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ABSTRACT  

Active faults in rifts commonly provide high crustal permeability and control geothermal fluid pathways. However, active faults 

can also pose surface deformation hazards to geothermal power plants and associated infrastructure. The New Zealand Ministry for 

the Environment (MfE) guidelines recommend avoidance of active faults for construction of new buildings based on building 

importance and the rate of fault activity. Power plants, which are classed as óhigh Building Importance Categoryô, are permitted on 

faults with a rupture recurrence interval greater than 10,000 years.  

We present a site feasibility study for the Te Mihi Power Plant (Wairakei Geothermal Field), used to determine if there is recent 

major active faulting at the proposed site. The initial Power Plant site was proposed in an area exhibiting complex surface patterns 

of active faults with two closely spaced (few metres to hundreds of metres), intersecting, normal fault sets. Detailed aerial photo 

review and field mapping was undertaken to improve the accuracy of previously mapped fault traces, and to potentially identify 

previously undocumented faults. Fault scarps were assigned different geomorphic expression (from ñclearò to ñinferredò).  

In the study area, recurrence intervals of active faulting can be difficult to estimate because fault scarps are frequently blanketed by 

tephra from late Quaternary eruptions of the nearby Taupo caldera, and detailed paleoseismic studies are absent. Because of the 

potential burial of geomorphic fault scarps, GPR surveys and paleoseismic trenching were carried out to investigate the apparent 

lack of active faulting at the plant footprint, and to better understand fault activity rates close to the newly proposed Power Plant 

site. Displacements of several post-25 ka tephra marker horizons, and fault planes, were analysed in the trench to assess the 

presence or absence of recent fault activity, and to calibrate the reflectors observed in the GPR images. The trench study also 

allowed accurate estimation of fault slip rate and recurrence interval. 

This study has provided a first calibration for a correlation between geomorphic expression of faults and fault activity in this area. 

The study revealed that: a) some of the subtle features initially suspected as fault scarps were indeed active faults; b) deep 

paleoseismic excavations are needed in sites located in close proximity to frequently active volcanoes (due to thick cover beds) 

even when assessing faults with clear geomorphic expression; and c) GPR is useful when assessing activity of faults with large 

offsets (in this area, usually faults with recurrence interval less than 5,000 years), but the resolution of GPR might not allow 

evaluation of minor faulting which should then be assessed at the site during construction. This investigation allowed the Te Mihi 

Power Plant to be re-sited in an area outside the identified construction-avoidance envelope that conformed to the recommendations 

of the MfE guidelines. 

1. INTRODUCTION  

In the Wairakei Geothermal Field (Fig.1), active deformation along a series of closely spaced,  NE-SW trending, high-angle, 

normal faults provides and maintains fluid pathways in competent rock (greywacke, lava, welded ignimbrite), allowing fluids at 

shallow levels to move into unconsolidated pyroclastic and sedimentary units (Rosenberg et al., 2009; McLean and McNamara, 

2011; Massiot et al., 2013). Whilst these conditions are ideal for geothermal energy development, these active faults can also pose 

surface deformation hazards to geothermal power plants and associated infrastructure.   

The New Zealand Ministry for the Environment (MfE) guidelines for development of land on or close to active faults (Kerr et al., 

2003) recommends avoidance of active faults for construction of new buildings and is an important consideration when siting and 

constructing infrastructure in geothermal fields.. The MfE guidelines adopt a life-safety approach in which buildings are classified 

based on their importance (power plants are classed as critical facilities, i.e., high Building Importance Category). The hazard posed 

to infrastructure by fault rupture is quantified using two parameters: a) fault location (extent of deformation), and b) the average 

recurrence interval of surface rupture (rupture recurrence interval, RI; Table 1). MfE guidelines allow power plant construction on a 

faults that have a RI >10,000 years.  As a consequence appropriate investigations of fault locations and their potential rupture 

recurrence intervals are essential when determining the suitable location of buildings.  
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Table 1. Rupture Recurrence Interval (RI) Classes (defined in Kerr et al., 2003). 

Recurrence interval class Average fault recurrence interval of surface rupture  

I Ò2,000 years 

II  >2,000 years to Ò3,500 years 

III  >3,500 years to Ò5,000 years 

IV >5,000 years to Ò10,000 years 

V >10,000 years to Ò20,000 years 

VI >20,000 years to Ò125,000 years 

Active faulting studies, including detailed geomorphological mapping of fault scarps and excavation of paleoseismic trenches, in 

conjunction with Ground Penetrating radar (GPR) surveys have been undertaken both in New Zealand and worldwide to assess 

active faulting parameters (e.g., Salvi et al., 2003; McClymont et al., 2009, and references therein). Excavation of paleoseismic 

trenches remains the most accurate approach to assess fault activity because detailed fault parameters such as co-seismic 

displacement, and timing of individual fault rupturing events (required to estimate recurrence interval and past earthquake 

magnitudes) are more accurately obtained when the fault plane and displaced geological formations are exposed. However, while 

less accurate, shallow subsurface  geophysical techniques, such as GPR, can add complementary and crucial information such as 

presence of active faults that do not have surface expression (that is no fault scarp is exposed), and/or  total displacement of deeper 

geological formations that can help in assessing long-term fault slip rates and/or progressive displacement (that is if deeper layers 

have more displacement than shallower layers, which indicates occurrence of fault rupture in events prior to deposition of the 

shallower layers). GPR is also a cost-effective and non-invasive technique that is especially useful on large study sites, or if 

excavations will modify the ground in a way that will affect future use of the land. When used in conjunction, these techniques 

provide a very powerful method for active faulting characterisation. For example, ages can be assigned to GPR reflectors from 

trench observations and the preliminary characterisation of a faults activity can be drawn from the GPR images.  

 

Figure 1.  Location of the Wairakei Geothermal Field (resistivity boundary for the Wairakei-Tauhara geothermal system as 

defined by Risk et al., 1984) and Te Mihi Power Plant within the Taupo Volcanic Zone (TVZ) and local active faults. To the 

north, the local rift segment is formed by the Orakonui, Orakeikorako, Puketerata, Lake Ohakuri and Tuahu faults that 

bound a single graben structure. The inferred accommodation zone and rift axes of Rowland and Sibson (2001) are shown.��


