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EXECUTIVE SUMMARY 

This report forms part of the ‘Effects Phase’ of the 2009/2010 It’s Our Fault Program and 
provides a technical summary of the methodology and results of a geotechnical 
characterisation and 3-dimensional (3D) geotechnical mapping study of the Lower Hutt 
Valley, New Zealand. The results of the geotechnical characterisation are presented in a 
series of applied engineering geological maps (e.g. depth to bedrock, site period, Vs30). 
Finally, a new site subsoil class map is presented, generated in accordance with the 
preferred methods described in NZS 1170.5:2004. 

The Lower Hutt Valley is a wedge-shaped, fault bound bedrock basin that reaches a 
maximum depth of 350 m at Petone and shallows to the north east exposing greywacke 
basement at Taita Gorge. For this project the stratigraphy of the basin has been divided into 
7 units based on strength and dominant lithology. The shape of the basin, and the 
distribution of units that fill it have been defined by integration of 800+ drillholes (ranging in 
depth from a few metres to 300 m), gravity surveys, seismic surveys, and the published 1:50 
000 scale geological map linework. The shear-wave velocity of each unit has been defined 
based on a synthesis of microtremor and seismic cone penetration test results. The site 
subsoil class C/D boundary has been determined by the 0.6s contour from the site period 
model. The site subsoil class E area has been determined based on standard penetration 
test results and mapped surface geology. 

The derivative maps are intended only to be used as a general guide to site conditions and 
site subsoil class, and should not be used to make site-specific assessments for 
geotechnical design purposes. The 3D model output and derived maps are intended to 
provide a set of likely baseline conditions that can be refined with the results of more detailed 
ground investigation. 

This study is based on the best information available at the time of compilation. It is important 
that the end-user of these data understands the limitations and uncertainties in the primary 
and derived data sets. The conclusions drawn from this work may be subject to change as 
more information is made available in the future. 
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1.0 INTRODUCTION 

The Wellington region is seismically active and prone to large magnitude earthquakes. As 
part of the It’s Our Fault research programme new and pre-existing geological and 
geotechnical information in the Lower Hutt valley is used to assess the effects of strong 
earthquake shaking on the valley. This study forms part of the Effects Phase of the It’s Our 
Fault research programme (IOF Effects Phase Task 4). 

The Lower Hutt Valley (Figure 1) lies in a 4.5 km wide, 14 km long wedge-shaped fault 
bound basin reaching a maximum depth of around 300 m at Petone (to the southwest) and 
shallowing to 0 m at Taita (to the northeast). The confined greywacke bedrock basin is filled 
with up to 270m of over-consolidated, stiff, Quaternary sediments capped by 10-30 m of 
normally-consolidated, soft to loose, fine to coarse-grained, inter-fingering Holocene alluvial 
and marginal marine deposits. The nature and thickness of these sediments greatly 
influences ground response of the basin to earthquake shaking. Accurate characterisation of 
the basin geometry and sediment fill will allow the effects of earthquakes generated by 
rupture on the Wellington Fault to be predicted.  

 

Figure 1 Location of Lower Hutt Valley study area. 
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1.1 Site class determination in New Zealand 

The current New Zealand standards for Structural Design Actions, NZS 1170.5:2004 (Part 5: 
Earthquake actions – New Zealand) requires determination of the subsoil class at a site 
(Clause 3.1.3). The preferred method for determining  the subsoil class is calculation of the 
low amplitude natural period (hereafter referred to as the site period) at a site. This can be 
calculated using the depth to bedrock and a shear-wave velocity profile. Prior to this study 
this information was not available for the majority of the Lower Hutt valley. 

The objective of the current IOF study was to generate this information and make it 
accessible to end users. This objective has been achieved by integrating all the available 
pre-existing and newly-acquired geological, geotechnical and geophysical data into a digital 
7-layer 3D engineering geological model. The engineering geological model was attributed 
with shear-wave velocity parameters, based on existing SCPT and newly acquired micro-
tremor data, resulting in a 3D pseudo-shear-wave velocity model of the basin. Two of the 
outputs of the new 3D engineering geological model are a new depth to bedrock model and 
the ability to determine a shear-wave velocity profile at any point in the model. The depth-to-
bedrock model, combined with the results of our shear-wave velocity characterisation, allow 
the site period to be determined at any location in the study area. The site period model was 
then used in conjunction with the geological and geotechnical characterisation to produce the 
first subsoil-class map of the Lower Hutt Valley based on NZS1170.5:2004. The 3D 
engineering geological model has also enabled us to produce a shear-wave velocity map for 
the top 30 m (Vs30) of basin sediments. 

1.2 Report overview 

In this report we first give an overview of previous characterisation studies and the currently 
available data sources. We then describe how we integrated the data to build a 3D 
engineering geological model and how we attributed the model to allow for geotechnical 
characterisation of the basin sediments. The attributed 3D model is then used to produce a 
series of derivative maps including depth to bedrock, site period, Vs30 and subsoil class (in 
terms of NZS 1170.5:2004). The final step we undertake is to quantify and map the 
uncertainty on the boundaries of the subsoil class map. Within each section of the report the 
assumptions made and the limitations of the new (derived) data generated are stated. 

2.0 GEOLOGICAL AND GEOTECHNICAL CHARACTERISATION 

2.1 Introduction 

This geological and geotechnical characterisation study of the Lower Hutt Valley incorporates 
all available pre-existing (and some new) geological, geotechnical and geophysical 
information. In this section we outline previous work, and introduce the primary data sources 
and information that have been integrated for this study. We then describe the geology of the 
study area, characterise the geological materials in terms of their basic geotechnical strength 
properties and introduce the 3D engineering geological model by describing the methodology 
used to construct it and its limitations. 
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2.2 Previous characterisation studies 

A multi-disciplinary hazard study of the Lower Hutt valley, which included an assessment of 
the ground response to earthquakes, was undertaken in 1991-1992 by the Institute of 
Geological and Nuclear Sciences Limited (IGNS). The overall assessment of ground shaking 
by Van Dissen et al. (1992) resulted in a large–scale ground shaking hazard map for the 
Lower Hutt valley that identified the potential for high to very-high (Zone 4 and 5) ground 
amplification in two areas, Petone to Melling, and a smaller area at Naenae. As part of a 
linked complimentary study Dellow et al (1992) summarised the distribution of geological 
materials, classified them in terms of strength, and produced maps showing total depth of 
Quaternary sediments and depth of soft sediments. Stephenson and Barker (1992) 
evaluated sediment properties in terms of shear-wave velocity from cone penetration tests 
(CPT) and seismic cone penetration tests (SCPT). Sritharan and McVerry (1992) studied 
micro-zone effects in strong-motion records from the Lower Hutt valley. They found that the 
seismic response at the reference sites correlated well with the underlying soil (geological) 
conditions and they calculated typical maximum amplifications of 4 times the rock reference 
site at sites underlain by less than 50 m soil on the edge of the valley, and 5 to10 times rock 
reference site amplifications in the deep (up to 300 m) soil sites. Taber and Smith (1992) 
studied frequency dependent amplification of weak ground motions in the Lower Hutt valley 
and found a gradual down-valley increase in shaking consistent with the down-valley 
increase in total and/or soft sediment thickness. The highest amplifications calculated were 
at sites underlain by greater than 10 m of soft fine-grained sediments with shear-wave 
velocities <200 m/s. This work illustrated the importance of the 2D velocity structure and 
material distribution on the seismic response of the Lower Hutt valley basin. 

Adams et al (1999) used 2D profiles of the deepest part of the basin and applied an 
averaged shear-wave velocity to each layer to study 2D site effects. Their model results were 
found to be influenced by small changes in material properties and the geometric shape of 
the model. Adams et al (1999) also found that the position of basin edge effects was 
dependent on the position of the vertical Wellington Fault and, to a lesser extent, the shape 
of the bedrock-sediment boundary at the edge of the basin. The need for an accurate and 
geologically realistic 3D engineering geological model of the Lower Hutt valley was also 
identified by Benites and Olsen (2005) who considered the topography of the bedrock close 
to the Wellington Fault to be crucially important to meaningful strong ground motion 
modelling. 

Task 4 of the Effects Phase of the IOF study aims to re-evaluate the geological and 
geotechnical characteristics of the deposits and the bedrock-sediment boundary of the basin 
by incorporating pre-existing and new data into a digital 3D engineering geological model 
that will provide the required engineering geological input parameters for further ground 
motion modelling studies of the Valley. 

2.3 Topographic data sources for the digital terrain model 

The construction of a digital 3D geological model requires a Digital Terrain Model (DTM) to 
represent the top (ground) surface. Three readily available DTMs cover the study area. 
These are: 

1) 20 m LINZ (Land Information New Zealand) contours (default topographic data, nationally 
available). 
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2) Aerial LiDAR (Light Detection And Ranging) topographic data (high resolution). Coverage 
of the Lower Hutt valley floor collected by Greater Wellington Regional Council (GWRC). 

3) LINZ marine chart NZ4633, Wellington Harbour, based on Wellington Harbour Board 
1981-1982 1:10 000 coverage of the offshore area. 

The three DTMs listed above were combined by creating a composite 25 m (grid size) DTM 
to obtain seamless coverage of the study area and to retain a high level of accuracy and 
surface morphological detail. The DTMs were combined using ArcInfo GIS software. The 20 
m LINZ contours were used on the valley sides, the GWRC high-resolution LiDAR generated 
model was used for the valley floor and the LINZ marine bathymetry was used offshore of 
Petone to define the Port Nicholson seafloor. The original GWRC LiDAR model has a 5 m 
grid but we re-sampled the grid at 25 m for increased computational efficiency. 

2.4 Hutt Valley Drillhole Database 

A large number of drillhole records exist for the Lower Hutt valley with coverage mostly 
concentrated in Lower Hutt City and Petone. The Hutt Valley Drillhole Database currently 
contains 846 drillhole records, including 237 SPT tests. 

2.4.1 Drillhole database history 

The original database was compiled by Stevens (1956a) then expanded by Fry (1985) from 
Greater Wellington Regional Council, Petone Borough and Hutt City Council records. The 
database was transferred to computer in the late 1980s, when it was expanded to include 
in situ geotechnical test results (SPT & CPT; Dellow et al. 1992). Around 60 additional 
drillholes have been added to the database since the 1992 study, which includes 30 recently 
acquired drillhole records entered during this study. 

2.4.2 Drillhole database content 

For this study database records were extracted from a set of tables stored in Microsoft Excel. 
The content of each database table is summarised in Table 1. The database entries within 
the study area were quality checked against the original paper records (full set of copies held 
by GNS Science, Avalon) and newly acquired ground investigation data was added (State 
Highway 2 upgrade). The quality assurance process identified duplication of codes and some 
minor errors in coding within the database. A review and update of the Code Dictionaries for 
“Lith_1” and “fos_type” fields (Appendix 1) and rectification of minor data entry errors was 
implemented. The database currently includes six tables. The primary key for all tables is 
sequence number (seq_no) which uniquely identifies each drillhole. A sequence number is 
prefixed by the symbol “#” throughout the remainder of this report and on the original paper 
logs. 

2.4.3 Drillhole record quality 

The drillhole database is comprised of drillhole logs originating from various sources. Holes 
were drilled for a variety of reasons and this is reflected in the variable quality of the logs. 
The earliest, often poorest quality, but deepest penetrating drillholes were drilled for 
groundwater investigations. Later logs are generally better quality and typically originate from 
ground investigations for civil engineering projects. The quality of the drillhole logs varies, 
from brief single word descriptions of the main lithology, to fully descriptive high quality 
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engineering geological descriptions with geotechnical test data and groundwater 
observations. The relative quality of the logs is not distinguished in the drillhole database. 

Drillhole locations and collar heights were seldom accurately recorded on the original drilling 
logs. Historically these have been determined using available locality information and heights 
from the GWRC topographic database. Consequently there is uncertainly in the accuracy of 
collar heights and drillhole locations. Locations are thought to be accurate to ±50 m and 
collar heights are probably accurate to ±0.5 m. The GNS administered PetLab database is 
currently being populated with the Hutt Valley drillhole database records. 

Table 1 Summary of Hutt Valley drillhole database fields. The seq_no (#) is the primary key for all 
tables. 

Table name  Description of database field  

seq_nos (#) ‘Look up’ table detailing primary keys inherited from the various collated 
databases and original hole identifier (hole_local). 

collar Contains easting and northing (NZMG co-ordinate system), collar raised level 
(collar_rl), total depth of drillhole, location description, hole year, hole source, 
hole log type, drilling contractor. 

Geology Geological intervals defined by geology from top of layer (geol_fr) to base 
(geol_to), principal lithology (lith_1), secondary lithology (lith_2), fossil type 
(fos_type), composite material type (mat_code), stratigraphical code (strat_code), 
lithotechnical code (iof_code, added by this study). 

Gphys_log Geophysical well log data from Moera Gravel test borehole at Ewen bridge 
(seq_no 6386). Gamma logs, neutron logs, density measurements. 

Mat_style Code dictionary for ‘mat_code’ field. 

spt Standard Penetration Test (SPT) results. Details of method, blow count values, 
depth interval (spt_fr) and (spt_to), SPT ‘N’ value (spt_num). 

 

2.5 Geology 

The geology of the Wellington region, including Lower Hutt has been well studied and 
reported in the local literature (e.g. Begg et al. 2008). The numerous publications by Stevens 
(1956a; 1956b; 1957; 1974; 1991) provide geological information for the Lower Hutt valley. 
Begg and Mazengarb (1996) compiled a 1:50 000 scale geological map and memoir for the 
Wellington area. Begg and Johnson (2000) produced a 1:250 000 geological map and 
accompanying memoir. 
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The published 1:50 000 scale geological map and memoir for Wellington compiled by Begg 
and Mazengarb (1996) contains detailed geological descriptions of mapped and buried 
geological units, and information on the geomorphologic history, engineering geology, 
geohazards, and neo-tectonics of the region. The line-work for the 1:250 000 scale map of 
Begg & Johnston (2000) was simplified from the 1:50 000 line-work and re-digitised. Both the 
1:50 000 scale and 1:250 000 scale data are digital and available as shapefiles. 

The digital data from the 1:50 000 geology map of Begg and Mazengarb (1996) has been 
used as the base geological data in this study. The published scale of this map was 1:50 
000, but the map was compiled at 1:10 000. However, the base map used for this 1:10 000 
compilation was enlarged from 1:25 000 scale topographic compilation sheets. GPS (Global 
Positioning System) control was not used to locate data points (GPS was unavailable at the 
time), so the location of data points was probably accurate to c. 50 to 100 m. Therefore the 
accuracy of the lines shown on the map may vary by up to 100 m from reality. An extract of 
the published digital geological map data for the study area is given in Figure 2. 

2.5.1 Seismic hazard and risk 

The Wellington Region sits on a major plate tectonic boundary and is crossed by several 
seismically active faults (Begg and Mazengarb, 1996; Van Dissen and Berryman, 1996; 
Begg et al. 2008). The high earthquake hazard associated with the several active faults in 
the Wellington region and the concentrated urban population of the Lower Hutt valley 
combine to produce an area with a high seismic risk. 

The region has a history of large magnitude earthquake events (Van Dissen and Berryman, 
1996) with associated uplift and subsidence events (e.g. Wairarapa Fault uplift and 
Wellington Fault subsidence; Begg et al. 2002). Recent paleo-seismic studies (Van Dissen et 
al. 2010; Van Dissen et al. 2009; Rhoades et al. (submitted); Rhoades et al. 2010a, 2010b) 
conclude that there is currently a 10% chance of a >M7 earthquake being generated by a 
rupture on the Wellington Fault in the next 100 years. 

The most recent microzoning study, undertaken in 1991 by GWRC (Van Dissen, 1991), 
identified two potential areas of expected high ground shaking: Petone to Melling, and 
Naenae. The 1993 liquefaction study published by Wellington Regional Council identified 
much of the SW end of the valley (Petone to Seaview) as having a ‘high’ liquefaction 
potential (Kingsbury and Hastie, 1993). 

2.5.2 Basin Structures 

The Lower Hutt Valley lies in a 4.5km wide, 14km long wedge-shaped fault bound basin that 
reaches a maximum depth of 300 m on the Petone foreshore and progressively shallows to 
the north east exposing bedrock in the valley floor at Taita Gorge. The basin is the largest of 
four basins on the southeast side of the active Wellington Fault in the Wellington Region. 

On the northwest margin of the basin there is sudden step in the bedrock caused by the 
vertical offset in the bedrock across the Wellington Fault. 

A geophysical survey by Wood and Davy (1992) identified a buried rock ridge feature in the 
centre of the basin. Based on correlation between geophysical profiles the rock ridge 
appears to strike near-parallel to the valley centre and slightly oblique to the strike of the 
Wellington Fault. This feature is interpreted as a fault-bound horst (Begg and Mazengarb, 
1996) and is thought to be the subsurface continuation of Somes Island. The extent and 
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dimensions of the Somes Island Ridge are poorly constrained in the Lower Hutt area and 
have been interpreted on seismic profiles aligned parallel with the Petone foreshore and 1 
km offshore across Port Nicholson (e.g. Hochstein and Davey, 1974; Wood and Davy, 1992). 

2.5.3 Bedrock geology 

The bedrock in the study area is composed of 280 to 200 Ma (million years) Permian to 
Jurassic Torlesse composite terrane, consisting of Rakaia terrane and Esk Head belt (or 
melange), and Pahau terrane (Begg and Johnston, 2000). The Torlesse composite terrain is 
composed of greywacke comprising indurated (hard) sandstone, siltstone and mudstone 
beds with subordinate limestone, chert and basalt. On the hills on either side of the valley 
bedrock is often reduced to a residual soil at the surface from the effects of weathering which 
have reduced the strength of the greywacke to a depth of a few tens of metres. The 
greywacke is tightly folded, faulted and locally crushed. Unloading associated with tectonic 
uplift, along with the effects of weathering, has widened the numerous mechanical 
discontinuities (joints) creating an angular blocky discontinuous rock mass near the surface. 

2.5.4 Quaternary geology 

The Quaternary (last 2.5 Million years) is well represented by deposits in the Lower Hutt 
valley by a c. 350 m thick wedge-shaped package of alluvial-deltaic-marginal marine 
sediments that fill the bedrock basin. The stratigraphic nomenclature for the Quaternary 
sediments was originally proposed by Stevens (1956a), who applied the name Hutt 
Formation to the sedimentary fill of the Lower Hutt basin. He subdivided the Hutt Formation 
into six Members: Taita Alluvium, Melling Peat, Petone Marine Beds, Waiwhetu Artesian 
Gravels, Wilford Shell Bed, Moera Basal Gravels, using the Wilford test bore (#142) as the 
type section. The stratigraphy of the Lower Hutt basin was further developed and described 
by Begg and Mazengarb (1996). 

2.5.4.1 Artificial Deposits 

Reclaimed land is mapped by Begg and Mazengarb (1996) in two areas: Seaview and the 
Petone foreshore (Figure 2). Both areas are thought to have a stiff mantle of compacted 
greywacke fill consisting of a mixture of boulders, cobbles and gravel overlying generally 
softer, marginal marine sediments of variable thickness and strength deposited on the flanks 
of the Hutt River mouth delta. There are currently no borehole records in the drillhole 
database for the reclaimed ground on the Petone foreshore mapped by Begg and 
Mazengarb (1996) and so there is uncertainty in the modelled thickness of this deposit. The 
area of reclaimed land at Seaview (mapped by Begg and Mazengarb, 1996) contains several 
boreholes that record up to 4 meters of compacted, medium dense fill (SPT N-value 10–30) 
that has been placed over typically softer marginal marine and deltaic deposits. The northern 
and central portions of reclaimed land at Seaview were reclaimed in 1938 (Stevens, 1974). 

There are also additional areas of artificial deposits, including unmapped areas of made 
ground, refuse landfill and landscaped ground, for instance flood embankments and 
motorway and bridge embankments. Such areas are too small and too poorly recorded for 
inclusion in the context of this basin scale study and have therefore not been modelled or 
investigated by this study. 
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2.5.4.2 Holocene deposits  

Begg and Mazengarb (1996) mapped a sequence of Holocene deposits starting with recent 
Hutt River alluvium, (Taita Alluvium), comprising 10 to 15 m of gravels, and gravels and sand 
from the Taita Gorge in the northeast down into the lower valley. The Taita Alluvium has 
blocked two small catchments in the Naenae area of Lower Hutt forming a swamp (Figure 2). 
The swamp deposits were penetrated by a drillhole at Naenae (#1120) that recorded up to 
30m of inter-bedded soft silt and peat. There are probably other buried deposits of soft 
organic silt and peat locally across the valley floor. 

Further down valley the Taita Alluvium grades laterally into the Melling Peat north and east of 
the Melling Bridge. The Melling Peat consists of sand, gravel, silt and peat beds with 
remnants of a fossil forest and is up to c.4000 years old based on radiocarbon dating. The 
Melling Peat young’s towards the coast and probably thins to the southwest and northeast 
(Stevens, 1956; Begg and Mazengarb, 1996). 

South of the Melling Bridge the Melling Peat grades laterally into contemporaneous marginal 
marine sediments including the Petone Marine Beds. The Petone Marine Beds are typically 
shelly, sometimes gravel rich sandy silt and silty sand (Stevens, 1956a) and were c. 27 m 
thick in the Petone (Gear Meat) drillhole (#151). They are still being deposited off the Petone 
foreshore today. 

2.5.4.3 Late Holocene beach ridges in Petone 

In the low relief area of Petone there are a series of prominent shore-parallel beach ridges 
that record Late Holocene marine regression and an actively prograding shoreline (Stirling, 
1992; Stevens, 1957; 1974). The beach ridges are believed to have been stranded by uplift 
associated with earthquakes on the Wairarapa Fault, and subsequently back-tilted and 
lowered by earthquakes on the Wellington Fault (Begg et al. 2002; 2008). 

2.5.4.4 Waiwhetu Artesian Gravels 

The Waiwhetu Artesian Gravels are buried beneath Holocene sediments at a depth of 
around 20 m to 30 m below the ground surface. Generally described in drillhole logs as 
brown well-sorted rounded to sub-angular water-bearing river gravel, this unit forms the 
principal aquifer for the Lower Hutt valley and extends through the study area from Taita to 
Somes Island. South of the Hutt Golf Course the aquifer is confined by the overlying fine-
grained Petone Marine Beds and swamp deposits generating artesian flow conditions 
(Donaldson and Campbell, 1977; Stevens, 1956b). The presence of the Waiwhetu Artesian 
Gravels at depth is guided by observations of artesian water (coded as AR) in the drillhole 
database. 

2.5.4.4 Wilford Shell Bed 

Beneath the Waiwhetu Artesian Gravels, the Wilford Shell Bed is typically a 25 m to 30 m 
thick, marine, shelly silty sand unit that is persistent enough laterally to be correlated 
between boreholes. The modelled upper boundary of the unit dips to the west-north-west 
reaching a level of -80 m (relative to mean sea level) at the Petone foreshore. In the 3D 
model the boundary of the Wilford Shell Bed is assumed to on-lap the northern and eastern 
basin margins, where it pinches out against older sediments, and it is assumed to be eroded 
up-valley. The Wilford Shell Bed is correlated with Oxygen Isotope Stage 5 (Begg and 
Mazengarb, 1996). The correlation of this unit across the basin assumes that deposition was 
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continuous in a developing basin with abundant sediment supply. Therefore correlation of 
this shell bed, underlying and overlying non-marine beds, is based on the international sea 
level curve of Imbrie et al. (1973). 

2.5.4.5 Older Quaternary Sediments 

Stevens (1956a) named the sediments beneath the Wilford Shell Bed the Moera Basal 
Gravels. Mildenhall (1995) correlated the gravel and silt dominated units in the Gear Meat 
(Petone) drillhole (#151) with the Parkside Road drillhole records (#1086) and Ewen Bridge 
(#6386) holes, using paynozones. Begg and Mazengarb (1996) adopt this correlation (Begg 
originally suggested the correlation). Below c.106 m in the Petone drill hole there is a 200 m 
sequence of marine silts and clays, and terrestrial gravels with minor peat. In our 3D 
engineering geological model the sediments below the Wilford Shell Bed are divided into two 
units; the first unit, from 106 m to 161 m in the Petone drillhole (#151), includes an upper 
gravel unit (Waimea Glacial, Q6) and a lower marine, shelly sand unit (Karoro Interglacial, 
Q7). The second, from 161 m to 299 m in the Petone drillhole includes Waimaunga and 
Nemona Glacials, and an intervening Q9 Interglacial sequence. 

2.5.4.6 Other Quaternary deposits 

Isolated deposits of highly weathered and reworked river terrace gravels are scattered over 
the surrounding Hutt Valley slopes. The weathered gravels are believed to be terrace 
remnants suspended by periodic uplift on the northwest side of the Wellington Fault 
(Stevens, 1956a; Begg and Mazengarb, 1996). There are also deposits of loess, solifluxion 
deposits and colluvium (Begg and Mazengarb, 1996; Stevens, 1956a). We have not included 
these deposits in our modelling as they are considered too thin to be significant within the 
context and resolution of this study. 

2.5.4.7 Correlation of the Quaternary stratigraphy in the Lower Hutt Valley 

The boundaries of the geological units described by Stevens (1954) and Begg and 
Mazengarb (1996) are based upon alternating marine and non-marine deposition in the 
Lower Hutt valley. The boundary surfaces are diachronous in nature and so the structure of 
the basin can only be understood by developing correlations between the marine and non-
marine horizons. The marine and non-marine boundaries can be correlated if we assume 
deposition has been more or less continuous in a subsiding basin. Therefore these 
alternations can be linked to sea level changes documented in the international sea level 
curve of Imbrie et al. (1973) by counting backwards through warm and cold cycles. The 
correlation of the upper two or three layers has been independently tested and confirmed 
using palynology and radiocarbon dating (in the younger units). 

Critically important for building a 3D engineering geological model is the idea that the units of 
the engineering geological model are closely allied with the geological units of the Lower Hutt 
Valley (Figure 2 and; Figure 6). Correlation of the engineering geological units is based upon 
correlations of marine and non-marine changes with the international sea level curve. 
Accepting these assumptions, we cross-correlate the deep stratigraphy of the Quaternary 
infill between three deep boreholes: The 311.2 m deep Gear Meat (Petone) borehole (#151); 
the 181.4 m deep Parkside hole at Seaview (#1086); and the 200m deep Moera Gravel Test 
Borehole drilled near Ewen Bridge in Lower Hutt (#6386). Begg et al. (2002) also correlated 
the stratigraphy between these three pivotal boreholes based on the presence of multiple 
marine (shelly) incursions that are separated by non-marine intervals. We have extended 
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their correlations to other boreholes by similarly using the presence of marine (shelly) 
incursions as stratigraphic markers.  

For the purpose of this study we have grouped Holocene member beds based on similar 
strength and lithological characteristics and our 3D modelling is not of sufficient resolution to 
distinguish Member beds of the Hutt Formation. We group the Taita Alluvium, Melling Peat, 
Petone Marine Beds, alluvial fan deposits and Naenae swamp deposits into a single 
engineering geological unit (referred throughout this report as Unit 2). The stratigraphy 
adopted in the geological model is described further in Table 2 which defines and describes 
the seven engineering geological units we adopt for this study. 
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Figure 2 Geological map of the study area. 
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2.5.5 Depth to bedrock information  

The volume of data available from boreholes and exposures are too few to accurately 
constrain the bedrock surface beneath the entire basin. Therefore the depth to rock has been 
inferred from available geophysical records, interpolation between boreholes and published 
geological linework, and by projecting the Lower Hutt valley hill-slope surface profiles into the 
subsurface. 

The depth to basement predictions provided by Fry et al. 2010 (Noise Interferometry 
technique which forms part of the complementary IOF Task 5 study) provide an additional 
estimation of bedrock elevation. These estimations have been compared to the 3D 
engineering geological model but were not used to constrain the bedrock surface within it. 

2.5.5.1 Drillhole records and bedrock exposures proving bedrock 

There are 56 borehole records in the Lower Hutt Valley Drillhole Database that prove depth 
to bedrock in the study area, and of these, only four boreholes are located in the deepest 
(central) part of the basin. Erosion by the Hutt River exposes bedrock greywacke along the 
NW side of the Wellington Fault. The Wellington Fault gauge can be seen in the Hutt River 
bed at Manor Park, and steeply dipping greywacke is exposed in the river bed just south of 
Silverstream Bridge (Begg et al. 2008). The geological map (Begg and Mazengarb, 1996) 
depicts where bedrock is exposed at surface.  

2.5.5.2 Geophysical survey data 

There are several sources of geophysical survey data that provide information about the 
depth and profile of the bedrock-sediment interface within the Lower Hutt Valley and Port 
Nicholson. Figure 3 shows the location of pre-existing geophysical lines that provide 
information on the basin structure. The information sources include: 

1) Seismic profiles: 

a) Wood and Davy, 1992 (seismic reflection lines in Port Nicholson) 

b) Hochstein and Davey, 1974 (seismic refraction along the Petone foreshore) 

c) Garrick, 1963 and 1964 (seismic refraction lines at Silverstream and Gracefield) 

2) Micro-gravity profiles 

a) Beetham et al. 2008 (3 lines at Manor Park) 

3) Regional gravity model and profile 

a) Cowan and Hatherton, 1968. (profile across Petone foreshore and gravity model of 
Valley) 
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Figure 3 Plan showing type and distribution of data available for this study. 
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2.6 Geotechnical Characterisation 

The geotechnical data held in the Lower Hutt drillhole database has been checked, analysed 
and interpreted to help characterise the various geological materials recognised within the 
Lower Hutt valley. The only geotechnical data available in the database are results of 
Standard Penetration Tests (SPT). There are several CPT test results within the original 
drillhole logs but these data have not yet been digitally captured in the database. The results 
of the geotechnical characterisation are summarised in Table 2. 

2.6.1 Standard Penetration Tests 

The Standard Penetration Test (SPT) is an internationally recognised in situ geotechnical 
test commonly performed in combination with drilling. The test involves driving a steel cone 
of standard dimensions into the ground with a standard hammer force. The number of 
hammer blows required to drive the sampler in by 300 mm is recorded and referred to 
internationally as the SPT N-value. At the beginning of the test the cone is driven in by 150 
mm to ‘seat’ the test to ensure the cone is in contact with undisturbed (by drilling) material 
prior to the main test. 

The SPT data provides valuable information on “relative density”, a measure of strength, of 
the Holocene materials deposited in the valley. The Lower Hutt valley drillhole database 
currently contains 237 SPT results within the study area (as of June 2010). Figure 3 shows 
the location of drillhole records with SPT tests undertaken. There are 1724 ‘N’ values held in 
the database SPT table. The deepest SPT record penetrates c. 35 m through Holocene 
deposits into Waiwhetu Artesian Gravels (Figure 4). The majority of SPT records penetrate 
the top 15m of Holocene materials reflecting the typical depth of geotechnical investigation in 
the valley. An analysis of the SPT data was undertaken to characterise the following 
lithostratigraphic units of Begg and Mazengarb (1996): Taita Alluvium, Marginal Marine 
deposits – including the partly buried Petone Marine Beds and Melling Peat, Alluvial Fan 
deposits, and the top 10 to 15 m of the underlying Waiwhetu Artesian Gravels. 

2.6.2 Results and discussion of SPT analysis 

The typical range of SPT ‘N’ values for each mapped geological unit is summarised in Table 
2. Figure 4 shows a wide data scatter in the SPT data in the top 15m, and that there is a 
general increase in N-value with depth. The wide scatter indicates the Holocene deposits in 
the valley have widely variable strength characteristics. Between the depth of 25 m and 35 
m, the depth interval of the Waiwhetu Artesian Gravel, there is a general increase in SPT ‘N’ 
values with depth, with typical SPT N-values increasing from N=25 to N=50 over the top 10m 
of the unit. This suggests the Waiwhetu unit might be typically looser in the top 5 to 10 m. 
These loose materials may include beach sands and gravels (identified by Begg et al. 2002  
between the Petone Marine Beds and the older Waiwhetu Artesian Gravels beneath Petone) 
that were deposited by reworking of the glacial gravels during the Holocene marine 
inundation. 

The SPT test results include a range of values N ≥ 50. This is explained by differences in 
working practice amongst the drillers performing SPT tests, for while some drillers stop the 
test when SPT ‘N’ >50 is achieved (internationally recognised as refusal) other drillers 
continued on past N>50 taking refusal as N=60. 
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The plot of SPT ‘N’ values for the mapped extent of recent alluvium and marginal marine 
sediments (Figure 5) gives a general indication of the distribution of SPT ‘N’ values within 
these materials. The bimodal distribution of the Taita Alluvium curve (fa), suggests there are 
two predominant strength ranges characteristic of these sediments. The higher value range 
(N=15 to 40) is probably associated with dense coarse-grained sands and gravels, while the 
loose/soft group (N=5 to 15) may include fine-grained alluvium, peats and coastal/marginal 
marine sediments buried beneath the mantle of Recent alluvium. Where marginal marine 
deposits (fm) are mapped at surface () the SPT N-values typically fall between the loose and 
moderately-dense relative density state (N=10 to 25). 
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Figure 4 Plot showing all SPT results in Lower Hutt. Depth of N-value plotted is at the base of the 
test depth interval. 
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SPT N-values for mapped areas of Marginal Marine (fm) and Taita Alluvium (fa) 
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Figure 5 SPT 'N' value distributions for mapped Recent (Taita) alluvium (fa) and marginal marine 
deposits (fm). The peaks for N=50 and N=60 result from inconsistent recording methods by drillers 
who have different criteria for test “refusal”. 

Where the SPT test is performed in cobble-rich gravels, which are common in recent (Taita) 
alluvium the test cone is prone to obstruction by large clasts which can result in high SPT ‘N’ 
blow counts and shallow test refusal, inhibiting characterisation of underlying and potentially 
softer materials. The two anomalous peaks at N=50 and N=60 on the ‘fa’ curve (Figure 5) 
reflect how different drillers have taken different N-blow count values as the ‘refusal’ value. 
Other factors that may cause falsely low N-values during the SPT test include artesian flow 
conditions (a known geotechnical hazard in the Waiwhetu Artesian Gravel), running sand 
conditions (common in alluvial sediments composed of loose sands and silts saturated by a 
high groundwater table), and liquefaction of silts and fine sands due to the vibration of the 
sediments around the test cone. Due to the many factors which can affect the quality of SPT 
test results (as outlined above) the interpretation of historical SPT data and their use in 
engineering geological unit correlation purposes must be made with caution. 

2.6.3 Cone Penetration Test 

Modern Cone Penetration Test soundings (CPT) provide far more accurate and continuous 
information on the soil properties than SPT method for determination of liquefaction potential 
(Toprak and Holzer, 2003). Unfortunately there are currently few CPT test results available 
for the valley sediments (Stephenson and Barker, 1992; Ian Brown Associates, 2003). 
Correlations between SPT and CPT have been developed for assessing liquefaction 
potential. More CPT data are desirable to provide accurate strength profiles of the Lower 
Hutt Valley Holocene materials. 

2.6.4 Use of SPT data to distinguish site subsoil class D and E 

The SPT and CPT records are important for earthquake engineering in New Zealand 
because they can be used to distinguish ‘Deep or soft soil’ sites, Class D, from ‘Very soft soil 
sites’, Class E (NZS 1170.5:2004 Clauses 3.1.3.5 and 3.1.3.6). Following this guidance the 
SPT tests that penetrated greater than 10m can in theory be utilised to distinguish site 
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subsoil class D sites from class E sites. Unfortunately 60% of the available tests do not 
penetrate greater than 10 m and therefore cannot be used to definitively determine the 
subsoil class. However, they do give an indication of typical properties of geological deposits 
they have sampled. The analysis of SPT data and the resulting characterisation of mapped 
geological units form a starting point for wider characterisation of mapped geological 
polygons across New Zealand provided the geological materials are analogous. 

2.6.5 Litho-technical classification of drillhole database records 

In order to classify the geological materials based on their geotechnical behaviour (which is 
largely governed by their strength and lithological characteristics) a litho-technical code was 
assigned to each layer interval in the Hutt Valley drillhole database. Litho-technical codes 
characterise the strength of the materials in terms of loose/soft or dense/stiff (based on SPT 
‘N’ values) and their geological origin (e.g. marine, alluvial, beach, swamp). The classification 
scheme used to code the down-hole data (Appendix 1) is consistent with that used in the 
complementary IOF study of Wellington Central Business District (Semmens et al. 2010).  
Litho-technical classifications were displayed in the boreholes used to define the boundaries 
between engineering geological units in the 3D model. 
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Table 2 Engineering geological unit definitions used in the 3D model (numbered 1–7). 

 

Stratigraphic Name^ 
(geological map symbol) 

Engineer
ing 

Geologic
al Unit  

Approx Age 
Local chronostratigraphic 

name  
(OIS correlation,Q*) 

Engineering Geological Description Maximum modelled 
thickness (m) Typical SPT ‘N’ range 

Reclaimed land (fr) Unit 1 0 to 100 years 
Moderately dense, but variable, mixture of engineered (compacted) fill 
and non-engineered (end-tipped) fill: angular boulders, cobbles, 
gravel. Artificial Deposits  

~4 (Seaview) 
~15 (Petone) 

10 – 25 (Seaview) 
(no drillhole records in Petone)  

Taita Alluvium (fa) Loose to dense, brown rounded cobble rich gravels of the Hutt River. 
Sand, silt, and peat lenses. River alluvium. 5 – 30 

Melling Peat (partly buried) 

Naenae swamp deposits (fs) 
Very soft to soft, interbedded organic sand, silt, clay, peat, wood. 
Swamp.deposits 0 – 5 

Petone Marine Beds (fm) Soft to firm, shelly, gravely sand, sand, sandy silt and silt. Marginal 
marine deposits 5 –10 

Alluvial fans (ff) 

Unit 2 

< ~10ka 

Holocene 

(Q1) 

Loose to dense, alluvial, silty sandy angular gravel. Fan Alluvium  

~40 

10 – 30 

0 – 30 

Waiwhetu Artesian Gravel Unit 3 

10ka to 70ka 

Otira Glaciation 

(Q2 to 4) 

Medium dense (top 5m) becoming very dense, brown gravel, sand, silt 
and peat, poorly graded (well sorted). River alluvium and deltaic 
deposits 

~60 25 – >50 

Wilford Shell Bed Unit 4 

70 to 128ka  

Kaihinu Interglacial 

(Q5) 

Stiff, shelly, sand, silt and clay. Marginal marine deposits ~ 30 No Data, assume N>40? 

Waimea Glacial and Karoro 
Interglacial Unit 5 

128ka to 245ka 

Waimea Glacial and Karoro 
Interglacial 

(Q6 to7) 

Very dense alluvial gravels, minor swamp peat; interbedded with, very 
stiff shelly silts and sands. River alluvium and marginal marine 
deposits  

~60 No Data, assume N>50 

Moera Basal Gravels, 
Nemona Glacial Gravels and 

older deposits 
Unit 6 

245ka to >380ka 

Waimaunga Glacial, 
Interglacial, Nemona Glacial 

and older  

(Q8 to 10) 

Very dense weathered gravel, minor peat and stiff fine-grained 
marginal marine beds. ~210 No Data, assume N>50 

Torlesse composite terrane: 
Rakaia terrane and Esk 

Head belt (or melange), and 
Pahau terrane 

(tw and twn) 

Unit 7 
290 to 159Ma 

Permian - Middle Jurassic 

Strong (50-100 MPa), well bedded, sandstone, siltstone, mudstone, 
subordinate limestone beds (greywacke). Tightly-folded, well-jointed, 
and locally faulted. 

300 – 600 
N>50 

(rock) 

^ after Stevens 1956a; Begg and Mazengarb, 1996; Begg and Johnston, 2000. * Oxygen Isotope Stages of Imbrie et al. 1984 
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2.7 Engineering geological model 

An accurate 3D engineering geological model of the Lower Hutt basin is required to improve 
the ground shaking amplification map (Van Dissen et al. 1992), to estimate site periods and 
site effects, to re-analyse the NZ response spectrum attenuation model, and provide input 
parameters for numerical ground motion modelling studies. The geological materials present 
in the Lower Hutt Valley basin have been characterised using their engineering properties, 
but we need to predict the distribution of these properties in 3D within the basin. The 3D 
model enables the basin geology to be visualised and conceptualised in 3D and provides 
synthetic 2D and 1D geological cross-sections and shear-wave velocity profiles for onward 
strong motion modelling studies. 

The 3D digital engineering geological model of the Lower Hutt valley developed for the It’s 
Our Fault project is available from GNS Science. 

2.7.1 Why do we need determine the 3D basin structure? 

Previously conceptual geological models of the Lower Hutt basin were developed for 
groundwater studies and captured in the form of 2D cross-sections (Stevens, 1956a, b; 
Stevens, 1974; Donaldson and Campbell, 1977). Later 2D sections were adapted for 
geotechnical characterisation (Dellow et al. 1992) and earthquake studies investigating 2D 
site effects (Adams et al. 1999). The first true 2.5D representation of the sediments of the 
Lower Hutt basin from the Petone foreshore to Knights Road was originally developed by PR 
Wood and G Dellow, and formally presented by Begg & Mazengarb (1996; Fig. 3.9) but it 
was later advanced further by Begg et al. (2002; Figs. 3 and 7; 2008). 

More recently a 4-layer digital 3D geological model was developed by Benites and Olsen 
(2005), with geological guidance from JG Begg, to provide input for their modelling of strong 
ground motion in the Wellington Metropolitan area, but the small scale complexity of the 
basin geometry was not well quantified inhibiting reliable modelling of basin edge effects. In 
particular the topography of the bedrock close to the Wellington Fault on the western margin 
of the basin is considered crucially important to strong ground motion modelling (Benites and 
Olsen, 2005). Unfortunately their 3D model did not resolve the uppermost 30 m which 
includes the slowest (<300 m/s) layers, which based on previous ground shaking hazard 
assessments (Van Dissen et al. 1992) will be most responsive to earthquake motions and 
contribute most to localised damage. 

Therefore, understanding and quantifying the 3D geological structure of the basin is of great 
importance to current and future strong ground motion studies. To address these issues (and 
provide the appropriate information required for subsequent IOF Tasks) our modelling has 
focused on improving the representation of the buried topography along the Wellington Fault 
and increasing the layer resolution to include the soft flexible sediment layers. 

2.7.2 Description of the 3D Model 

The 3D 1:50 000 scale equivalent, digital engineering geological model was developed by 
integrating all the geological, geotechnical and geophysical data available for the study area. 
The model covers a plan area of 65 square kilometres (Figure 6) to a nominal depth of 600 
metres, covering the area from Taita Rail Bridge, in the north east, to around 1 km off the 
Petone foreshore, and as far south east as the Marina at Point Howard. The uppermost 
surface of the model, the ground surface, is defined by the DTM described previously in 
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Section 0. The surface geological boundaries are slightly adapted (small changes were made 
to reconcile topographic changes with geological boundaries) from the 1:50 000 scale 
published geological map of Wellington (Begg and Mazengarb, 1996). 

Seven engineering geological units were modelled and are referred to as Unit 1 (youngest) 
through to Unit 7 (oldest) in this report and are defined in Table 2. The units are defined by 
the geological and geotechnical characterisation study described previously in this report. An 
exploded view of the 3D engineering geological model showing 7 units (orientated to face 
north) is shown in Figure 6. In this view the 7 units have been vertically pulled apart 
(exploded) to illustrate the 3D distribution of each unit within the subsurface. The units (1 to 
6) are labelled by their OIS correlation (Q1–10) to demonstrate the correlation between 
engineering units and stratigraphic units that has been possible for the Lower Hutt Valley 
basin. The units include, from top downwards, reclaimed land (red); soft flexible Holocene 
(Q1) deposits (yellow); stiff gravels, Q2–4 (blue); Wilford Shell Bed, Q5 (grey); older glacial 
and interglacial gravels, Q6–7 (green) and Q8–10 and older (orange). Greywacke bedrock 
forms the basement (light grey). The active Wellington Fault bounds the northwest margin of 
the basin. Other basin structures such as the Somes Island Ridge are also shown. 

 

Figure 6 An exploded view of the Lower Hutt valley engineering geological model (viewed 
obliquely, looking north). 
 
2.7.3 3D Modelling Methodology 

The Geological Surveying and Investigation in 3-Dimensions (GSI3D version 2.6) modelling 
software package was used to build the 3D model. The modelling methodology follows Best 
Practice developed for and currently followed by the British Geological Survey. The GSI3D 
workflow and methodology is described in detail by Kessler et al. (2009) and Mathers and 
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Kessler (2008). The 3D modelling software allows moderately complex unit geometries to be 
modelled with freedom and modeller-driven decision making. The GSI3D software, though 
relatively straight forward to use also allows the modeller to integrate, visualise and interpret 
multiple geological data types and export modelled surfaces in commonly used formats (such 
as grid files, ASCII, GoCad). 

The 1:50 000 scale digital geological line-work was integrated directly into the 3D geological 
model to provide surface boundaries of the exposed units. Boreholes were selected based 
on depth (deepest drillholes preferred) and distribution. A series of cross-sections were then 
manually constructed across the project area by correlating boundaries between litho-
technical units displayed in boreholes using the deepest and best quality (that provide 
reliable correlations) boreholes for stratigraphic control.  Figure 8 shows how the cross-
sections are combined to form a fence diagram which then forms the skeleton of the 3D 
mapping project. Figure 9 shows a series of typical cross-sections through the area. Each 
boundary is defined by a series of nodes (polylines) and these nodes form the extrapolation 
points which control the shape of each boundary surface. 

The lateral distribution of each unit (buried and at the surface) is defined by a unit envelope 
which represents the total physical extent of the unit. For non-buried deposits exposed at the 
surface (such as alluvium or reclaimed land) the unit envelope follows the geological map 
line-work (Begg and Mazengarb, 1996) and if modified to fit a new DTM, the model will 
provide updated geological line-work. For buried units the distribution of units in the 
subsurface is defined by the modeller (geologist) based on drillhole information and expert 
judgment applying traditional geological mapping and cross-section drawing principals. 

In this model the correlation points (nodes) are stored as x, y, and z points relative to the 
New Zealand Map Grid (NZMG) coordinate system. The GSI3D software then calculates a 
set of contiguous, non-overlapping triangles between the x, y, and z, points to create TIN 
(Triangulated Irregular Network) surfaces for each model unit (Figure 7, top right). The 
horizontal distribution of the correlation points (defined by the location of cross-sections 
created by the modeller) provides a measure of the coverage of data and the uncertainty in 
the model. The cross sections created to construct this model are shown as a fence diagram 
in Figure 8, and the raw data points are included in Appendix 3.  Note the higher density of 
cross-sections in the southwest of the model made possible because of the higher density of 
boreholes in the Petone and Lower Hutt City areas. 
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Figure 7 The GSI3D software window illustrates the 3D modelling workflow. Map window (top left) 
shows drillhole data, maps, geological maps, and location of cross-sections; the cross-section window 
(bottom left) is where the cross-sections are manually drawn. Note how the sections are capped by 
the DTM surface and drillhole records are visible as graphic logs. The modeller digitises unit basal 
boundaries to construct each cross-section using the drillhole sticks to build correlations. The drillhole 
log window (bottom right) displays drillhole database data in the desired graphic log format (e.g. depth, 
collar height, drillhole id, descriptions). The 3D window (top right) displays the calculated TIN surface, 
here the reclaimed land at Seaview (defined by correlation points and nodes). Here the modeller 
visually checks the outcome of the volume calculation to ensure the TIN calculation is geologically 
realistic. 
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Figure 8 Oblique view, looking north, of the cross-section fence diagram that forms the skeleton of 
the 3D model. 
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Figure 9 A series of vertical synthetic cross-sections (A to F) generated by slicing the 600 m thick 3D engineering geological model reveal the basin structure at various locations across the Valley. No vertical exaggeration. 
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2.7.4 Capture and integration of geophysical profiles 

The location of each profile (shown in Figure 3) was determined by geo-referencing the 
accompanying location maps in ArcMap. The geophysical profiles (listed in section 1)a)) 
were digitally captured by scanning the original profile images, then, geo-referencing the 
images in the GSI3D software modelling package following the procedure described by 
Williams and Scheib (2008). This enabled the profiles to be visualised and digitised to 
capture the bedrock-sediment interface (upper boundary of Unit 7) and to use its position for 
correlation between other profiles. The black outline visible in  Figure 8 (bottom left) is the 
trace of the bedrock-sediment interface from the geophysical section MC5 (Wood and Davy, 
1992). The estimation of the profile locations from scanned maps and the digitising 
procedure may introduce small location errors, but these are insignificant compared to the 
probable errors associated with the original geophysical interpretations of the geology. 

2.7.5 Use of geophysical profiles in building the 3D model 

The geophysical profiles were visualised in 3D and correlated with the deep boreholes. 
Incorporation of the geophysical interpretations was made on a profile by profile basis and 
the extent to which the profile was relied upon depends on the quality and reliability of the 
technique and results. Specifically, “Line 1” of Hochstein and Davey, (1974), with their 
interpretation of a steeper Wellington Fault plane has been adopted. “Line A” of Garrick 
(1964) was not incorporated because of the poor agreement with the similarly aligned 
eastern segment of “Line 1” of Hochstein and Davey (1974). “Line B” of Garrick (1964) was 
incorporated as it seems geologically more plausible. All three micro-gravity lines (Lines 1, 2 
& 3) at Manor Park (Begg, et al. 2008; Beetham et al. 2008) were incorporated because the 
survey results provided a reliable estimate of the bedrock surface profile. The basin-scale 
gravity profile of Cowan and Hatherton (1968) was incorporated to the north of the Somes 
Island Ridge but is ignored to the south of this feature because the alternative refraction 
model proposed by Hochstein and Davey (1974, Line 1) is considered more representative of 
the likely bedrock surface. Line “MC5” of Wood and Davy (1992) was incorporated as it 
provides a reliable profile of the bedrock surface offshore from Petone. The additional 
multichannel seismic reflection lines generated by Wood and Davy (1992) were not 
incorporated into the model because they fall south of the study area. 

2.7.6 Representation of the Wellington Fault in the 3D model 

The GNS maintained Active Faults Database and other information sources (Van Dissen and 
Berryman, 1996; Begg et al. 2008; Wood, 2003; Wood and Begg, 2002; Ian Brown 
Associates, 1995) were consulted in order to define the location of the Wellington Fault as 
precisely as possible. In some areas, for example in Lower Hutt City, there is a strong 
geomorphic feature produced by Wellington Fault surface rupture (Grant-Taylor, 1967; Begg 
et al. 2008) that could be used to locate the Fault. At Manor Park the location of the 
Wellington Fault has been established in a trench and well constrained using drillhole logs 
and microgravity profiles (Beetham et al. 2008). Similarly at Silverstream Bridge the location 
of the zone containing the fault has been determined using surface outcrops, seismic profiles 
and drillhole logs (Wood and Begg, 2002; Garrick, 1963). Along the Petone foreshore 
however, the precise location of the fault is less well constrained, partly because field 
evidence has been destroyed or modified by human activity, or reworked or buried by natural 
geological processes. 

The location of the Wellington Fault in this model follows the representation used in the 
Active Faults Database (including the position determined by Beetham et al. (2008)) at 
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Manor Park. The Wellington Fault scarp is modelled with a constant dip of 83 degrees, 
dipping to the SE along strike. The nominal dip value was calculated from two bedrock 
locations in Petone: a ground surface point on the crest of the mapped fault scarp [NZMG 
2666369, 5996247] and the elevation of the bedrock surface (assumed to penetrate bedrock 
on the fault scarp) in Borehole #1224 [NZMG 2666375, 5996235]. However, there is some 
uncertainty associated with the location of this borehole and new data may require revision of 
the fault dip in the future. The fault is represented as a reverse fault at Petone by Stevens 
(1956; 1974; 1991) but there is no evidence for this assumption. In reality, the dip and dip 
direction of the Wellington Fault probably varies along its strike, but there is currently 
insufficient evidence to model complexity in the fault geometry. 

2.7.7 Modelling the bedrock-sediment interface 

The bedrock surface geometry is represented by the top surface of Unit 7 (bedrock). The 
elevation was modelled using a combination of boreholes (that prove bedrock) and 
geophysical section profiles (that estimate bedrock elevation). The slope of the buried 
surface was constructed by projecting the un-buried hill slopes into the subsurface. Major 
ridge, spur and valley landscape features were projected, accounting for the changing profile, 
into the subsurface. Along the Petone foreshore the Somes Island Ridge is interpreted as a 
low horst shaped feature in cross-section profiles by Hochstein and Davey (1974) and 
Cowan and Hatherton (1968). 1 km off the Petone foreshore a similar but steeper-sided and 
taller feature is interpreted by Wood and Davy (1992 line MC5). The ridge was projected into 
the model area by using the geophysical interpretations of the feature as reference points. 
There is uncertainty in the true dimensions of the feature as its location is based on 
geophysical profile interpretations which have different levels of accuracy. 

2.7.8 3D model accuracy 

The greatest source of uncertainty in the engineering geological model is due to the limited 
data available. The uncertainties associated with the source data used to build the model, 
such as the positional accuracy and quality of drillholes, transfer into the model. Uncertainty 
generally increases with depth as the number of deep drillholes decreases, and increases 
with distance away from each drillhole, particularly in laterally variable geological deposits 
such as river alluvium. Cross-borehole correlations have been heavily relied upon in order to 
define the thickness and extent of buried deposits across the study area. The top and basal 
boundaries of each unit are represented as smooth surfaces. In reality though, we recognise 
from mapping and field outcrop studies (e.g. Begg and Mazengarb, 1996; Begg et al. 2008) 
that some geological boundaries (and therefore correlated engineering geological 
boundaries) may be gradational or sharp and may undulate with a surface roughness that 
will vary over different scales. 

The accuracy of the bedrock surface probably ranges from 1 m where depth to bedrock is 
well constrained by mapping, boreholes and geophysics such as at Manor Park and Taita 
Rail Bridge, and up to ±50 m in the deepest parts of the basin where no information is 
available (illustrated in Figure 3). The bedrock surface is expected to have topography as it 
follows paleo-topographic features and may have been displaced by accumulated 
displacements on buried faults. Even where bedrock is proven in boreholes, over scales of 
tens to hundreds of metres, the actual surface profile may differ markedly from that produced 
by the current 3D model. 
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3.0 SHEAR-WAVE VELOCITY CHARACTERISATION 

3.1 Introduction 

Earthquake ground motion modelling studies in the Lower Hutt valley require characterisation 
of the basin fill in terms of shear-wave velocity (Vs). The layered nature of the sediments is 
represented by 7 layers in our 3D model, each layer requiring characterisation. 

In this section we explain how we attributed the 3D engineering geological model with shear-
wave velocity (Vs) and describe the sources of information that were used. We present the 
results of our Vs characterisation and discuss our findings and compare them with 
international experience. We evaluate the techniques used to determine shear-wave profiles 
and consider their accuracy and suitability in this and other basins. This is the first time the 
complete range of sediments have been characterised based on actual measured velocities. 
The results of this characterisation will enable generation of derivative maps (Site period and 
Vs30) that form a component of the NZS1170.5:2004 site subsoil class determination 
procedure. The characterisation also generates a 3D pseudo-velocity model which provides 
an input for the IOF strong ground motion modelling task and future research. 

3.2 Methodology 

The concept of building a 3D litho-technical model to provide geotechnical input into a 
microzoning study has been applied in Europe by Fiorini et al. (2008) and in South America 
by Slob et al. (2002). We take a similar approach to Fiorini et al. (2008), but we have also 
integrated several locally acquired geophysical datasets to build the 3D engineering 
geological model and used site-specific determinations of shear-wave velocity to 
characterise the model units. 

Our characterisation method is founded on the fact that where existing site specific Vs 
profiles have been compared to nearby drillhole records (e.g. Asten et al. 2005) there is a 
clear relationship between measured shear-wave velocity and the geotechnical properties of 
the geological materials. This method relies on the well known relationship between lithology 
and compaction state (porosity) and velocity of shear-waves through geological materials. 
Exploiting these relationships we then used the engineering geological model stratigraphy as 
a framework with which to spatially map the measured Vs values to the geological units. 

To do this we compared the depth of the estimated boundaries derived from the 3D 
engineering geological model with the depth of the modelled Vs layer boundaries derived 
from the available shear-wave velocity models. Where there was a strong agreement 
between the models then that part of the velocity model was considered representative of the 
corresponding engineering geological unit. This assessment procedure was repeated for all 
velocity profiles resulting in a catalogue of shear-wave velocity values (expressed as 
average, min, max values) for each engineering geological unit. The Vs values were then 
extrapolated across the entire unit volume for each unit essentially resulting in a 3D pseudo-
velocity model. 

3.3 Available shear-wave velocity profiles 

There are several sources of shear-wave velocity measurements (published and 
unpublished) for geological materials in the Lower Hutt valley. The measurement techniques 
include both non-intrusive micro-tremor techniques and intrusive Seismic Cone Penetration 
Test (SCPT) techniques. Information sources include: 
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3.3.1 Pre-existing data 

1. Stephenson and Barker (1992): 5 directly measured Vs profiles using SCPT. 

2. Asten et al. (2005): modelled profiles using the SPAC technique. 1 published profile 
(Asten et al. 2005); 3 unpublished profiles (provided by Bill Stephenson). 

3. Louie (2001), Louie and Concha-Dimas (2003), Louie and Kaiser (2007): 1 published 
profile (Louie, 2001) and 14 unpublished profiles obtained using the ReMi technique. 

3.3.2 New Data 

4. Fry et al. (2010): 41 new IOF modelled shear-wave velocity profiles (2 of the profiles are 
outside model area, so 39 usable profiles) that penetrate through the entire Quaternary 
sequence down to bedrock. 

3.3.3 Quality of the pre-existing Vs profiles 

The high vertical resolution offered by the ReMi and SPAC techniques make these methods 
well suited for making site-specific determinations of shear-wave velocity of the upper layer 
of soft flexible sediments (Louie, 2001; Asten et al. 2005). The five SCPTs, undertaken in the 
Lower Hutt Valley by Stephenson and Barker (1992), provide reliable in situ shear-wave 
velocity profiles in the Holocene sediments, mostly sampling the Taita Alluvium and Petone 
Marine Beds (Unit 2). 

3.3.4 New Noise Interferometry based Vs profiles 

The available ReMi and SPAC results for the Lower Hutt Valley offer Vs profiles limited to a 
maximum depth of 80 m. The novel Noise Interferometry technique (Fry et al. 2010) however 
offers an exciting new set of results (41 Vs profiles) with penetration from around 50 m down 
to bedrock at +300 m. The technique involves placing two geophones (referred to by Fry et 
al. 2010 as station pairs) a certain distance apart (determined by the desired penetration 
depth and physical access constraints) to record ambient noise between the station pairs. 

3.4 Results of Vs characterisation 

The pseudo-velocity model was used to calculate values for site period and Vs30 on a 25 m 
grid across the 3D model. The final shear-wave velocity values used to generate the applied 
maps are summarised in Table 3 and the complete catalogue of values (sorted into 15 m/s 
bins for clarity) that contribute to the final Vs value range is given in Figure 10.  

It is important to stress that the micro-tremor and SCPT data used to build the Vs pseudo-
velocity model were not used to build the original 3D engineering geological model and so 
the depth comparisons between the two models compare two independent datasets. If the 
models are independent we can test the assumption that engineering geological units can be 
correlated with modelled or measured shear-wave velocity layers. Comparison of the models 
provides a check to see how well this assumption holds. 
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Table 3 Shear-wave velocities summarised for each engineering geological unit in the Lower Hutt basin. Vs values are rounded to the nearest 5 
m/s.  

Shear-Wave Velocity (m/s)  No of 
values Information Source Model  

Unit 
Material description  

Average Min Max   

1 Stiff rock boulder fill 200 100 300 - 

No directly measured values were available in 
the Hutt Valley. Suggested minimum value 
based on Borcherdt, 1994 Table 1; maximum 
value estimated based on experience in 
Wellington CBD (Semmens et al. 2010). 

2 
Interbedded soft to firm silt and clay, very 
loose to moderately loose sand, gravels, 

and very soft peat lenses 
180 150 270 22 

SCPT (Stephenson and Barker, 1992); ReMi 
(Louie, 2001; Louie and Concha-Dimas, 2003; 
Louie and Kaiser, 2007). 

3 Dense to very dense gravel and clayey 
gravel 490 270 630 25 

SCPT: (Stephenson and Barker, 1992); ReMi 
(Louie, 2001; Louie and Concha-Dimas, 2003; 
Louie and Kaiser, 2007); SPAC: (Asten et al. 
2005; Stephenson (unpublished)). 

4 Stiff shelly sand, silt and clay 630 610 650 7 Fry et al. 2010 

5 and 6 Stiff gravels interbedded with stiff silts with 
minor firm peats lenses 745 715 770 15 Fry et al. 2010  

7 Strong slightly-weathered greywacke 1375 1310 1480 30 Fry et al. 2010 
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Figure 10 Summary of final shear-wave velocity ranges (top) for engineering geological model units 2–7 (no data for unit 1 in Lower Hutt Valley). 
Original data values summarised into 15 m/s bins and displayed as histograms (centre) distinguished by colour to indicate original data source 
(bottom). 
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3.5 Discussion of Vs characterisation 

3.5.1 Characterisation of Unit 1 

Two areas of reclaimed land were modelled, an area at Seaview, and a smaller area on the 
foreshore at Petone (2D extent shown in Figure 2, 3D extent shown in Figure 6). There are 
no SCPT or SPAC data in these areas and the ReMi test (Shell Oil at Seaview) is on the 
edge of the reclaimed area where the fill is probably very thin or absent. The shear-wave 
velocity range in Figure 10 and Table 3 for reclaimed land (Unit 1) is based on a combination 
of measurements made in similar materials in Wellington (Semmens et al. 2010) and 
international experience (Borcherdt, 1994). The nature of the fill is seldom described in site 
investigation logs. Consequently there is uncertainty in the geotechnical characterisation of 
these materials which makes comparison with other published values tenuous.  

The estimated velocity range (100 m/s to 300 m/s) is slightly higher than the value (100 m/s) 
assumed by Adams et al. (1999). Further site specific in situ determination of properties for 
this geological unit would yield a more representative velocity range for the materials. 

3.5.2 Characterisation of Unit 2 

Within Engineering Geological Unit 2, which includes the buried extent of Begg and 
Mazengarb’s (1996) mapped units including Taita Alluvium, Petone Marine Beds, Melling 
Peat and alluvial fan deposits, the ReMi, SPAC, and SCPT methods provide shear-wave 
velocity and layer depth determinations that are consistent with engineering geology model 
estimations. The excellent consistency of the results derived from separate data provides 
confidence in the reliability of these techniques and in their range of values. The measured 
Vs values for Unit 2 range from 150 m/s to 270 m/s with an average Vs of around 180 m/s 
and shown as a histogram (values put into 15 m/s bins for clarity) in Figure 10. 

The high quality of the ReMi, SCPT and SPAC data available has enabled us to characterise 
the shallow sediment properties in detail. The bimodal frequency distribution apparent in  
Figures 10 and 11 suggests there are two velocity populations within this unit. Though based 
on relatively few data points, the distribution of the values does, rather neatly, relate to the 
geological units mapped by Begg and Mazengarb (1996). Data values lying in the population 
bin from 150 m/s to 210 m/s originate from sites where the surficial deposits are 
predominantly fine-grained (clay, silt, fine-sand, peat). The presence of the Petone Marine 
Beds, Melling Peat, loose beach sand and fine-grained Taita Alluvium (overbank silts) all 
contribute to the observed lower Vs values for Unit 2. The population lying between 225 to 
270 m/s originates from sites where the surficial geology is dominated by denser, coarse to 
very-coarse-grained deposits (sandy cobble rich gravels) typically associated with river 
channel deposition or alluvial fan deposits and hill wash (predominantly silty gravels) coming 
off slopes marginal to the basin. 
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Figure 11 Histogram showing frequency distribution of shear-wave velocity estimations for Unit 2.  
Values coloured by technique and assigned to 15 m/s bins for clarity. 

Figure 11 also shows the 285 to 362 m/s range of shear-wave velocity estimates presented 
by Fry et al. (2010: layer 1), which fall to the right of the range of values (150 to 270 m/s) 
obtained from the SCPT, SPAC and ReMi methods. The reason for this discrepancy may be 
two-fold. Firstly, as we have already established, the location of the individual test sites 
biases the results to deep soft fine-grained soils. Second, the Fry et al. (2010) method 
assumes a minimum shear-wave velocity of 175 m/s and therefore is unable to resolve 
velocities slower than this. As a result, the layer depth and velocity estimations for the 
uppermost 50 m reported by Fry et al. (2010) are not considered as reliable as the results 
obtained from the SPAC, ReMi, and SCPT techniques. Although the layer boundaries 
reported by Fry et al. (2010) do actually correspond reasonably well to boundary depths 
estimated by the 3D geological model (see  later), and the population in Figure 11 appears to 
have a normal distribution, the authors do not feel the velocity estimations determined for this 
layer are as accurate as the determinations based on the alternative methods. This limitation 
was actually anticipated by Fry et al. (2010), because their geophone array was designed to 
optimise penetration of the deeper basin sediments (below a depth of c.50 m down to 
bedrock) that have not been sampled by the SCPT, ReMi and SPAC methods. 

The average velocity (180 m/s) range is consistent with previous estimations (175 m/s, 
based on SCPT) quoted by Dellow et al. (1992) and Adams et al. (1999). 

3.5.3 Characterisation of Unit 3 

The range of Vs values (230 m/s to 630 m/s) given for Unit 3, which corresponds to the 
Waiwhetu Artesian Gravel, and shown in Figure 10 and Table 3, are obtained from a 
combination of techniques (SPAC, ReMi and Noise Interferometry). The depth range of Unit 
3 (typically 25 to 80 m) is where the sensitivity of the Vs determination techniques is at their 
worst. For this reason the Vs determination for Unit 3 is considered less reliable than for 
other units. The Vs range for Unit 3 is very wide reflecting the greater uncertainty. This 
uncertainty in the Vs range of Unit 3 could be reduced by targeted geophysical surveying of 
the 25 m to 80 m depth interval. 
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The velocity range (230 m/s to 630 m/s) falls within the value (285 m/s) used by Adams et al. 
(1999) (which was based on N Perrin’s estimate) and the value (300 m/s) assumed by 
Benites and Olsen (2005). 

3.5.4 Characterisation of Unit 4 

Because Unit 4 lies at a depth beyond that accessible using other techniques, our Vs 
estimations for Unit 4 are derived solely from the noise interferometry results of Fry et al. 
(2010). The seven Vs values used from the noise interferometry results fall normally 
distributed within the 610 m/s to 650 m/s range. Unit 4 corresponds to the 0 to 30 m down 
valley thickening wedge of the Wilford Shell Bed. The Vs range suggested for Unit 4 is 
considered representative by the authors but unfortunately there is no comparative data set 
to independently validate the suggested Vs range.  

The velocity range is higher than the value (460 m/s) assumed by Adams et al. (1999) and 
nearly twice the value (330 m/s) assumed by Benites and Olsen (2005). 

3.5.5 Characterisation of Units 5 and 6  

Velocity ranges for Units 5 and 6 could not be distinguished and so these units have been 
assigned with the same value range of 715 m/s to 770 m/s in Table 3. The reason the units 
have not been distinguished might be because the model used by Fry et al. (2010) is a 3-
layer model and this does not include a sufficient number of layers to resolve these 7 units. 
Another reason may be that the shear wave velocity of the two units is very similar and 
consequently a sharp velocity contrast is not present. The impact of this result on this study 
is minimal because at the typical burial depth of these units, the sediments are highly over-
consolidated, and possibly weakly cemented by mineral rich groundwater, and are the fastest 
materials in the basin sequence in terms of shear-wave velocity. The 15 Vs values available 
from the noise interferometry data fall closely within the range of 715 m/s to 770 m/s. This 
range is considered representative of these units.  

The velocity range is slightly higher than the equivalent value (600 and 675 m/s respectively) 
assumed by Adams et al. (1999) and slightly higher than the velocity gradient (460 to 700 
m/s) assumed by Benites and Olsen (2005). 

3.5.6 Characterisation of Unit 7 

A total of 30 shear-wave velocity estimations for Unit 7 (bedrock materials) are available from 
the noise interferometry results of Fry et al. (2010). The range 1310 m/s to 1480 m/s is well 
defined and considered representative of slightly weathered to unweathered greywacke in 
the Wellington Region. The velocity range is only slightly lower than the equivalent value 
(1500 m/s) assumed by both Adams et al. (1999) and Benites and Olsen (2005). 

3.6 Comparison of Vs estimates with Californian analogues 

The averaged value of 180 m/s for Unit 2 is consistent with the values reported by Borcherdt 
(1994) for Californian soils of similar age, strength and textural description. In fact, the Lower 
Hutt Holocene soils most closely resemble an inter-bedded mixture of the site class C and 
D1 soils (averages of 150 m/s and 290 m/s) defined by Borcherdt (1994: Table 1, Stiff clays 
and sandy soils; soft soils). The range of average Vs values for Units 3, 4, 5 and 6 (490 m/s 
to 745) correspond moderately well with the range reported by Borcherdt (1994) for Gravelly 
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Soils Class B (375 m/s to 700 m/s). The range for moderately weathered greywacke bedrock 
1310 m/s to 1480 m/s is within the range 700 m/s to 1400 m/s reported for firm to hard rocks 
by Borcherdt (1994). 

3.7 Is there a shear-wave velocity gradient in the basin? 

The shear-wave velocity of the basin sediments generally increases with depth as a function 
of burial. The nature of the velocity gradient within the basin sediment is important for strong 
ground motion modelling purposes as sharp velocity impedance contrasts affect the transfer 
of seismic energy between velocity layers. Benites and Olsen (2005, Figure 3) assume 
velocity gradients at depths between 50 to 100 m and 200 m to 300 m within the Hutt Valley 
sediments which is the equivalent to our model Units 3,4, and 6 respectively. We have 
investigated the velocity gradient but the Vs values available at depth are based on the noise 
interferometry modelling (Fry et al. 2010) which does not provide enough vertical resolution 
to determine velocity changes within a single unit. The Moera Gravel test bore records 
(#6386) contain some down-hole geophysical log data (gamma and density logs down to 150 
m) which could provide information in the upper 150 m of sediments. 

3.8 Evaluation of the new noise interferometry technique 

The results of the noise interferometry survey (Fry et al. 2010) provide, for the first time, a 
non-invasive and highly cost-effective method (compared to drilling deep boreholes) for 
characterising the shear-wave velocity structure of the deepest parts of the Lower Hutt basin. 
The noise interferometry results are the only dataset available which provide information on 
the shear-wave velocity of the deeply buried Quaternary sediments (Units 3 through 6). The 
results provided by Fry et al. (2010) form a fundamental component of this characterisation 
study, but before adopting the theoretically modelled velocity determinations it was first 
necessary to validate the technique by comparing their results against the engineering 
geological model. 

To investigate the impact of geological heterogeneity on the noise interferometry modelling 
results a series of synthetic geological cross-sections were generated between each station 
pair. Visualisation of the engineering geological model in 3D allowed the material 
heterogeneities resulting from local buried physiographic features to be identified, such as 
the c.200 m step in the bedrock-sediment interface along the scarp of the Wellington Fault at 
Petone and the buried extension of the Somes Island ridge feature. 

Where there was a poor fit between the predicted geology and the noise interferometry 
based estimation, the layer boundaries and shear-wave velocity values were omitted from 
the Vs catalogue to avoid introducing non-representative Vs values into the characterisation. 
The majority of poor agreements could be explained by either heterogeneity of materials due 
to geological complexity or uncertainty in the engineering geological model. In general where 
the station pairs are sited on a geological profile of stacked horizontal layers, as is the 
situation in the middle of the Lower Hutt Valley, the noise interferometry based model 
resolved layer depth boundaries consistent with the engineering geological model estimates 
(Table 4). In contrast, where the geological profile was complex and heterogeneous across 
the station pairs, for instance where the profile crosses the steep scarp of the Wellington 
Fault, the agreement between the two models was generally poorer. The location of noise 
sources relative to the geophone station pairs is an additional and important factor on the 
quality of the result. The design of future arrays could employ the knowledge captured in the 
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3D engineering geological model to help target desired sample depths and target particular 
geological materials. 

This evaluation has demonstrated that the noise interferometry technique applied by Fry et 
al. (2010) is capable of providing cost effective shear-wave velocity characterisation in a 
Lower Hutt Valley-type basin scenario. The value of the results produced by the Noise 
Interferometry technique, as with all geophysical based techniques, are of even greater value 
when integrated with a 3D engineering geological model of comparative resolution. 

Table 4 Comparison of the unit boundary depths between the 3D engineering geological model 
and the geophysical Vs model. Depth values given as an average (rounded to the nearest metre) with 
one standard deviation given in square brackets. *indicates only 1 comparison available. 

Geophysical technique 

Engineering 
geological 

unit 

Depth (m) to 
base of unit 
in Petone 
drillhole 
(#151) 

Seismic Cone 
Penetration 
Test (SCPT) 

Spatial 
AutoCorrelation 

(SPAC) 

Refraction 
Microtremor 

(ReMi) 
Noise 

Interferometry 

Unit 2 30 ±3  [1.6] ±2  [1.2] ±4  [4.2] ±6  [3.9] 

Unit 3 80 - ±12* ±12  [13.1] ±6  [5.8] 

Unit 4 105 - - - ±7  [7.0] 

Unit 5 160 - - ±1* ±12  [9.5] 

Unit 6 300 - - ±27  [19.8] ±38  [26.1] 

 

3.9 Comparison of geological and geophysical model results 

Two independent models are available that predict layer depths in the Lower Hutt basin. The 
3D engineering geological model was not built using the pre-existing site-specific 
geophysical data (SPAC, ReMi, and SCPT) or the newly acquired noise interferometry data. 
This has allowed comparisons between the two models to be made. Our characterisation 
methodology (and the validity of our results) hinge on the assumption that the engineering 
geological units can be correlated with modelled or measured shear-wave velocity layers. 
Comparisons between the two models provide a check to see how well this assumption 
holds. 

Table 4 summarises the difference between the layer depth estimations made by the various 
geophysical techniques and the 3D engineering geological model detailed in this report. As 
stated previously Unit 1 (reclaimed ground) is too shallow to be resolved by the noise 
interferometry technique as no reclaimed ground is intersected by the technique. Unit 1 is 
also not characterised by the SPAC, ReMi, or SCPT techniques. For Unit 2, the average 
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layer depth estimation using noise interferometry is within ±6 m of the depth calculated using 
the 3D engineering geological model. The SCPT and SPAC methods obtained the most 
consistent results with average agreements within less than ±3 m of the 3D engineering 
geology model. 

For Unit 3 the SPAC and ReMi estimations are within ±12 m of the 3D engineering geology 
model. The noise interferometry method provides better layer depth estimations of less than 
±6 m for the base of Unit 3, which at this depth in the 3D model is well constrained by 
drillhole data. The noise interferometry technique provides very good estimations for Units 4 
and 5 in the 80 to 160 m depth range when compared with the 3D engineering geological 
model with a difference of ±7 m for Unit 4 and ±12 m for unit 5. 

These results demonstrate the assumption that engineering geological units can be 
correlated reliably with shear-wave velocity holds for the Lower Hutt valley sediments. This 
confirms the robustness of our characterisation methodology and quantifies the uncertainty 
between the engineering geological model and the geophysical models. The reason this 
assumption works in Lower Hutt is because the primary stratigraphies (chrono-stratigraphy 
and litho-stratigraphy) are coincident and lead to distinctive engineering properties for each 
stratigraphic unit. 

3.10 Limitations of the characterisation results 

The geological boundary surfaces used to define limits for the shear-wave velocity layers are 
based on the data underpinning the 3D engineering geological model. The accuracy of the 
geological model, and products derived from it, are only as good as the input data. There are 
large areas of the engineering geological model constrained by only a few shallow or no 
drillholes. As a result the resolution of the engineering geological model varies vertically and 
horizontally and is partly dependent on the number of valid cross-correlations proven by the 
available borehole data. The shear-wave velocity ranges that have been determined are 
based on a relatively small dataset given the large aerial extent of the study area and 
expected (and confirmed) variability inherent in the geological deposits present, especially in 
the upper 30 m. The variability of the materials in the upper 50 m (Units 1, 2 and 3) could be 
more precisely determined with further field based site-specific shear-wave velocity 
determinations and other geotechnical testing. 
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4.0 THEMATIC MAPS 

In this section we introduce four new thematic maps for the Lower Hutt valley. We describe 
how they were derived, what they show, and how they are intended to be used. 

4.1 Depth to bedrock map 

The depth to bedrock map has been generated by subtracting the bedrock elevation model 
surface from the digital terrain model. The new map is presented with 20 m contours 
reflecting the average precision of the depth to bedrock in the model. The depth to bedrock 
surface is also depicted with a colour gradient to illustrate the general change in form. The 
known depth to bedrock points proven in boreholes, and used to calibrate the depth to 
bedrock model, are shown to illustrate the extent to which the surface is poorly constrained. 
Note that a 0 to 10 m thick mantle of surficial deposits (colluvium and/or residual soil) may be 
present in areas represented as bedrock and that scattered thin Quaternary deposits 
mapped by Begg and Mazengarb (1996) (Figure 2) were not modelled and are therefore not 
represented on the map. 

The depth to bedrock map mostly agrees with a similar map published by Dellow et al. 
(1992). In particular the 50 and 100 m contours remain practically unchanged from their map 
if viewed at the published 1:200 000 scale. There are, however, some minor differences with 
their map. Firstly, the new map depicts a less rapidly deepening bedrock surface in the 
central part of the valley because this area is now better constrained by a deep borehole at 
Marsden Street, drilled in 1999 (#6386). The DSIR carried out a down-hole geophysical 
survey which concluded that bedrock may be present at a depth of 191 m ±5 m (Stephen 
Banister, pers. comm. 2010). The other difference with the 1992 map is that we show the 
buried Somes Island Ridge as a more prominent feature. The reason for this is that we have 
been able to incorporate newly available geophysical interpretations from Wood and Davy 
(1992) which better constrain the location and dimensions of this feature. 

The map is intended as a generalised guide to depth to bedrock and should not be used as a 
substitute for site specific ground investigations. 
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Map 1 Depth to bedrock. 
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4.2 Low-amplitude natural period (or site period) map 

The NZS 1170.5:2004 preferred method of site classification for determination of site subsoil 
class is by calculation of the low-amplitude natural period (also known as the site period). 

Map 2 shows the new low-amplitude natural period map for Lower Hutt. The map forms an 
important component of the new site subsoil class determination as the 0.6 s low-amplitude 
natural period contour is the preferred means for differentiating between subsoil classes C 
and D. The map was generated partly in ArcInfo, and partly using ESRI ArcMap 3D spatial 
analysis tools. A 25 m by 25 m cellular model of unit thickness was generated from the digital 
litho-technical model (Unit 1-6 only, Unit 7 not included as it represents bedrock). A grid size 
of 25 m was maintained to make the model cells visible in the resulting map. Using smaller 
grid sizes was avoided as doing so would make the results look deceptively smooth to the 
end user (Slob et al. 2002). The site period was calculated for each cell by taking the 
thickness (m) of each unit (determined from the digital 3D engineering geological model) and 
dividing by the average shear-wave velocity (Table 3) to calculate the idealised shear-wave 
travel-time through that unit. The sum of the travel-times (units 1 to 6) for all stacked grids is 
then calculated and the product multiplied by four to determine a value of Site Period, Ts, for 
each 25 m2 grid. The formula follows the preferred method suggested in Clause 3.1.3.7 of 
NZS 1170.5:2004. 

4
s

HT
Vs

=  

The resultant site period model is classified (in ESRI ArcMap) to define the aerial extent that 
has an estimated site period of <0.6 s, 0.6 s to 1 s, 1 s to 1.5 s and 1.5 s to 2.5 s. The 0.6 s 
boundary is contoured (in ESRI ArcMap) to be used in the final site subsoil class 
determination. The extent of exposed bedrock (based on the geological map) is also 
depicted and theoretically has a site period of unity. 

4.2.1 Sensitivity of the 0.6 s contour to input values 

The 0.6 s contour is used to define the subsoil class C/D boundary on the final subsoil class 
map. The site period is sensitive to input value of Vs used. We therefore investigated the 
sensitivity of the 0.6 s contour to the input value by recalculating the model using the 
minimum and maximum Vs values derived from the Vs characterisation and summarised in 
Table 3. Map 2 shows three contours for the 0.6 s site period boundary that depict the 0.6 s 
boundary result when the average, minimum and maximum Vs values are used in the model 
calculation. The 0.6 s contour using minimum Vs values provides a conservative estimate of 
the 0.6 s boundary position while the 0.6 s contour using maximum Vs values provides a 
non-conservative estimate of the 0.6 s site period boundary. Using minimum Vs values does 
not significantly change the position of the 0.6 s site period contour, but it does push the 0.6 
s contour approximately 1 km to the northeast (up-valley) around Taita. Using maximum 
values pushes the position of the 0.6 s contour southwest (down-valley) by around 1 km at 
Taita and draws the 0.6 s contour out of the Naenae area pushing it 1 km northwest into the 
main valley. These contours quantify the effect of Vs uncertainty on the site period and the 
subsequent site subsoil class map. 

The low-amplitude natural period (site period) map presented here is intended as a 
generalised guide to low-amplitude natural period and should not be used as a substitute for 
site specific ground investigations.  
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Map 2 Low-amplitude natural period (site period). 
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4.3 Vs30 map 

Vs30 expresses the average shear-wave velocity of the top 30 m and is used in ground 
classification in the US National Earthquake Hazards Reduction Program (NEHRP) 
provisions and the US Uniform Building Code (UBC). The idea of using Vs30 was originally 
proposed by Borcherdt (1994). Map 3 is the first Vs30 estimation for Lower Hutt that 
considers the surface and buried geology. The Vs30 map allows comparison with the US 
system. The Vs30 model was generated in ArcInfo by calculating the average shear-wave 
velocity (Table 3) for the top 30m of sediment (Borcherdt, 1994). 

It has long been understood that structural damage arising from strong ground motion is 
dependent upon the shear-wave velocity of the soil. Soils with lower shear-wave velocities 
are generally associated with stronger ground motion resulting in higher levels of 
amplification and hence more damage. Thus from the Vs30 map it can be seen that the 
Petone, Lower Hutt City, and Naenae areas in particular are likely to experience greater 
amplification during a damaging earthquake event. The use of Vs30 can however lead to 
non-conservative site condition assessment as sediments at depths greater than 30 m are 
unaccounted for in the assessment. Thus, if a thick, very soft/loose layer was to occur more 
than 30 m below the surface it would be unaccounted for even though it would have 
significant implications on a site’s earthquake response. Therefore the Vs30 map is non-
conservative in identifying high amplification sites where soft sediments exceed a thickness 
of 30 m, such as immediately east of the Wellington Fault along the Petone foreshore. 

The map is intended as a generalised guide to Vs30 and should not be used as a substitute 
for site specific ground investigations. 
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Map 3 Average shear-wave velocity in upper 30 m (Vs30). 
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4.4 Site subsoil class map 

The current New Zealand Standard for Structural Design Actions (NZS 1170.5:2004, Part 5: 
Earthquake actions – New Zealand) require determination of site subsoil class for the design 
of major structures. We have therefore produced a new site subsoil class map (Map 4) that 
defines the site subsoil class for the Lower Hutt basin. 

The map has been generated from the site period map described previously and 
incorporation of available SPT and CPT test data, drillhole descriptions and surface 
geological mapping (Begg and Mazengarb, 1996; Begg, 2002). This is the first site subsoil 
class map for Lower Hutt. The map has been generated by following the preferred methods 
described in NZS1170.5. The map provides an update of the 1992 ground shaking hazard 
assessment (Van Dissen et al. 1992) and incorporates all the information available at the 
time of this study. 

The map defines site subsoil class B, C, D and E areas. The class B area is defined as the 
mapped bedrock extent and where Vs30 is greater than 360 m/s. The extent of the Class C 
area is defined by a low-amplitude natural period of less than or equal to 0.6 s (as defined in 
Map 2) and where Class B (rock) is not present. Class D areas are defined by a low-
amplitude natural site period greater than 0.6 s as shown on the low-amplitude natural period 
map, described previously in this report. 

4.4.1 Determination of subsoil Class E sites 

NZS 1170.5:2004 (Clause 3.1.3.6) defines Class E sites where the results of SPT or CPT 
tests prove more than 10 m of soils with SPT N-values less than 6. SPT and CPT data have 
been used to determine Class E sites on a site specific basis, depicted on Map 4 as red 
circles. Of the 237 available SPT results 60% penetrate less than 10 m deep and therefore 
cannot be used directly to determine Class E sites. Of the 40% of SPT results that do 
penetrate greater than 10 m, 15% of these qualify as Class E sites. One CPT sounding in 
Petone indicated the presence of a Class E site. 

Where there are no SPT or CPT data we cannot use this method to determine Class E sites. 
Based on the lithological descriptions made in the drillhole records and from the detailed 
geological mapping by Stevens (1974) and confirmed by Begg and Mazengarb (1996) and 
Begg et al. (2002) we expect that there are additional localised areas of very soft soil that 
may contain Class E sites within the Lower Hutt Valley. Areas of particular concern include 
Petone, Lower Hutt City, around the Waiwhetu stream and Naenae where we expect the 
Holocene deposits to locally contain greater than 10 m of very soft sediments. We have 
accommodated uncertainly in our knowledge of Class E sites (caused by lack of data) by 
defining a zone that may contain site Class E sites (zone shown as hatched area on the 
map, Map 4). The extent of this zone is based on predicted extent of Holocene inundation. In 
the Naenae area there is no SPT data with which to help determine the presence of Class E 
sites, but we suspect there may be Class E sites there based on drillhole evidence and 
recent geological mapping of an area of swamp deposits that suggests there is more than 
10m combined depth of very soft soil. We have defined this area separately on the map. 

The map is intended as a generalised guide to site subsoil class and should not be used as a 
substitute for site specific ground investigations. The authors recommend that within the 
zone that may contain Class E sites shown on Map 4, the absence of site subsoil class E 
conditions should always be proven based on site-specific ground investigation data. 
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Map 4 Site subsoil class. 
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5.0 CONCLUSIONS  

1. An updated geological and geotechnical characterisation of the Lower Hutt Valley has 
been completed for Task 4 of the It’s our Fault programme. 

2. The stratigraphy of Quaternary sediments has been modelled across the basin using 
drillhole correlation. Digital 3D modelling of the Lower Hutt Valley based on drillholes and 
geophysical profiles confirms the presence of a greywacke bedrock basin filled with up to 
350m of Quaternary sediment. 

3. Seven engineering geological units have been defined and their extent within the basin 
has been modelled in 3D. 

4. Analysis of existing geotechnical data held in the Lower Hutt Valley drillhole database 
has been performed and the database attributed with litho-technical units. The drillhole 
database records have been used distinguish predominantly soft or stiff sediments, and 
the results of the analysis have informed characterisation of the geological materials in 
terms of geotechnical (strength) properties. 

5. The sediments of the Hutt Valley basin have been characterised in terms of shear-wave 
velocity resulting in a 3D shear-wave velocity model of the Lower Hutt Valley basin, which 
for the first time includes the upper 30 m layer of soft flexible Holocene sediments. 

6. A geologically realistic depth to bedrock model has been generated including 
representation of the step in bedrock created by the Wallington Fault scarp, and other 
buried structurally controlled bedrock features. 

7. The depth to bedrock and shear-wave velocity models have been combined to produce 
the first site period map, and a determination of shear-wave velocity in the top 30 m 
(Vs30) has been made that is based on the local geological conditions.  

8. The depth to bedrock and site period maps have been combined with appropriate 
geotechnical and geological data to create the first site subsoil class map for the Lower 
Hutt Valley, in accordance with the preferred method described in NZS 1170.5:2004, Part 
5. 

9. Site subsoil Class D areas have been determined on the basis of 0.6s Site Period 
contour, based on the Site Period Map. The stability of the 0.6 s contour in relation to the 
Vs input parameters has been quantified illustrating the effect of uncertainty on our site 
subsoil class determination. 

10. Site subsoil class E sites have been determined using two of the methods described in 
NZS1170.5:2004. Where there are SPT or CPT (corrected) data indicating more than 10 
m of SPT ‘N’ values < 6 site subsoil class E sites have been determined. Where there is 
no SPT data, the mapped geology and drillhole records have been used as a guide to 
possible zones of site subsoil Class E (e.g. up to 30m of soft swamp deposits). 
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11. This study has identified site subsoil class E sites in the area of Reclaimed Land at 
Seaview, and within the Holocene sediments at Petone and Lower Hutt City, and 
Naenae. A zone has been defined covering the SW of the Hutt Valley where localised 
subsoil class E sites are expected to be present due to the prevailing local geological 
conditions. The authors recommend that within the zone that may contain Class E sites 
shown on Map 4, the absence of Class E site conditions should be proven by 
geotechnical investigation. 

12. This characterisation study has identified significant variability in the geotechnical and 
geophysical properties of the sediments in the top 30 m. The quantity and quality of 
geotechnical information currently available is insufficient to characterise this variability 
further. 

13. The top 30 m of the 3D engineering geological model requires further subdivision to 
delineate the 3D spatial distribution of recognised Holocene materials. In particular 
distinguishing recent alluvium, marginal marine sediments, beach sediments, buried 
swamp deposits, alluvial fan deposits, and artificial fill along with further geotechnical and 
geophysical characterisation of these materials would provide a higher resolution 3D 
model for liquefaction studies. 

14. The results of the analysis of unit 3 indicate a wide range of shear-wave velocity values. 
The shear-wave velocity characteristics of Unit 3 are least well constrained as the 
amount of data available at the depth range of this unit is insufficient. The variability of 
the Vs properties should be investigated further, by further geophysical or geotechnical 
investigations, to better understand the uncertainty in the models and maps derived using 
the Vs values. 

15. The applicability of the noise interferometry technique for determination of Vs and layer 
boundaries has been evaluated and validated. This technique provides a cost effective, 
accurate technique for characterising a Lower Hutt type basin. 
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6.0 RECOMMENDATIONS 

1. The analysis of shallow geophysical and geotechnical data in the study area has 
identified that shear-wave velocity corresponds well with engineering geological units.  
Further in-situ shear-wave velocity determinations should be acquired to enable more 
detailed characterisation of the full range of geological materials present, especially in the 
upper 30 to 50 m of Quaternary sediments. 

2. Further geotechnical testing (ideally SCPT, CPT, SPT) is required to better characterise 
the variability and distribution of geotechnical properties of the various sediments, 
especially in the upper 30 m. Additional CPT soundings would also benefit assessment of 
liquefaction potential. 

3. The Lower Hutt Valley drillhole database (now digitally archived in the GNS Science 
administered PetLab database) should be populated with new and existing drillhole 
records and geotechnical data to improve the spatial coverage of geological and 
geotechnical information. The drillhole database records require populating with full 
lithological descriptions, full stratigraphic codes and/or lithofacies codes in preparation for 
future modelling studies. The original records should be digitally captured for 
conservation of the records and to enable digital access. 

4. The location of the fault has been modelled using the best information available at the 
time. The location of the fault on the Petone foreshore is still however only moderately-
well constrained. The location of the fault should be further investigated by targeted 
geophysical investigations (e.g. microgravity and resistively) and investigative drilling. 
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APPENDIX 1 LITHOTECHNICAL UNITS CODING SCHEME 

This coding scheme was used to classify all geological intervals in the Hutt Valley Drillhole 
Database for the IOF Task 4 study. 

 

 
FILL 
 
FP Pumped Mud 
FG Crushed Rock 
FA Undifferentiated fill 
 
 
LOOSE/SOFT SEDIMENTS (SPT<30) 
 
LB Sand or finer beach/shallow marine 
LS Swamp deposits 
LF Sand or finer undifferentiated (includes overbank silts) 
 
LU Undifferentiated gravels (no SPT data) 
LA River alluvium gravels (rounded) 
LC Colluvium (angular gravels) 
 
DENSE/STIFF SEDIMENTS (SPT>30) 
 
SL Stiff/hard clays 
SS Stiff/hard silts 
  
SI Inter-bedded coarse and fine 
  
SA Sand and gravel alluvium 
SC Sand and gravel colluvium 
SU Undifferentiated sand and gravel 
 
ROCK (Greywacke) 
 
RU Undifferentiated rock 
RW Weathered rock (HW-CW) 
RR Unweathered to MW rock 
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APPENDIX 2 LOWER HUTT VALLEY DRILLHOLE DATABASE CODE 
DICTIONARY UPDATES 

This a summary table of the database codes used in the ‘lith_1’ and ‘fos_type’ fields of the 
‘geology’ table in the Lower Hutt Valley Drill Hole Database. The geology table contains the 
lithological description information summarised in a series of codes. The Lith_1 field 
describes the principal lithology. The ‘fos_type’ field describes the fossil content of that 
geological interval.  Additional codes were used in the pre 2010 version of the database. 
There were multiple codes for the same observation due to database compilation legacy 
reasons. This is the code list that will be used to populate the PetLab database in 2010. 

Note the code ‘AR’, describing observations of artesian ground water conditions should not 
be in the lith_1 field but should be stored in a separate groundwater related field in the 
PetLab database. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Code Dictionary for ‘lith_1’ field 
in Hutt Valley Drillhole Database 
(as of Feb 2010)

Wood Fragment

Soil

Silt

Shell Bed

Sand

Peat

No Sample

Greywacke

Gravel

Fill

Colluvium

Clay

Artesian 

Description 

27WF

143SO

930SI

9SB

1336SA

87PE

25NS

84GW

1959GV

201FL

8CO

684CL

9AR

TotalCode

Code Dictionary for ‘lith_1’ field 
in Hutt Valley Drillhole Database 
(as of Feb 2010)

Wood Fragment

Soil

Silt

Shell Bed

Sand

Peat

No Sample

Greywacke

Gravel

Fill

Colluvium

Clay

Artesian 

Description 

27WF

143SO

930SI

9SB

1336SA

87PE

25NS

84GW

1959GV

201FL

8CO

684CL

9AR

TotalCode

Code Dictionary for ‘fos_type’ field in Hutt 
Valley Drillhole Database 
(as of Feb 2010)

Wood

Shell, Wood 

Shell, Plant Fragments

Shell, Peat

Shell, Charcoal 

Shell

Plant, wood, shell fragments

Plant Fragments, Wood

Plant Fragments

Peat, Wood Fragments

Peat

Organic

Charcoal Fragment, Wood

Charcoal Fragment

Description

168WF

24SHWF

64SHPF

12SHPE

1SHCF

741SH

1PWSH

8PFWF

181PF

1PEWF

28PE

4O

2CFWF

7CF

TotalCode

Code Dictionary for ‘fos_type’ field in Hutt 
Valley Drillhole Database 
(as of Feb 2010)

Wood

Shell, Wood 

Shell, Plant Fragments

Shell, Peat

Shell, Charcoal 

Shell

Plant, wood, shell fragments

Plant Fragments, Wood

Plant Fragments

Peat, Wood Fragments

Peat

Organic

Charcoal Fragment, Wood

Charcoal Fragment

Description

168WF

24SHWF

64SHPF

12SHPE

1SHCF

741SH

1PWSH

8PFWF

181PF

1PEWF

28PE

4O

2CFWF

7CF

TotalCode
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APPENDIX 3 HUTT VALLEY GEOLOGICAL MODEL CORRELATION POINTS 

This figure shows the location of cross-correlation points or ‘nodes’ which are digitally 
recorded as x,y,z (easting, northing, elevation) co-coordinates when the digital cross-
sections are drawn-up by the 3D modeller. The 3D engineering geological model comprises 
7 units (units 1 to 7). The correlation points represent a correlated point on the base of the 
unit layer. Different layers have different spatial extents (defined by unit ‘envelopes’). The 
points for each model layer are presented as separate maps. Note that due to the close 
spacing of the correlation points (typically 15 m apart) the points appear as a series of 
intersecting cross-sections, which they indeed are. The grid used throughout the project and 
this report is NZMG. The maps give an indication of uncertainty in the model boundaries. 
Where there are no cross sections (nodes) there was not data to constrain the model 
boundaries.
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