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EXECUTIVE SUMMARY 

Parts of the Poukawa, Waipukurau and Tukituki Fault Zones in Central Hawke’s Bay District 
have been mapped in detail according to the Guidelines of the Ministry for the Environment’s 
“Planning for Development of Land on or Close to Active Faults”.  Fault traces with 
associated Fault Avoidance Zones have been mapped to produce corridors surrounding the 
active fault traces at a scale suitable for the purposes of cadastral zoning, i.e. c. 1:5000.  
Particular attention has been paid to the urban areas of Otane, Waipawa and Waipukurau. 
 
Mapping of the Fault Avoidance Zones has been undertaken using a Geographic Information 
System (GIS) in conjunction with rectified aerial photographs, ortho-photographs and LiDAR 
imagery.  Each of these media have a level of uncertainty for mapping.  We found that a 5-m 
pixel Shaded Relief LiDAR image produced particularly accurate micro-topography of the 
mapping areas, allowing us to map fault features to a level of accuracy not possible with the 
other more traditional methods.  
 
In general, a line which approximates the location of surface faulting has been mapped along 
each fault trace.  The faults have been classified according to their form (scarp/ broad scarp 
or warp/inferred trace etc.) with the information stored in Attribute tables in the GIS.  
Attached to each trace is a location error based on the uncertainty of the exact location of the 
fault rupture location with respect to the fault feature, and the media used, e.g. LiDAR, to 
capture the line on a map.  Most of the faults in the study area are reverse, dip-slip faults, i.e. 
the fault dip is shallow to moderate.  This typically creates an asymmetric band of 
deformation related to surface faulting with more deformation on the upthrown side 
(hangingwall block) compared to the downthrown side (footwall block).  This has been 
accounted for by developing an asymmetric Fault Avoidance Zone in the GIS, that is twice as 
broad on the hangingwall side of the fault, compared to footwall block..  In addition to this a 
±20 metre setback is added to create the full Fault Avoidance Zone.  Where a given fault 
trace dies out, we assume that the effects of surface deformation will also die out, within the 
bounds of our mapped Fault Avoidance Zones. 
 
For land use purposes, the MfE Guidelines focus on: (i) the location and characterisation of 
faulting; (ii) the characterisation of recurrence interval of surface faulting; and (iii) the building 
importance category (BIC) with respect to land zonation for a site.   
 
Therefore, in addition to GIS-based mapping we have undertaken some reconnaissance 
mapping and trenching to confirm fault locations in key areas.  Trenches were excavated in 
Otane borough and near Waipawa to determine the recurrence interval of the Otane and 
Waipawa traces of the Poukawa Fault Zone, respectively.  However, as these trenches have 
thus far provided no new recurrence interval data, we have undertaken a re-assessment of 
published recurrence interval data.  For the purposes of the MfE Guidelines, we ascertain 
that the Recurrence Interval (RI) Class for the Poukawa Fault Zone, based on published 
trench data at Argyll Road is RI Class III, i.e. >3000-≤5000 years.  It is likely that the 
recurrence interval of individual elements within the Poukawa Fault Zone, e.g. the Otane 
trace of the Poukawa Fault Zone, is not less than this range.  As the Waipukurau and 
Tukituki Fault Zones have similar characteristics to the Poukawa Fault Zone, and occur along 
or across strike from it, we infer that they have a similar recurrence interval.  Therefore, we 
also assign a RI Class III status to these fault zones, though the data carries a somewhat 
higher degree of uncertainty than for the Poukawa Fault Zone. 
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According to the MfE Guidelines, for recurrence interval Class III faults in a “greenfield” 
setting, construction of BIC 1 (e.g. sheds) and 2a (i.e. single-storey, wooden frame house) 
structures should be permitted activities, while construction of BIC 2b (i.e. most other normal 
structures) is a discretionary or non-complying (when fault complexity is well-defined*) 
activity.  *In terms of fault complexity, controls are more stringent when a fault’s location is 
well-defined c.f. distributed or uncertain.  For developed or already subdivided areas, the 
resource consent activity status is also less stringent.  In these situations, the construction or 
presence of BIC 1, 2a and 2b structures should be permitted activities, while BIC 3 structures 
(i.e. important structures) have a discretionary or non-complying (when fault complexity is 
well-defined) activities.  In both the Greenfield and developed cases, BIC 4 (i.e. critical) 
structures are a non-complying activity for RI Class III faults.   
 
In most cases the zoned urban areas of Otane, Waipawa and Waipukurau would be 
considered as developed or already subdivided areas and not “Greenfield” in status.  If the 
areas such as the White-Ireland Road corridor were re-zoned, then it may be considered as 
a new “Greenfield” situation. 
 
We recommend that this mapping be adopted by Central Hawke’s Bay District and this MfE-
based approach be adopted by all of districts in the Hawke’s Bay region.  Maps in the text of 
this report should not be used for planning purposes – the GIS provides coverage at the 
appropriate scale and includes cadastral information, with respect to fault location.  Other, 
more active faults in Central Hawke’s Bay District, e.g. Mohaka & Ruahine Faults, could be 
mapped in this way in future.  Further paleoseismic and OSL dating studies could increase 
the certainty of the recurrence interval of faulting for the Waipukurau and Tukituki Fault 
Zones.  
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1.0 INTRODUCTION 

… New Zealand lies within the deforming boundary zone between the Australian and Pacific 
tectonic plates. The area administrated by Hawke’s Bay Regional Council (HBRC) lies within 
one of the more tectonically active parts of this boundary zone. The region is underlain by the 
subducting Pacific plate, and the district is traversed by a number of significant active faults 
that break and rupture the ground surface, including the Mohaka Fault, Ruahine Fault, 
Poukawa Fault Zone, and Waipukurau Fault Zone (Figure 1). Previously published data from 
these faults indicate that some have relatively high rates of activity (i.e. relatively short 
recurrence intervals of earthquake fault rupture), and are capable of generating large 
earthquakes (M >6.5) associated with large (i.e. metre-scale) single event surface rupture 
displacements. 
 
Surface rupture along these active faults will result in a zone of intense ground deformation 
as opposite sides of the fault move past or over each other during an earthquake.  Property 
damage can be expected and loss of life may occur where buildings, and other structures, 
have been constructed across the rupturing fault. 
 
Fault features along several of the active faults in the Central Hawke’s Bay (CHB) District 
have previously been mapped or described in some detail (e.g. Waipukurau Fault Zone – 
Beanland 1995; Berryman 1983, Begg et al. 1994; Poukawa Fault Zone – Kelsey et al. 1995; 
Begg et al. 1995).  In this study, we have subdivided the broad classification of fault zones, 
e.g. Poukawa Fault Zone, into a number of discreet mappable sections we call traces, e.g. 
Otane trace of Poukawa Fault Zone. In only a few locations along the Waipukurau Fault 
Zone have mapped fault features in the Central Hawke’s Bay District previously been used to 
define zones within which future surface fault rupture is considered likely to occur.  This work 
included walking and pegging much of the length of each fault trace through Waipukurau, 
and has been used by engineers there to avoid surface faulting hazards. 
 
The Ministry for the Environment, has published Guidelines on “Planning for Development of 
Land on or Close to Active Faults1, 2 (Kerr at al. 2003, see also King et al. 2003; Van Dissen 
et al. 2003). The aim of the MfE Guidelines is to assist resource management planners 
tasked with developing land use policy and making decisions about development of land on, 
or near, active faults.  The MfE Guidelines provide information about active faults, specifically 
fault rupture hazard, and promote a risk-based approach when dealing with development in 
areas subject to fault rupture hazard. In the MfE Guidelines, the surface rupture hazard of an 
active fault at a specific site is characterised by two parameters: a) the average recurrence 
interval of surface rupture of the fault, and b) the complexity of surface rupture of the fault.  In 
this report, these two fault rupture hazard parameters are defined for parts of three of the 
main active fault zones that extend through the urban and peri-urban corridor of Central 
Hawke’s Bay District. 
 

                                                 
1 The Ministry for the Environment’s Guidelines "Planning for Development of Land on or Close to Active Faults: A guideline to 
assist resource management planners in New Zealand" is now available on both their main website and their Quality Planning 
website.  
2 Throughout the remainder of this report, the Ministry for the Environment’s Guidelines will be referred to as the MfE 
Guidelines. 
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Figure 1. Digital Terrain Model of Central Hawke’s Bay (CHB) District (boundary is thin orange line). Active 
faults from the GNS Active Faults database (shown in red).  The area of detailed mapping for this study is shown 
within dashed white line, which encompasses the urban areas of Otane, Waipawa and Waipukurau. 
 
The MfE Guidelines also advance a hierarchical relationship between fault-avoidance 
recurrence interval and building importance, such that the greater the importance of a 
structure, with respect to life safety, the longer the avoidance recurrence interval (see Table 
4, and Appendix I for more detail). For example, only low hazard structures, such as farm 
sheds and fences (e.g. Building Importance Category 1 structures), are allowed to be built 
across active faults with average recurrence intervals of surface rupture less than 2000 
years.  In contrast, in a “Greenfield” (i.e. undeveloped) setting, more significant structures 
such as schools, airport terminals, and large hotels (Building Importance Category 3 
structures) should not be sited across faults with average recurrence intervals shorter than 
10,000 years. 
 
In the report that follows, we first outline the scope of study and its objectives. We then 
discuss, in some detail, the methodology used to achieve the study’s objectives. Following 
this, we present the results of the study, whereby, for each Fault Zone we define Fault 
Avoidance Zones based on fault rupture location and complexity, and Recurrence Interval 
Class based on the fault’s average recurrence interval of surface rupture. Combining these 
two fault rupture hazard parameters, with information on Building Importance Category (i.e. 
building type) and development status (i.e. previously developed, or “Greenfield” site) an 
appropriate, risk-based Resource Consent Category can be defined for land on, or close to 
the active faults in this part of Central Hawke’s Bay District. The report ends with a number of 
recommendations and conclusions. 
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The CD included with the report contains a copy of the report and tables (in PDF format) and 
figures (as TIFF images) together with the data collated as part of this study in ESRI 
Shapefile format (i.e. the GIS information; see Appendix II for details). 

2.0 SCOPE OF STUDY 

This study was undertaken on contract to Hawke’s Bay Regional Council (HBRC) by the 
Institute of Geological and Nuclear Sciences Ltd (GNS Science). Ultimately, the Regional 
Council’s goal is to formulate and implement appropriate controls for its Districts’ (and their 
plans) pertaining to development in areas on, or close to, the active faults in its region.  To 
facilitate this, the two principal aims of GNS’ study were to: 1) more accurately define the 
location and activity of active faults in the urban and peri-urban corridors of the district (Fig. 
1), and 2) present the results of the study in a fashion that is wholly compatible with the MfE 
Guidelines. In the contract, the GNS study was required to undertake: 
 

o A literature review;  
o An analysis of recent, available large scale aerial photographs;  
o Accurate (± 5 metre) mapping of active fault traces onto suitable cadastral maps, in a 

GIS format where possible;  
o Reconnaissance field work, including GPS-RTK surveying to more accurately define 

fault locations in specific urban and peri-urban areas; 
o Geologic dating of materials, where available, to attempt to further refine the fault 

recurrence interval.   
 
GNS has been contracted to map active fault traces within the urban boundaries of Otane, 
Waipawa and Waipukurau, and additionally in peri-urban locations, e.g. White-Ireland Road 
corridor, in the Central Hawke’s Bay district. In addition, detailed mapping has been carried 
out on the continuations of these faults in the areas about this corridor, e.g. north of Otane, 
east of Waipawa, and south of Waipukurau (Figs. 1, 2).  Active faults in other parts of CHB 
District, e.g. Mohaka Fault, Silver Range Fault, have not been addressed in this study.   
 
The results of this work are this report, and a GIS database of fault features (as lines and 
points with associated attributes) and Fault Avoidance Zones (as areas with associated 
attributes).  The Fault Avoidance Zones are linked to Resource Consent Category via tables 
pertaining to Fault Recurrence Interval Class, and Building Importance Category. Maps 
derived from the GIS database are included in this report (e.g. Figure 3). These maps are 
provided to illustrate the methodology used and level of detail obtained in some areas, but do 
not show all areas where similar detail is present. Potential users are referred to the GIS data 
on the enclosed CD for complete coverage of the study area. 
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3.0 METHODOLOGY OF FAULT MAPPING 

The methodology outlined in the MfE Guidelines was used in this work. The main steps in the 
process were: 
 
1) identifying active fault traces, and related features, in selected parts of Central Hawke’s 

Bay District through use of pre-existing knowledge of region, aerial photos, LiDAR; 
2) mapping and defining the positional coordinates of the fault traces, and related features 

into a Geographic Information System (GIS); 
3) classifying all parts of a fault in terms of the Fault Complexity of surface rupture (see 

Table 2 in Section 3.4); 
4) defining Fault Avoidance Zones for each of these parts; 
5) determining the average recurrence interval of surface rupture faulting (i.e. Recurrence 

Interval Class) for each of the major fault zones. 
 
These data are then combined with standard tables for Building Importance Category (see 
Table 3 in Section 5.1) and Development Status (see Table 4 in Section 5.2) to determine 
appropriate Resource Consent Categories for proposed development of land on, or close to 
active faults in Central Hawke’s Bay District (see Tables 4-6 in Section 5.3 and Appendix I). 
 
3.1 Identification of Active Fault Traces 

Details of known active fault features within the Central Hawke’s Bay District were obtained 
from a number of sources, including: published papers, GNS Science reports, the GNS 
Active Faults database (http://data.gns.cri.nz/af/index.jsp), the Central Hawke’s Bay District 
Plan, and from current field work in the district, including trenching studies along the faults 
(see reference list).  The main types of fault features and the techniques we used to identify 
fault features in the field, or in GIS environments are listed below: 
 
Fault feature:  - Scarp    

 - Broad scarp/ warp   
 - Rangefront scarp   
 - Possible trace   
 - Inferred trace   

 
Feature Identification: - Ground truthing 

- Distinct on aerial photos 
- Distinct on LiDAR 
- Estimated from aerial photo 
- Inferred 

 
While in the subsurface a major active fault is typically a near-continuous geological 
structure, the surface expression of the last few surface ruptures of the fault is often 
intermittent. In some areas where fault features should exist, they can not be seen. For 
instance, on hillslopes or fault rangefronts, geological processes such as landslides and 
slope wash can quickly destroy or modify topographic fault features. Stream processes such 
as erosion and sediment deposition can destroy fault features on alluvial plains and terraces.  
Also, fault ruptures are seldom preserved near active floodplains where the young age and 
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mobility of the fluvial sediments often obscure evidence of faulting. It almost goes without 
saying that it is along the stretches of an active fault where fault features are not preserved 
that uncertainty as to the fault’s precise location is greatest. 
 
In some developed parts of the district, fault scarps and other fault-generated features that 
are visible on pre-subdivision aerial photography have been removed or significantly 
modified by subsequent development, and are difficult to locate on the ground. As a 
consequence, the older, unrectified photographs are the only record of the location of the 
fault feature, and the position of the fault. In these cases, and where possible, the older 
photos (commercially flown vertical aerial photography dating from 1952 of scale c. 1:16,000) 
were rectified and the position of the fault features captured/defined. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Low sun-angle image of the southeastern Waipukurau area, with Tukituki River in north, flowing 
from left to right. Photo shows the surface expression of several of the key fault traces mapped and recognised as 
part of this study, e.g. Tavistock trace is shown by right-most arrows.  These fault scarps have developed across 
alluvial terraces of age ≤70,000 yr.   
 
CHB District Council supplied a set of colour digital ortho-photographs for the purposes of 
this work. The urban and peri-urban areas and surrounding corridor are covered by colour 
photography, flown in 2003 with a pixel resolution of 1 metre and an accuracy of ±1 metre.  
In areas not covered by the colour ortho-photos, we used 1952 era black and white photos 
from GNS’ GIS database, which were rectified using the colour ortho-photograph base. 
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Lastly, we acquired a set of LiDAR imagery from the Hawke’s Bay Regional Council for this 
study.  We used the LiDAR DTM data to create a shaded relief model with a pixel size of 5 
m.  The LiDAR data was invaluable in this study for the recognition of the features of active 
faulting that were very subtle or even not visible on the Black and White aerial photographs 
(Fig. 3).   
 
3.2 Fault Complexity and Form of Fault Features 

Fault Complexity refers to how clear/distinct and/or how wide the zone of deformation is that 
is being mapped, i.e. how much uncertainty there is regarding the location of the fault and 
how it appears in nature.  Fault Complexity is an important parameter used in defining 
surface rupture hazard at a site. When fault rupture deformation is distributed over a wide 
area, the amount of deformation at a specific locality within the distributed zone is less 
compared to where the deformation is concentrated on a single well-defined trace. The 
relative fault rupture hazard/risk is therefore less within a zone of distributed deformation 
than within a narrow well defined zone. The MfE Guidelines define Fault Complexity of 
surface rupture using the following terms: well-defined, distributed or uncertain to describe 
fault location (Kerr et al. 2003; see also King et al. 2003, and Van Dissen & Heron 2003): 
 
We have developed a modified version of this hierarchy for recognising reverse fault features 
in CHB District, locating them using a variety of media, and capturing the data (mapping 
them) into the GIS.  This hierarchy establishes a “fault location accuracy” that reflects how 
distinct a reverse fault feature appears in nature (e.g. broad scarp vs. inferred trace), how we 
have gone about recognising it (e.g. ground truthing vs. LiDAR), and how we have captured 
the data in the GIS (e.g. via rectified aerial photograph vs. LiDAR).  The variables that we 
have used to define fault feature, feature identification, and capture technique are listed 
below).   
 

Table 1. Example of Attribute Table from the Geographic Information System, including the types of fault 
feature, and their complexity and combined uncertainty of mapping. 

Fault Feature Fault Complexity* Combined Uncertainty 
Scarp (alluvial/ distinct) Well-defined ± 10-30 m 

Broad scarp/ warp Distributed ± 30-40 m 
Rangefront scarp Distributed ± 20-40 m 

Possible scarp Distributed ± 20-40 m 
Inferred trace Uncertain, constrained ± 50-100 m 

*these describe the fault features in terms of the fault complexity terminology in Van Dissen & Heron 
(2003) for strike-slip faults.  We equate our terminology for reverse faults with their system. See Table 
2 for more detail. 
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Figure 3. Raw LiDAR Shaded relief map of the Otane and Argyll Road area (scale 1:20,000). Otane 
borough is outlined in white.  Three trenches excavated at Argyll Road in the 1990’s (dotted hexagons) help 
define a Recurrence Interval Class III for faults in the area. Two trenches were excavated across the Otane trace 
of the PFZ (yellow hexagons).  Scarps of the PFZ are arrowed and the Rail line is in purple.  Note also the 
patterns of Holocene stream development on the post-glacial terrace. 
 
3.3 Uncertainty of Fault Feature Location 

Previous studies of active faulting in Central Hawke’s Bay have produced basic data at 
differing scales on the location and type of fault-generated features present in the district. 
These data are often site specific in nature, and, until this study, had not yet been compiled 
to provide cadastral-level coverage of the urban and peri-urban parts of the District at a scale 
suitable for the purposes of the MfE Guidelines (typically 1:50,000 scale in the past).  
 
The accuracy with which the location of a fault feature can be captured into a database is 
influenced by two types of uncertainty or error. The first is the error associated with how 
accurately the fault feature and its associated fault plane can be located on the ground. The 
second is the error associated with capturing that position into the database. 
 

3.3.1 Uncertainty of fault plane vs. fault feature 

Where fault features are preserved, the accuracy with which the fault can be located on the 
ground depends on the type and geometry of the feature. A fault scarp is one of the more 
definitive features that can be used to define the location of a fault. In places, scarps of the 
Poukawa Fault Zone are sharp and distinct (c. 5 m wide), and here it is possible to define the 
location of the fault quite accurately (to within several metres, e.g. well-defined fault 
complexity. However, in other places, scarps are broad topographic rises over a distance of 
20 metres or more (Fig. 4). Without trenching or other subsurface investigations at these 
sites, the ability to capture/define the position of the fault plane that may rupture in an 
earthquake cannot be significantly more accurate than the distinctness/sharpness of the 
topographic expression of the fault feature. So, even when topographic fault features are 
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preserved, the ability to use these features to define the precise location of the fault plane, 
and therefore future surface rupture hazard, varies according to the distinctness of 
topographic expression of the feature. 
 
3.3.2 Uncertainty due to reverse faulting 

An additional uncertainty of importance in Central Hawke’s Bay District concerns the style 
and nature of the faulting there.  The Poukawa, Waipukurau (Fig. 2) and Tukituki Fault Zones 
are typified by reverse, dip-slip faulting.  This style of faulting is characterised by low to 
moderately dipping faults (compared to vertical dip for strike-slip faults like the Mohaka 
Fault).  These three fault zones above typically dip to the west at angles of 20-60º.  Because 
of their dip, dip-slip faults will also have an asymmetric distribution of surface deformation 
about them as a consequence of earthquake rupture.  For reverse faults, the hangingwall 
block (upthrown block) is pushed up and over the footwall block (Fig. 4).  Secondary reverse 
faults typically splay upward through the hangingwall to the surface above the main fault 
plane, and in some instances, flexure of the hangingwall can generate normal faulting (see 
examples in Kelson et al., 2001; Chi-Chi earthquake) (see Photos 1 & 2).   
 

 
 
Figure 4. Schematic diagram of a dip-slip reverse fault and its scarp.  In this case the mapped fault trace 
(rupture surface) is located near the base of the scarp.  The scarp itself is well-defined, i.e. clear.  The growth of 
such scarps affects the long–term morphology of streams that cross the structure.  The trench shows the 
expectation for documenting surface faulting events (e.g. faulted orange layer). The concepts of fault location 
accuracy and setback are shown by the different sized parentheses. 
 
Elsewhere, it may be possible that the tip of the reverse fault plane has not yet ruptured from 
depth to the ground surface (often called a “blind” fault).  This may result in a broad scarp or 
warp, or an anticlinal ridge, where stream behaviour is obviously influenced by the emergent 
topography (see Fig. 4).  Faults offsetting units may not be apparent in a trench across one 
of these features – as has been the case in trenches excavated at Otane.  However, the 
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surface deformation is still present as folding, uplifting or tilting of the ground surface.  These 
phenomena, though not strictly “surface faulting” should also be considered as part of the 
Fault Avoidance strategy as this fault-generated ground deformation may also pose a Life 
Safety issue. 
 
The mapped fault features (lines and points) were used to construct fault rupture zones 
(zones within which future rupture is likely to cause intense ground deformation). In some 
areas, these zones are based on the position of a simple linear fault-line, and the width of the 
zones reflects the accuracy of capture. In other places, the zone is based on complex 
features or inferred where no features are preserved. In these areas the width of the zone is 
large and reflects both the complexity or uncertainty of the fault location on the ground, and 
the accuracy of capture. In specific cases, detailed fault studies (trenching) could, in the 
future, be used to reduce the uncertainty of fault location and thereby reduce the width of the 
fault rupture zone. 
 
3.3.3 Uncertainty of capture method 

The following is a summary of the main techniques that we used to capture fault feature data 
into the GIS, and their level of uncertainty.  Each capture technique has an uncertainty (in 
brackets) attached to it that depends on the pixel size for that media: 
 
Capture method - Colour ortho-photograph (± 1 m) 

- LiDAR shaded relief map (± 5 m) 
- Rectified aerial photograph (± 5 m) 
- GPS-RTK micro-topographic map (± 3 m) 

 
The fault traces are generally well-defined where a clear scarp is evident on the ground 
surface, on aerial photographs or on the LiDAR imagery.  Clear scarps generally have a 
location uncertainty of ±10-20 metres.  This means that we have mapped a line that 
represents the fault location and there is an inaccuracy of that location to within c. ±10-20 
metres.  In most cases, this line has been placed at, or toward the base of the fault scarp or 
trace captured in the GIS.  This is where we expect the fault to rupture and where the 
greatest amount of co-seismic deformation should be focused.  This assertion comes from 
the experience of trenching reverse faults in Hawke’s Bay and other similar tectonic 
environments, and by documentation of historic reverse fault earthquakes, such as the 1931 
Hawke’s Bay or 1999 Chi-Chi (Taiwan) earthquake ruptures (Kelson et al. 2001). 
 
Field reconnaissance of fault traces was undertaken in January and February 2006.  In 
particular, a 2 km section of the Waipawa trace was walked (“ground truthed”) to confirm the 
origin of this feature shown in Kelsey et al (1995).  This feature was confirmed as an active 
fault through detailed examination, construction of an RTK micro-topo map, and trenching.   
 
Other parts of fault traces fall into the “distributed” category of fault complexity.  These 
include broad scarps and warps, and where a fault traverses a rangefront.  Where a scarp is 
broad it is difficult to determine the exact base and mid-point of the fault scarp.   
 
For many of the broad scarps, we have located a point based on the morphology of small 
streams, e.g. meandering vs. incising stream morphologies, which is probably the mid-point 
of the scarp itself.  For broad scarps it is also difficult to locate the exact point of surface 
rupture, as it may be distributed over a broad zone. In these cases the deformation may be 
spread across a wider zone and therefore be significantly distributed across some distance. 
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At other locations, the fault trace is inferred.  This occurs when the trace is not visible at all, 
but would be there if it were preserved.  Inferred traces sometimes link together fault traces 
that step across the landscape in an un-linked fashion.  Inferred traces are also mapped 
across major rivers, e.g. Waipawa River.  In these cases, the scarp is either eroded or there 
has been no surface faulting event during the current period of river activity. 
 
In limited instances, active faults and fault-related features can be located absolutely, as in 
trenches that were excavated across the Poukawa Fault Zone during the 1990’s (see Kelsey 
et al. 1995).  GPS or traditional survey techniques can been used to locate and capture the 
positions of the fault features (or planes) to an accuracy of ±0.1 m, and they are attributed as 
“surveyed” in the GIS database. More typically, however, we do not know the exact location 
of the fault plane within the fault feature.  Once a fault feature was identified on the ground, 
or on air photos, whether the feature be distinct or otherwise, its position was 
captured/defined using the CHB District Council ortho-photography or LiDAR coverage.  This 
implies a larger uncertainty for fault location. 
 
In general, the LiDAR Shaded Relief Model (pixel size 5 m) provided us with the clearest 
geomorphic image of the study area.  In many cases, though we used aerial photos and 
orthophotos as a starting point or for getting the approximate location of a fault feature.  
Ultimately, we relied on the LiDAR imagery to map the fault traces as accurately as possible.  
Many features that were difficult to recognise on conventional imagery, e.g. aerial photos, 
were distinct on the LiDAR Shaded Relief map (compare Figs. 3 with 6). 
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3.3.4 Combined uncertainty of fault location 

Table 2 shows the main combinations of fault feature and capture technique and our 
estimate of the fault location accuracy for a given trace.  The fault location accuracy is used 
together with a setback to develop a Fault Avoidance Zone.  The entire fault zone consists of 
the fault location accuracy, e.g. ± 50 m, plus the standard setback of ± 20 metres in addition.  
In such a case, our recommendation for the Fault Avoidance Zone would be 140 m.  The 
most well-defined scarps in this study have a total Fault Avoidance Zone width of 60 metres 
(± 10 m location plus ± 20 m setback). 
 
Table 2. Fault location uncertainty parameters 

Fault Feature Feature  
Identification 

Capture 
Technique 

Fault 
Complexity 

Combined 
Fault Location 

Accuracy 
Scarp Ground truth Ortho-photo Well-defined ± 20 m 

“ Ground truth RTK topo-map “ ± 10/ ± 20 m 
Scarp Ground truth Rectified AP “ ± 20 m 
Scarp Distinct on AP LiDAR image " ± 10 m 
Scarp Distinct on AP Rectified AP Distributed ± 30 m 

Broad scarp Distinct on AP LiDAR image “ ± 30 m 
Broad scarp Distinct on AP Rectified AP “ ± 40 m 
Rangefront 

scarp 
Ground truth RTK topo-map Well-defined ± 20 m 

Rangefront 
scarp 

Distinct on AP RTK topo-map/ 
LiDAR image 

“ ± 20 m 

Rangefront 
scarp 

estimated  
from AP 

Rectified AP/ 
Ortho-photo 

Distributed ± 40 m 

Possible scarp Ground truth RTK topo-map Well-defined ± 10 m 
Possible scarp Distinct on  

AP 
LiDAR image Distributed ± 30 m 

Possible scarp Distinct on  
AP 

Rectified AP “ ± 30 m 

Possible scarp estimated  
from AP 

Rectified aerial 
photos 

“ ± 40 m 

Inferred location estimated  
from AP 

Rectified AP Uncertain - 
constrained 

± 50 m 

Inferred location inferred Ortho-photo “ ± 50 m 
Inferred location inferred Rectified AP “ ± 100 m 
Abbreviations: AP, aerial photo; RTK, detailed GPS microtopographic map  
 
Due to the effect of more deformation focused in the hangingwall block of reverse faults (Fig. 
4), we believe that the Fault Uncertainty Zone should be somewhat offset from the best 
estimate location of the fault rupture.  As the amount of uncertainty varies from trace to trace, 
we consider it likely that the zone of deformation in the hangingwall could be twice as wide 
as that in footwall block. Therefore, we have doubled the width of the Fault Avoidance 
uncertainty buffer that accounts on the hangingwall relative to the footwall to block (Fig 5).  
 
Where a given fault trace dies out, i.e. comes to a terminus in the GIS, we assume that the 
effects of surface deformation will also die out, within the bounds of our mapped Fault 
Avoidance Zones. 
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3.4 Defining Fault Avoidance Zones 

Generally, a fault is a zone of deformation rather than a single linear feature. The zone may 
range in width from metres to hundreds of metres. Structures sited directly across an active 
fault, or close to a fault, are in a potentially hazardous area, and could be damaged in the 
event of fault rupture.  As is suggested in the MfE Guidelines (Kerr et al. 2003, see also King 
et al. 2003), a Fault Avoidance Zone is created by defining an additional ±20 m setback 
around the likely fault rupture zone (or in this case the zone of surface deformation). We 
have done this for the active faults in the prescribed urban and peri-urban parts of Central 
Hawke’s Bay District, and have created an Attribute File that holds a Fault Avoidance Zone in 
the GIS database using our description of the fault complexity of the zone.  Figure 3 shows a 
raw LiDAR image in which some topographic scarps can clearly be recognised.  Figure 6 
shows our interpretation of this topography in terms of active faults and their locations.  
Figure 5 shows a generic example of the relation between the position of mapped fault 
features and the subsequent definition of Fault Avoidance Zones.  Figure 3 shows, the 
breadth of the Fault Avoidance Zones for the Otane area as shown in Figures 3 and 6. 
 

 
 
Figure 5. Generic example of a Fault Avoidance Zone. The Fault Avoidance Zone consists of a fault 
rupture plane location, plus an uncertainty, plus the fault avoidance setback.  This model is applicable 
to a west-dipping, reverse fault, with a 2:1 asymmetric Fault Avoidance Zone about the rupture plane. 
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Photo 1. The reverse fault scarp that typifies the result of the 1999 Chi-Chi earthquake, Taiwan.  The rupture 
zone of the fault occurs in the middle to lower part of the scarp.  Note the tilting and destruction of buildings on the 
upthrown (Hangingwall) block of the scarp. 
 
 

 
 
Photo 2. The reverse fault scarp of the 1999 Chi-Chi earthquake, Taiwan.  Here, the rupture is crossing a 
sealed road.  The person is standing on the footwall side of the fault scarp.  The hangingwall side of the fault has 
overthrust the footwall, towards the person, and is highly deformed in the scarp area and behind. 
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4.0 RESULTS 

In this section, we first describe the methodology that we use for defining the Fault 
Recurrence Interval for the three major defined fault zones in this study area: the Poukawa, 
Waipukurau, and Tukituki Fault Zones.  It is important to understand that recurrence interval 
data is as relevant as Fault Location, Uncertainty, and (as shown below) Land Use and 
Building Importance Category, with respect to the usage of fault Avoidance Zones.  Following 
that, we summarise some of the past and current observations made about these faults, and 
define a number of sections or traces for each fault zone, e.g. Papanui trace of the Tukituki 
Fault Zone. 
 
4.1 Recurrence Interval Class 

As stated, a key element in the adoption of the MfE Guidelines for district planning is 
understanding the earthquake rupture recurrence intervals.  This data generally comes from 
paleoseismic studies that involve excavating trenches and dating of geologic materials in 
these exposures.  Earthquake surface faulting event horizons, i.e. the ground surface at the 
time of faulting, are recognised and dated to establish individual earthquake ages. Then, the 
amount of time between events is used to estimate the average recurrence interval (RI) of 
faulting, and the elapsed time since the most recent faulting event. 
 
The recurrence interval determined for the Poukawa Fault Zone (3200-7500 years) in Kelsey 
et al. (1995) spans several Recurrence Interval Classes defined in the MfE Guidelines (Kerr 
et al. 2003), i.e. RI Classes II, III and IV.  The data for the Southern subdivision of the PFZ 
comes from the Argyll trenches on Argyll Road near Otane.  If we re-assess that data for the 
purposes of classifying the recurrence interval according to the MfE Guidelines, then the 
following arguments can be made: 
 
1. Kelsey et al. (1995) show 4-5 events at Argyll Road since deposition of the Kawakawa 

Tephra (c. 26,5000 yr old).  This yields a recurrence interval of 5300-6625 yr (mean c. 
6000 yr). 

2. They show that there has been 3 faulting events since a soil formed on “Ohakean” – 
post-glacial – alluvial sediments, estimating that this soil is 12,000-15,000 yr in age.  This 
yields a recurrence interval of 4000-5000 yr (mean 4500 yr). 

 
From this data, it appears most likely that the mean recurrence interval falls into RI class III 
or IV, and by applying a conservative stance to this data, it is reasonable to place the 
Poukawa Fault Zone within RI Class III (>3500-≤5000 yr).  This result is the same as stated 
by Van Dissen et al. (2003) for the Waipukurau-Poukawa Zone. 
 
We apply this recurrence interval to all of the traces described for the Southern Subdivision 
of the Poukawa Fault Zone, i.e. the Moturoa trace, Otane trace, Waipawa trace, Waipawa 
East trace etc. for the following reasons: 
A. the trenches at Argyll Rd. were excavated across one of the more geomorphically 

obvious (larger) fault scarps in the PFZ, therefore the amount of slip/deformation is 
considerable compared to less well-defined scarps and warps of similar age, e.g. the 
Otane trace.  This means that we consider the recurrence interval estimates from Argyll 
Rd. should be representative of other traces in the PFZ.   

B. it is quite possible that there is a structural link between rupture on one set of traces in 
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the PFZ and others. For example, the Otane trace lies 800 m outboard of (east of) the 
Argyll trace (Fig. 6).  We suspect that these faults are close enough to each other to 
merge at depth beneath the Raukawa Range, and indeed could rupture during the same 
earthquake.  If these inferences are correct then the Argyll Road event and recurrence 
interval data should be applicable to the Otane trace of the PFZ. 

 

 
 
Figure 6. LiDAR Shaded relief map of the Otane and Argyll Road area (scale 1:20,000) with mapped 
interpretations of fault locations (orange lines). Otane borough is outlined in white.  The Fargher & Library 
trenches were excavated in Otane in 2005/06 across the Otane trace of the PFZ to define the zone of surface 
deformation.  The Otane trace steps left (to the SE) across to the Waipawa East trace. 
 
Trenching and other detailed studies (e.g. Kelsey et al. 1995) have estimated that the PFZ 
has reverse fault slip rates of c. 0.8-1.6 mm/yr.  The most recent surface rupture in the 
Southern subdivision of the PFZ is poorly dated, but may have been about 2500 years ago, 
based on aggradation in Kaikora Stream near the Argyll trench site (Fig. 3).  The Poukawa 
Fault Zone is capable of generating earthquakes in the order of Magnitude 7.5. Individual 
surface rupture earthquakes along the fault are expected to generate 3-6 metres of reverse 
movement at the ground surface, and a lesser amount of strike-slip displacement.  
 
In both Van Dissen et al. (2003) and the GNS Active Faults database 
(http://data.gns.cri.nz/af/index.jsp) both the Waipukurau Fault Zone and Tukituki Thrust Fault 
(Zone) have been assigned a recurrence interval of 3500-5000 years, i.e. RI Class III.  The 
geomorphic development of faults in these zones are similar to that in the Poukawa Fault 
Zone, where the best recurrence interval data comes from.  In addition, these fault zones 
have a close along or across strike relationship with the PFZ.  Therefore, we infer that the 
current estimate of recurrence interval for the Waipukurau and Tukituki Fault Zones in this 
study, though less certain, is still the best current information for these faults.  
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4.2 The Poukawa Fault Zone 

The Poukawa Fault Zone (PFZ) (Fig. 1) is one of the major earthquake-generating fault 
systems in the onshore part of central Hawke’s Bay.  The PFZ extends as a belt of fault 
traces over approximately 36 km length north-northeastward from near Waipawa through to 
Pakipaki (e.g. Kelsey et al. 1995, Begg et al. 1994).  North of Pakipaki, the Poukawa Fault 
Zone is largely buried beneath the active Heretaunga (alluvial) Plains.  South of Waipawa, 
the traces of the PFZ had not been previously mapped across the floodplains of the 
Waipawa and Tukituki Rivers.  In earlier studies, this zone of faulting was called the 
Waipukurau-Poukawa shear zone (Begg et al. 1994).  At present, in the GNS Active Faults 
Database, there is an arbitrary distinction between the PFZ and Waipukurau Fault Zone 
(WFZ), based on a lack of preservation of through-going faults across the Waipawa and 
Tukituki River floodplains.  In this study, with the advent of LiDAR data, we have been able to 
demonstrate that there are fault traces across young terraces near these rivers and that 
active faults can be traced from the PFZ toward Waipukurau and the WFZ. 
 
Based on geomorphic criteria, Kelsey et al. (1995) subdivided the PFZ into Southern, Middle 
and Northern subdivisions.  Faults at the northern end of the Northern subdivision ruptured 
co-seismically with multi-metre surface displacements during the February 3, 1931 Hawke’s 
Bay earthquake (Hull 1990).  No other faults in the Poukawa Fault Zone are currently 
associated with historic earthquakes.  The mapping and trenching data used in this study 
covers the Southern subdivision of the PFZ only (basically from Pukehou to Waipawa).  The 
PFZ passes through areas of urban, semi-rural, and rural development. Outside of 
Waipukurau township, urban development has generally not taken account of the location of 
active fault traces that comprise this fault zone.   
 
Within the GIS, we have subdivided parts of the Poukawa Fault Zone into named traces that 
relate to their geographic location and continuity.  The mapped traces, shown in the GIS and 
in its Attribute Table, and in Figure 6 are the: 
 
i) Moturoa trace – near Moturoa Hill and across the old floor of Te Aute Lake (Worthy 2000); 
 
ii) Otane trace – runs through Otane borough.  The Otane trace has been investigated in 
some detail.  GNS Science studies in the past year have focused on identifying and mapping 
the fault trace, trenching it in two locations and producing a GPS-RTK micro-topographic 
map of the borough.  This data has aided in assigning the map location of the fault in the 
GIS.  The two trenches were located near Brogden Street and adjacent to the Otane Library 
building between Henderson and Higginson Streets (Fig. 5; also see 2 GNS Letter reports to 
CHB District Council).  These trenches were excavated at sites in Otane that generally 
showed little evidence for surface faulting, but exhibited evidence for tilting of latest 
Pleistocene to Holocene age alluvial units.  No organic material suitable for radiocarbon 
dating was sampled from these trenches.  However, one OSL (Optically Stimulated 
Luminescence) sample was collected from the “Library” trench (Otane-2) and is currently 
under analysis at the Victoria University Luminescence Lab.  This geological age should 
assist in developing a recurrence interval for the Otane trace via: a) a comparison to the age 
estimates from the Argyll trenches, and b) determining the frequency of tilting events at 
Otane. 
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Figure 7. Active Fault Avoidance Zone map of the Otane area (scale 1:20,000). Orange line represents best 
estimate of fault rupture location; yellow zone is uncertainty on the location of the fault rupture location; the green 
zone is the Fault Avoidance setback of ±20 metres.  Black arrows show the locations of trenches excavated in 
Otane. 
 
iv) Waipawa East trace – runs between SE Otane and Waipawa River along the White – 
Ireland Road corridor.  A scarp located on the probable “Ohakean” terrace just south of 
Pouterere Road was trenched in the early 1990’s. This unpublished trench (Waipawa-1) 
showed evidence of faulting of latest Pleistocene and Holocene materials. The upthrown side 
of the scarp was floored by Tertiary bedrock (on the upthrown side of the scarp). 
 
v) Waipawa trace – This trace does not currently reside in the GNS Science Active Faults 
database. However, it is shown as an active fault in Kingma (1962) and in Kelsey et al. 
(1995).  As a result of ground truth mapping during this study, we can confirm that the 
Waipawa trace is an active fault trace.  It splays from the Argyll trace in the north and can be 
followed through Waipawa township and south to the Tukituki River near Waipukurau.  One 
trench (Waipawa-2), was opened just north of Waipawa in 2006.  The trench and associated 
GPS-RTK map of the site confirmed that this was an active fault trace. 
 
vi) Waipawa West trace – a fairly straight fault trace to the west of Waipawa that links to the 
north into the Argyll trace of the PFZ. 
 

4.3 The Waipukurau Fault Zone 

The Waipukurau Fault Zone (WFZ) (Fig. 1) is another of the major earthquake-generating 
fault systems in the onshore part of central Hawke’s Bay (Berryman 1983; Beanland 1995; 
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Begg et al. 1994; 1995).  As defined by the GNS Active Faults Database 
(http://data.gns.cri.nz/af/index.jsp) the WFZ appears in the north as a number of traces 
through the town of Waipukurau and continues to the SSW as an anastomosing series of 
reverse fault traces and folds.  In this study we have mapped several of the traces of the 
WFZ as far as the Tukituki River, north of Waipukurau, and in some cases we have carried 
traces on to the north, where they appear to be along-strike equivalents.  As described 
above, due to our detailed mapping, there is now little distinction between the southern 
terminus of the Poukawa Fault Zone and the northern end of the WFZ, across the Tukituki 
River.  
 
The WFZ passes through areas of urban, semi-rural, and rural development. Some of the 
mapped traces in Waipukurau are unique in New Zealand as they were mapped and have 
been considered as surface rupture hazards in the district plan of Central Hawke’s Bay since 
the early 1980’s (see Berryman 1983; Berryman et al. unpublished manuscript). 
 

 
 
Figure 8. Main fault traces of the Waipukurau Fault Zone (in orange; scale 1:20,000) mapped near the town of 
Waipukurau (boundary is white line). Trenches dug shown by red hexagons.  Number and expression of traces is 
greater than seen at Otane due to the age (≤70,000 yr) of the fluvial surfaces. 
 
We have named four of the traces in the WFZ according to geography and past studies. 
These traces are labelled in the GIS, its Attribute Tables, and on Figure 8 are:  
i) the Tavistock trace – this trace occurs in the eastern part of Waipukurau township 

and is roughly sub-parallel to Tavistock Road (Fig. 2). A trench (named the Tavistock 
trench) was excavated across this fault trace in the 1980’s, proving it was an active 
fault with a long history of fault deformation (Berryman et al., unpublished 
manuscript). 

ii) The Farm Rd. trace – this trace, to the east of Waipukurau is clear on LiDAR images 
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at the SE end of Farm Rd.  This trace forms an active fault and fold pair. 
iii) The Hospital trace – this trace forms the very large fault scarp in the western part of 

Waipukurau township.  Another trench was investigated across this active trace in the 
early 1980’s (Berryman 1983) near the hospital grounds, and again proved that this is 
an active fault. 

iv) The Porangahau trace – this refers to fault traces in between the Tavistock and 
Hospital traces in the southern part of Waipukurau township.  The Porangahau trace 
continues to the south of town adjacent to Porangahau Road. 

 

4.4 Tukituki Thrust Fault (Zone) 

A portion of the Tukituki Thrust Fault (Zone) as described in the GNS Science Active Fault 
database has been mapped as part of this project (Figs. 1, 9).  We have mapped that section 
that exists in the area described as “The Old Bed of Waipawa River”, located to the east of 
Waipawa and Otane.  This area is of particular interest as we suspect that these faults may 
have been involved in the historical AD 1863 Waipukurau earthquake, based on the 
freshness of the fault scarps, river diversion and historical accounts related to the location of 
surface ruptures (Downes & Langridge, in prep.).  We have called this part of the Tukituki 
Thrust Fault (Zone), the Papanui trace, after the stream that outlets from the former “old bed” 
and Te Aute Lake area (Worthy 2000) back to the Tukituki River. 
 

 
 
Figure 9. Main fault traces of the Poukawa Fault Zone (PFZ; in orange; scale 1:40,000) mapped near the 
town of Waipawa (boundary is white line).  Trenches dug shown by red hexagons.  The Papanui trace of the 
Tukituki Fault Zone (TFZ) and old course of the Waipawa River are also shown. 
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5.0 TURNING A FAULT SOURCE INTO A HAZARD ZONE 

In this section, we combine the results of fault location mapping and recurrence interval data 
(fault source data) with land use and the Building Code to define a series of resource 
consent activities from the MfE Guidelines (Kerr et al. 2003).  First we outline the nature of 
the Building Importance Categories and their relationship to the Fault Recurrence Interval 
Classes. 
 
5.1 Building Importance Category 

In the event of fault rupture, buildings constructed on the fault will suffer significant stress and 
can suffer extensive damage.  Buildings adjacent to the fault and within the Fault Avoidance 
Zone may also be damaged. The MfE Guidelines define five Building Importance Categories 
(Table 2) based on accepted risk levels for building collapse considering building type, use 
and occupancy. This categorisation is weighted towards life-safety, but also allows for the 
importance of critical structures, e.g. schools or post-disaster facilities, and the need to locate 
these wisely. 
 
Table 3. Building Importance Categories and representative examples. For more detail see Kerr et al. 
(2003), and King et al. (2003). 

Building 
Importance 

Category 
Description Examples 

1 
Temporary structures with 
low hazard to life and other 
property 
 

• Structures with a floor area of <30m2 
• Farm buildings, fences 
• Towers in rural situations 

2a Timber-framed residential 
construction 

• Timber framed single-story dwellings  

2b 
Normal structures and 
structures not in other 
categories 

• Timber framed houses with area >300 m2 
• Houses outside the scope of NZS 3604 “Timber 
Framed Buildings” 

• Multi-occupancy residential, commercial, and industrial 
buildings accommodating <5000 people and <10,000 
m2  

• Public assembly buildings, theatres and cinemas 
<1000 m2 

• Car parking buildings 

3 

Important structures that 
may contain people in 
crowds or contents of high 
value to the community or 
pose risks to people in 
crowds 

• Emergency medical and other emergency facilities 
not designated as critical post disaster facilities 

• Airport terminals, principal railway stations, schools
• Structures accommodating >5000 people 
• Public assembly buildings >1000 m2 
• Covered malls >10,000 m2 
• Museums and art galleries >1000 m2 

• Municipal buildings 
• Grandstands >10,000 people 
• Service stations  
• Chemical storage facilities >500m2 

4 
Critical structures with 
special post disaster 
functions 

• Major infrastructure facilities  
• Air traffic control installations  
• Designated civilian emergency centres, medical 
emergency facilities, emergency vehicle garages, 
fire and police stations 
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5.2 Relationship between Fault Recurrence Interval Class and BIC 

As noted earlier, the hazard posed by fault rupture is quantified using two parameters: a) 
Fault Complexity and its incorporation into the mapping of Fault Avoidance Zones, and b) the 
average recurrence interval of surface rupture faulting. The average recurrence interval of 
surface rupture is the average number of years between successive surface rupture 
earthquakes along a specific section/length of fault. Typically, the longer the average 
recurrence interval of surface rupture of a fault, the less likely the fault is to rupture in the 
near future. Likelihood of rupture is probably also a function of other variables such as 
elapsed time since the last rupture of the fault, and the size, style and timing of large 
earthquakes on other nearby faults.  However, these variables are not used to define rupture 
hazard in the MfE Guidelines. Notwithstanding, a fault with a long recurrence interval 
typically poses less of a hazard than one with a short recurrence interval. In the MfE 
Guidelines, active faults are grouped according to Recurrence Interval Class (Table 4; Kerr 
et al. 2003, see also Van Dissen et al. 2003), such that the most hazardous faults, i.e. those 
with the shortest recurrence intervals, are grouped within Recurrence Interval Class I.  The 
next most active group of faults are those within Recurrence Interval Class II, and so on.  
With regards to this project the Poukawa, Tukituki and Waipukurau Fault Zones are all 
considered to be Recurrence Interval Class III faults. 
 
There are no known Recurrence Interval (RI) Class I faults in the current map study area. 
However, the two most active faults in Central Hawke’s Bay District are the Mohaka (RI 
Class I) and Ruahine Faults (RI Class II), to the west of the main populated corridor of the 
district.  These were not in the scope of this study. 
 
The MfE Guidelines advocate a risk-based approach to dealing with development of land on, 
or close to active faults. The risk at a site to fault rupture is a function not only of the location 
and activity of a fault, but also the type of structure/building that may be impacted by rupture 
of the fault. For a site on, or immediately adjacent to an active fault, risk increases both as 
fault activity increases (i.e. fault recurrence interval and Recurrence Interval Class decrease) 
and Building Importance Category increases. In order to maintain a relatively 
constant/consistent level of risk throughout the district, it appears reasonable to impose more 
restrictions on the development of sites located on, or immediately adjacent to highly active 
faults, compared to sites located on, or immediately adjacent to low activity faults. This 
hierarchical relation between fault activity (Recurrence Interval Class) and building type 
(Building Importance Category) is presented in Table 4. 
 
The MfE Guidelines also make a pragmatic distinction between previously subdivided and/or 
developed sites, and undeveloped “Greenfield” sites, and allows for different conditions to 
apply to these two types of sites of differing development status (Table 4, see also Tables 5-
7). The rationale for this is that in the subdivision/development of a greenfield area, a change 
of land usage is usually being sought, and it is much easier, for example, to require a 
building setback distance from an active fault, or to plan subdivision of land around the 
location of an active fault. However, in built-up areas, buildings may have been established 
without knowledge of the existence or location of an active fault, and the community may 
have an expectation to continue to live there, despite the potential danger. Also, existing use 
rights under the Resource Management Act mean that where an existing building over a fault 
is damaged, it can be rebuilt, even after the hazard/risk has been identified. 
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Table 4. Relationships between Recurrence Interval Class, Average Recurrence Interval of 
Surface Rupture, and Building Importance Category for Previously Subdivided and Greenfield Sites. 
For more detail see Kerr et al. (2003), and King et al. (2003). 

 
Building Importance (BI) Category Limitations 

(allowable buildings) 
Recurrence 

Interval 
Class 

Average 
Recurrence 
Interval of 

Surface Rupture Previously subdivided or developed 
sites 

“Greenfield” sites 

I ≤2000 years BI Category 1 
temporary buildings only 

II >2000 years to 
≤3500 years 

BI Category 1& 2a 
temporary & residential timber-framed 

buildings only 

 
BI Category 1 

temporary buildings only 

III >3500 years to 
≤5000 years 

BI Category 1, 2a, & 2b 
temporary, residential timber-framed & 

normal structures 

BI Category 1& 2a 
temporary & residential timber-framed 

buildings only 
IV >5000 years to 

≤10,000 years 
BI Category 1, 2a, & 2b 

temporary, residential timber-framed & 
normal structures 

V >10,000 years 
to 

≤20,000 years 

 
BI Category 1, 2a, 2b & 3 

temporary, residential timber-framed, 
normal & important structures 

(but not critical post-disaster facilities) 
BI Category 1, 2a, 2b & 3 

temporary, residential timber-framed, 
normal & important structures 

(but not critical post-disaster facilities) 
VI >20,000 years 

to 
≤125,000 years 

BI Category 1, 2a, 2b, 3 & 4 
critical post-disaster facilities cannot be built across an active fault with a recurrence 

interval ≤20,000 years 

Note: Faults with average recurrence intervals >125,000 years are not considered active 

 

5.3 Resource Consent Categories 

Fault Recurrence Interval Class, Fault Complexity, and Building Importance Category are the 
three key elements, that when brought together, enable a risk-based approach to be taken 
when making planning decisions about development of land on, or close to active faults. 
Understanding the interrelationships between these key parameters is critical to the 
development of consistent, risk-based objectives, policies and methods to guide 
development of land that may be impacted by surface rupture faulting.  The critical 
relationships between Recurrence Interval Class, and Building Importance Category have 
already been summarised in Table 4.  These interrelationships are expanded in Tables 5-7 to 
incorporate Fault Complexity.  Tables 6 & 7, extracted directly from the MfE Guidelines (see 
Kerr et al. 2003) also provide examples of Resource Consent Category suggestions for 
various combinations of Recurrence Interval Class, Fault Complexity, and Building 
Importance Category. 
 
Determining the appropriate Resource Consent Category for different scenarios/ 
combinations of Recurrence Interval Class, Fault Complexity, and Building Importance 
Category is a complex task, especially when trying to anticipate the level of risk that a 
community may or may not be willing to accept. Certainly, as the risk increases, the 
Resource Consent Category should become more restrictive, and the range of matters that 
Council needs to consider increases. Ultimately, the Council needs to be able to impose 
consent conditions to avoid or mitigate the adverse effects of fault rupture, by requiring 
allotments to be subject to requirements such as to the use, bulk, location and foundations of 
any structure. 
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The Council will want to apply Resource Consent Categories depending upon their own 
requirements/ circumstances.  The principal issue is to ensure that the Council has the ability 
to address the issues of fault rupture hazard/risk when assessing a resource consent 
application. When dealing with controlled and discretionary activities, the matters over which 
the Council reserves control or restricts its discretion are important.  For these categories, 
the matters the Council may need to consider include: the proposed use of the building; the 
site layout including building setback and separation distance; building height and design; 
construction type (note only for resource management purposes); and financial contributions 
such as reserve contributions. 
 
It is important to remember that surface fault rupture is a seismic hazard of relatively limited 
geographic extent, compared to strong ground shaking, and can, in many cases, be avoided. 
If avoidance of surface rupture fault hazard at a site is not practicable, then planning/ design 
measures need to be prescribed/ incorporated to mitigate/ accommodate the co-seismic 
surface rupture displacements anticipated at the site. The planning/ design measures need 
to also be consistent with the appropriate combination of Fault Complexity, Recurrence 
Interval Class, and Building Importance Category relevant to that site. 
 
Also worth reiterating is that specific fault studies at or near the site may provide more 
certainty as to the fault’s location, and thus allow the Fault Avoidance Zone to be reduced in 
width. 
 
Table 5. Examples, based on the MfE Guidelines, of Resource Consent Category for both developed and/or 
already subdivided sites, and Greenfield sites along the Poukawa, Tukituki and Waipukurau Fault Zones 
accounting for various combinations of Building Importance Category, and Fault Complexity. 

POUKAWA, WAIPUKURAU, or TUKITUKI FAULT ZONES 
 (based on Fault Recurrence Interval Class III, >3500 to ≤5000 years) 
Developed and/or Already Subdivided Sites 

Building Importance 
Category 

1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted Permitted* Permitted* Non-
Complying 

Non-
Complying 

Distributed, & 
Uncertain - constrained 

Permitted Permitted Permitted Discretionary Non-
Complying 

Greenfield Sites 

Building Importance 
Category 

1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted Permitted* Non-
Complying 

Non-
Complying 

Non-
Complying 

Distributed, & 
Uncertain - constrained 

Permitted Permitted Discretionary Discretionary Non-
Complying 

Notes: 
* Indicates that the Resource Consent Category is permitted, but could be controlled or discretionary given that the fault 

location is well defined. 
Italics: The use of italics indicates that the Resource Consent Category – activity status of these categories is more flexible. 

For example, where discretionary is indicated, controlled may be considered more suitable by Council, or vice versa. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

• We have mapped parts of the Poukawa, Waipukurau and Tukituki Fault Zones in 
Central Hawke’s Bay District at a scale applicable to the Guidelines of the Ministry for 
the Environment’s “Planning for Development of Land on or Close to Active Faults” 
(c. 1:5000).  Fault traces with associated Fault Avoidance Zones have been mapped 
to produce corridors surrounding the active fault traces.  

 
• Mapping of the zones has been undertaken using a Geographic Information System 

(GIS) in conjunction with rectified aerial photographs, ortho-photographs and LiDAR 
imagery.  Each of these media have a level of uncertainty for mapping.  We found 
that a 5-m pixel Shaded Relief LiDAR image produced particularly accurate micro-
topography of the mapping areas and was therefore the most useful mapping tool.  

 
• The faults have been classified according to their accuracy (clear scarp/ broad scarp/ 

inferred trace) with the information stored in an Attribute Table in the GIS.  In general, 
a line which approximates the location of surface faulting has been mapped along 
each fault trace.  Attached to that trace is a location error based on the uncertainty of 
the exact location of the fault plane with respect to the fault scarp, and the media 
used, e.g. LiDAR, to capture the line on a map.  In addition to this a ±20 metre 
setback is added to create the full Fault Avoidance Zone. 

 
• Most of the faults in the study area are considered to be reverse, dip-slip faults, i.e. 

the fault dip is shallow to moderate.  This probably creates an asymmetric band of 
deformation related to surface faulting with more deformation on the upthrown side 
(hangingwall block) compared to the downthrown side (footwall block). 

 
• For Land Use and Life Safety purposes, the “MfE Guidelines” focus on the location 

and characterisation of faulting, and in addition, in the characterisation of the 
recurrence interval of faulting, and the building importance category (BIC) of built 
structures with respect to their building zonation.   

 
• We have undertaken some reconnaissance mapping and trenching to confirm fault 

locations in key areas.  Trenches were excavated in Otane borough and near 
Waipawa to determine the recurrence interval of the Otane and Waipawa traces, 
respectively. As these trenches have thus far provided no new recurrence interval 
data, we have undertaken a re-assessment of published recurrence interval data.  

 
• For the purposes of the MfE Guidelines, we ascertain that the recurrence interval 

class for the Poukawa Fault Zone (PFZ), based on trenches at Argyll Road is RI 
Class III, i.e. >3000-≤5000 years.  It is likely that the recurrence interval of individual 
elements within the PFZ, e.g. the Otane trace of the PFZ, is not less than this range.  
As the Waipukurau (WFZ) and Tukituki Fault Zones (TFZ) have similar characteristics 
to the PFZ and occur along or across strike from it, that they have a similar 
recurrence interval.  Therefore, we also assign a recurrence class III status to the 
WFZ and TFZ. 

 
• According to the MfE Guidelines, for Recurrence Interval Class III faults in a 

“Greenfield” setting, BIC 1 and 2a structures should be permitted activities, while BIC 
2b structures have a discretionary or non-complying (when well-defined) activities.  
For developed or already subdivided areas, the resource consent activity status is 
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less stringent.  In these situations, BIC 1, 2a and 2b structures should be permitted 
activities, while BIC 3 structures have a discretionary or non-complying (when well-
defined) activities.  In both the Greenfield and developed cases, BIC 4 is a non-
complying activity for RI class III faults.  In most cases the zoned urban areas of 
Otane, Waipawa and Waipukurau would be considered as developed or already 
subdivided areas and not “Greenfield” in status. 

 
• The figures displayed in this text, i.e. 1:20,000 scale, are not to be used for planning 

purposes – the GIS contains the relevant fault location information at the scale we 
consider applicable for cadastral purposes, i.e. c. 1:5000. 

 
Further to this summary, we recommend that: 
 

• Our new mapped fault locations and Fault Avoidance Zones be adopted by the 
Central Hawke’s Bay District Council for planning purposes.  They are of an 
appropriate scale (cadastral; 1:5000) and are in keeping with the tenets of the 
Ministry for the Environment Guidelines. 

 
• In general, that the tenets of the Ministry for the Environment’s Guidelines (Planning 

for Development of Land on or Close to Active Faults; Kerr et al. 2003) be adopted by 
all district councils in the Hawke’s Bay region. 

 
• Other zones of faulting with BIC Class III or less in Central Hawke’s Bay District, be 

considered for future fault mapping.  These include areas around the study area that 
we were not able to covered during this work, and the Mohaka (RI Class I) and 
Ruahine faults (RI Class II) in the western part of the district. 

 
• Some further paleoseismic work should be undertaken in future years.  Priorities in 

this area include: (i) an extension of Waipawa-2 trench excavated in 2006 to confirm 
and date episodes of surface faulting and to determine a recurrence interval based on 
OSL dates; (ii) OSL dates from exposures in and around Waipukurau to confirm the 
assigned ages given to alluvial terraces there; (iii) trench investigation of fresh fault 
scarps of the Papanui trace of the Tukituki Fault Zone to test whether they could have 
ruptured in the 1863 “Waipukurau” earthquake. 

 
• HBRC LiDAR data was crucial to the success of this study and should be made 

available for future fault mapping exercises such as this one 
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APPENDICES 

APPENDIX 1 – MfE Tables 

Table 6. Example of relationships between Resource Consent Category, Building Importance Category, 
Fault Recurrence Interval Class, and Fault Complexity for developed and/or already subdivided sites, based on 
the MfE Guidelines (for detail see Kerr et al 2003). 

Developed and/or Already Subdivided Sites 
Fault Recurrence Interval Class I # 

(average recurrence interval ≤2000 years) 

Building 
Importance 
Category 

1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted Non-
Complying 

Non-
Complying 

Non-
Complying 

Prohibited 

Distributed, & 
Uncertain - 
constrained 

Permitted Discretionary Non-
Complying 

Non-
Complying 

Non-
Complying 

Uncertain -  
poorly constrained 

Permitted Discretionary Non-
Complying 

Non-
Complying 

Non-
Complying 

Fault Recurrence Interval Class II 
(average recurrence interval >2000 years to ≤3500 years) 

Building 
Importance 
Category 

1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted Permitted* Non-
Complying 

Non-
Complying 

Prohibited 

Distributed, & 
Uncertain - 
constrained 

Permitted Permitted Discretionary Non-
Complying 

Non-
Complying 

Uncertain -  
poorly constrained 

Permitted Permitted Discretionary Non-
Complying 

Non-
Complying 
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Fault Recurrence Interval Class III§ 

(average recurrence interval >3500 years to ≤5000 years) 

Building 
Importance 
Category 

1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted Permitted* Permitted* Non-
Complying 

Non-
Complying 

Distributed, & 
Uncertain - 
constrained 

Permitted Permitted Permitted Discretionary Non-
Complying 

Uncertain -  
poorly constrained 

Permitted Permitted Permitted Discretionary Non-
Complying 

Fault Recurrence Interval Class IV 
(average recurrence interval >5000 years to ≤10,000 years) 

 

Building 
Importance 
Category 

1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted Permitted* Permitted* Permitted* Non-
Complying 

Distributed, & 
Uncertain - 
constrained 

Permitted Permitted Permitted Permitted Non-
Complying 

Uncertain -  
poorly constrained 

Permitted Permitted Permitted Permitted Non-
Complying 

Notes: 
#   No faults of Recurrence Interval Class I or II have been identified in CHB District, as part of this 

study. 
* - Indicates that the Resource Consent Category is permitted, but could be controlled or 
discretionary given that the fault location is well defined. 
§ - this recurrence interval class is applicable to all of the faults in this study. 
Italics: The use of italics indicates that the Resource Consent Category of these categories is more 

flexible. For example, where discretionary is indicated, controlled may be considered more 
suitable by Council, or vice versa. 
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Table 7. Example of relationships between Resource Consent Category, Building Importance Category, 
Fault Recurrence Interval Class, and Fault Complexity for Greenfield sites, based on the MfE Guidelines (for more 
detail see Kerr et al. 2003). 

Greenfield Sites 
Fault Recurrence Interval Class I # 

(average recurrence interval ≤2000 years) 
Building Importance 

Category 
1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted 
Non-Complying 

Non-Complying Non-Complying Prohibited 

Distributed, & 
Uncertain - constrained 

Permitted Discretionary Non-Complying Non-Complying Non-Complying 

Uncertain -  
poorly constrained 

Permitted Discretionary Non-Complying Non-Complying Non-Complying 

Fault Recurrence Interval Class II 
(average recurrence interval >2000 years to ≤3500 years) 

Building Importance 
Category 

1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted Non-Complying Non-Complying Non-Complying Prohibited 

Distributed, & 
Uncertain - constrained 

Permitted Discretionary Non-Complying Non-Complying Non-Complying 

Uncertain -  
poorly constrained 

Permitted Discretionary Non-Complying Non-Complying Non-Complying 

Fault Recurrence Interval Class III 
(average recurrence interval >3500 years to ≤5000 years) 

Building Importance 
Category 

1 2a 2b 3 4 

Fault Complexity Resource Consent Category 

Well Defined Permitted Permitted* Non-Complying Non-Complying Non-Complying 

Distributed, & 
Uncertain - constrained 

Permitted Permitted Discretionary Discretionary Non-Complying 

Uncertain -  
poorly constrained 

Permitted Permitted Discretionary Discretionary Non-Complying 
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Fault Recurrence Interval Class IV 

(average recurrence interval >5000 years to ≤10,000 years) 
Building Importance Category 1 2a 2b 3 4 

Fault Complexity Activity Status 

Well Defined Permitted Permitted* Permitted* 
Non-
Complying 

Non-
Com
plyin
g 

Distributed, & 
Uncertain - constrained 

Permitted Permitted Permitted Discretionary Non-
Com
plyin
g 

Uncertain –  
poorly constrained 

Permitted Permitted Permitted Discretionary Non-
Com
plyin
g 
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