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INTRODUCTION
‘In this study, a new high-frequency magnetotelluric (MT) technique has been used to
analyze the deep subsurface architecture without the costly burden of a seismic-reflection
survey. Profile of high-resolution magnetotelluric data was acquired near King Sejong Station in
the Antarctic interprets the data in terms of resistivity structures including faults. In addition to
MT Survey, GPR (Ground Penetrating RADAR) method, which is one of the geophysical
techniques used in polar regions, was applied to get the 3D subsurface imaging by 3D slicing

across the crevasse developed in the glacier.

DATA ACQUISITION
1. Magnetotellurics

The MT method, a depth-sounding technique measuring Earth's natural time-varying
electromagnetic fields, probes subsurface structure of electrical resistivity at depth (Vozoff,
1991). The simultaneous electrical and magnetic measurements are made throughout a band of
frequencies that translates to a section of investigation depths. In this study, the high-
frequency MT data were collected along 4 Km near King Sejong Station with 50 - 200 m
intervals. For profile stations, E, (x-component of electric field) and Hy (x-component of
magnetic field) are lined up with the profile line, and E, and H, are orthogonal to the profile
direction. The high-frequency MT fields were recorded using the IMAGEM system (Nichols et
al., 1994) in the frequency range of 10 to 10,000 Hz; this range is higher than conventional MT
and probes the structure down to the upper crust, approximately a depth of a few kilometers
depending on the effective penetration of electromagnetic energy, d =500./p/f , whered, p,
and frepresent skin depth, electrical resistivity, and frequency, respectively.

Impedance tensor was calculated from E,, E,, Hy, Hy cross powers (Swift, 1985; Vozoff,
1991; Shon et. al., 2000). E-polarization (E, Hy) and B-polarization (E,, Hy) were differentiated

by crossing the possible fault or geologic structure lines with E,. There is no control for cultural
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biased data since the IMAGEM system — MT system which was used in this study - uses local
self-references. The basement of study area is very resistive (>5,000 Ohm-m), so frequency
above 10 Hz was used. For static shift EMAP (Electromagnetic Array Profiling; Bostick, 1986)
filtering was used. Individual station was examined by 1D inversion and, and 2D sections (line
ES1 and line ES2, Fig. 2) were examined by EMAP filtering and 1D Bostick inversion. Figure 1
is an example of high-frequency MT data obtained by IMAGEM system. Top window shows an
apparent resistivity, second is a phase and third is a coherence diagram. The fourth window

shows a true resistivity sounding acquired by Bostick inversion..
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Fig. 1 MT Survey Line Fig. 2 Apparent resistivity (top window), impedance

Phase (second) coherency (third) recorded.
True resistivity soundings is in the bottom
window. TM data are shown with solid square
symbol, while TE are shown with open symbol.

2. Ground Penetrating RADAR

A GPR antenna transmits high frequency electromagnetic pulse wave into the subsurface.
If the transmitted energy encounters a boundary with sufficient contrast in dielectric permittivity,
some of energy will be reflected. These reflections are recorded by the receiving antenna and
the amplitude of the reflection depends on how large the change in dielectric permittivity across
the boundary is, and how close the boundary is to the surface (Pettersson and Nobes, 2003). A
Sensors and Software pulseEKKO 1000 unit with 225 MHz antennas was used for the GPR
surveying. Due to diffractions — one of the phenomena of traveling waves, which is considers as
a noise in GPR - it is not easy to get the true subsurface configurations from GPR profile.
Subsurface interpretation is possible from experience and signal processing which is time-taking
procedure and sometimes brings image distortion by processing itself.

To overcome and detour diffractions in 2D GPR profiles, the concept of 3D slicing from lots
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of 2D GPR profiles was adopted as shown in Fig. 3. GPR survey was performed on the crevasse

developed in the glacier near King Sejong Station covered by snow.

depth /

Fig. 3 Example of GPR Profile. It shows a diffraction Fig. 4 GPR Slicing (horizontal profile) from
due to object(s) in the subsurface. 2D GPR Profiles (vertical sections)

RESULTS AND CONCLUSIONS

1. Magnetotellurics
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Fig. 5 Subsurface Resistivity structure by MT survey. Faults are indicated by black lines.

From 2D MT profile, it is possible to configure the resistivity distribution in the subsurface.
Also faults can be interpreted from the section. The interpreted from MT resistivity profile are
almost coincides geological field study. It shows that MT will be a powerful promising tool for

the geological and geophysical study of deep subsurface structure.
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2. 3D GPR Slicing
From the study performed on the crevasse in the glacier, 3D slicing shows exact size and
dimensions of crevasse on the corresponding depth (Fig. 6), which was not possible and/or very
difficult by conventional method and techniques. A new technique using the concept of GPR

Slicing shows a successful 3D imaging of (seismic) reflection data including GPR.
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