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SUMMARY
Magnetotelluric (MT) data from the northern half of a 120 km long segment of the Alpine Fault show that an
electrically-conductive zone is present at the down-dip extension of the fault. This zone is interpreted to show a zone
of ductile shear containing fluid. While the conductive zone is clearly discernible in the MT phase response from the
northern part of the fault segment, the phase response is markedly different in the south showing that the conductivity
structure must vary significantly along strike.
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INTRODUCTION
The Alpine Fault on the West Coast of New Zealand’s
South Island, an 800 km long strike-slip fault, separates
continential rocks of widely different age and strength
on the Pacific- and Australian-Plates. The present day
velocity field has components of ~40 and 10 mm/yr
parallel and perpendicular to the fault, respectively. This
oblique continential-collision has resulted in the uplift of
the Southern Alps in the region south-east of the fault
(Fig. 1).

Paleo-seismic evidence suggests that large (Mw > 7)
earthquakes rupture the fault approximately every 300
years [Berryman et al., 2012]. The late Quaternary
motion recorded in the geological record accounts for
~75 % of the inter-plate motion. The remainder of the
motion is accommodated by crustal thickening and
distributed strain southeast of the fault [Beavan et al.,
2007].

Figure 1. Location map. The Alpine Fault can be seen as the sharp break in the topography. Measurement sites
recorded during the SIGHT project (see text) are shown in green. More recent measurements using Phoenix
Geophysics recorders made in 2003, 2005 and 2011 are shown in blue, cyan and red, respectively. The HVDC
transmission line (see text) is ~75 km southeast of the Alpine Fault outside the area shown in the figure.

Caldwell et al., Conductivity structure of the Alpine Fault

Immediately south-east of the surface fault-trace,
mylonite and highly-deformed, garnet-amphibolite schist
(Fig. 2) from the ductile shear zone beneath the
seismogenic portion of fault are exposed [Norris and
Cooper, 2007].

Figure 2. Amphibolite-garnet schist collected adjacent
to the Alpine Fault. Note the ductile flow texture and
high degree of lamination.
In actively deforming regions, shear strain in the ductile
region of the crust is expected to promote the electrical
interconnection of any fluid present and thus should be
significantly more electrically conductive than their
surroundings.
Magnetotelluric (MT) measurements across the Alpine
Fault during the SIGHT project [Wannamaker et al.,
2002; Jiracek et al., 2007] showed that a conductive
zone is present in the mid-crust at the down-dip
projection of the fault, which is thought to dip at ~45° to
the southeast. Wannamaker et al. also argue that the
conductivity in this zone is anisotropic. The conductive
zone is most plausibly interpreted as a ductile shear zone
beneath the seismogenic part of the fault and is evidence
for the existence of fluid.
Here we present new MT data from a 120 km long
segment of the Alpine Fault (Fig. 1) from the region
where the uplift and deformation rates are greatest.
MT DATA ACQUISITION
MT data were first collected in this region of the Alpine
Fault during late 90’s as part the ‘SIGHT project’
[Wannamaker et al. 2002, Jiracek et al. 2007]. These
data were collected using the University of Utah MT
system. Subsequent data collection in 2003, 2005 and
2010 used GPS-synchronized Phoenix-Geophysics MT
data-acquisition systems. Measurement sites in
mountainous areas were deployed by helicopter.

All data were processed using remote-reference
processing techniques [Gamble et al., 1979].
Analysis of the SIGHT data showed that current
fluctuations in the high power HVDC transmission line
linking the AC power distribution grids in the North and
South Islands were producing a coherent noise signal,
which could not be eliminated by the ‘line of sight’
referencing system used by the Utah MT system.
Fortunately, the HVDC transmission line runs roughly
parallel to the Alpine Fault and the transmission line
noise is highly polarized with magnetic field polarization
perpendicular to the Alpine Fault. Thus the TM mode
data was largely unaffected [Wannamaker et al. 2002].
Subsequent surveys used Phoenix GPS synchronized
MT data recorders enabling distant reference sites to be
used. Reference data for the 2003 and 2010 surveys
were collected at an electrically quiet location in the
central North Island; ~700 km away from the survey
area. For the 2005 survey only 3 data recorders were
available and sites were referenced against each other.
RESULTS
In Figs 3 and 4 we show phase tensor ellipse maps
[Caldwell et al., 2004] at sets of different periods that
roughly double in period between each map. If the skin
depth at a given period is greater than the length scale of
the feature producing the distortion, the phase tensor is
unaffected by the localised distorting effect of near
surface conductivity heterogeneities or topography. Thus
these maps show the phase response corresponding to
different depth ranges (the depth range depending on the
overlying resistivity structure and period) and provide a
way of identifying the main features of the conductivity
structure prior to inversion.
The size of the tensor ellipses shown in the Figs 3 and 4
have been normalized by the value of the maximum
phase (major axis) with the colour filling the ellipses
indicating the minimum phase. In areas where the
conductivity is increasing with depth, phase values are
high (>45° – warm colours). High phase values on the
coastal plain are associated with conductive sediments
(resistivity 1-10 Ωm) that in-fill the Westland Basin.
Southeast of the fault where the high-grade schist are
exposed, the resistivity is ~103 Ωm [Wannamaker et al.,
2002; Jiracek et al., 2007] and the skin depth and depth
range sensed is much greater than on the coastal plain.
The effect of the DC transmission line in the SIGHT
data phase tensors can be seen in the discrepancy
between the SIGHT and 2011 data that is most obvious
at 1.33 s period (Fig. 3). There is good consistency
between the 2003 and 2005 data suggesting the inter-site
referencing and processing used for the 2005 data
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successfully removed any effect from the HVDC
transmission line.
DISCUSSION
As can be seen in Fig. 3, an area with phase >45°
develops ~10 km south-east of the Alpine Fault between
Whataroa and Ross. At longer periods (Fig. 4) the
phases decrease from their peak value at ~1 s period
(Fig. 3). Also, the area of highest phase shifts southeastward with increasing period suggesting that the
conductive zone producing the high phase values also
dips to the southeast similar to the conductivity structure
inferred from the SIGHT TM data [Wannamaker et al.,
2002; Jiracek et al., 2007]. Assuming a resistivity of
~103 Ωm for the upper crust, the phase data indicate the
presence of a dipping conductive zone southeast of the
Alpine Fault that is underlain by higher resistivity at
greater depth.
As the period increases in Fig. 3, the degree of tensor
ellipticity increases markedly between the fault trace and
the area of high phase with the major axes of the tensor
ellipses aligned perpendicular to the fault.
This
behaviour is also consistent with the presence of a
conductive zone southeast of the surface fault trace and
importantly shows that the resistivity is high between the
surface trace and the conductive zone to the southeast;
again consistent with the conductivity structure inferred
from the SIGHT TM mode data. At the longest period
shown in Fig. 4, the MT data reflect the large scale
conductivity structure of the entire region and vary
smoothly with location.
In the area south of Fox Glacier, minimum phase values
in the period ranges (Figs 3 and 4) are small and the
orientations of the phase tensor principal axes are
significantly different from those to the northeast. The
difference in the phase response shows that the
conductivity structure of the Alpine Fault is significantly
different between the north-eastern (conductive) and
south-western (resistive) parts of the fault. If a
conductive zone is present in the region south of Fox
Glacier, the phase data suggest that it lies to southeast of
the present data coverage.
CONCLUDING REMARKS
As the next step in our analysis we plan to undertake
separate 3-D inversion modelling of the south-western
and north-eastern regions. Data coverage in the ice
covered area between these two regions is insufficient to
allow inversion of the whole data set. The large
resistivity contrast between the thick clay-rich highly
conductive sediments on the coastal plain and
anisotropic, high-grade metamorphic rocks southeast of
the Alpine Fault will provide a severe test for currently
available 3-D inversion codes.

Figure 3. Phase tensor maps at 0.333, 0.667 and 1.33 s
period.

Caldwell et al., Conductivity structure of the Alpine Fault
was made possible by a research grant from the New
Zealand Earthquake Commission. This work is part of
GNS Science’s Crown (New Zealand Government)
funded research.

REFERENCES
Beavan, J., S. Ellis, and L. Wallace (2007), Kinematic
Constraints From GPS on Oblique Convergence of
the Pacific and Australian Plates, Central South
Island, New Zealand, in A Continental Plate
Boundary: Tectonics at South Island, New Zealand,
Okaya, D.A., Stern, T.A. and Davey, F.J., eds,
American Geophysical Union, Washington D.C.:
Geophysical monograph 175, 75-94
Berryman K.R., U.A. Cochran, K.J. Clark, G.P. Biasi,
R.M. Langridge, P. Villamor (2012), Major
Earthquakes Occur Regularly on an Isolated Plate
Boundary Fault, Science, 366, 1690-1693.
[DOI:10.1126/science.1218959]
Caldwell, T. G., H.M. Bibby, and C. Brown (2004), The
magnetotelluric phase tensor. Geophys. J. Int. 158
457-469.
Gamble, T., Goubau, W., and Clarke, J. (1979),
Magnetotellurics with a remote reference. Geophys.
44, 53-68.
Jiracek, G.R.; Gonzalez, V.M.; Caldwell, T.G.;
Wannamaker, P.E.; Kilb, D. (2007), Seismogenic,
electrically conductive, and fluid zones at continental
plate boundaries in New Zealand, Himalaya, and
California, USA. In: A continental plate boundary:
tectonics at South Island, New Zealand, Okaya, D.A.,
Stern, T.A. and Davey, F.J., eds, Washington, DC:
American
Geophysical
Union,
Geophysical
monograph 175, 347-369

Figure 4. Phase tensor maps at 2.67, 5.33 and 10.7 s
period.
ACKNOWLEDGMENTS
Our thanks go to Department of Conservation who
facilitated our work in the Southern Alps and to our
helicopter pilots James Scott and Bill Hales.
Discussions with Susan Ellis, Stephen Bannister and
Phaedra Upton are also gratefully acknowledged. George
Jiracek’s participation was funded by the (US) National
Science Foundation. Additional MT recorders were
made available from the Volcanic Fluid Research Centre
(Tokyo Institute of Technology) who also supported
Yasuo Ogawa’s participation. The 2011 field campaign

Norris, R.J. and Cooper A.F. (2007). The Alpine Fault,
New Zealand: Surface Geology and field
relationships. In: A continental plate boundary:
tectonics at South Island, New Zealand, Okaya, D.A.,
Stern, T.A. and Davey, F.J., eds, Washington, DC:
American
Geophysical
Union,
Geophysical
monograph 175, 157-175.
Wannamaker, P.E., Jiracek, G.R., Stodt, J.A., Caldwell,
T.G., Gonzalez, V.M., McKnight, J.D. and Porter,
A.D., (2002),
Fluid generation and pathways
beneath an active compressional orogen, the New
Zealand
Southern
Alps,
inferred
from
magnetotelluric data, J. Geophys. Res., 107, ETG 6,
1-22.

