date gives an indication of the maximum age of Springston Gravel
deposition:
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. well M36/1187 has a radiocarbon age from a sample below Springston Gravel lobe
SBCAA (Figure 57 and Appendix 7). Therefore deposition of gravel lobe SBCAA began

less than 7820 years ago.

3.5.1.2 Christchurch Formation fine sediments

Christchurch Formation sediments with radiocarbon ages, within the geographic boundaries
of proposed gravel lobes from Figure 41, are identified for New Brighton Sands (Figure 57)
and Christchurch Formation fine sediments (Figure 58) as located:

» below the proposed gravel lobes; or
« within the proposed gravel lobes.

Samples below the proposed gravel lobes indicate a maximum age of Springston Gravel

deposition (Table 2).

Table 2. Maximum age of gravel lobe as indicated by Christchurch Formation radiocarbon ages

below the gravel lobe.

Springston Gravel lobe code | Christchurch Formation Well | Maximum age of Springston Gravel lobe
BBA M35/1175 8030
FB M35/2243 5450
FB M35/1974 8000
FA M35/2208 7120
FA M35/1987 6200
SBCAA M36/1187 7820
3.5.2 Springston Formation

3521 Commencement of Springston Formation gravel lobe deposition

Radiocarbon samples in Springston Formation sediments (Figure 59) are categorised as
from connected or unconnected gravels (Figure 60) based on the map of gravel lobes in
Figure 42. Radiocarbon ages in connected gravels are typically greater than radiocarbon
ages in unconnected gravels (Figure 61). Radiocarbon ages in the west are typically older
than radiocarbon ages in the east (Figure 61).

Radiocarbon ages in Springston Formation sediments are typically greater in deeper
samples (Figure 62). Radiocarbon ages in Springston Formation sediments are typically
oldest in the Halswell area (Figure 63).

Radiocarbon samples (shallow sediment samples and samples from wells) close to the base
of Springston Formation gravels (Figure 64) are identified (Table 3) to estimate the age of
commencement of gravel deposition.
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Table 3. Radiocarbon samples identifying the base of Springston Formation gravel deposition.
Sample Depth Age of commencement of Easting Northing | Elevation | Stratigraphy Lobe Lobe Sample Connection*
well number (m) Springston Gravel deposition (m) (m) (m) name code position
(years)

R 392/2 NZ 306 10 3750 2480294 | 5742031 -4 SFF Fendalton | FB u
R 1559/1 NZ 712 14 6450 2473684 | 5738346 6 SFF Halswell HA c
M35/1364 10 4020 2476380 | 5749140 19 SFF Belfast BB c
M35/2149 7 2040 2480950 | 5742510 5 SFF Fendalton | FB u
M35/2149 10 4240 2480950 | 5742510 5 SFF Fendalton | FB u
M35/2208 6 1585 2480700 | 5741700 6 SFF Fendalton | FA u
M35/5572 8 6330 2474200 | 5740300 20 SFF Sydenham | S u
M35/6102 14 6660 2473490 | 5740300 22 SFF? Sydenham | S c
M36/0981 11 2990 2477100 | 5739200 14 SFF Sydenham | SBC u
M36/1060 10 4060 2478000 | 5739800 12 SFF Sydenham | SCB u
M36/4017 13 8820 2473480 | 5737610 20 SFF Halswell HA c

* u unconnected gravel
c connected gravel
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The age of commencement of Springston Formation gravel deposition (Figure 64) and ages
within gravel lobes (Figure 63) appears to follow a chronology (from oldest to youngest and
ages rounded):

« Halswell area approximately 8800 years ago to 6500 years ago;

« Sydenham area approximately 6600 years ago to 3000 years ago;
. Fendalton area approximately 5500 years ago to 1500 years ago;
« 0Old South Branch approximately 4000 years ago.

Therefore:

« older gravel sediments are deposited in west and south Christchurch;

« deposition has generally moved towards the north in more recent times, and

« deposition of gravels in Sydenham, Fendalton and Old South Branch overlap in time so
depositional centres probably don’t move consistently northwards in a step-wise fashion.

The age of commencement of gravel deposition for the following gravel lobes may be
identified by radiocarbon dates:

. Fendalton lobe FA1585 years ago;

« Fendalton lobe FB 2040 — 5450 years ago;
« Sydenham lobe SBC 2990 years ago;

« Sydenham lobe SCB 4060 years ago.

3.5.22 Deposition of Springston Formation gravel layers within gravel lobes

Springston Formation gravel layers occur within gravel lobes (e.g. identified in Figure 45).
These layers represent episodes of gravel deposition that are identified in geological
information relevant to shallow samples (Appendix 5) and well logs (Appendix 6).

The start and end of gravel layer deposition is assessed using radiocarbon dates from
samples located at the bottom and the top of gravel layers.

Some gravel layers have radiocarbon analyses from near the bottom, or top, of the gravel
unit. The radiocarbon age is assigned to the bottom, or top, of the gravel layer if the
radiocarbon sample is taken from within one metre of the gravel layer boundary.

Radiocarbon samples located at the bottom, or top, of gravel sediments (Table 4) are
identified by “P codes” as outlined in Table 4 and Appendix 5:

« iax immediately above the shallowest gravel layer;
. ibx immediately below the shallowest gravel layer;
. iay immediately above the 2™ shallowest gravel layer;
. iby immediately below the 2" shallowest gravel layer.

Phases of gravel deposition identified by radiocarbon dates are summarised in Figure 65 and
Table 5. Radiocarbon ages are used to identify the start and end of gravel deposition,
estimated from shallow sample provenance (Table 4) and well logs (Table 3).
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Radiocarbon ages, shallow sample provenance and well logs appear to identify two phases
of unconnected gravel deposition in each of the Sydenham and Fendalton gravel lobes:

. Sydenham SCB located in the Addington area and possibly associated with the proposed
Yaldhurst lobe (Figure 16) and the Heathcote “C” lobe (Figure 19);

. Sydenham SBC located in the Spreydon area and possibly associated with the proposed
Yaldhurst lobe, or the proposed Wigram lobe, (Figure 16) and the proposed Heathcote
“‘A” and “B” lobes (Figure 19);

. Fendalton F1 observed in the Fendalton gravel lobes F, FA and FB (Table 4). F1 is a
chronostratigraphic unit and is used here in preference to geographic-based lobe codes;

. Fendalton F2 observed in the Fendalton gravel lobes FA and FB (Table 4). F2 is a
chronostratigraphic unit and is used here in preference to geographic-based lobe codes.

Two phases of Springston Formation gravel deposition in the Fendalton gravel lobe are
identified in the central city by:

. provenance information from radiocarbon samples R2359/3 and R2359/4 (Figure 52);
« provenance information from radiocarbon sample R1393/2 (Figure 52).

Provenance information for radiocarbon sample R1393/2 indicates a gravel lobe younger
than “F2”. However Table 5 and Figure 65 do not include a gravel lobe younger than F2 as
no radiocarbon dates are observed in gravels younger than F2.
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Table 4.

Radiocarbon analyses that identify the start and end of Springston Formation gravel deposition.

R_number F_number NZ_number Locality Grid reference Grid reference Depth to RC C14 age - original analysis P_code | Lobe_code
(NZMS260 easting) (NZMS260 northing) sample (years before present)
(m) without error

1391 S83/f502 NZ 576 Prebbleton 2471200 5729066 0.6 5650 iax Outside
5069 S83/f516 NZ 3946 Templeton 2465423 5740118 0.56 5020 iax Outside
2359/1 S84/f566 NZ 1096 University of Canterbury llam 2476347 5742875 3.3 3750 iax F (F1)
2359/2 S84/f567 NZ 1097 University of Canterbury llam 2476347 5742875 1.3 3300 iax F (F1)
2359/7 S84/f573 NZ 1102 Christ's College Christchurch 2479839 5741932 4.5 3030 iax FA (F1)
9553/2 M35/f16 NZ 5587 Law Courts 2480400 5742200 5.5 1900 iax FB (F2)
1393/2 S84/f551 NZ 551 BNZ Site Cathedral Square 2480575 5741671 5.7 1585 iay FA (F2)
1000/8 S83/f510 NZ 433 Williamson's Farm Lincoln 2471022 5728788 0.6 2440 ibx Outside
1556/1 S76/f511 NZ 709 Belfast Christchurch 2476325 5749184 9.2-10.7 4020 ibx B
1559/2 S84/f558 NZ 713 Sockburn Christchurch 2474108 5740274 7.5 6330 ibx S
2359/3 S84/f568 NZ 1098 Cnr Manchester & Salisbury ChCh 2480926 5742500 6.8-8.0 2040 ibx FB (F2)
2359/8 S84/f574 NZ 1103 Christ's College Christchurch 2479839 5741932 9.6 4200 ibx FA (F1)
693/2 S83/f508 NZ 383 Waimakariri Rd Templeton 2468172 5739802 04-0.6 3500 ibx Outside
693/3 S83/f509 NZ 384 Boyes Farm Broadfields 2465856 5736377 06-0.8 6495 ibx Outside
9767/3 m35/f9581 NZ 6515 Central Police Station 2480300 5741600 13.110 14.0 4204 ibx FA (F1)
2359/4 S84/f569 NZ 1099 Cnr Manchester & Salisbury ChCh 2480926 5742500 9-9.9 4240 iby FB (F1)
17241 S84/f563 NZ691 Heathcote 2484101 5738808 16.8-17.7 7821 iby W

The lobe code “Outside” indicates the sample is outside the Christchurch City area.
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Table 5. Proposed chronology of Springston gravel deposition.

Gravel lobes Code | Approximate start of gravel deposition | Approximate end of gravel deposition Notes
(years B.P.)* (years B.P.)"
Old South Branch | OSB 4000 80? River shifted from this area by engineering works.
Fendalton F2 2000 1600 The start of gravel deposition is indicated by

provenance information from radiocarbon sample
R2359/3 (Table 4). The end of gravel deposition is
indicated by provenance information from radiocarbon
sample R1393/2 (Table 4).

F1 4200 3000 The start of gravel deposition is indicated by
provenance information from radiocarbon sample
R2359/8 (Table 4). The end of gravel deposition is
indicated by provenance information from radiocarbon
sample R2359/7 (Table 4).

F ? 4400 End of connected gravel deposition estimated from
wells M35/2465, M35/1366 and M35/1495. The start
of gravel deposition is unknown.

SBC 3000 ? The start of gravel deposition is indicated by well
M36/0981. The end of gravel deposition is unknown.
SCB 4100 ? The start of gravel deposition is indicated by well
M36/1060. The end of gravel deposition is unknown.
S 6300 2800 The start of gravel deposition is indicated by well

M35/5572. The end of gravel deposition is indicated
by sample R1000/1.

Halswell H 8800 5000 The start of gravel deposition is indicated by well
M36/4017. The end of deposition is indicated by
sample R5069.

Woolston W ? 7800 End of gravel deposition indicated by the deep
radiocarbon date from well M36/1187.

! years before present rounded to the nearest 100 years.
2 gravel deposition ceased in 1932 when the residual South Branch flow stopped (McPherson Associates 2004).
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The Woolston connected gravel lobe may be older than 7800 years because:

well M36/1187 records “shingle brown sand and salt” from a depth of 17.9 m to a depth of
24.6 m;

well M36/1187 has a radiocarbon sample at 16.8 m to 17.7 m immediately above the
shingle layer;

therefore the shingle layer is older than 7800 years ago;

the well is close to cross section S840;

the cross sections (e.g. sections S810, S830 and S840) classify gravels in the depth
intervals 17.9 m to 24.6 m as connected Springston Formation gravels.

However the geological classification of the gravel in Well M36/1187 at 17.9m to 24.6 m does
not clearly identify connected gravel because:

the well log classifies the gravel as Riccarton Gravel.

Inferences about Springston Formation gravel deposition from Figure 64 and Figure 65
include:

the Woolston connected gravel may join to the Halswell connected gravel because the
age of Woolston connected lobe (older than 7800 years ago) is consistent with ages in
the Halswell connected lobe. However sections S790 and S780 (Appendix 1) don’t
identify connected gravels that could link Woolston lobe with the Halswell lobe. Note that
geological logs are scarce on these sections and future drilling may identify links.

gravel deposition in the south of Christchurch City is older than gravel deposition in the
north;

gravel deposition in the various gravel lobes (Halswell, Sydenham, Fendalton and Old
South Branch) overlap in time;

about 4400 years ago connected gravel lobe deposition in the Fendalton area ceased;
about 4000 — 4200 years ago unconnected gravel deposition in Fendalton and
Sydenham began;

deposition of the SCB gravel lobe, which began approximately 4100 years ago, occurs at
a similar time to the Fendalton F1 gravel lobe — maybe these two gravel lobes are related
through contemporaneous deposition;

deposition in the OSB lobe began about 4000 years ago and maybe this is related to the
onset of unconnected gravel lobe deposition;

deposition of the SBC gravel lobe began approximately 3000 years with gravel originating
from the Yaldhurst area or the Wigram area;

the Fendalton gravel lobe F2 overlies F1 in the central-to-north-east central area
(radiocarbon analyses R2359/3 and R2359/4). The earlier F1 deposition phase is
observed at the University of Canterbury, Christ’s College, the Central Police Station and
corner of Manchester and Salisbury Streets. Therefore maybe deposition of gravel lobe
F2 occurred on the northern side of the gravel lobe F1.
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4.0 SYNTHESIS OF SURFACE AND SUBSURFACE FEATURES

The locations of unconnected gravel lobes, and connected gravel lobes, (Figure 66) indicate
potential pathways for groundwater to recharge springs. For example (from south to north):

. the occurrence of springs in the Halswell area, immediately to the east and north-east of
Halswell township, appears related to the Halswell gravel lobe. Water from these springs
discharges to the Halswell River and to the Heathcote River (Figure 67). Therefore
groundwater flow in the Wigram gravel lobes discharges to the Halswell River and the
Heathcote River;

. few springs are mapped in the Wigram-Sydenham area (Figure 66);

. most of the baseflow increase in the Heathcote River occurs near Cashmere.
Groundwater for this may originate from unconnected Sydenham gravel lobes or from the
connected Halswell gravel lobe (Figure 67);

. springs in the Fendalton area supply approximately 40% (approximately 840 L/s) of the
Avon River baseflow (Figure 67). The location of these springs is very close to the
eastern boundary of connected Fendalton gravel (Figure 66). This observation indicates
that:

- the horizontal boundary between the high-permeability connected Fendalton gravel and
low-permeability Christchurch Formation sediments probably plays a key role in forcing
groundwater flow to the surface,

- a potential pathway between Riccarton Gravel and the springs is identified via
Fendalton connected, and unconnected, gravel, and

- locations of stream beds in the headwaters of the Avon River appear to mirror
somewhat the location of Fendalton connected gravel;

. the location of springs in Papanui appears related to the location of the Papanui gravel
lobe (Figure 66). Baseflow in the stream discharging from the area of these springs is
estimated as 232 L/s (Figure 67) in Dudley Creek. The location of Dudley Creek (Figure
67) is similar to the southern boundary of the Papanui gravel lobe;

. springs are associated with the Belfast gravel lobes (Figure 66) and most flow from these
spring discharges to the Styx River catchment. Approximately 100 L/s of estimated
baseflow presumably from the southern-most Belfast gravel lobe discharges to the Avon
River catchment.

The locations of unconnected gravel lobes are similar to the locations of surface features that
identify possible pre-historic channels (Figure 68). For example:

. the Halswell lobe identified by the 1856 map (Figure 19) by soil type and by elevation
appears to link to the Halswell unconnected gravel lobe (Figure 68) and the Halswell
connected gravel lobe (Figure 66). The surface expression of this lobe has also been
termed the “Islington Channel” by other workers;

« Heathcote lobe A (Figure 19) identified by the 1856 map, by soil type and by elevation
appears to link to the Sydenham unconnected gravel lobe;

. Heathcote lobe B (Figure 19) identified by the 1856 map and by soil type appears to link
to the Sydenham gravel unconnected gravel lobe;

. Heathcote lobe C (Figure 19) identified by the 1856 map, by soil type and by elevation
(i.e. the Yaldhurst lobe of Figure 16) appears to link to the Sydenham gravel unconnected
gravel lobe;
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the Fendalton lobe (Figure 19) appears to link to the Fendalton unconnected gravel lobe
except in the Papanui area (see below);

the Belfast lobe (Figure 19) in the west and south has a location that is similar to the
Belfast unconnected gravel lobe.

A few areas of difference between the surface features and the gravel lobes are observed:

5.0

unconnected gravel lobes do not show continuity (Figure 68) across the Yaldhurst lobe
(Figure 16). This is because continuity of gravel deposition between gravel lobes SCB
and SBCB (Figure 41) is not shown in well logs. More drilling is recommended in the
Spreydon-Addington area to assess continuity of these gravel lobes and investigate the
Yaldhurst lobe as a depositional feature. Radiocarbon dates indicate that deposition of
the unconnected gravel lobe SCB began at about the same time (4200 years) as
deposition of the unconnected Fendalton F1 lobe (Figure 65). Therefore deposition of
the Yaldhurst lobe and the Fendalton 4200 year unconnected gravel lobe may have
originated from a similar source area;

the Papanui lobe (lobe FD, Figure 41) is not represented by: the 1856 map, by surface
elevation and by soil type.

SUMMARY

Pre-historic Springston Formation deposition, particularly gravel deposition associated with
gravel deposition from the Waimakariri River, is assessed with maps of surface features,
geological logs and radiocarbon dates of recent sediments.

Springston Formation depositional lobes, proposed from an interpretation of surface features
and geological logs, in Christchurch City area, include, by surface catchment:

Halswell River catchment

- Halswell.

Heathcote River catchment

- Heathcote River A (located around Wigram Airfield);

- Heathcote River B (located around Curlett’s Drain catchment);

- Heathcote River C (located in the historic Wilson’s Creek catchment).
Avon River catchment

- Fendalton (between the airport and the City Centre, approximately).
Styx River catchment

- Belfast.

Surface features that are used in this interpretation include maps of a survey of Christchurch
in 1856 before urbanization, soils, geomorphic features associated with recent Waimakariri
River deposition, river bed sediment type, location of springs and ground elevation.

Springston Formation gravel sediments, identified from geological cross sections, are:

vertically connected to Riccarton Gravel mainly in the west of Christchurch City;
unconnected to Riccarton Gravel in central-east of Christchurch City.
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Springston Formation gravel sedimentation is interpreted as a series of lobate features
including:

. ‘connected’ gravel lobes in Halswell, Woolston, Sydenham, Fendalton, Belfast and Old
South Branch areas;
. ‘unconnected’ gravel lobes in Halswell, Sydenham, Fendalton and Belfast areas.

Connected gravels link to unconnected gravel lobes, with the exception of the Woolston
connected gravel lobe. The Woolston connected gravel lobe is isolated from other connected
gravels and from unconnected gravel lobes. However geological data in the area of the
Woolston connected gravel lobe is relatively sparse and future drilling may identify links
between this gravel lobe and other Springston Formation gravels.

The distribution of unconnected gravel lobes generally reflects the distribution of surface
features that potentially indicate the location of gravel lobes including: the 1856 map, soils,
geomorphic features associated with recent Waimakariri River deposition, river bed sediment
type and ground elevation.

Groups of springs are commonly associated with gravel lobes, for example:

« springs east of Halswell are associated with the Halswell connected gravel;

- springs in the Avon River headwaters are associated with the Fendalton connected
gravel;

. springs in the Dudley Creek catchment (Avon River) are associated with a gravel lobe in
the Papanui area that is linked to the Fendalton gravel lobe.

Therefore the gravel lobes are probably the geological units that allow groundwater flow from
unconfined aquifers west of Christchurch to springs in Christchurch City.

Radiocarbon dates of sediments in the Christchurch City area are used to identify a
chronology of Springston Formation gravel sedimentation. The chronology of sedimentary
deposition is summarised as, from older to younger, with ages rounded:

« Woolston connected gravel up to 7800 years ago;

. Halswell connected gravel about 8800 years ago to about 5000 years ago;

. Sydenham connected gravel about 6300 years ago to about 2800 years ago;
« Sydenham unconnected gravel in two depositional phases:

- phase 1 sedimentation started about 4100 years ago, however the end of
sedimentation is undated. Sediments in this phase may have originated from the
Fendalton gravel lobe (deposition phase 1) with deposition in the Yaldhurst lobe;

- phase 2 sedimentation started about 3000 years ago, however the end of
sedimentation is undated;

. Fendalton connected gravel began at an unknown time and ceased about 4400 years
ago;

« Fendalton unconnected gravel in two depositional phases:
- phase 1 about 4200 years ago to about 3000 years ago;
- phase 2 about 2000 years ago to about 1600 years ago;

. Belfast unconnected gravel, depositional ages unknown;

« 0Old South Branch connected gravel about 4000 years ago to 80 years ago.
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The locations of gravel deposition changed significantly in the period 4400 to 4000 years ago
in the Sydenham, Fendalton, and Old South Branch gravel lobes. These gravel lobes
deposited sediments into the pre-historic Christchurch estuary. Sea level between in the
period 4400 to 4000 years ago was about the same level as the current day (White 2001)
and this period possibly represents the maximum westward marine incursion of the estuary.
It appears that Springston Formation gravel deposition in the pre-historic estuary followed
soon after the maximum westward marine incursion.

Generally the age of commencement of Springston Formation sediments youngs to the
north, i.e. the Waimakariri has generally moved north in the last 8000 years.

6.0 RECOMMENDATIONS
6.1 Radiocarbon data
6.1.1 Environment Canterbury radiocarbon records

Environment Canterbury holds radiocarbon dates by well number and Rafter Radiocarbon
Laboratory “F” (“Fossil Record” number) number (Appendix 6). The “F” numbers are
attached to report number and cannot be searched.

It is recommended that “R” (Rafter Radiocarbon lab number) numbers replace “F” number
references (“R” numbers and “F” numbers are described in Appendix 5) in the Environment
Canterbury dataset because:

. Rafter Radiocarbon Laboratory data searches are more convenient with “R” numbers;
« “R” numbers include reference to “F” numbers and “NZ” numbers in the Rafter
Radiocarbon Laboratory records.

6.1.2 Smith (1992) assigns a radiocarbon analysis to two wells

A date of 8820 + 70 years is assigned to well M36/4017 and M36/4120 (footnote to Table
A6.1, Appendix 6). The well number for this well should be clarified by Environment
Canterbury.

6.1.3 Update Environment Canterbury radiocarbon records with non-well
samples

Radiocarbon analyses from soils, pits and excavations provide very useful information on the
history of sedimentation. Therefore these samples should be recorded in an Environment
Canterbury database. The following steps are recommended for radiocarbon samples in the
Christchurch area (i.e. those within the boundaries of map sheets M35 and M36):

. enter a “source” field for data in Table A5.1, Appendix 5), e.g. GNS Science, Rafter
Radiocarbon Laboratory”, “other”;

. enter sample information for Smith (1992) radiocarbon samples measured by Waikato
University (Appendix 6, Table A6.1);

« cross-check all Rafter Radiocarbon Laboratory samples (Table A5.1, Appendix 5) with
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the well database of radiocarbon age (Environment Canterbury and Brown and Weeber,
1992, Appendix 1) and enter a well number field to Table A5.1 for samples from wells;

. for samples that are not from wells in the Environment Canterbury database, attach
provenance information for sample collection records (Table A5.3, Appendix 5).

6.1.4 A forward programme of radiocarbon data collection is recommended

Radiocarbon analyses are very useful to establishing a chronology of Springston Formation
sedimentation in Christchurch City. However many gaps occur in the data. For example
dates on the onset of Springston Formation gravel deposition are not available for:

. connected gravel lobes e.g. Fendalton, Belfast and Woolston;
« unconnected gravel lobes in Sydenham, Papanui and Belfast.

Data on the end of gravel deposition are not available for many gravel lobes.

The forward programme could prioritise field data collection; most of these gravel lobes are
quite shallow so sampling costs should not be great.

6.1.5 Priority issues for further investigation in order of priority

Further assessment of the chronology of Springston Formation gravel deposition in the
Sydenham area is recommended to address the following questions:

. is the Woolston connected gravel lobe linked to the Halswell gravel lobe or the
Sydenham gravel lobe?

- how many phases of gravel deposition occurred through the Sydenham area?

- what are the links between unconnected gravel lobes?

. are gravels in the Sydenham area linked to deposition of Fendalton gravels?

« what is the age range of deposition of the “Yaldhurst” gravel lobe?

This area is a priority as:

« groundwater chemistry measurements (Hanson pers. comm.) in South Christchurch
show impacts of the use of land to the west of Christchurch;

. the connected gravel lobes (Halswell, Sydenham and Woolston) provide potential
pathways for pollutants, from land use, to enter the Riccarton Gravel and impact on the
groundwater system used by Christchurch City for drinking water;

« multiple gravel deposition phases means the area has a complex depositional history;
and

. a relatively low density of well logs means that geological correlation is more speculative
than in other areas of Christchurch.

Other priorities include:

« Springston Formation gravels in the Fendalton area to address the following questions:
- what is the age of the “Papanui” (lobe FD, Figure 41) gravel lobe?
- the geographic extent of the “F1” and “F2” (Figure 65) gravel deposition phases;
- links to Sydenham gravels;
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. Springston Formation gravels in the Belfast area to address the following questions:

- age range of gravel sedimentation;
- geological links to the Old South Branch gravels;
- geological links to the Fendalton gravels;

. Springston Formation gravels west and north-west of Christchurch, between the city and
the Waimakariri River. This area has fed gravel to Christchurch City. Very few
radiocarbon samples have been collected in the area. Existing radiocarbon samples
possibly identify flood events and these flood events may have been crucial in the
switching of gravel deposition location (e.g. approximately 4000 years ago, Figure 65).

6.2 Publication of revised geological nomenclature

This report develops nomenclature for geological units that extends the existing published
nomenclature (e.g. Brown and Wilson, 1988) with sub-formation names for the Christchurch
Formation and Springston Formation. It is recommended that the new detail on Christchurch
Formation and Springston Formation sediments identified in this report, and by White (2007),
is published.

6.3 Ground elevation

Ground elevation data in Wilson 1989 represents a terrain map that is well suited to an
analysis of pre-historic sedimentary deposition in Christchurch City. Only some of the
ground contours in Wilson (1989) are digitised in this report (Figure 15). It is recommended
that all ground contours in Wilson (1989) are digitised. A digital terrain model reconstructed
from this data will have considerable advantages over LIDAR data as the Wilson (1989) data
should be, unlike LIDAR data, not influenced by human infrastructure.

6.4 Improvements to geological characterisation of gravel lobes.

The extents of Springston Formation gravel lobes are assessed from geological cross
sections in this report. However, geological cross sections can give equivocal interpretations
of gravel lobe geometry where the density of wells logs is low. Gravel lobe geometry is a
little unclear in the south-west of Christchurch City. Reassessment of the geological cross
sections (southern sections: S1 — E1, S2 — E3, S3 — E3 and S4 — E4 Figure 23; south-west
sections S1 - E1, S2 — E2 and S3 — E3, Figure 35) is recommended.

The definition of gravel lobes may be improved as more wells are drilled and a targeted
drilling programme of shallow holes is recommended.

Priorities for further geological investigation of Springston Formation gravel lobes are, in
order of priority from highest to lowest:

« the south Christchurch area in the vicinity of Addington to assess the distribution of
relatively recent (i.e. the SBC lobe, Table 5) and relatively old (i.e. the SCB lobe, Table 5)
gravel lobes;

« the south Christchurch area in the vicinity of Woolston to assess the distribution of the
Woolston connected gravel lobe and links to other connected gravel lobes;
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. the central Christchurch- Papanui area to assess the distribution of the most recent (i.e.
F2, Table 5) gravel deposition in the Fendalton gravel lobe;

. the Belfast area to assess links between the Belfast lobe and the Old South Branch
gravels;

. the Belfast area to assess possible phases of gravel links deposition in the Belfast gravel
lobe;

. the area between the Belfast gravel lobe and the Fendalton gravel lobe to assess
possible gravel connections between these two lobes that may have existed in the pre-
historic Christchurch estuary.

6.5 3D datasets of Springston Formation gravel lobes

3D datasets defining the tops, bottoms and lateral extents of Springston Formation gravel
lobes could be completed following geological assessment of cross sections in south-west
Christchurch City (Section 6.4) and south Christchurch areas.

These datasets could be combined with Christchurch Formation palaeogeographic datasets
(White 2007) and Christchurch geography pre-urbanisation (White et al. 2007) to produce a
3D model of the geological evolution of Christchurch in the last 10000 years.
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Figure 1. Water, vegetation and geographical features of the Christchurch area in 1856 (White et
al. 2007).

GNS Science Consultancy Report 2007/195 30



—A\-ﬂ -
A on River

A (e

Fendaltg n

Heathcote

GNS
o 1 2 4 & SmEnes
[ - dretrrerrhar 200107
Legend [ Joryiand I Bu=n [ semp
|:| Sand - Tupaki - Broken & swampy ground
Coastline |:| Open plain - Flae: - Broken ground & surface water
— RiveriCreek |:| Shingle - Broken ground - Dy pioned
Unknaan I:l Hummock - Raupa - et land
:l Tusznck - Wized wegetation - Surface water
[ |Grmss I Rushes I Fone
|:| Fern - harsh - Lagoon
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Figure 3.  Soil texture in the Christchurch City area mapped by Landcare Research (Environment
Canterbury pers. comm.)
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Figure 6.  Profile available water of soils in the Christchurch City area, black and white version.
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Figure 7. Sandy loam soil textures and possible associated pre-historic channels of Christchurch
City rivers.

GNS Science Consultancy Report 2007/195 36




Figure 8. Geomorphic features of the Waimakariri River flood plain mapped by McPherson Associates (2004).
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Figure 10. Geomorphic features of the Waimakariri River flood plain mapped by McPherson Associates (2004) with locations of floodways.
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Figure 11. Springs mapped by Environment Canterbury, Christchurch City Council and the Sibly
1856 map (Wilson, 1989), with modern water courses (White et al. 2007).
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Figure 13. Locations of measurements of stream and river bed sediment type (Christchurch City
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Figure 16. Interpretation of surface elevation map with proposed lobes.
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Figure 23. Location of eight geological cross-sections, Christchurch City.
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Figure 25. Geological cross-section one.
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Figure 26. Geological cross-section two.
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Figure 27. Geological cross-section three.
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Figure 28. Geological cross-section four.
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Figure 29. Geological cross-section five.
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Figure 30. Geological cross-section six.
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Figure 31. Geological cross-section seven.
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Figure 32. Geological cross-section eight.
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Figure 34. Location of geological sections in the central-west Christchurch area.
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Figure 35. Location of geological sections in the south-west Christchurch area.
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Figure 37. Geological logs in cross section S2 — E2 (Figure 33).
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Figure 38. Geological logs in cross section S2 — E2 (Figure 37) and interpretation of cross section S2 — E2 as connected Springston Gravel (dark blue) and
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Figure 40. Geological logs in cross section S8 — E8 (Figure 39) and interpretation of cross section S8 — E8 as unconnected Springston Gravel (light blue)
and Riccarton Gravel (green).
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Figure 41. Location of unconnected Springston Gravel lobes. These gravel lobes are separated
from Riccarton Gravel by non-gravel sediments in cross sections.
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Figure 42. Unconnected gravel lobes and location of unconnected gravel on the geological cross
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Figure 44. Connected gravel lobes and location of connected gravel on the geological cross
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Figure 45. Extents of unconnected gravel lobes and connected gravel lobes.
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Figure 46. Locations of wells with geological logs in the Christchurch City area (after White, 2007).
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Figure 47. Lithological logs of wells in Christchurch showing gravel (red colour) and other sediments (blue colour) viewed towards the north (after White,
2007).
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Figure 48. View of 3D model of gravel in the Christchurch City area indicating gravel lobes in the Belfast, Fendalton and Sydenham areas (White, 2007).
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Figure 49. Interpretation of extents of gravel lobes in the Sydenham area from the 3D model (White, 2007).
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Figure 50. Thickness of fine sediments.

GNS Science Consultancy Report 2007/195

79



m

. A
{pan

e k

i 2 _, \
ks Peninsul

Figure 51. Thickness of fine sediments and location of unconnected gravel lobes.
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Figure 52. Radiocarbon analyses of shallow sediments; location and sample number.
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Figure 53. Radiocarbon analysis of shallow sediments: radiocarbon age and error in radiocarbon

age.
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Figure 54. Wells in Christchurch City with radiocarbon analyses of sediments held in the Environment Canterbury database.
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Figure 55. Ages of sediments in Christchurch City from radiocarbon analyses held in the Environment Canterbury database.
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Figure 56. Formation classification of Christchurch City sediment radiocarbon analyses.
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Figure 57. Location of wells with radiocarbon dates of New Brighton Sands. Wells are within the
geographic boundaries of proposed gravel lobes.
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Figure 58. Location of wells with radiocarbon dates of Christchurch Formation fine sediments within
the geographic boundaries of proposed gravel lobes.
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Figure 59. Location of wells with radiocarbon dates of Springston Formation sediments (SFF and
SFG lithology codes).
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Figure 60. Radiocarbon ages of Springston Formation sediments (SFF and SFG lithology codes) in
connected gravels and unconnected gravels.
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Figure 65 Schematic of Springston Formation gravel deposition in Christchurch City. The start and

end of gravel deposition is indicated.
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APPENDIX 1 - GEOLOGICAL LOGS IN SOUTHERN CHRISTCHURCH CITY
Two conventions are used to plot the location of sections:

. S1 - E1 etc (Figure 33) being the start and end points of log selection zones for cross
sections;
« S720 etc (Figure 44) being the location of wells at the ends of each section.
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Figure A1.8. Cross section s790.

GNS Science Consultancy Report 2007/195

107



S9

Figure A1.9.

T . T T . . T . . T . . T . .
10 u _ k1o
o | Lo
10 k10
0 - F-2n
a4 L
T T T T T T T T T T T T T T T
gon |3 R 35 37 20 4.1 4z a5 47 49 5.1 53 55 57 50 | son
a0 | I 400
o | 1050 [ogs: 190 g
096G
5774
0 - s 1008 WEGS2GT2 L g
00 1051 200
4250 401
1
a0 | et I 400
MBEA2195 7
358 f2dd W=y 9 T
o0 | Gyl it F 600
65

E9

Cross section s800.

GNS Science Consultancy Report 2007/195

108



S10

Figure A1.10.
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APPENDIX 2 - GEOLOGICAL LOGS IN CENTRAL-WEST CHRISTCHURCH CITY
Two conventions are used to plot the location of sections:

- S1 - E1 etc (Figure 34) being the start and end points of log selection zones for cross
sections;
« cw1 etc (Figure 44) being the location of wells at the ends of each section.
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Figure A2.7.
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Figure A2.10. Cross section cw10.
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APPENDIX 3 - GEOLOGICAL LOGS IN SOUTH-WEST CHRISTCHURCH CITY
Two conventions are used to plot the location of sections:

. S1 - E1 etc (Figure 35) being the start and end points of log selection zones for cross
sections;
« sw1 etc (Figure 44) being the location of wells at the ends of each section.
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Figure A3.5.
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APPENDIX 4 - GEOLOGICAL LOGS IN NORTH CHRISTCHURCH CITY
Two conventions are used to plot the location of sections:

. S1 - E1 etc (Figure 36) being the start and end points of log selection zones for cross
sections;
« n1 etc (Figure 44) being the location of wells at the ends of each section.
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Figure A4.1.

20

30

60D
A00
400
300
200
100

100
200
300
400
500
60D

20

20

- GO0

134362
13?379?118

IR

309

BG5S

4962

4602
G1ag

Gd?

G685

G214

001 o0

AE50

6744
Ga0i

5250
b

TEEh

I S00
400
300
200

100

100
200
300
400

800

- GO0

E1

Cross section n1.

GNS Science Consultancy Report 2007/195

137



S2

Figure A4.2.
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Figure A4.5.
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APPENDIX 5 - RADIOCARBON DATES OF SHALLOW SEDIMENTS

This appendix summarises radiocarbon ages measured in shallow sediments in the greater
Christchurch City area as follows:

Table A5.1 lists radiocarbon ages measured by the Rafter Radiocarbon Laboratory in
shallow sediments in the greater Christchurch City area under the following headings
(Chambers pers. comm.):

« R number — Rafter laboratory tracking number for radiocarbon sample and analysis;

« F number — file number for fossil record sample held in the “Fossil Record File”;

« NZ number — GNS Science file number of actual radiocarbon analysis;

« Locality;

« C14 age - original analysis C14 age measured on the sample;

« C14 age - recalculated C14 age recalculated in May 2007 to the revised international
C14 half life (Chambers, pers. comm.);

. Grid reference (original) — grid reference as noted at sample collection, contains inch-to-
mile coordinates and metric coordinates;

o Grid reference (NZMS260) — eastings and northings calculated from grid reference
(original) by Reeves (pers. comm.).

Table A5.2 contains a sub-set of the radiocarbon age data relevant to the assessment of
Springston Formation gravel lobes in Christchurch City specifically:

« samples collected south of the Waimakariri River;

. samples collected on the Canterbury Plains;

- samples with a radiocarbon age less than 10000 years old;

. samples with location information;

. samples not related to pre-historic human occupation (i.e. samples from Moa Point Cave
and 47 Sumner Road relate to early Maori occupation).

Table A5.3 assesses the provenance of samples, particularly as related to gravel deposition,
including:

« R number;

« geological information — whether or not geological information is noted with the sample
collection records;

. gravel in profile — whether or not gravel is noted with sample collection records;

. depth to gravel — as noted in sample collection records. Depth is zero where gravel
occurs at the ground surface;

- depth to radiocarbon sample — as noted in sample collection records;

. radiocarbon sample provenance and gravel occurrence — comments on the type of
sample, the type of substrate, and location of sample relative to gravel sediments;

. P code. This is a code that describes the location of the radiocarbon sample, relative to
gravel sediments noted in the sample collection records, as follows
- ax above the shallowest gravel;
- iax immediately above the shallowest gravel;
- wx within the shallowest gravel;
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- ibx immediately below the shallowest gravel;

- bx below the shallowest gravel;

- iay immediately above the 2"- shallowest gravel;
- wy within the 2"%-shallowest gravel;

- iby immediately below the 2™-shallowest gravel;
- ng no gravel is noted in the sample record;

- uk unknown gravel occurrence.

Table A5.4 lists radiocarbon samples or shallow sediments with both:

. radiocarbon analyses in Table A5.2;
« geological information in the sample collection record.

Original radiocarbon dates are listed in Table A5.4 as these are used (Section 3.4.1) in the
analysis of Springston Formation gravel deposition.
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Table A5.1. Radiocarbon ages of shallow sediments measured in greater Christchurch City area.
R number F number NZ number | Locality C14 age - original analysis C14 age - recalculated Grid reference Grid reference Grid reference Sample provenance
(years before present) (years before present) (original) (NZMS260 easting) (NZMS260 northing) information
20 S84/f504 NZ 84 Christchurch Public Hospital 155080 1572442 S84 995558 2479756 5741473 yes
258 S83/f511 NZ 493 Lincoln College Farm 8895130 8872176 S83 862418 2467827 5728456 yes
1001 S84/f540 NZ 645 Smart's Gravel Pit Hornby 3230175 3233+106 S84 904553 2471445 5740867 yes
1391 S83/f502 NZ 576 Prebbleton 5650+125 56504128 S83 899424 2471200 5729066 yes
1392 S83/f512 NZ 549 Elliott's Gravel Pit Yaldhurst 2310480 2313166 S83 881581 2469296 5743388 yes
2030 unknown NZ 781 Kairaki 13 Site near Kaiapoi 467151 781+/-60 no location data
2983 S83/f513 NZ 1294 Springston Canterbury 34600+2750 34523+3410 S83 840440 2465780 5730431
4193 S76/f522 NZ 1544 Test bore Christchurch 4390480 4388176 S76 942614 2474818 5746505 yes
4704 S83/f515 NZ 1930 Lincoln 3950042700 3952142270 S83 861432 2467713 5729734
5069 S83/f516 NZ 3946 Templeton 5020170 5029154 S83 838546 2465423 5740118 yes
5175 S83/f517 NZ 3966 Springston Canterbury 40100+5700 40091+4063 no location data
5192 S76/f524 NZ 4045 Waikuku Nth Canterbury 7490150 7824+/-143 S76 058853 2485030 5768544
5363 M36/f1 NZ 4260 Lincoln College >48,300 nonsense value M36 672297 2467200 5729700 yes
9218 M35/f5 NZ 5195 Sockburn Christchurch 50869+16053 M35 741411 2474100 5741100 yes
9219 M35/f13 NZ 5196 Clarkville Nth Canterbury 1875165 1877161 M35 793563 2479300 5756300 yes
9220 M36/f11 NZ 5174 Prebbleton >36,800 nonsense value M36 710355 2471000 5735500
9309 M36/f23 NZ 5382 Banks Peninsula 27700+1400 27116+1151 M36 892352 2489200 5735200 yes
11178 M36/f34 NZ 7014 Chapmans 6 DSIR Farm Lincoln 6950165 6920480 M36 668318 2466800 5731800 yes
1000/1 S83/f503 NZ 428 Paparua Prison 2800196 2800+103 S83 841593 2465620 5744420 yes
1000/1 S83/f503 NZ 428 Paparua Prison 2800496 2800+103 S83 841593 2465620 5744420 yes
1000/3 S83/f505 NZ 429 West Melton 110076 1098192 S83 750595 2457298 5744453 yes
1000/4 S83/f506 NZ 430 Broadfields 1725478 1860496 S83 842505 2465856 5736377 yes
1000/5 S83/f507 NZ 434 Yaldhurst 101575 100991 S83 886593 2469734 5744494 yes
1000/6 S76/f508 NZ 431 Harewood 930160 926490 S76 928631 2473511 5748037 yes
1000/7 S76/f509 NZ 432 Harewood <200 -1427+79 S76 914608 2472269 5745911 yes
1000/8 S83/f510 NZ 433 Williamson's Farm Lincoln 2440495 2434100 S83 897421 2471022 5728788 yes
1052/1 S84/f76 NZ 459 47 Sumner Rd Redcliffs Chch location of original file record unknown 77787 S84 089529 2488396 5738977
1052/2 S84/ NZ 460 47 Sumner Rd Redcliffs Chch location of original file record unknown 480184 S84 089529 2488396 5738977
1052/4 S84/ NZ 461 47 Sumner Rd Redcliffs Chch location of original file record unknown 1602+111 S84 089529 2488396 5738977
1283 S84/f539 NZ 530 University of Canterbury llam 6790430 6750462 S84 955572 2476076 5742687 yes
(duplicate 595)
1393/1 S84/f550 NZ 550 BNZ Site Cathedral Square 1590470 1592463 S84 004560 2480575 5741671 yes
1393/2 S84/f551 NZ 551 BNZ Site Cathedral Square 158570 1590463 S84 004560 2480575 5741671 yes
1393/3 S84/f552 NZ 564 Cathedral Square 71201110 7678+/-99 S84 004560 2480575 5741671 yes
1556/1 S76/f511 NZ 709 Belfast Christchurch 4020470 4024478 S76 959643 2476325 5749184 yes
1556/2 S76/f512 NZ 710 Brooklands 2180+/-55 2494154 S76 055722 2484971 5756564 yes
1559/1 S84/f557 NZ 712 Cnr Awatea & Carrs Rd Wigram 6450155 6438156 S84 928525 2473685 5738346 yes
1559/2 S84/f558 NZ 713 Sockburn Christchurch 6330+100 6340+104 S84 933546 2474108 5740274 yes
1559/3 S84/f560 NZ 715 Heathcote Chch >44,100 >44,100 S84 056525 2485386 5738557 yes
1724/1 S84/f563 NZ 691 Heathcote Chch 7820170 8326156 S84 042528 2484101 5738808 yes
1724/2 S84/f564 NZ 690 Heathcote Chch 6270485 not in database S84 042528 2484101 5738808 yes
1724/3 S84/f565 NZ 689 Heathcote Chch 3410145 3417147 S84 042528 2484101 5738808 yes
2286/1 unknown NZ 3466 unknown no info in file 249432 no location data
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R number F number NZ number | Locality C14 age - original analysis C14 age - recalculated Grid reference Grid reference Grid reference Sample provenance
(years before present) (years before present) (original) (NZMS260 easting) (NZMS260 northing) information
2286/1B unknown NZ 3528 Lincoln no info in file 253432 no location data
2286/2 unknown NZ 3467 unknown no info in file 187+30 no location data
2286/3 unknown NZ 3476 unknown no info in file 141432 no location data
2286/3B unknown NZ 3527 Lincoln no info in file 431432 no location data
2286/4 unknown NZ 3511 unknown no info in file 361432 no location data
2286/5 unknown NZ 3512 Lincoln no info in file 442444 no location data
229/2 S76/f505 NZ 117 Moore's Gravel Pit Kaiapoi 6800490 6679158 S76 033773 2482876 5761190 yes
229/3 S83/f501 NZ 118 Lake Ellesmere 9400+/-120 9439172 S83 891322 2470636 5719728 yes
229/4 S84/f522 NZ 119 Cnr Madras and Chester Sts 8000+/-150 8065184 S84 010565 2481115 5742138 yes
229/5 S84/f523 NZ 120 Clarence Rd Riccarton 6200+/-120 6096169 S84 974563 2477828 5741896 yes
229/6 S84/F524 NZ 121 Clarence Rd Riccarton >40,000 >40,000 S84 974563 2477828 5741896 yes
229/7 S84/f525 NZ 122 Cnr Woodham Rd and Worcester St 3810+70 3852+/-48 S84 040567 2483854 5742370 yes
2356/1 S76/f516 NZ 1084 Woodend Hotel Christchurch 1895458 1899164 S76 034807 2482911 5764300
2356/2 S76/f517 NZ 1085 Waimairi: County Council well 4580460 4583160 S76 962611 2476652 5746264 yes
23591 S84/f566 NZ 1096 University of Canterbury llam 3750465 3751164 S84 958574 2476347 5742875 yes
2359/2 S84/f567 NZ 1097 University of Canterbury llam 3300490 33051104 S84 958574 2476347 5742875 yes
2359/3 S84/f568 NZ 1098 Cnr Manchester & Salisbury ChCh 2040480 1866174 S84 008569 2480926 5742500 yes
2359/4 S84/f569 NZ 1099 Cnr Manchester & Salisbury ChCh 42404100 4390+113 S84 008569 2480926 5742500 yes
2359/5 S84/t571 NZ 1100 Cnr Manchester & Cashel ChCh 4200+£105 42024111 S84 007558 2480853 5741493 yes
2359/6 S84/f572 NZ 1101 Cnr Manchester & Cashel ChCh 3730175 3737483 S84 007558 2480853 5741493 yes
2359/7 S84/f573 NZ 1102 Christ's College Christchurch 3030490 30331102 S84 996563 2479839 5741932 yes
2359/8 S84/f574 NZ 1103 Christ's College Christchurch 4200105 1662492 S84 996563 2479839 5741932 yes
2980/1 S76/f518 NZ 1243 Kaiapoi 3470195 3474+105 S76 027727 2482403 5756975 yes
2980/2 S76/i519 NZ 1244 Kaiapoi 7370110 76781140 S76 029726 2482587 5756887 yes
2980/2 S76/f519 NZ 1244 Kaiapoi 7370110 76781140 S76 029726 2482587 5756887 yes
2980/3 S76/f521 NZ 1245 Kaiapoi 7350+130 76551144 S76 033771 2482879 5761007 yes
2980/3 S76/f521 NZ 1245 Kaiapoi 7350+130 76551144 S76 033771 2482879 5761007 yes
392/1 S84/f531 NZ 305 Cnr Hills & Edgeware Rds ChCh 2040460 208843 S84 018584 2481815 5743888 yes
392/2 S84/f532 NZ 306 Cambridge Terrace Christchurch 3750+80 3812448 S84 001564 2480294 5742032 yes
392/3 S84/f533 NZ 307 Cnr Conference and Durham Sts 3160+80 2252452 S84 002572 2480372 5742765 yes
3931 S84/f77 NZ 437 Moa Point Cave Redcliffs 646162 642188 S84 088529 2488305 5738975
393/2 S84/f76 NZ 438 Moa Point Cave Redcliffs 1170465 1167491 S84 088529 2488305 5738975
4196/1 S84/f584 NZ 1585 Lincoln Rd Canterbury 4060480 405574 S84 975541 2477955 5739886 yes
4196/2 S84/f585 NZ 1586 Wrights Road, Addington 3030+70 3033169 S84 970542 2477496 5739970 yes
4705/1 S84/f586 NZ 1816 Port Hills Rd Christchurch 5830490 6151+59 S84 057512 2485499 5737370 yes
4705/3 S84/f587 NZ 1818 Heathcote River Banks Peninsula 7050+120 7365195 S84 054532 2485192 5739194 yes
4705/4 S84/f588 NZ 1819 Heathcote River 9180+140 91731118 S84 054532 2485192 5739194 yes
4705/5 S84/f589 NZ 1809 llam Campus Christchurch 350470 347157 S84 958573 2476348 5742784 yes
4705/6 S84/f590 NZ 1820 Southern end Port Hills 1900470 1874164 S84 954347 2476355 5722117 yes
4705/7 S84/f591 NZ 1821 cnr Port Hills & Scruttons Roads 6190+100 not in database S84 057512 2485499 5737370 yes
584/1 S84/f536 NZ 274 Palmers Rd 5520+70 5928+/-53 S84 072592 2486739 5744708 yes
584/2 S84/f537 NZ 275 Palmers Rd 7780+80 8160+/-63 S84 072592 2486739 5744708 yes
584/3 S84/f538 NZ 276 Palmers Rd 8530+110 8872+/-66 S84 072595 2486734 5744982 yes
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R number F number NZ number | Locality C14 age - original analysis C14 age - recalculated Grid reference Grid reference Grid reference Sample provenance
(years before present) (years before present) (original) (NZMS260 easting) (NZMS260 northing) information

5861/2 M36/f12 NZ 4850 Prebbleton 279004750 279311706 M36 699355 2469900 5735500

595 S84/f539 NZ 308 University of Canterbury llam 69801100 6971160 S84 955572 2476076 5742687 yes
(duplicate 1283)

693/1 S75/f511 NZ 382 Lower Waimakariri Road 650140 625140 S75 821600 2463780 5745027 yes
693/2 S83/f508 NZ 383 Waimakariri Rd Templeton 3500470 3506448 S83 868542 2468172 5739802 yes
693/3 S83/f509 NZ 384 Boyes Farm Broadfields 6495195 6502194 S83 842505 2465856 5736377 yes
90/4 S84/f507 NZ 312 Woolston Park 73555 753+/-40 S84 037543 2483620 5740171 yes
90/5 S84/f516 NZ 99 Blighs Rd >45,000 nonsense value S84 972594 2477594 5744726 yes
90/6 S84/f517 NZ 310 Spreydon School Christchurch 29904110 2980+70 S84 964535 2476959 5739320 yes
90/6 S84/f517 NZ 310 Lincoln Rd 2990%110 2980470 S84 964535 2476959 5739320 yes
91/2 S84/f521 NZ 86 Bowenvale Rd Christchurch 940470 959+41 S84 009515 2481106 5737566 yes
91/4 S84/f519 NZ 277 Railway excavation 5270480 5244456 S84 101549 2489460 5740825 yes
91/5 S84/f518 NZ 311 Sparks Rd Bridge Christchurch 2460170 2430144 S84 982521 2478628 5738070 yes
91/6 S84/f520 NZ 309 Jeffreys Rd Fendalton 4660490 4662451 S84 970585 2477426 5743900 yes
9553/1 M35/f15 NZ 5586 Law Courts 894+49 894+47 M35 804422 2480400 5742200 yes
9553/2 M35/f16 NZ 5587 Law Courts 1900450 1900448 M35 804422 2480400 5742200 yes
9767/1 M35/f7523 NZ 6505 Kaiapoi 99804140 99741115 M35 826569 2482600 5756900 yes
9767/2 M35/f9578 NZ 6478 Moorhouse Av 1875160 1877156 M35 815407 2481500 5740700 yes
9767/3 m35/f9581 NZ 6515 Central Police Station 4204172 M35 803416 2480300 5741600 yes
9767/4 M36/f7580 NZ 6516 Dyers Rd Woolston 3690490 3706169 M36 852398 2485200 5739800 yes
9767/5 M36/f7582 NZ 6504 Barrington St 4480480 4483169 M36 784398 2478400 5739800 yes
S1334/1 S84/f503 NZ 75 Manderville Road Riccarton 3570470 3567149 S84 979558 2478293 5741447 yes
T2823/1 S84/f505b NZ 25 Cnr Blighs Rd and Waiariki Rd >40,000 not in database S84 972594 2477594 5744726 yes
T2823/2 S84/f508 NZ 26 Cashmere Hospital 2420+/-100 not in database S84 989514 2479279 5737441 yes
T2823/3 S84/f506 NZ 27 St Asaph St 3720+/-100 not in database S84 995555 2479760 5741199 yes

Notes:

« Brown and Weeber (1992) consider R2359/4 as a duplicate of M35/2149 (10 m deep sample). However the listed ages are different in Table A5.1 and Table A6.1. The age of R2359/4 is listed here;
« C14 sample NZ 713A, R1559/2, age 6330 yr is the analysis in M35/5572 (Appendix 6). Well M35/5572 has no well log (Weeber pers. comm.). However R1559/2 has provenance information on the field collection

sheet.
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Table A5.2 Radiocarbon ages of shallow sediments in the Christchurch City area.
R number | Fnumber | NZ number Locality C14 age - original analysis C14 age - recalculated Grid reference Grid reference Grid reference Sample provenance
(years before present) (years before present) (original) (NZMS260 easting) | (NZMS260 northing) information

20 S84/f504 NZ 84 Christchurch Public Hospital 1550480 1572442 S84 995558 2479756 5741473 yes
258 S83/f511 NZ 493 Lincoln College Farm 8895+130 8872+76 S83 862418 2467827 5728456 yes
1001 S84/f540 NZ 645 Smart's Gravel Pit Hornby 3230475 32331106 S84 904553 2471445 5740867 yes
1283 S84/f539 NZ 530 University of Canterbury llam 6790+30 6750+62 S84 955572 2476076 5742687 yes
1391 S83/f502 NZ 576 Prebbleton 5650+125 5650+128 S83 899424 2471200 5729066 yes
1392 S83/f512 NZ 549 Elliott's Gravel Pit Yaldhurst 231080 2313166 S83 881581 2469296 5743388 yes
4193 S76/f522 NZ 1544 Test bore Christchurch 4390480 4388+76 S76 942614 2474818 5746505 yes
5069 S83/f516 NZ 3946 Templeton 5020+70 5029+54 S83 838546 2465423 5740118 yes
11178 M36/f34 NZ 7014 Chapmans 6 DSIR Farm Lincoln 6950+65 6920+80 M36 668318 2466800 5731800 yes
1000/1 S83/f503 NZ 428 Paparua Prison 2800+96 2800+103 S83 841593 2465620 5744420 yes
1000/1 S83/f503 NZ 428 Paparua Prison 2800+96 2800+103 S83 841593 2465620 5744420 yes
1000/3 S83/f505 NZ 429 West Melton 1100476 1098492 S83 750595 2457298 5744453 yes
1000/4 S83/f506 NZ 430 Broadfields 1725478 1860196 S83 842505 2465856 5736377 yes
1000/5 S83/f507 NZ 434 Yaldhurst 1015475 1009491 S83 886593 2469734 5744494 yes
1000/6 S76/f508 NZ 431 Harewood 930160 926490 S76 928631 2473511 5748037 yes
1000/7 S76/f509 NZ 432 Harewood <200 -1427+79 S76 914608 2472269 5745911 yes
1000/8 S83/f510 NZ 433 Williamson's Farm Lincoln 2440+95 2434+100 S83 897421 2471022 5728788 yes
1393/1 S84/f550 NZ 550 BNZ Site Cathedral Square 1590+70 1592463 S84 004560 2480575 5741671 yes
1393/2 S84/t551 NZ 551 BNZ Site Cathedral Square 1585470 1590463 S84 004560 2480575 5741671 yes
1393/3 S84/f552 NZ 564 Cathedral Square 7120£110 7678+/-99 S84 004560 2480575 5741671 yes
1556/1 S76/f511 NZ 709 Belfast Christchurch 4020470 402478 S76 959643 2476325 5749184 yes
1556/2 S76/f512 NZ 710 Brooklands 2180+/-55 2494154 S76 055722 2484971 5756564 yes
1559/1 S84/f557 NZ 712 Cnr Awatea & Carrs Rd Wigram 6450155 6438156 S84 928525 2473685 5738346 yes
1559/2 S84/f558 NZ 713 Sockburn Christchurch 6330+100 6340+104 S84 933546 2474108 5740274 yes
1724/1 S84/563 NZ 691 Heathcote Chch 7820+70 8326156 S84 042528 2484101 5738808 yes
1724/2 S84/f564 NZ 690 Heathcote Chch 6270+85 not in database S84 042528 2484101 5738808 yes
1724/3 S84/f565 NZ 689 Heathcote Chch 341045 341747 S84 042528 2484101 5738808 yes
229/3 S83/f501 NZ 118 Lake Ellesmere 9400+/-120 943972 S83 891322 2470636 5719728 yes
229/4 S84/f522 NZ 119 Cnr Madras and Chester Sts 8000+/-150 8065184 S84 010565 2481115 5742138 yes
229/5 S84/f523 NZ 120 Clarence Rd Riccarton 6200+/-120 6096169 S84 974563 2477828 5741896 yes
229/7 S84/f525 NZ 122 Cnr Woodham Rd and Worcester St 381070 3852+/-48 S84 040567 2483854 5742370 yes
2356/2 S76/517 NZ 1085 Waimairi: County Council well 4580460 4583460 S76 962611 2476652 5746264 yes
2359/1 S84/f566 NZ 1096 University of Canterbury llam 3750+65 3751+64 S84 958574 2476347 5742875 yes
2359/2 S84/t567 NZ 1097 University of Canterbury llam 3300+90 3305+104 S84 958574 2476347 5742875 yes
2359/3 S84/568 NZ 1098 Cnr Manchester & Salisbury ChCh 2040+80 1866174 S84 008569 2480926 5742500 yes
2359/4 S84/569 NZ 1099 Cnr Manchester & Salisbury ChCh 42404100 43904113 S84 008569 2480926 5742500 yes
2359/5 S84/f571 NZ 1100 Cnr Manchester & Cashel ChCh 42004105 42024111 S84 007558 2480853 5741493 yes
2359/6 S84/t572 NZ 1101 Cnr Manchester & Cashel ChCh 373075 3737+83 S84 007558 2480853 5741493 yes
2359/7 S84/f573 NZ 1102 Christ's College Christchurch 3030+90 3033+102 S84 996563 2479839 5741932 yes
2359/8 S84/f574 NZ 1103 Christ's College Christchurch 4200+105 1662492 S84 996563 2479839 5741932 yes
3921 S84/f531 NZ 305 Cnr Hills & Edgeware Rds ChCh 2040460 2088+43 S84 018584 2481815 5743888 yes
392/2 S84/f532 NZ 306 Cambridge Terrace Christchurch 375080 3812448 S84 001564 2480294 5742032 yes
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R number | Fnumber | NZ number Locality C14 age - original analysis C14 age - recalculated Grid reference Grid reference Grid reference Sample provenance
(years before present) (years before present) (original) (NZMS260 easting) | (NZMS260 northing) information
392/3 S84/f533 NZ 307 Cnr Conference and Durham Sts 3160480 2252452 S84 002572 2480372 5742765 yes
4196/1 S84/f584 NZ 1585 Lincoln Rd Canterbury 4060480 405574 S84 975541 2477955 5739886 yes
4196/2 S84/f585 NZ 1586 Wrights Road, Addington 3030£70 3033169 S84 970542 2477496 5739970 yes
4705/1 S84/f586 NZ 1816 Port Hills Rd Christchurch 5830490 6151459 S84 057512 2485499 5737370 yes
4705/3 S84/f587 NZ 1818 Heathcote River Banks Peninsula 7050£120 7365495 S84 054532 2485192 5739194 yes
4705/4 S84/f588 NZ 1819 Heathcote River 91804140 9173+118 S84 054532 2485192 5739194 yes
4705/5 S84/f589 NZ 1809 llam Campus Christchurch 35070 34757 S84 958573 2476348 5742784 yes
4705/6 S84/f590 NZ 1820 Southern end Port Hills 1900470 1874164 S84 954347 2476355 5722117 yes
4705/7 S84/f591 NZ 1821 cnr Port Hills & Scruttons Roads 6190+100 not in database S84 057512 2485499 5737370 yes
584/1 S84/f536 NZ 274 Palmers Rd 5520£70 5928+/-53 S84 072592 2486739 5744708 yes
584/2 S84/f537 NZ 275 Palmers Rd 7780480 8160+/-63 S84 072592 2486739 5744708 yes
584/3 S84/f538 NZ 276 Palmers Rd 8530+110 8872+/-66 S84 072595 2486734 5744982 yes
693/1 S75/f511 NZ 382 Lower Waimakariri Road 650440 625140 S75 821600 2463780 5745027 yes
693/2 S83/f508 NZ 383 Waimakariri Rd Templeton 3500470 3506448 S83 868542 2468172 5739802 yes
693/3 S83/f509 NZ 384 Boyes Farm Broadfields 6495195 6502194 S83 842505 2465856 5736377 yes
90/4 S84/f507 NZ 312 Woolston Park 73555 753+/-40 S84 037543 2483620 5740171 yes
90/6 S84/f517 NZ 310 Spreydon School Christchurch 2990110 2980470 S84 964535 2476959 5739320 yes
90/6 S84/f517 NZ 310 Lincoln Rd 2990+110 2980470 S84 964535 2476959 5739320 yes
91/2 S84/f521 NZ 86 Bowenvale Rd Christchurch 940170 959+41 S84 009515 2481106 5737566 yes
91/4 S84/f519 NZ 277 Railway excavation 5270480 5244156 S84 101549 2489460 5740825 yes
91/5 S84/f518 NZ 311 Sparks Rd Bridge Christchurch 2460470 2430+44 S84 982521 2478628 5738070 yes
91/6 S84/f520 NZ 309 Jeffreys Rd Fendalton 4660+90 4662151 S84 970585 2477426 5743900 yes
9553/1 M35/f15 NZ 5586 Law Courts 89449 89447 M35 804422 2480400 5742200 yes
9553/2 M35/f16 NZ 5587 Law Courts 1900450 1900448 M35 804422 2480400 5742200 yes
9767/2 M35/f9578 NZ 6478 Moorhouse Av 187560 1877156 M35 815407 2481500 5740700 yes
9767/3 m35/f9581 NZ 6515 Central Police Station 4204172 M35 803416 2480300 5741600 yes
9767/4 M36/f7580 NZ 6516 Dyers Rd Woolston 3690+90 3706469 M36 852398 2485200 5739800 yes
9767/5 M36/f7582 NZ 6504 Barrington St 4480480 4483169 M36 784398 2478400 5739800 yes
S$1334/1 S84/f503 NZ 75 Manderville Road Riccarton 3570470 3567149 S84 979558 2478293 5741447 yes
T2823/2 S84/f508 NZ 26 Cashmere Hospital 2420+/-100 not in database S84 989514 2479279 5737441 yes
T2823/3 S84/f506 NZ 27 St Asaph St 3720+/-100 not in database S84 995555 2479760 5741199 yes
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Table A5.3.

Provenance of radiocarbon samples and location of gravel sediments.

R Number Geological Gravel in Depth to gravel Depth to RC sample RC sample provenance and gravel occurrence P Code
information profile (m) (m)

20 v \ 6 3.3-45 wood samples at 3.3m - 4.5m in silty sand over gravel ax
258 X - - 0.8-1.1 wood sample depth 0.8m - 1.1m -
258 X - - 1 buried wood in clay substrate approximately 1m below ground level -
1001 v v 0? 9 wood, matai buried in 9m of gravel WX
1391 \ \ 1.4 0.6 charcoal 0.6m below ground level iax
1392 \ \ 0? 6 charcoal - matai below 6m of gravel wx
4193 X - - 9-10.5 sample 9m - 10.5m deep possibly from base of Springton or Christchurch Formation -
5069 \ \ 1.2 0.56 charcoal (Totara) 0.56m deep iax
5363 v \ 2 gravel layers: 4.6 - 25.6, 31.4 - 36.0 (eoh) 25.6 Sample 25.6m deep in pug and wood ibx
9218 \ \ 2 gravel layers: 0-10, 10 - 40 40-43 sample at base of second gravel layer 40m - 43m iby
9219 N v 8.5 7.6-850r6.4 wood sample at 7.6m - 8.5m or 6.4m ax
9309 \ X - 10 Moa bone femur 10m deep in loess on Port Hills close to base of loess ng

11178 \ X - 0.67 Sample 0.67m deep in soils. NB record notes soils 'within post glacial Springston alluvium' WX
693/3 \ ? 0 0.6-0.8 charcoal 0.6m - 0.8m below surface and 0.6m of gravel ibx
1000/1 \ V 0 4.5 wood from log lying horizontally 4.5m below surface WX
1000/3 X - - 0.2 charcoal sample depth 0.2m -
1000/4 X - - 0.3-0.45 charcoal sample depth 0.3m - 0.45m -
1000/5 \ X - 0.45 charcoal from base of Selwyn soil and sediment ax
1000/6 \ V 0 3 wood buried in 3m of gravel WX
1000/7 \ \ 0 3 wood, washed in, lying horizontal 3m below surface in gravels WX
1000/8 \ Y alluvium 0.2 0.6 wood from base of alluvium ibx
1052/1 X X - 1 Log charcoal at base of oven -
1052/2 X X - 0.5 Moa bone - pelvis fragment -
1052/4 X X - 0.2 Moa bone - femur -
1283 X - - 13.8 peat sample from 13.8m -
(duplicate 595)
1393/1 \ V at most 3.7 3.65 wood within coarse sand, gravel overlying, silt under bx
1393/2 \ \ 5.7 5.7 wood at top of gravel iay
1393/3 X - - 204-21 sample depth 20.4m - 21m Christchurch Formation -
1556/1 \ \ 2 gravel layers: 0-9.2,10.7 - 15 9.2-10.7 peat from base of shallow gravel 9.2m - 10.7m ibx
1556/2 X - - 51-6 shell 5.1m - 6m -
1559/1 \ \ 2 gravel layers: 2.1 -11.1,14.2 - 21.0 (eoh) 13.5- 141 wood, 13.5m - 14.1m bx
1559/2 \ \ 2 layers: 0-7.2, 12 to deeper 75 wood sample from 7.5m ibx
1559/3 X - - 90.9 -93.3 sample from 90.9m -93.3m -
1724/1 \ X - 16.8 to 17.7 Shell sample 16.8m to 17.7m deep in blue-grey clay (Christchurch Formation) ng
1724/2 \ X - 12.6 to 13.8 Sample 12.6m to 13.8m deep in blue-grey sand (Christchurch Formation) ng
1724/3 \ X - 9.6 t0 10.2 wood and charcoal sample 9.6m to 10.2m deep in fine blue-grey sand (Christchurch Formation) ng
229/2 X - 0 9 sample depth 9m in gravel pit WX
229/3 X - - 22.5 sample depth 22.5m -
229/4 X - - 21.9 sample depth 21.9m -
229/5 X - - 12.9 sample depth 12.9m -
229/6 X - - 411 sample depth 41.1m -
229/7 X - - 4.2 sample depth 4.2m -
2356/2 \ \ 2 gravel layers: 1.2-11.7,15.9- 27 14.4 -14.7 sample depth 14.4m - 14.7m Christchurch Formation bx
2359/1 \ \ 1.3m to 3.6m 3.3 silty clays at 3.3m - presumably above gravels iax
2359/2 \ \ 1.3t0 3.6 1.3 wood? Sample at 1.3m depth iax
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R Number Geological Gravel in Depth to gravel Depth to RC sample RC sample provenance and gravel occurrence P Code
information profile (m) (m)
2359/3 \ \ 2 gravel layers: 3.9-6.8,8.0-9.9 6.8-8.0 sample depth 6.8m - 8.0m below shallow gravel ibx
2359/4 \ V 2 gravel layers: 3.9-6.8,8.0-9.9 9-99 sample depth 9m - 9.9m at base of deeper gravel iby
2359/5 X - - 75-9 wood and peat 7.5m - 9m deep -
2359/6 X - - 10.5 wood 10.5m deep -
2359/7 \ \ 4.5 4.5 wood sample 4.5m deep on top of gravel iax
2359/8 \ V 45 9.6 sample at 9.6m at base of gravel ibx
2980/1 X - - 15 wood 15m deep, 0.9m above Christchurch Formation -
2980/2 X - - 6.6 shell, 6.6m deep, Christchurch Formation -
2980/3 X - - 13.5-15 shell, 13.5m - 15m deep -
392/1 X - - 1.3 peat 0.3m thick at a depth of 1.3m -
392/2 X - - 10 peat from swamp forest 10m deep -
392/3 X - - 3 peat at 3m at base of 'overburden’ -
4196/1 \ \ 2.7 (estimate) 9.6-9.9 wood 9.6m - 9.9m 'under' 6.9m of gravel bx
4196/2 \ V 2.7 (estimate) 8.1-9.6 wood 8.1m - 9.6m deep bx
47051 \ X - 2.15 shell sample depth 2.15m ng
4705/3 X - - 17.4 10 18.0 shell sample (?) depth 17.4 to 18.0 m, Christchurch Formation -
4705/4 X - - 24.0 t0 26.1 peat sample (?) depth 24.0 to 26.1m, near base of Christchurch Formation -
4705/5 \ \ gravel noted, but no estimate of depth 1.5 podocarp sample 1.5m deep ax
4705/6 X - - 2.94 moa bone depth 2.94m, in peat, near Motukarara -
4705/7 X - - 3 shell sample (?) depth 3.0 m, Christchurch Formation -
584/1 \ \ ? elevation - 15.3m (note elevation, not depth) sample elevation - 15.3m Christchurch Formation uk
584/2 X - - elevation - 22.2 (note elevation, not depth) sample elevation - 22.2m Christchurch Formation -
584/3 X - - elevation - 27.3 - 27.6 (note elevation, not depth) | sample elevation - 27.3m - 27.6m Christchurch Formation -
693/1 \ X - 0.8 charcoal 0.8m below surface (base of Selwyn soil) ax
693/2 \ \ 0.4 04-06 charcoal from base of alluvium depth 0.4m - 0.6m ibx
90/4 X - - 2.7 wood 2.7m deep -
90/4 X - - 2.7 sample depth 2.7m wood -
90/5 X - - 45 sample depth 45m -
90/6 X - - 10.5 wood 10.5m deep -
90/6 X - - 10.5 sample depth 10.5m wood -
91/2 v X - 2.4 wood from fine sand and silt over mud, 2.4m below road level ng
91/4 X - - 5.1 blue silt in drill hole 5.1m depth -
91/5 \ \ 1.5 1.5? sample from gravel underlying blue-grey clay. Sample 1.5m below ground level? WX
91/6 X - - 5.4 peat, 5.4m depth -
9553/1 \ \ 5.5 3.5 3.5m deep, 2m above gravel ax
9553/2 \ \ 5.5 5.5 sample at 5.5m on top of gravel iax
9767/1 \ \ 3 gravel layers: 6.7 - 9.1, 10.7 - 11.3, 12.5-15.5 (eoh) 11.3 sample at 11.3m at base of second gravel layer iby
9767/2 \ \ 1 3.2 sample at 3.2m depth in gravel WX
9767/3 \ \ 2 gravel layers: 2.9 - 12.7 deep, 23.2 - 30.5(eoh) 13.1t0 14.0 sample at 13.1m to 14.0m at base of first gravel layer ibx
9767/4 \ X - 34 3.4m deep in clay-silt ng
9767/5 \ \ 4.4 t0 9.1 13.1 wood, 13.1m deep bx
S1334/1 X - - 4 sample from peat 4m deep in silts -
T2823/1 \ \ 2 gravels: 0.9to 14.4,2-181t062.7 57 peat sample depth 57m 40,000 years plus - identifying Riccarton or older gravel wy
T2823/2 \ \ ? 3.3 sample 3.3m in sandy gravel WX
T2823/3 \ X - 2.4 timber sample 2.4m in silty sand -
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Table A5.4.

Radiocarbon samples of shallow sediments used in the analysis of gravel deposition chronology.

R number F number NZ number Locality C14 age - original analysis Grid reference Grid reference Depth to RC sample C14 age - original analysis P code
(years before present) (NZMS260 easting) | (NZMS260 northing) (m) (years before present) without error

20 S84/f504 NZ 84 Christchurch Public Hospital 155080 2479756 5741473 3.3-45 1550 ax
1001 S84/f540 NZ 645 Smart's Gravel Pit Hornby 323075 2471445 5740867 9 3230 WX
1391 S83/f502 NZ 576 Prebbleton 5650+125 2471200 5729066 0.6 5650 iax
1392 S83/f512 NZ 549 Elliott's Gravel Pit Yaldhurst 2310480 2469296 5743388 6 2310 WX
5069 S83/f516 NZ 3946 Templeton 5020+70 2465423 5740118 0.56 5020 iax
11178 M36/f34 NZ 7014 Chapmans 6 DSIR Farm Lincoln 6950465 2466800 5731800 0.67 6950 WX
1000/1 S83/f503 NZ 428 Paparua Prison 2800496 2465620 5744420 4.5 2800 WX
1000/5 S83/f507 NZ 434 Yaldhurst 101575 2469734 5744494 0.45 1015 ax
1000/6 S76/f508 NZ 431 Harewood 930460 2473511 5748037 3 930 WX
1000/7 S76/f509 NZ 432 Harewood <200 2472269 5745911 3 <200 WX
1000/8 S83/f510 NZ 433 Williamson's Farm Lincoln 2440495 2471022 5728788 0.6 2440 ibx
1393/1 S84/f550 NZ 550 BNZ Site Cathedral Square 1590470 2480575 5741671 3.65 1590 bx
1393/2 S84/t551 NZ 551 BNZ Site Cathedral Square 1585170 2480575 5741671 5.7 1585 iay
1556/1 S76/511 NZ 709 Belfast Christchurch 402070 2476325 5749184 9.2-10.7 4020 ibx
1559/1 S84/t557 NZ 712 Cnr Awatea & Carrs Rd Wigram 6450155 2473685 5738346 13.5-14.1 6450 bx
1559/2 S84/f558 NZ 713 Sockburn Christchurch 6330+100 2474108 5740274 7.5 6330 ibx
1724/1 S84/f563 NZ 691 Heathcote Chch 7820470 2484101 5738808 16.8t0 17.7 7820 ng
1724/2 S84/564 NZ 690 Heathcote Chch 6270485 2484101 5738808 12.6 t0 13.8 6270 ng
1724/3 S84/565 NZ 689 Heathcote Chch 3410445 2484101 5738808 9.6 t0 10.2 3410 ng
2356/2 S76/f517 NZ 1085 Waimairi: County Council well 4580+60 2476652 5746264 14.4-14.7 4580 bx
2359/1 S84/f566 NZ 1096 University of Canterbury llam 3750465 2476347 5742875 3.3 3750 iax
2359/2 S84/f567 NZ 1097 University of Canterbury llam 3300+90 2476347 5742875 1.3 3300 iax
2359/3 S84/568 NZ 1098 Cnr Manchester & Salisbury ChCh 204080 2480926 5742500 6.8-8.0 2040 ibx
2359/4 S84/f569 NZ 1099 Cnr Manchester & Salisbury ChCh 4240+100 2480926 5742500 9-9.9 4240 iby
2359/7 S84/f573 NZ 1102 Christ's College Christchurch 3030+90 2479839 5741932 4.5 3030 iax
2359/8 S84/i574 NZ 1103 Christ's College Christchurch 42004105 2479839 5741932 9.6 4200 ibx
4196/1 S84/584 NZ 1585 Lincoln Rd Canterbury 4060480 2477955 5739886 9.6-9.9 4060 bx
4196/2 S84/f585 NZ 1586 Wrights Road, Addington 3030470 2477496 5739970 8.1-9.6 3030 bx
4705/1 S84/f586 NZ 1816 Port Hills Rd Christchurch 5830490 2485499 5737370 2.15 5830 ng
4705/5 S84/t589 NZ 1809 llam Campus Christchurch 350170 2476348 5742784 1.5 350 ax
584/1 S84/f536 NZ 274 Palmers Rd 5520+70 2486739 5744708 elevation - 15.3m (note elevation, not depth) 5520 uk
693/1 S75/f511 NZ 382 Lower Waimakariri Road 650+40 2463780 5745027 0.8 650 ax
693/2 S83/f508 NZ 383 Waimakariri Rd Templeton 350070 2468172 5739802 04-0.6 3500 ibx
693/3 S83/f509 NZ 384 Boyes Farm Broadfields 6495+95 2465856 5736377 0.6-0.8 6495 ibx
91/2 S84/f521 NZ 86 Bowenvale Rd Christchurch 940470 2481106 5737566 24 940 ng
91/5 S84/f518 NZ 311 Sparks Rd Bridge Christchurch 2460470 2478628 5738070 1.5? 2460 WX
9553/1 M35/f15 NZ 5586 Law Courts 894+49 2480400 5742200 3.5 894 ax
9553/2 M35/f16 NZ 5587 Law Courts 1900450 2480400 5742200 5.5 1900 iax
9767/3 m35/f9581 NZ 6515 Central Police Station 4204472 2480300 5741600 13.1t0 14.0 4204 ibx
9767/2 M35/f9578 NZ 6478 Moorhouse Av 1875160 2481500 5740700 3.2 1875 WX
9767/4 M36/f7580 NZ 6516 Dyers Rd Woolston 3690+90 2485200 5739800 34 3690 ng
9767/5 M36/f7582 NZ 6504 Barrington St 4480480 2478400 5739800 13.1 4480 bx
T2823/2 S84/f508 NZ 26 Cashmere Hospital 2420+/-100 2479279 5737441 3.3 2420 WX
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APPENDIX 6 - GEOLOGICAL LOGS OF WELLS AND RADIOCARBON AGES OF
SEDIMENTS

Radiocarbon dates of samples taken from wells are summarised in Table A6.1.

Geological logs held by ECan is reproduced in this appendix with the radiocarbon sample
data (and error) held by ECan indicated at the sample depth.

Partial geological logs are presented for some wells where the well log sheet contains
lithologies that are deeper than radiocarbon samples.
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Table A6.1.

Radiocarbon dates of samples taken from wells.

Analysis Well_No Depth Test_material Report C14 age Cl4 Lithology Easting Northing
(years) error classification Coordinate Coordinate
(m) (m)
Cl4 | M35/1171 30 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F1 8280 70 | CFF 2485600 5746900
Cia | M35/1171 19 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F2 8180 70 | NBS 2485600 5746900
C14 | M35/1175 18 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F7 8030 170 | CFF 2482500 5749400
Cla | M35/1245 6 | SHELL 2180 55 | NBS 2484700 5756500
Cla | M35/1246 6 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F7512 | 2180 55 | NBS 2485100 5756500
C14 | M35/1358 20 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F6 6600 140 | CFF 2478090 5747700
Cla | M35/1364 10 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F7511 | 4020 70 | SFF 2476380 5749140
Cia | M35/1366 15 | WoOD BROWN & WEEBER 1992, (LO1C-7352), M35/F7517 | 4580 60 | SFF 2476639 5746251
Cla | M35/1495 10 | WooD BROWN & WEEBER 1992, (LO1C-7352), M35/F7522 | 4390 80 | SFF 2474750 5746450
Cia | M35/1871 24 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F9537 | 7780 80 | CF undif 2486700 5744700
C14 | M35/1871 17 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F9536 | 5520 70| CF undif 2486700 5744700
Cla | M35/1871 28 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F9538 | 8530 110 | CF undif 2486700 5744700
Cila | M35/1943 4 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F9503 | 3570 70 | SFF 2478228 5741601
C14 | M35/1974 22 | woop BROWN & WEEBER 1992, (LO1C-7352), M35/F9522 | _ 8000 150 | CFF 2481100 5742000
Cila | M35/1975 28 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F8 8410 170 | CFF 2484400 5745160
Cia | M35/1987 13 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F9523 | 6200 120 | CFF 2477800 5741800
Cla | M35/1987 42 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F9524 | 43000 0 | Bromley 2477800 5741800
Cla | M35/2054 46 | WOOD BROWN & WEEBER 1992, (LO1C-7352), M35/F9516 | 45000 0 | Bromley 2477580 5744560
C14 | M35/2054 58 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F9505 | 40000 0 | Linwood 2477580 5744560
Cla | M3512145 14 | WooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9581 | 4180 9 | SFF 2480300 5741600
Cia | M3512149 7 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9568 | 2040 80 | SFF 2480950 5742510
C14 | M35/2149 10 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9569 | 4240 100 | SFF 2480950 5742510
Cia | M3512182 10 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9532 | 3750 80 | SFF 2480340 5741870
Cia | M35/2201 3 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F9533 | 3160 80 | SFF 2480500 5742800
Cla | M35/2208 4 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9550 | 1590 70 | SFG 2480700 5741700
Cila | M35/2208 6 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9551 | 1585 70 | SFF 2480700 5741700
C14 | M35/2208 21 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F9552 | 7120 110 | CFF 2480700 5741700
Cla | M35/2243 19 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F9575 | 5450 100 | CFF 2480120 5742790
Cia | M35/2261 9 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9572 | 3730 75 | SFF 2480843 5741500
C14 | M35/2261 106 | WOOD/PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F9571 | _ 4200 105 | SFF 2480843 5741500
Cla | M35/2265 5 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9573 | 3030 9 | SFG 2479800 5741800
Cia | M35/2273 42 | WOOD/PEAT IN6C-332-1/1 (BROWN & WILSON 1988), M35/F5 35300 0 | Bromley 2474100 5741140
c14 | M35/2448 14 | PEAT ?/'Z?I\\/’I\g"é /ﬁg’g’%BER 1992, (LO1C-7352), IN6C-332- | goq9 100 | no log 2476100 5742700
Cla | M35/2448 14 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F9539 | 6790 30 | SFF 2476100 5742700
Cla | M35/2465 6 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9520 | _ 4660 9 | SFF 2477060 5743630
Cla | M3512790 34 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F10 9850 140 | CFF?SFF? 2486184 5742922
Cia | M35/3132 25 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F3 7940 9 | NBS 2484800 5741100
Cla | M35/3132 33 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M35/F4 9520 130 | CFF?SFF? 2484800 5741100
Cla | M35/5135 22 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F18 8970 120 | CFF 2485625 5740275
C14 | M35/5135 17 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F17 6720 100 | NBS 2485625 5740275
Cla | M35/5572 8 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F9558 | 6330 100 | SFF 2474200 5740300
Cia | M35/6038 38 | SHELL U98/26, IN6C-332-1/10, M35/F56 8800 75 | CFF?SFF? 2486933 5743994
C14 | M35/6038 30 | SHELL U98/26, IN6C-332-1/10, M35/F54 8200 90 | CFF 2486933 5743994
Cla | M35/6038 37 | PEAT U98/26, IN6C-332-1/10, M35/F55 9550 84 | CFF?SFF? 2486933 5743994
Cia | M35/6102" 14 | wooD Smith (1992) 6660 60 | SFF? 2473490 5740300
Cla | M35/7218 40 | PEAT IN6C-332-1/26, M35/F99 9550 70 | CFF?SFF? 2487934 5743932
Cla | M35/7720 | 128 | WOOD IN6C-332-1/26 1120 40 | osB 2470400 5748800
C14 | M36/0886 14 | WooD BROWN & WEEBER 1992, (LO1C-7352), M36/F7557 | 6450 55 | SFF 2473503 5738385
Cla | M36/0981 11| wooD BROWN & WEEBER 1992, (LO1C-7352), M36/F7517 | 2990 10 | SFF 2477100 5739200
Cia | M36/1024 16 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M36/F7587 | 7050 120 | NBS 2485580 5738580
Cila | M36/1024 24 | PEAT BROWN & WEEBER 1992, (LO1C-7352), M36/F7588 | 9180 140 | CFF2SFF? 2485580 5738580
Cl4 | M36/1024 16 | SHELL ,\Bﬂ'gg\é\’?’\ég‘G\?’VEEBER 1992, (LO1C-7352), 7670 110 | NBS 2485580 5738580
C14 | M36/1060 10 | wooD BROWN & WEEBER 1992, (LO1C-7352), M36/F7584 | 4060 80 | SFF 2478000 5739800
Cla | M36/1062 13 | wooD BROWN & WEEBER 1992, (LO1C-7352), M36/F7582 | 4480 80 | SFF 2478400 5739700
Cia | M36/1063 9 | wooD BROWN & WEEBER 1992, (LO1C-7352), M36/7585 3030 70 | SFF 2475900 5739800
Cia | M36/1161 93 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M36/F7560 | 44100 0 | Heathcote 2485400 5738600
Cia | M36/1161 12 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M36/F13 7470 120 | NBS 2485400 5738600
C14 | M36/1186 10 | WOOD/CHARCOAL | BROWN & WEEBER 1992, (LO1C-7352), M36/F7565 | 3400 45 | NBS 2484000 5738400
Cia | M36/1187 18 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M35/F7563 | 7820 70 | CFF 2484070 5738780
Cia | M36/1187 11 | wooD BROWN & WEEBER 1992, (LO1C-7352), M35/F7564 | 6270 85 | NBS 2484070 5738780
C14 | M36/1321 5 | SHELL BROWN & WEEBER 1992, (LO1C-7352), M36/F31 2980 80 | CFF 2484800 5738000
Cla | M36/1894 19 | wooD BROWN & WEEBER 1992, (LO1C-7352), M36/F9 8460 120 | CFF?SFF? 2483000 5738950
Cia | M36/40172 | 13 | WOOD Smith (1992) 8820 70 | SFF 2473480 5737610
Cl4a | M36/4595 | 324 | PEATY SILT IN6C-332-1/26, M36/F62 50000 Riccarton 2484900 5738600
Cla | M36/4740 18 | WooD IN6C-332-1/26 8760 60 | SFF 2477245 5738120

' Analysis of this sample was completed by Waikato University (Smith pers. comm.), sample WI-2.

2 Analysis of this sample was completed by Waikato University, sample CI-3). Smith (1992) assigns this analysis to two different wells: well

M36/4017 (Smith, 1992 pg 50) and well M36/4120 (Smith, 1992, in her caption for her Figure 4.12)
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Borelog for well M35/1171

Groursd Leved Altitude : 5.6 +MS|

Gridref; M35:8560-4660 Aeowugy 24 {1=best, 4=worsl)

Enviranment

15

[1e0s70>

Driller McNillan Water Wells Lid
Dl Method - Cable Tool
Drill Depth ;-39,56m  Drill Date 1021878
Wk
Scale(m} Level Depthim) Full Drillers Description
F ot logged
5 Gray modiam &and

iy coarse sil wiih shalls

=]

Ciray alfy ana, soma paat
Gravel & sand

Borelog for well M35/1175
st WIS KIS AR Aol 41 -best 4]

Full Drillers Dessription
Eoll

Fine Gray sand

all graved, gritfine sand

sp?

Fine sand, it

Fine sad, some gravel

¥ Girery clay, acema abail
"Gy clay, some shelis

Tieoem Graves, medim 1c fine sand

GNS Science Consultancy Report 2007/195




Drill Gepth : -12.2m

Borelog for well M35/1245

Gridrel: M35:847-565 Accueacy @ 4 (1=best, 4=worst)
Ground Level Alitude : 3 +MSD

Drilles : A M Bisley & Co

Drill Mthod : Catile Toal

Dril Date - 17/03/1862

Environment

Water Farmation
Sealejm) Level Depthim) Full Diillrs Description Cade
Fill & Gray sit
1 OCaenn
1.80m | fi
Biue sand
S19m | ch
-8.09m Fine to medium Grey sand & shells ch
aia Gray ina sand
H
=10
-123m
th

Grdred: M35:851-565

Borelog for well M35/1246
Accuracy : 4 [1=best, 4=worst)
Ground Level Alitude - 3 +MSD

Environment

Oriller : A M Bisiey & Co
Drill Mathesd : Cabie Toal
Orill Depth < -8.8m  Drill Dale
Water Farmation
Sealejm) Level Depthim] Full Driflers Description Cade
D ECaeMn Clay fill
270m | f
Gray S/l & some sl
518m | ch

Fine to medium sand.

Fine sand, small amount of shells

GNS Science Consultancy Report 2007/195

156



Borelog for well M35/1358

Gridraf: M35:TBO9-4770 Accuracy - 4 (1=best. d=warst)
Ground Level Allibude © 14.1 +MSD

Criiler Shennan, WD & Co

Drill Method - Driven Pipe

Dvill Depth ©-30.6m Dl Date :

-1.9m Smafl medium gravel

Water Formation
Scale(m)  Level  Depihim) Fuill Drillers Deserigtion
- Peat
“1.30m 3?7
Sand & fine gravel
e
H
-0 g
15 5p?
o ch
~18zm s Gan: i eh
whils & shingle
6500£140 = e Ik
Ceavel
-2
e -30.5m
"
Borelog for well M35/1364 B
Grdred: M35:7638-4914 Accuracy © 3 (1=best, 4=worst) nvironment
Ground Level Alltude - 15.75 +M30 i
Drilles © not known
Diill Mathod : Dviven Pipe
Orill Bepth < -15.2m  Drill Date - 22/07/1562
Water Farmabon!
Scalem) Level  Depthim) Full Drillers Description Cade
ey " gravel & sand
| -2 8CakMn
5
830m w?
Enzﬂﬂn > | e e clny wilh vegetation e

i wilh e granvel

- 125m —
Fine maditm gravel with £and Brown efained

-15 = 15.2m
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Borelog for well M35/1366

Drill Mathod : Cable Toal

Drill Gepth :-27.4m  Drill Date : 1071862

Environment

Water Farmation
Sealejm) Level Depthim] il Driflers Description Cade
-i2om | = ol sp?
2 Toaichn GaEE gy gravel & san)
5
U <65.08m w7
B.18m ValewiBrman san el
O Fint to coarse Grey grivl & sand
H
i -107m R w
“11.9m Coarse Oiue gravel & sand s
o nd oo
T hue sand_ lewes of Brovry Velkow clay &
- iy Firm Grey clay
y wood oh
[EETE et s
0] - 182m Emmiﬁ‘&“ﬁm
<20
25
H
H 7 4m

Borelog for well M35/1495
Ground Level Allitude - 23 +MSD

Gridred: M35:7475-4645 Accuracy : 4 (T=best, 4=worst)

Environment

Oriller : A M Bisley & Co
Drill Migthed : Cabie Tool
Orill Depth -12.2m  Drill Date : 11211670
Water ) Farmation
Sealejm)  Level Dapthim) Full Drillers Description Cpde
AWM s il e
oeom |, Q QY o
GreyfHrown gravel & sand
1
- -5,50m =t
H Brown staened gravel & sand
il .mw'% 7
ﬁ:mﬁm-) o~ 0 Rt s
§ i T e —
B (D00 Goeitrowm gravel & sand
ww?
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M35/1871 — partial geological log

Borelog for well M35/1871 page 1 of 3
Gridrel: M35-887-847 Accuracy : 4 (1sbesl, 4sworst) Environment
mmmm:ﬁzmousn n——
Fommabon
Fill D¥iters Dewcription Cote
Bard Y
B clay
@
e sand K clay
ch
Geoy sand § clay. some vhels.
T sard & '
sand & clay, some shels
8530110
— &
35 -¥im &
H 37.5m oh
H Wam o
H Wom "
4G
4&|
: - 48 3m "
-G Im ]
=53 8m cloy b

M35/1943 — partial geological log

Borelog for well M35/1943 page 1 of 2

Giriciref. M35:T8228-41601 Accuracy | 2 (1sbest, dsworst) Environment
Ground Level Allitude : 8.2 sMSD Cantorbury
Driber Job Osborme (8 CoLd)

Drill Method © Cable Tool

Ovill Depth - -82m  Ovill Dote : 10711954

= Water Formabon
: I L —
“»?
= 17.6m =
1| T8 | Cireen mber
1 -1ham Pl B g &
aall grarve weater very Wioely (24, 3m Srata Siruck)
25
% 1
B
el 396m
402m ﬁmnﬂ —
M Tm Foat p b
Hiue sands & silts wi lyers of pug |
An
« 47 Sm
H ~481m —__Hard Bilus -
- -487m T —

- 45.0m
-E2Tm
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Borelog for well M35/1974
Gridrel. M35:811-420 Accuracy - 4 (1=best, deworsl) Environmant
Ground Levet Aflitude : 5.1 +MSD Santerbury
: WD &Co
Drill Methed - Driven Pipe
Orill Depth - -30.4m  Drill Date : 111716550
Formation|
Full Deflars Dwacripion Cose
= 2H
N Z o
“Gewval, vand. eater level T “1
Ouefmesand _-2‘;
ol & nand liua)
| sp?
atine T
s £
chay
o @
5 il racaa o ]
e 4
1
M35/1975 — partial geological log
Borelog for well M35/1975 page 1 of 3
Gricired: M3I5:B440-4516 Accuracy © 4 (1=bost, d=wors) Environment
Ground Level Alitude - 3.02 +MSD Rhrtergy
Dviber : Slowart R H
Dt Methed : Cablo Tool
Orill Depth . -146.3m Dl Date : 170901950
Ecalem) LW.:- Dupthiem) Fishl Dirilers Dwscription i Code
A g0m  [ve s s e n e Brpan sand ]
g E‘E Fallow ciay hard ot | =
A \mmu—-mmm—
E ]
,10_
-15
wl
2 JE
H ~282m & ch
W Biim clay & vhain
84104170 =
= 2hem [E=\AEs\s ©
. z
: e
gravel & peat motu'e eh
. Bius gravel & sand - ively o 38 6m
- ]
ol
]
Brown gravel T
W
Brown Wt yome gt & clay
5. L]
Beown gravel & sand some water
il T T 4
-
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M35/1987 — partial geological log

Borelog for well M35/1987 page 1 of 3 =
Gridred: M35:778-418 Accuracy 4 (1=besl, deworst) nvironmant
Ground Level Altilude : 9.5 +MSD Canterbury
Driller  Jab Osbome (& Co/Lid)
Diill Method : Cable Tool
Duill Depth ©-119.4m  Drill Date : 111111856
Warter Formation
Sealeim) _LevelDepthim) Full Diifkers Descripion
Artirsa N Bluw chary - shefdts a1 13.0m
A
a0l
6200£120
- 18.8m p-cf
4 Eius gravel
]
25
h
35
| wdl
417m 1l
=43000 2 pihae 7Y~
it sand & ciay
45
i - 40 0 0 . b
881 Hrown gravel [
Borelog for well M35/2054 page 1 of 2
Giridref: M35, 7758.4458 Accuracy -3 (1sbes!, dswarst) Environment
Grourn Level Allitude ; 12.8 +MSD e
Driller - Stewan RH
DOrill Mettied - Cabie Toal
Orill Depth < -7%m Dl Date ; 30031952
Wiater Formation)
Sealejm)  Level  Degthim) Full Drllesrs Descriphon Code
58m | o v & ciay a7
1w ey gravel & 3and
-3
<10 i}
<148, sp?
5. i e clay & sand
H ~1g5m | ch
H 138m Biown gravel & cliy o
k- 1 Trter grovel & sand
2
-z | A
n - 288 Errwn gravel, sand & some ciay "
51 7 Ernem gravel and sand walar 1 Sm Eaiow suriace
-0
R
u -~ dm ]
H ~380m - T
A0 Biue clay & peat
L e s B
Tieowr gravel & sand, wates lvel 8.6 balow ground wsface
L =45 000 <
H AR dmm br
[ Tkl
08m | eluy with 2 past
b
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Borelog for well M35/2054 page 2 of 2
Grdrel: M35:7758-4456 Accuracy @ 3 (1=bes), dmworst) Environment
Ground Level Allitude - 13.8 +MED Dty
Oriller  Stewar R H
Drill Matosd : Cable Tool
Drill Bepth < -75m Dl Date : 30/03/1853
Water Farmation
Sealejm) Level Depthim] il Diiflrs Description Cade
-509m LY e chiy wilh scene pew' & viits .EI:
-513m . Gis gravel & clay_ 1
-518m . Brovn gravel & clay
rowm gravel £ some clay, waler ievel 0 83m below grouna
urtses
55 -55.1m (%]
n} Wie clay will peat & fimber
[S400005 | se2n : i
-585m B ciay W#Tq'!u. —] ez
50 =58 4m rower = .‘... mmluiyiﬂ-lﬁ-nl "
-85
| -EEZm 62
H e gravel & clay
70
-5 -7t A0 000
w3
Borelog for well M35/2145
Gridred: MIS:B03-416 Accuracy ' 4 (1=bas) 4=worst) Environment
Ground Level Allitude : 4.6 +MSD e
Formation
Fiull DeiBers Dwscripbion Code

Fill gl

97
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Barelog for well M35/2149

Giidref: M35:8095-4251 Accuracy -4 (1ebest, dewarst)
Ground Level Altilude - 4.8 +MSD

Diritiar * Minisiry of Works

Watar
Scaleim} _Level Deptnjm)
T ArimEn g dom

2:20m p?
ey silly fine sand
-3.00m sp?
r ey 10 Blun sand gravel
8.80m ?
2040480 _8.00m Biack peat, wood and reots p?
Il 3 ¥ iy fne gravel wiih wood & organic matisr
| 4240100 3 | A B Ty !
-134m | ch
Bremn wifly fina sand
RE
2l -201m
-207m - 380 g | &
iy it & sand
2
X -30.0m
30 | -
Borelog for well M35/2182 "
Gridraf: M35:8034-4187 Accuracy : 4 (1ebest, d=worsf) Environmen
Groumd Lavel Altitide - 5.7 +MSO Sonbertwy
Driler © ot kniown
Drill Method : Unknewn
Drill Depth - -22.76m  Drill Date
Water Farmation
Beale{m)  Lewsl  Depthim) Full Driliers Dascription Cods |
Feiwwan.g I —
57
w7
—
-
?
17|
]
o
&
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Borelog for well M35/2201
Gridref: M35.805-428 Accuracy : 4 (15best, 4=worst)
i T +MED

Environment
Formaten)
Lode
—
—twr
=t i
w?
B

N
24

Borelog for well M35/2208

Ground Level Altlude : 5.9 +MSD
Dl + a0l knewn
Dinll Mathad * Unknown
Drill Depth - -28m  Drill Date -

Gridred: M35:807-417 Accuracy : 4 (1=best. d=worst)

Water Fommian,
Sealeim)  Level Dupihim) Fuall il Cuscription Cgde
A 30m Faring.
iy fina 5and - o6, Brewn
2.40m p?
<a7om wp?
andy gravel
1500£70% | L0 i -
158570 Bity, medum grey, rous & Bmiber
+7.30m ap?
— Fina aand, races of a1l
ch
Eandy ailly. madium gray, seme aneils
ch
L mdiim gre
eh
Gravel
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M35/2243 —

partial geological log

Borelog for well M35/2243 page 1 of 3 s
Gridrel: M35:8012-4270 Accuracy | 3 (1=best, 4sworst) ironment
Ground Level Alfude - 8 +MSD Dantaroury
Diller : A M Bisley & Co
Deill Method : Drilled then driven
Dvill Dopth : -145m  Dvill Date 1031989
Formation
Code
st
Tl
»?
w®
W
]
sp?
ch
&h
f
M
n
—i4
i
.
R —— :
433m L]
Brown gravel & fine sand
45
H ~4pem B
- 52 1m POEIERTY-Hee. -
Borelog for well M35/2261 = ’
Gridref; M35:80843-41500 Acouracy : 3 (1=besl, 4=worsl) ronment
Ground Lovel Aldude - 8.4 +MSD Ty

* Welkiriling & Expiaration Go.

Drilles
il Methexd - Unknown
Drill Depth :-18.2m  On® Date © 17081067

5 3 | 7w
05 =5 108m

11.5m
I: = 18.2m

~ . Bandygvelupto 80mm —1
and, medium-fing grading cccasmnal gravel, small ook
inclusions

e i e e o
sﬁE‘M—mm. Becasional gravel e
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Borelog for well M35/2265
Gridref- M35:798-418 Accuracy - 4 (1sbes!, dswarst)
Ground Level ARflude : 7.8 +MSD
Driller : Canterbury Drillng Comparny
oWt

@mm
Qanteriney

Water Formation
Scale|m) Level Depthim) Full Dirkers Desoription
AR 40rm Ts ==
200m .. w?
Tad rroar gravel [Very Saty Griving] water al b Am (Waket
Teved 3 3m) bmiber
| 3030490 |
| 1 -7.00m 27
<7 ROm ~Broam grael, sity sand, Grganic materai AGrous roots, 7
H veion 7
" I Brown gravel (Waer level 0.5m)
- 11.5m >
-12im Oy ] *
S | Blun gravals & Grbec B

M35/2273 — partial geological log

25

\atar Farmation
| Gcaleim) Level Cwsshim) Full Crélers Descrpton Cpen)
Ssom AT T F—_Filng ==
2 w0 sand
__<3Tcechn
500 *®
Ty g & benbar
n o 5w
sl | Cewy eandy chay, tenber & same gravel
120m e L]
Grey/Brown gravel (Some dark siafned) & sand
- -aT.3m L]
H Brown graval, senme dark slained & send
-342m W
Tandy Brewn grarcal
0 -373m n
o S 1 Vallow clay & soma graval P
il «38.0m . Brovm grawel & sang 1 |
Sandy Grey clay
42.0m b
ey ciy & Bmbor
i) ~48.0m br
u Grey sand, s0me gravel & UMb
n - 404 B
1] Grey iy
~522m
o

Borelog for well M35/2273 page 1 of 2
Gridref: M35:7410-4114 Accuracy © 4 (1=best, 4=worsl)
Ground Level Altitude - 22 4 +MSD

Driller ;A MBisley & Co

Drill Method : Cable Tool

Oril Cepih - -6&m  Orll Date © 2DA1STS

Environment
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Gridrel. M35

‘Ground Level Altitude © 12.3 +MSD
Driler ¥ i

- 36m

= 38.0m

Borelog for well M35/2465
35:7706-4363 Accuracy | 4 (1=besl, d=worst) Environment

Farmation

Code

~ Fine gravels in sand

Dty coarse sand & some gravels B

Geuvais in course 1ods
GEAVEHS N COATSe Sands

Mim

=== =

M35/2790 — partial geological log

Borelog for well M35/2790 page 1 of 2
Gridrel: MISBB184-42022 Accuracy : 2 (1sbesd, dwworst) Environment
Ground Level Altsude : 4.57 +MSD [
Drillar : Qwmer
Deill Mothod ; Cable Tool
Dvill Depth ©-85.5m  Drill Date © 6:08/1960
Water Formation
Scaleim)  Level Dugthim) Ful Drifers Deserigtion
e e 1ang
240m L e 1 e {
Filuio sand & soma ciay
E-]
n ch
‘sand & gt eh
el Hils sand
ch
-4 - 15.5m ch
2
28
1 h
2 ¥ { CF-1]]
ch
| 98501140 & Biue clay wah some peat
: ch
W gravel & sand
&0
"5I S a
u Gray gravel & sand
1 n
U Bluw grvsi & clay
“
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Borelog for well M35/3132

@ndref: M35:848-411 Accuracy 4 (1=best, d=worsl) Enviromn
Ground Level Allilude | 3.5 +MSD Cantersary
Driller £ W Hame (& Ca)

Watar
Sealm)  Lavel Depthim) Fl Drdiors Deseripten
Rifeslan_ g, gom

M35/5135 — partial geological log

Borelog for well M35/5135 page 1 of 4
Gridrof; M3585625-40275 Accuracy ;2 (1=bust, 4=worst) Environment
Ground Leval Alliluda | 1.43 +MED Tirmgramn
I * A M Bisley & Co
Dol Mothed - Cable Tool
Cvill Degplhy --158.39m  Orill Date : /11719858
Waber Feemation
Scaleim)  Level Depthim| Full Onllers Descnpbion
-B2om Topsos —
-0 4dm /
5 -5.00m &
Rt
15
il -167m | @
Gy 3and shils
6720100 2
20 -amam ™
BOT0+120 =
~24Tm @
<A, I Tty graved sand
-3
em N
e Biowm grvel sand y
= G o Graeel B Vel cliy i
BrowniGrey gravel sand
o
i
eyEroen gravel sand & Vellow clay
i
-5 Gy siny
b
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M35/6038 — partial geological log

EMD&S‘D Ed

o o

. Gand Targe
ind, wood smat

e sandy grivel —
%ﬁmnm grave

Borelog for well M35/6038 page 1 of 8
Gudret WI52033-43084 Accurecy ;2 (1ebes, dmvorn) Environment
Formation
Code
L]
h
ch
= ch
ch
o
-]
Le ®
o
e
- <38 Groy clay & Goock peat -
- 38 Sm . Vary sandy (G2) small 16 mdnen Bhue graven Broken
8600178 AP ks subbagulie 4o wripuler Up 16 S0,
Geny gravels & sty sana. Ood shel fragmend
- &3 B n
- 44 5m Wi wited Bie sasds with n
1A ‘sandy gravels. sand TeduT
f - 48 8m 0
i 52 8m Dhewry winy clay
o
Borelog for well M35/6102
Gridrel: M35 73404030 Accuracy - 4 (1=best, 4=worst) Environment
Grouns! Lyvel ANilude : 22 68 +MS0 Canterbury
Dnitar + MecMillan Water Walls Ltd
Drill Metnod * Cabie Tool
Drill Depth ©-36.75m  Drill Date : 10/04/1989
Full Crillers Descai| f Cooe
pian _Coce)
Large sandy gravel
swr
Large gravel w
‘Largs eandy gravel
] — S — |7
i —— Large gravel .
(a) Large sandy clay gravel
-1 =7
La vl p?
Wgummmmlﬁmmmwuuﬂ: ;g;
somelagegiel
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M35/7218 — partial geological log

Borelog for well M35/7218 page 1 of 4

Gridref. M35:87934-43832 Accuracy : 2 (1sbest, 4eworst) Envirenment
Ground Level Altkude : 2.3 sMSD Y
Driller : Clemence Drilling Contractors
Dl Method - Catie Tool
Drill Deptn < -200m  Dril Oate : 11091956
Water Formation|
Seala(m) Leval Depthim) Full Drillers Desenption Coda
Biue sand
-1
U h
Bty sand
a0
ch
pugisand with
o <h
i Brown sand
M n
|l Tark ey 7
-4a0m | o h
[[9s50:703 | wron o Y e
Broanfllun sand
<487 X ]
<42 dm w ="
B & Sy —

Borelog for well M36/0886

Gridref. M38:73503-38385 Accuracy : 2 (1sbest, 4eworst)
Ground Level Altkude - 22 +MSD

Diiller : Welldrillng & Exploration Co.

Dl Method - Driven P

Diill Depth ©-21.28m  Oril Date - 11081962

Water
Scals(m) Level Dapthim) Full Drillers Descrption
B ) e
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M36/0981 — partial geological log

Borelog for well M36/0981 10of 5
Gricved; M38.T71-392 Accuracy - 4 n-ﬁs.ieumm Environment
Greaind Level Aituge * 14 +MSD Cantorbur
Oriser el
Oril Method © Catle Tool
Onll Depth :-2136m  Dril Date : I0W1055
Waber Formmasan
Bealeim)  Level Degthim) Fiill Deibars Duscription Cooe
(T Horfuce sod & graveal
w
I gravesl K sand
=]
Essuﬂo—) ’ = i cay i o B B ik
18 [
]
-
24
a0 n
Bt grasvel Vil Visiow oiay K 6380
s
40
A5 br
i T Wi iy with paat & Timber
1 - 833m
b
M36/1024 — partial geological log
Borelog for well M36/1024 page 1 of 2
Gridref. M33:8558-3858 ©3 (sbest, & Environment
s Moy 8.0 e Canterbury
Defliee : A M Bistey & Co
Dvill Method : Cabée Tool
Deill Dopth :-78.19m  Dvill Dl : 1081558
Formation
Full Driters Description Code
Burlace sl e
~Firown clay
-
oh
I Poots £ shelly
7050£120 >
7670110 3
-182m o
i 18 5m —
E
«23m ch
9180£140 =2
2em &
: - 28 3m ch
-”_
th
T
H "
n Be
=40 ]
br
Fiem Bive sand & some gri
A%
: br
i —_— LB
w1
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Borelog for well M36/1060

Gridref: M35:780-398 Accuracy : 4 {1=best, d=wors))
Ground Level Alilude : 124 +MSD

Driller : Ministry of Warks.

Drill Method : Cable Tool

Drill Depth < -178m  Orill Date : 1/00/1968

Foemation/
Full Drillers Description C&
o

5

Eo&umu > |5
~11.%m
=12 1m
- 131m
= 13.7m
= 14.0m
- 15.3m
- 18.4m

ATm

for well M36/1062

Gridref: M35:784-397 Accuracy @ 4 (1=best, 4=warsl) Environmant
Graund Level ARilude - 10.3 +MSD Canterbury
Driller : Ministry of Warks.

Drill Medhod :

Cable Tool
Drill Depth - -18.5m  Ovill Date : 10/10/1658

Water Foemation|
Geals{m)  Level  Deptnim) Ful Drillers Description Code
-0 6o —Topsail_ i
-1.50m BiuaiGray sty fina sand L]
__sZECaicMin Grey sandy wif
~4.40m L
B Biuairey coarse giavel and o e sand
o - 00m
an 0.30m :E
-8.88m
= 10.9m
I -134m
4480480 9 oy sy e nand RE N
b “157m | o
n oy y fing silf with sheds
i} -182m | o
T Diark Grey arganic sandy sill o
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Borelog f formu M36/1063 e
59308 Accuricy ;4 (1sbes), dswarst) Environment
ernd qumm 17,3 +MS0 Vs mpraart
Driller : Ministry of Works
Drill Method : Catile Tool
Drill Cepth - -18.8m Dol Darte : 20011716960
Wator Eormation
Scale(m) Level Depth{m) Full Drillers Descripbion.
3 ¥
»
®
P
w»
i
p
p
2
i
w
M36/1161 — partial geological log
Boru forwell M36/1161 e1of 3
og 54.388 Accuracy . 4 tl-ﬁml Environment
Eormation
Full Dirillers Doscription
Beown sandy day
ch
Biue sand
u h
-0
[7a70£120>
«15
f o
-0
ch
ch
E-L 1 o
ml - _. s "
¥ clay fem
- i
T X —d@%w_s fine saed
-] Biue ori whows clny & s4rd (AN ira]
oo -358m n
n Fino Yellow sand
40
~-438m ]
45 ~45.1m % L]
Fine Bus sandy cay
u - 48 &4m X ]
u Biue sand
- 50.0m
b
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M36/1186 — partial geological log

Borelog for well M36/1186 page 1 of 2

Gridref: M36:840-384 Acouracy : 4 (1=best, d=worsl) Environment
Ground Level Aflitude - 1.5 +MSD Sontertury
Duiller A M Bisley &

il Method : Cable Tool
Dol Qepth - -87.3m  Onll Date - 16021565

Water
Scale(m) Level Deglhim) Full Ordlers Descripbion

-nBam Topaoil
__s21Cactn Ll
-
[' 3400+45 2
- 12 dem
=127m
16
20 1|
5
ol
-328m
g1

u ~a78m i Gown 10 30 4m 4
: ‘-'g . water |evel at 43 0m rose 1o 14 fm
SESAm Satestent N

|

|ss'7 g

Borelog for well M36/1187

Gridvel. M35:8407-2878 Accuracy : 3 (1=best. 4=worst) Environment
Geound Level Altitude - 29 +MED Cantermury
Driller - McMillan Water Wells Lid

Dl Methad | Cale Tool
Dril Depth - -385m  Drill Dade : 1/08/1585

Sealeim) Lw-:!- Deptrim) Full Driflers Deseriphon

Cese
o Topaod
i BT e s
| Gouyitirown shingle & sand "i
4 10m O |
- Band & Giey shngle
i B.16m ]
Fine v Biack
- -183m h
6270485 9 Toarve Bhowirey vana & wosd
~128m &
W sand & wood
15
L n -170m jen
~170m ] & sheis &
782070 o sand & sl
20
~248m "
el Tepan shngie & sand
i
-3 6m 0
S _“—Eﬁ?ﬁ..m'—" "
& wand & shingis
1] ~aam In
O L3dm ¥ Tosingold

«38.5m
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Borelog for well M36/1324
Gridref: M35:848-380 Accuracy @ 4 (1=best, 4=wars)) Environmant
Ground Level Alfitude - 2.8 +MSD —
Driller. ZAM Bisley & Co
Drill Method : Cable Tool
Drill Depth - -48m  Drill Date - 19/04/1683
Water Foemation|
‘Gealem)  Lewel  Depthim) Fult Dnliars. Description
) =
= ch
LQB[I:I:BU - | . o
el
ch
-5 ch
i
= =24 8m ch
ll
-3.Tm N L]
a5 -351m Ny om g o
) ke Veliow clay - -
H =37 8m Firva Biown sand, some gik "
H -38.5m 3}",,, Firve Grown sand, s0rme soonia "
) U“v“r\r Veikw cliy & scons
40 NV
ACARA]
iy
- 42 dm e
LT
(MR
45 Y
VWV YW
| VYL
1 AR
it -480m vy v
i e
Borelog for well M36/1894
Grdref: M36:8300-3885 Accuracy © 4 (1=bast. 4=worsf)
Ground Level Altilude - 2 3 +MSD
Driller J W Home (& Ca)
Drill Meghad : Uriknawn
Orill Depth : -41.79m  Onill Date : 4021978
\Watar Formatice:
Scalejm)  Level Degfhim) Ful Driliers Duscriphon Code
=
&0
5
H sp
-1 f
-5
| oh
| 8460+120 =2 o
-25
n ch
-0
o
Cigan i6cse gravel Pt
W sandy smad gravel 1
-5
n
n n
A |
H a
A0
KL |
b |
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Borelog for well M36/4017

Gridvel: M35 73483781 Accuracy | 4 (1=bost, dawarst)
Ground Leved Allitude ; 20017 +MS0

Drier  Mchalian Water Welts Lid

Dl Method - Cable Toal

Dl Depth ©-30m  Dill Dade - 4/07/1988

Waer
Scalejm) Level Depthim) Full Drifars Duscripbion Lode
1 Frutibsah, e

-5

- -

18

8820:709 |-

- -

M36/4595 — partial geological log

Borelog for well M36/4535 page 1 of 2
Gridref: M36:8480.3850 Accuracy 3 (1=best, d=worst)
Ground Level Alfituda - 228 +MSD L
Driller + CaMerbury Groundwaler Lid
Drill Methed ; Cable Tool
Drill Degth :-74.69m Dl Date : 20031993
P [ —— Full Drflers Descrigtion Foingice
Ariesian g 5om —___ Eeown inj
A 00m - WAzead soll, nabkia & lndiil s
Blus sand & shals
5
qog
5
n 17 6m ch
H Veliow ciay
wll
2
n - 28.8m P h_
H Tbesdnam LriGrey gravel & sand
H - 78 4m n
H L03m - i
30
= 32 4m
Eﬁﬂ 000 % ~328m - 1 = —n
-336m Mecuam Brfisrey gravel S cly _____ 1
35 Mediam HriGrey gravel & sand wi -1.85m
u -31.m "
1 - Fine Brown sand whh cliy Hace
al
a5 I
i} 46.0m o
] Bius clay
| ~T0.4m =
L]
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Borelog for well M36/4740
Gridref: M35:77245-38120 Accuracy : 2 (1=bast, 4=worst) Environment
Ground Level Alfitude - 1067 +MSD Canterbury
Drilles: - Bovewall
Drill Medhod - Cable Tool
Drill Depth - -28.2m  Ovill Dabe : 11081964
Water Formatian|
Seale(m)  Level  Depthim) Full Drillers Description Code
Wievar 1 00m [ SO S %
-1.80m ~__Siky clay —
Biun Grey clay with races of vegetation
5 -5.1Bm »®
u Sandy Beown stained Grey gravels
1 -7.80m i
n 8.16m j GEavOIE wAth <1% sand 4
- up Giray siay With ragmants of wead ans reots
<10
15
[om0:70 2 |-ven i
Bandy Geny Brown stained gravel wih fraces of clay in
H places
<30
26 ~25.5m n
H A tamad y gr Bands of slay
f am
n
for well M36/4783
Gridref: M35:73556-13306 Accuracy © 2 (1=best, 4=worst) Environment
Ground Level Aliude - 11.59 +MSD Canterbury
Drilles: - Bovewall
Drill Method : Cable Tool
Drill Depth - -28.78m  Drill Dae : 1/07/1684
Foemation
Code
W
7
i

i to medam nd conrie sand__| 47
Toundod gravals small 1o Madium. caarse sand

Bl «10.3m W
- 10.8m T —
E%Uﬂﬂ 2> | i ‘arganic matter (Plastic) "
* Brown clean {Well rounded] gravels small io pea size.
-18 -15.3m !
i groen-Eeown aveis and sand
H ~1Tdm 3
| B $15-Tounded gravers (Smal] coaree 1o Tine sand
«ll
~-215m ﬂ
= 21.8m rorm Savd and small gravels iy Weres ]
-22.2m clo; ravets T n
L
23.0m ——|
L
e Hirown coarse to fine sand (Gdd of pea ekl
[s0000> ] 2 | ety s 1
Py %«Mv
i i . Blus siky clays and organic maiter _ G
n ~27.5m Blue sifty clays and organsc matter Tree trunk at 26 8 so
i terminated b i
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