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Fig. 1. Schematic diagram for background model.
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Fig. 3. One-dimensional layered medium model.
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Fig. 11. Slices of modelling results for ellipse model: (a) XY-mode apparent resistivities; (b) YX-mode apparent resistivities;
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Abstract

We present a newly developed algorithm for three-dimensional (3D) magnetotelluric model based on the
vector finite element method. In this paper, unstructured grids which are composed of irregular tetrahedrons are
used in our finite element model, which can be refined locally and adaptively according to the complex geometry
of computational domain or subsurface structure. For obtaining more accurate solutions, secondary field rather
than total field is numerically computed, which makes the errors limited to relatively small secondary field.
Traditional node-based finite element method does not satisfy the condition that the normal electrical field is
discontinuous at the interface of electric separatrix and the electrical current density is divergence-free
throughout the regions without source, which obviously violates Maxwell equations. In order to overcome these
drawbacks of node-based finite element, vector finite element method is employed to solve the secondary field-
based partial differential equation. Moreover, in this study, the heterogeneous permeability is taken into
consideration in our algorithm, as a consequence, which can deal with heterogeneous permeability model. The
accuracy of our approach is verified by comparing with previously published numerical simulations of a
COMMEMI-3D model. The advantages of our approach are also illustrated by the numerical simulations of
model with arbitrary topography and complicated anomalous body. In addition, the simulation results of the
irregular anomaly and the complex model of arbitrary terrain are both ideal results. It proves that the effect of
3D terrain is more serious and complex than that of two-dimensional (2D) terrain, and dealing with 3D models
or data with 2D algorithm may bring in large errors. In the area where the magnetic permeability is abnormal,
the magnetic permeability has an important influence on the numerical simulation results, and the magnetic

permeability must be treated as an independent parameter in the magnetotellurics survey.

Keywords: electromagnetic diffusion, vector finite element method, numerical simulation, magnetization,

magnetotellurics

PACS: 02.60.Cb, 02.70.Dh, 91.25.Qi, 91.25.wb DOI: 10.7498/aps.68.20181567

* Project supported by the Open Fund of Key Laboratory of Exploration Technologies for Oil and Gas Resource (Yangtze
University), Ministry of Education (Grant No. K2016-08) and the Technology Research and Development Program of

Guizhou, China (Grant No. [2018]3003-2).

1 Corresponding author. E-mail: staryue@mail.ustc.edu.cn

030201-12


http://dx.doi.org/10.7498/aps.68.20181567
mailto:staryue@mail.ustc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

