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ABSTRACT: All known active faults in the Kapiti Coast District have been mapped
according to the methodology presented in the Ministry for the Environment’s Interim
Guidelines on planning for development of land on, or close to active faults. Fault
Avoidance Zones are defined along all the faults based on the rupture complexity of the
fault, and the precision to which its location can be constrained. These zones range in
width from about 40 m to greater than 300 m, and are attributed as well defined,
distributed, uncertain - constrained, or uncertain - poorly constrained. Based on existing
data, a Recurrence Interval Class (RIC) is defined for each fault: Ohariu & Northern
Ohariu faults, RIC II (>2000 to ≤3500 yrs); Gibbs & Otaki Forks faults, RIC III (>3500
to ≤5000 yrs); SE Reikorangi fault, RIC IV (>5000 to ≤10,000 yrs). Building Importance
Category is used to characterise building type, and a hierarchical relationship is
established between Building Importance Category and RIC, such that the greater the life-
safety importance of a structure, the longer the fault avoidance RIC. By linking Building
Importance Category and development status of a site (i.e. previously developed site, or
undeveloped site) with RIC and Fault Avoidance Zones, a matrix of risk-based Resource
Consent Categories (e.g. permitted, discretionary, non-complying) is defined to facilitate
the mitigation of surface rupture hazard and assist in the responsible development of land
on, or close to the active faults in the Kapiti Coast District.

1 INTRODUCTION

The Kapiti Coast District is the fastest growing area in the Wellington region, and is traversed by five
active faults (Ohariu, Northern Ohariu, Gibbs, Otaki Forks & SE Reikorangi faults; Fig. 1). In
recognition of the surface rupture hazard posed by these faults, Kapiti Coast District Council (KCDC)
and Greater Wellington commissioned the Institute of Geological & Nuclear Sciences (GNS) to: a)
more accurately define the location of the active faults in the district, and b) present the fault location
results in GIS format and in a fashion wholly compatible with the Interim Guidelines recently
published by the Ministry for the Environment (MfE) on planning for development of land on, or close
to active faults (Kerr et a1. 2003; copies of the Interim Guidelines are available at the MfE and
Quality Planning websites, www.mfe.govt.nz & www.qp.org.nz, respectively). Ultimately, Kapiti
Coast District Council’s goal is to formulate and implement appropriate, risk-based controls within its
District Plan pertaining to development in areas on, or close to active faults in the district.

This paper is a brief summary of the comprehensive fault mapping and rupture hazard mitigation study
prepared for Kapiti Coast District Council (Van Dissen & Heron 2003; copies available at the KCDC
website, www.kcdc.govt.nz). The KCDC study represents the first application of the MfE Interim
Guidelines. The purpose of this paper is to outline the methodology used in this study, to present
examples of the results, and to hopefully demonstrate the utility of the MfE Interim Guidelines with
regards to mapping active faults for the purpose of mitigating surface rupture hazard.

2 METHODS & RESULTS

The methodology outlined in the MfE Interim Guidelines was used in this study. The main steps in the

http://www.mfe.govt.nz/
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process were:

• identifying all known active fault traces, and related features, in the Kapiti Coast District

• mapping and defining the positional coordinates of the fault traces, and related features

• classifying all parts of a fault in terms of the Fault Complexity of surface rupture

• defining Fault Avoidance Zones for each of these parts

• determining the average recurrence interval of surface rupture faulting (i.e. Recurrence
Interval Class) for each fault (see Tables 2 & 3)

These data were then combined with standard tables for Building Importance Category (see Table 1)
and development status (see Table 2) to recommend appropriate Resource Consent Categories for
proposed development of land on, or close to, active faults in the Kapiti Coast District (see Table 4).

Figure 1. Active faults in the Kapiti Coast District. From west to east these include the Ohariu, Northern Ohariu,
Gibbs, Southeast Reikorangi, and Otaki Forks faults.

2.1 Identification of active fault traces

Details of known active fault features within the Kapiti Coast District were obtained from a number of
sources, including: published papers (see Van Dissen & Heron 2003 for complete reference list),
unpublished GNS Science and Client reports, drill hole data, the Kapiti Coast District Plan, and the
authors’ (RVD & DH) first-hand knowledge of the geology and active faulting in the district. This
information was supplemented with air photo interpretation of the district using commercially flown
vertical aerial photography dating from 1945 (pre-subdivision) to the present (approximate scales
ranging from 1:16,000 to 1:40,000), as well as purpose-flown low level vertical and oblique aerial
photography along the Ohariu, Northern Ohariu and Gibbs faults (approximate scale of 1:4000).

KCDC supplied two sets of digital orthophotography for this work. The urban area is covered by
colour photography with a pixel resolution of 0.25 m and an accuracy of ±0.25 m. The rural area is
covered by black & white photography with a pixel resolution of 1 m and an accuracy of ±3 m.

2.2 Capture of fault feature coordinates

The identified fault-generated features, such as fault scarps, guided drainages, crush zones, and
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aligned saddles are point or line features that assist in locating the position of faults (e.g. Fig. 2). The
accuracy with which the location of a fault feature can be captured into a database is influenced by two
types of uncertainty. The first is the uncertainty associated with how accurately the feature can be
located on the ground, including how precisely the feature defines the location of fault rupture. The
second is the uncertainty associated with capturing that position into the database.

Figure 2. An example showing mapped fault features, both lines and points, and associated accuracy, from the
Ohariu fault at MacKays Crossing. In the north a damaged spur (A) is located with an accuracy of ±25 m. Some
400 m to the south a series of aligned springs (B) are located with a similar accuracy. A well defined scarp (C)
seen on air photos was captured with an accuracy of ±5 m. Surveying of the scarp at a number of locations
(D,E,F) reduced this uncertainty. In one location (E), where the fault scarp has a very subtle expression,
trenching and surveying allowed precise location of the fault. To the south (G), where the fault has a subtle
expression, the location could not be accurately captured from either the air photos of by surveying, and is
recorded as approximate with an accuracy of ±10 m.

In limited instances, active faults and fault-related features have been located precisely as, for
example, in trenches that have been excavated across the Ohariu fault. GPS and traditional survey
techniques have been used to locate and capture the positions of these features to an accuracy of ±0.1
m, and they are attributed as surveyed in the GIS database. More typically, however, once a fault
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feature was identified on the ground, or on air photos, whether the feature be distinct or otherwise, its
position was captured/defined using the KCDC orthophotography. Where the fault feature is sharp and
distinct, and could also be clearly seen on the KCDC orthophotography, the accuracy of the captured
location of these features is considered to be ±5 m and they are attributed as distinct in the database.
Where the fault feature is either less distinct, and/or not clearly visible on the KCDC
orthophotography, the accuracy of the captured location of the features is considered to be either ±10
m (approximate) or ±25 m (estimated) depending on our subjective assessment as to our ability to
constrain the location of the feature on the KCDC orthophotography. (See Figure 2 for examples).

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 scarp, 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.

2.3 Fault Complexity of surface rupture

Surface rupture Fault Complexity is an important parameter used in defining 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 is therefore less within a zone of
distributed deformation than within a narrow well defined zone. The fault feature data compiled for
the Kapiti Coast were used to categorise the fault rupture complexity for all parts of each active fault
in the district. The Fault Complexity terms, and definitions, used in this study are listed below.

Well defined & well defined - extended: fault rupture deformation is well defined and of limited
geographic width (e.g. metres to tens of metres wide), including areas where fault rupture deformation
has been either buried or eroded over short distances but its position is tightly constrained by the
presence of nearby distinct fault features.

Distributed & uncertain - constrained: The location of fault rupture deformation can be constrained
to lie within a relatively broad geographic width (e.g. tens to hundreds of metres wide). Distributed
Fault Complexity applies to areas where fault rupture deformation is distributed over a relatively
broad, but defined, geographic width (e.g. tens to hundreds of metres wide), typically as multiple fault
traces and/or folds. Uncertain - constrained Fault Complexity applies to areas where the location of
fault rupture is uncertain because evidence has been either buried or eroded but where the location of
fault rupture can be constrained to a reasonable geographic extent. In this study, we chose 300 metres
as the maximum width of a region that is mapped as uncertain - constrained.

Uncertain - poorly constrained: the location of fault rupture deformation is uncertain and cannot be
constrained to lie within a zone less than 300 m wide, usually because evidence of deformation has
been either buried or eroded away, or the features used to define the fault’s location are widely spaced
and/or very broad in nature.

2.4 Defining Fault Avoidance Zones

As is suggested in the MfE Interim Guidelines, a Fault Avoidance Zone is created by defining a 20 m
buffer around the likely fault rupture zone. We have done this for all the active faults in the Kapiti
Coast District, and have attributed each Fault Avoidance Zone in the GIS database as either well
defined, distributed, uncertain - constrained, or uncertain - poorly constrained according to the fault
complexity of the zone. Collectively, Figures 2 & 3 provide a detailed example of the relationship
between the position of mapped fault features and the subsequent definition of Fault Avoidance Zones
for a stretch of the Ohariu fault near MacKays Crossing. Van Dissen & Heron (2003) present similar
figures for all the active faults in the district.

2.5 Building Importance Category

The MfE Interim Guidelines define five Building Importance Categories (Table 1) based on accepted
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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 and the need to
locate these wisely.

Figure 3. Fault Avoidance Zones developed for the Ohariu fault at MacKays Crossing based on the mapped fault
features depicted in Figure 2. The text boxes on the figure show the Resource Consent Categories (see Table 4)
associated with two of the zones depending on Building Importance Category (see Table 1) and the site’s
development status (i.e. developed or greenfield). The dark blue Fault Avoidance Zone is associated with the
Gibbs fault which, in this locality, is classified as uncertain – poorly constrained.

2.6 Relationship between Building Importance Category and fault Recurrence Interval Class

In the MfE Interim Guidelines, 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. Typically, a fault with a long recurrence interval poses
less of a hazard than one with a short recurrence interval. In the MfE Interim Guidelines, active faults
are grouped according to Recurrence Interval Class (Table 2) such that the most hazardous faults, i.e.
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those with the shortest recurrence intervals, are grouped within Recurrence Interval Class I. The next
most hazardous faults are those within Recurrence Interval Class II, and so on.

Table 1. Building Importance Categories and representative examples.

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 Build-
ings”

• Multi-occupancy residential, commercial, and industrial build-
ings 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
• 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

Table 2. Relationships between Recurrence Interval Class, average recurrence interval of surface rupture,
and Building Importance Category for previously subdivided and greenfield sites.

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
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The MfE Interim 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. 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 RMA mean that where an existing building over a fault is damaged, it can
be rebuilt, even after the hazard has been identified.

2.7 Defining Fault Recurrence Class for the active faults in Kapiti Coast District

Table 3 lists the Recurrence Interval Class assigned to each active fault in the Kapiti District. These
classes are assigned based on existing data relevant to the fault’s recurrence interval (see Van Dissen
& Heron 2003 for more detail).

Table 3. Recurrence Interval Classes of known active faults within Kapiti Coast District.

Fault Name Recurrence Interval
Class

Recurrence Interval Range of
Recurrence Interval Class

Confidence of Recurrence
Interval Classification

Ohariu fault Class II >2000 years to ≤3500 years Medium*
Northern Ohariu fault Class II >2000 years to ≤3500 years Low*
Otaki Forks fault Class III >3500 years to ≤5000 years Low*
Gibbs fault Class III >3500 years to ≤5000 years Low*
SE Reikorangi fault Class IV >5000 years to ≤10,000 years Low*
*As defined in the MfE Interim Guidelines:
Medium confidence of recurrence interval classification is assigned to an active fault when the range of uncertainty

of the fault’s recurrence interval embraces a significant portion (>~25%) of two Recurrence Interval Classes.
The mean of the uncertainty range typically determines into which Recurrence Interval Class the fault is placed.

Low confidence of recurrence interval classification is assigned to a fault when the range of uncertainty of the
fault’s recurrence interval embraces a significant portion of three or more Recurrence Interval Classes (e.g.
Northern Ohariu fault), or when there are no fault-specific data available for the fault to enable an estimation of
its fault-specific recurrence interval (i.e. Recurrence Interval Class is assigned based only on subjective
comparisons with other better studied faults) (e.g. Otaki Forks, Gibbs, and SE Reikorangi faults).

2.8 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 2. Table 4 presents an example for the
Ohariu & Northern Ohariu faults of how these interrelationships are expanded to incorporate Fault
Complexity, and also provides examples of Resource Consent Category recommendations for various
combinations of Recurrence Interval Class, Fault Complexity, Building Importance Category and
development status. Van Dissen & Heron (2003) present similar tables for the other active faults in the
district.

Determining the appropriate Resource Consent Category for different combinations of Recurrence
Interval Class, Fault Complexity, Building Importance Category, and development status 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,
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by requiring sites to be subject to requirements such as to the use, bulk, location and foundations of
any structure.

The Council will want to apply Resource Consent Categories depending upon their own
circumstances. The principal issue is to ensure that the Council has the ability to address the issues of
fault rupture hazard 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
can 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, Building Importance Category, and
development status relevant to that site.

Table 4. Examples of Resource Consent Category for both developed and/or already subdivided sites, and
greenfield sites along the Ohariu fault and Northern Ohariu fault accounting for various combinations of

Building Importance Category, and Fault Complexity.

OHARIU FAULT and NORTHERN OHARIU FAULT
(based on Fault Recurrence Interval Class II,  >2000 to ≤3500 years)

Developed and/or Already Subdivided Sites
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

Greenfield Sites
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 Controlled Discretionary Non-Complying Non-Complying

* 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 of these categories is more flexible. For example,
where discretionary is indicated, controlled may be considered more suitable by Council, or vice versa.

3 CONCLUSIONS

Fault Recurrence Interval Class, and Fault Avoidance Zones based on Fault Complexity have been
defined for all known active faults in the Kapiti Coast District. These fault rupture hazard parameters,
when brought together with Building Importance Category and development status of the site enable a
risk-based approach to be taken when making planning decisions about development of land on, or
close to active faults. Through an understanding of the interrelationships between these key parameters
it is possible to develop consistent, risk-based objectives, policies, and methods in district plans to
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guide land-use and development of land that may be impacted by surface rupture faulting.
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