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Overview of Long-period Magnetotelluric Surveys in the North Island of New Zealand
- Phase Tensor Analysis and One-dimensional Resistivity Structure Analysis -
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Synopsis

In subduction zones, the movement and distribution of fluids brought into the Earth's
interior by the subducting plate influence igneous/volcanic activity and seismic events.
When these fluids reach specific temperature and pressure conditions in the mantle, the
subducting plates (slabs) release them through a dehydration reaction. The additional
fluids in the mantle lead to partial melting, resulting in the formation of magma sources
for island arc volcanoes. Consequently, a volcanic chain or belt forms along the depth
contour lines of the subducting plate. However, some volcanic chains in island arcs do
not extend continuously. The reasons behind the discontinuity of volcanic chains within
a single island arc are not entirely understood. This study aims to investigate and compare
subsurface heterogeneity in different island arcs using electromagnetic methods, which
will help to clarify the mechanisms behind island arc volcano formation.
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Fig. 1 Location of long-period MT sites, shown
in pink dots, and representative geographic
features in the North Island. Red triangles and
magenta outlines indicate active Quaternary
volcanoes and caldera rims, respectively.
Orange area shows the distribution of
pyroclastic flow deposits of ignimbrite and
rhyolite, and brown area shows pyroclastic
flow deposits of basalt and andesite. Blue
broken line represents the edges of the Taupo
volcanic zone (e.g., Briggs et al.,, 2005;
Williams et al., 2013). Grey area represents a

non-volcanic region.
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Table 1 The description sheet of the long-period MT. (Note: The surveys adopt magnetic north.)

Site ID Serijé 1D Dlpol(fnl)e ngth Latitude Longitude  Elevation Recording Period
LEMI NS EW ©) ©) (m) (yyyy/mm/dd)
NO1 B39 70 65 S40.07185  E176.81709 257 2023/11/30 - 2024/01/23
NO02 C79 70 70 S39.78898  E176.92721 314 2023/11/30 —2024/01/24
NO3 C27 70 70 S39.79779  E176.31501 55 2023/11/29 - 2024/01/23
N04 C32 70 70 S39.50949  E176.52247 29 2023/10/13 - 2023/12/06
NO5 B31 56 70 S39.58401  E175.85088 493 2023/08/28 - 2023/10/12
NO06 B31 70 70 S39.49464  E175.97975 873 2023/12/01 - 2024/01/24
NO7 C31 65 57 S39.38220  E175.46219 77 2023/07/16 - 2023/08/28
NO8 B31 50 50 S39.01932  E175.77699 612 2023/10/13 - 2023/11/28
NO09 C28 70 70 S39.30305  E175.20295 24 2023/07/15 - 2023/08/29
N10 C33 70 70 S38.86643  E175.32352 25 2023/08/30 - 2023/10/11
N11 C33 70 70 S38.87386  E174.95014 17 2023/07/14 - 2023/08/29
N12 C79 70 70 S38.62391  E174.91608 63 2023/07/13 - 2023/08/30
Co1 C28 63 70 S40.49840 E176.25122 13 2023/12/02 - 2024/01/25
Cco2 B32 70 70 S40.19308  E176.54184 94 2023/11/30 - 2024/01/25
C03 B39 65 70 S40.40181  E175.86449 90 2023/10/09 - 2023/10/31
C04 B32 70 70 S39.87623  E175.71678 190 2023/10/12 - 2023/11/27
Co05 C31 65 70 S40.13313  E175.49429 10 2023/09/02 - 2023/10/09
C06 C28 70 52 S39.69716  E175.52471 32 2023/10/12 - 2023/11/27
Cco7 C27 65 66 S39.95307  E175.07926 5 2023/09/02 - 2023/10/09
Co8 C79 29 65 S39.57895  E174.82017 236 2023/10/10 - 2023/11/23
C09 C79 70 70 S39.63536  E174.50079 223 2023/09/01 - 2023/09/09
C10 C28 71 70 S39.15686  E174.63928 20 2023/08/31 - 2023/10/11
Cl1 B32 66 70 S39.39146  E174.21046 322 2023/09/01 - 2023/10/10
C12 C32 60 70 S39.24314  E173.95098 33 2023/08/31 - 2023/10/11
C13 C33 65 65 S40.04999  E176.14850 46 2023/12/02 - 2023/12/14
S01 C31 60 70 S40.90042  E176.00430 10 2023/12/03 - 2024/01/25
S02 C33 70 70 S40.73426  E175.68823 24 2023/10/15 - 2023/12/01
S03 C31 70 70 S40.39783  E175.32280 0 2023/10/09 - 2023/10/15
Ref C35 - S38.68169  E176.39312 62 2023/07/11 - 2024/01/31
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response function (Caldwell et al., 2004). The
color of the phase tensor is the geometric mean
of the major and minor axes (@max and @min)
and represents the resistivity gradient with
depth. Warmer colors correspond to higher
phase values and indicate a decrease in
resistivity ~ with  increasing depth. The
difference in the major axis of the phase tensor
is an indicator of subsurface structural
boundaries.
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Fig. 3 (continued on next page)
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Fig. 2 Phase tensor derived from three periods
(60, 960, and 5120 seconds) of the MT
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Fig. 3 3-D style plots at three depths of 1-D
for 28 sites
calculated using the rotational invariant of the

resistivity structure models
MT response function; SSQ impedance (e.g.,
Rung-Arunwan et al.,, 2016). Red triangles
represent active volcanoes. Pink broken lines
represent isodepth contours of the upper
surface of the subducting Pacific Plate
(Williams et al., 2013).
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