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SUMMARY
To advance understanding of the constraints and mechanisms that control the flow of fluids and heat through the upper
crust of the Taupo Volcanic Zone (TVZ), an array of 220 broadband MT measurements were collected from 2009 to
2012. 2-D and 3-D inversion models of subsets of these MT data have shown quasi-vertical, ‘plume-like’ zones of low
resistivity that rise from an inferred magmatic zone below the brittle-ductile transition (~7 km depth) and connect to
near-surface geothermal systems. The most plausible interpretation of these low-resistivity zones is that they represent
hot-fluids, convectively transporting heat upwards through the brittle crust. While these MT inversion models strongly
support the long-standing model of hydrothermal convection in the TVZ, variations between models suggest that heat
flow and mass transport is more 3-D than previously thought. While computationally demanding, the 3-D inversion
code WSINV3DMT is used to invert subsets of these array MT data.
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INTRODUCTION
The Taupo Volcanic Zone (TVZ), located in the North
Island of New Zealand, is a rifted arc that for the past
~0.34 Ma marks the most productive silicic volcanic
system on Earth [Wilson et al., 1995]. Within the
central, rhyolitic part of the TVZ, 23 high-temperature
geothermal systems have been found, several of which
have been developed to a maximum depth of 3 km and
provide ~14% of New Zealand’s electricity demand.
However, the current New Zealand Energy Strategy
includes a target of 90% electricity supply from
renewable resources by 2025. In the long-term, to
achieve this goal will, in part, require geothermal energy
production from depths greater than 3 km, where
temperatures may approach 400°C.
In 2008, the government of NZ funded an integrated
research project to guide future deep exploration in the
TVZ, and to better understand the constraints and
mechanisms that control the flow of fluids and heat at 37 km depth (ie. within the brittle crust). A major
component of this project included the acquisition of 220
MT sites at 2 km spacing (Figure 1) to provide a
comprehensive picture of the 3-D conductivity structure
down to the brittle-ductile transition at ~7 km.
In this paper we describe the MT data collection,
dimensionality and inversion results. 3-D inversion
models are presented that image narrow, vertical zones
of low-resistivity. These low-resistivity zones are
interpreted to represent the hydrothermal convection
plumes described by Bibby et al. [1995] that connect
surface geothermal systems to an inferred magmatic heat
source that lies below the brittle-ductile transition.

Figure 1. Map of MT array data collected (red dots)
and planned (blue dots) in the south-eastern Taupo
Volcanic Zone. Yellow dot shows the remote reference
location. The background digital elevation model is
overlain by the DC apparent resistivity map [Bibby et
al., 1995] that correlates low resistivity zones to
geothermal systems: TH – Tauhara, WK – Wairakei,
RK– Rotokawa, MK Mokai, NM– Ngatamariki, OK–
Orakei Korako, OH – Ohaaki, TK – Te Kopia, AM –
Atiamuri, RP – Reporoa, WW – Waiotapu Waikiti, and
WM – Waimungu. Yellow lines show collapsed caldera
boundaries [Wilson and Leonard, 2008], the black
dashed line outlines the Maroa volcanic centre, and the
pink dashed lines the eastern boundary of the TVZ after
Wilson et al. [1995].

Bertrand et al., 3D MT inversion for geothermal exploration
MT DATA COLLETION
Broadband (0.01 - 1000 s) MT data were recorded for 2
nights duration at 204 locations in the southeastern TVZ
from 2009 to 2010. In March 2012, an additional 17 MT
measurements were collected to fill a gap in the existing
array. Measurements were made at ~2 km intervals on a
series of profiles that form a NW-SE rectangular array
(25 x 35 km) and extend from the central rift axis to the
southeastern rift margin (red dots in Figure 1). These
profiles are oriented perpendicular to the dominant
geological and geoelectric strike directions of the TVZ
[i.e. N45°E; Heise et al., 2007]. Robust processing of the
measured time-series data using a remote reference to
reduce local electromagnetic noise resulted in highquality MT soundings at most sites occupied. In 2013
and 2014, additional MT measurements are planned that
will extend our existing array across the northwest
margin of the TVZ (blue dots in Figure 1).
MT DATA DIMENSIONALITY
Prior to inversion modeling, the dimensionality of MT
data must be assessed to determine if a 1-D, 2-D or 3-D
approach is required. The MT phase tensor [Caldwell et
al., 2004] provides an effective tool to assess
dimensionality that does not make any a priori
assumptions regarding the regional resistivity structure.
Maps of phase tensor ellipses show an overall 2-D nature
of the resistivity structure in our study region with a
geoelectric strike ~N45°E. However, clear evidence of
3-D structure is also revealed [Bertrand et al., 2012].

Figure 2. 3-D models of the full MT impedance tensor
data for (a) profiles I, J and K through Ohaaki (OH) and
(b) profiles B, C and D through Rotokawa (RK), as
shown in Figure 1. A resistivity cut-off is used to permit
a 3-D view of the vertical (RK) and offset to the
northwest (OH) low-resistivity plumes that connect to
the surface geothermal fields [Bertrand et al., 2012].

Induction vectors (calculated from ratios of the vertical
to horizontal magnetic field components) provide an
independent constraint on MT data dimensionality
[Parkinson, 1962]. Specifically, for 2-D structure,
induction vectors should point perpendicular to the
geoelectric strike. At long periods (ie. >100 s) for nearly
all sites in our array, induction vectors point northeast,
and indicate a regional-scale 3-D induction effect. Since
both the MT phase tensors and induction vectors reveal
3-D electrical structure, the most appropriate modeling
approach for this MT dataset requires a 3-D algorithm.
MT INVERSION MODELING
The 3-D MT inversion algorithm WSINV3DMT
[Siripunvaraporn et al. 2005] was used to initially invert
the impedance tensor data collected on profiles B, C, and
D through the Rotokawa geothermal system, and for
profiles I, J and K through the Ohaaki geothermal
system (Figure 1). For each model, 18 periods were
inverted, using 4 periods per decade between 0.01 and
1000 s. Error floors were assigned to 20% for the
diagonal and 10% for the off-diagonal impedance
elements. The model mesh comprised 500 m cell widths
between the stations, resulting in x, y, and z dimensions
of 46, 98 and 44, respectively.

Figure 3. DC apparent resistivity map showing circles
at sites used in the 3-D modeling that are filled with the
model resistivity value at 250m. Excellent agreement
indicates that the 3-D model is correctly recovering the
near-surface resistivity structures, and is not strongly
influenced by static shift effects or topography that are
not accounted for in the 3-D inversion algorithm.
Inversion models ran to convergence using ~12-15 Gb of
RAM, and resulted in r.m.s. misfits of 1.1 for both the
Rotokawa and Ohaaki models shown in Figure 2. Note
that this inversion algorithm does not include static shift
or topographic variations, however the model
resistivities at 250 m depth agree well with the DC

Bertrand et al., 3D MT inversion for geothermal exploration
apparent resistivity values [Bibby et al., 1995]
suggesting that static and topographic effects are not
significant for these data (Figure 3).
The 3-D models shown in Figure 2 confirm the existence
of low-resistivity zones that connect the near-surface
hydrothermal systems at Rotokawa (vertical) and Ohaaki
(offset to the north-west) to a low-resistivity layer at 7–8
km depth. These resistivity models image for the firsttime connections between the shallow (upper 3 km) parts
of the known hydrothermal systems and their deeper
underlying heat source [Bertrand et al., 2012].
CONCLUSIONS
Initial 3-D inversion models of subsets of our MT array
show vertical, low-resistivity zones that support a model
of hydrothermal convection within the brittle crust of the
TVZ. Although computationally challenging with
WSINV3DMT, we are presently inverting much more
comprehensive subsets of these data (up to 170 stations
at once).
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