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Fig.1. Example of resistivity blocks and elements for the
finite element method. (a) example of resistivity
blocks. The bold line shows an assumed boundary.
(b) example of resistivity elements. Solid lines show
block boundaries and dashed lines show elements
boundaries. W means width of a resistivity block, D
means thickness of a resistivity block, m, means
resistivity value at i-th block and Cl,j means the
element of roughening matrix.
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Fig.2. Flow chart of the way of deciding the optimum set of

hyper parameters.
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Fig.4. Resistivity models (Model-1) for synthetic test, reverse triangles show receiver positions. (a) Model-1, the synthetic

model consists of two anomalies (10 ohm-m and 1000 chm-m) in 100 ohm-m homogeneous media. Bold lines show the

assumed boundaries around left anomaly. (b) The model obtained by the existing inversion. (c) The model obtained by

the sharp boundary inversion. Left anomaly is reconstructed with sharp boundaries as assumed boundaries. (d)

Comparison of the resistivity value along the vertical dashed lines at (a). Circles show the value of the original model,

triangles show the value of the model by the existing inversion and rectangles show the value of the model by sharp

boundary inversion.

Table 1. Model parameters for synthetic test

Number of blocks

253

Number of elements

40%x 24 (Horizontal X Vertical)

Mesh size 0.025~10km

(Vertical) (Variable according to depth)
Mesh size 0.05~3.2km

(Horizontal) (Variable according to distance)
Number of receivers 24

Receiver interval 0.050km

Frequency

2" Hz(n=1~11)

Number of iteration

10
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Fig.5. Hyper parameters obtained by inversion at synthetic test
by Model-1. (a) a obtained by the existing inversion. (b)
a obtained by the sharp boundary inversion with assumed
boundaries in Fig.4(a). (c) B obtained by the sharp
boundary inversion with assumed boundaries in Fig.4(a).

Circles show the values of the best fitting models.
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Fig.6. Resistivity models (Model-2) for synthetic test, reverse triangles show receiver positions. (a) Model-2, the synthetic
model consists of smooth resistivity structure and sharp boundaries. Bold lines show assumed boundaries, vertical
boundary (boundary-1) and horizontal boundary (boundary-2). The detail of Model-2 is shown in Table 2. (b) The
model obtained by the existing inversion. (¢) The model obtained by the sharp boundary inversion with
boundary-1(vertical boundary). The vertical structure is reconstructed with sharp boundaries as assumed boundaries.
(d) The model obtained by the sharp boundary inversion with boundary-2(horizontal boundary). Because the
boundary is assumed at smooth boundary, the obtained model (d) is almost same as (b) obtained by existing inversion.
(e) Comparison of the resistivity value along the vertical dashed lines at (a), (b) and (¢). (f) Comparison of the

resistivity value along the horizontal dashed lines at (a), (b) and (c).

Table 2. Resistivity table of the

smooth structure in Model-2
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Fig.7. Hyper-parameters obtained by inversion at synthetic test by Model-2. (a) «
obtained by the existing inversion. (b) o obtained by the sharp boundary
inversion with boundary-1. (¢) @ obtained by the sharp boundary inversion with
boundary-2. (d B obtained by the sharp boundary inversion with
boundary-1.(e) B obtained by the sharp boundary inversion with boundary-2.

Circles show the values of the best fitting models
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Fig.8. Resistivity models from field data. (a) A schematic cartoon of a seismic reflection profile drawn after Park et al. (2002)
along the MT survey line in Goto et al. (2003) and Kimura et al. (2005) across the Nankai Trough and Kumano Basin.
Solid lines show remarkable reflectors and dashed lines show poor reflectors. (b) The resistivity model obtained by the
existing inversion, white crooked lines show the assumed boundary as the top of Philippine sea plate (boundary-A), (c)
The resistivity model obtained by the sharp boundary inversion with boundary-A. The model has sharp boundary along
the assumed boundary (boundary-A). (d) The resistivity model obtained by the Sharp boundary inversion with
boundary-B which is shifted parallel from boundary-A to 2km depth. The resistivity structure along boundary-B is
reconstructed as a smooth structure. The sharp boundary inversion scheme made decision that boundary -A is a sharp

structure and boundary-B is a smooth structure from ABIC minimization algorism.
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Fig.10. Comparison of the resistivity along the vertical lines (a) in the model obtained by the existing inversion, (b) in the

model obtained by the sharp boundary inversion with boundary-A. Dashed lines show the splay fault in Fig.8(a).
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Fig.9. Hyper-parameters obtained by inversion using field data. (a) o obtained by the existing inversion. (b) o dtained by

the sharp boundary inversion with boundary-A. (¢c) « obtained by the sharp boundary inversion with boundary-B. (d) #

obtained by the sharp boundary inversion with boundary-A. (e) B obtained by the sharp boundary inversion with

boundary-B. Circles show the best fitting values.
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Two-dimensional inversion of magnetotelluric data with sharp structural
boundary

Toshionori Kimura® * Tada-nori Goto™ * Takafumi Kasaya™ « Taku Okamoto™ *
Hitoshi Mikada™ = Yoshinori Sanada* - Toshiki Watanabe* and Yuzuru Ashida™

ABSTRACT

In conventional inversion schemes of magnetotelluric data by the linearized least-square method with a
smooth constraint, a smoothing parameter, a contributes to all of the electrical resistivity blocks in the
smooth constraint term evenly. Therefore, it is difficult to reconstruct a resistivity structure with sharp
structural boundaries using the conventional inversion, although subsurface formations including both smooth
and sharp structural changes are often targets of magnetotelluric surveys. In this paper, we propose a new
two-dimensional inversion algorithm for magnetotelluric data to reconstruct the resistivity structure with both
smooth resistivity variations and a sharp boundary. Our inversion scheme needs the location of sharp
boundary as a priori information from the other geophysical surveys, such as seismic reflection method. A new
hyper-parameter “B” between 0 and 1 is defined for expression of sharpness of the structural boundary. As 8
becomes 0 to 1, the resistivity variation across the assumed boundary becomes sharp to smooth. Two
hyper-parameters are determined using the ABIC-minimizing scheme with a new simple way for searching
optimized hyper-parameters efficiently. We applied both conventional and new sharp-boundary inversion to
synthetic magnetotelluric data from two models. One model includes high and low resistivity anomalies, and
another model consists of layers increasing their resistivity gradually. As a result of the synthetic tests, our
sharp-boundary inversion reconstructed the resistivity structure with sharp boundary, if the location of sharp
boundary is assigned at the proper position. Even if the sharp boundary is assigned within the smooth
structure area wrongly, smooth model is obtained properly. After synthetic tests, we apply this sharp boundary
inversion to field data obtained around the seafloor of the Nankai Trough using high-frequency ocean bottom
electromagnetometer. The top of Philippine Sea plate, confirmed by a seismic reflection survey, is adopted as a
location of sharp boundary in our inversion. As the result of our sharp-boundary inversion, the top of Philippine
Sea plate is reconstructed as a sharp structural boundary. We conclude that our sharp-boundary inversion

provides more realistic resistivity model compared with the smooth model by the conventional inversion.

Keywords: magnetotelluric, sharp structural boundary, assumed condition, hyper-parameter, inversion
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