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ABSTRACT

ABSTRACT

Based on isotropic hypothesis, the forward modeling and inversion of Direct
Current(DC) resistivity sounding and Time-domain induced polarization(TDIP) are
relatively mature and has been widely used and achieved remarkable results in
mineral exploration, engineering geology and hydrological environment. Due to the
influence of various macroscopic and microscopic factors, the underground medium
is anisotropic, and previous researches have indicated that, if the influence of
anisotropy is ignored in the interpretation and inversion of the field data , it may cause
large error and even obtain wrong results. Therefore, this report focus on the problem
of DC and TDIP forward modeling in anisotropic medium, and their corresponding
response.

First, this report deduced the variational problem of for 2.5D and 3-D point
source using secondary field method. In the process of point source forword
modelling in 2.5D anisotropic medium, the Euler angles is simplified while
calculating the primary potential so that the Fourier transform of the background
potential with the dip angle can be avoided, since it is mathematically difficult. Also,
the unstructured grid in 2D and 3D was introduced to give full play of the advantages
of finit element method(FEM).

Then several models of 2-dimensional anisotropic anomalous body were
simulated. It was found that the longitudinal resistivity has more effect on the
apparent resistivity than transverse resistivity in collinear arrays, such as the pole-pole,
dipole-dipole and Wenner arrays. Through simulation of current density and
anomalous current density of several arrays, it can be concluded that the causes of
different responses for the longitudinal and transverse resistivity with respect to each
array is the distribution of current density around the subsurface. Also, it shows that
the sensitivity of each array type to the variations in longitudinal and transverse

resistivity can be understood with the perspective of current density.
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ABSTRACT

To study the characteristics of chargeability in anisotropic medium, first this
report discusses the equivalence between thin interbed with isotropic chargeability
and the anisotropic chargeability medium. After the formula was given to calculate
the attribute in anisotropic chargeability, the forward modelling algorithm of TDIP in
anisotropic medium was presented. Based on the analytical solution for direct current
point source in an anisotropic half-space, the apparent resistivity and apparent
chargeability of a transversely isotropic media is calculated with the symmetry axis
verticaly and horizontaly respectively. And then a simple proof of paradox of
anisotropy in resistivity sounding and TDIP is given. In the meanwhile, the
fomulation of the mean chargeability is given. Through numerical simulation of the
apparent resistivity and apparent chargeability for a tilted transversely isotropic media
with different angles, the paradox of anisotropy in resistivity and TDIP is analyzed,
the phenomenon of negative apparent chargeability is interpretated.

Key Wrods: Direct Current resistivity sounding, Time-domain induced

polarization, paradox of anisotropy, finite element method
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Fig 2.1 Transformation of coordinate systems in anisotropic medium
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Fig 2.7 Point Source in three dimension space
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Fig 3.3 The apparent resistivity pseudosection of model with low resistivity abnormal body by
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pole-pole array. (a) model MD-10, (b) model MD-10-100, (c) model MD-100-10.
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B Gmsh

// two-layerd model

// Mesh sizes

cll =200; // outer box
cl2 =5; // electrodes
cl3 =1;// body

dx =500;

dy = 500;

z2 =500;

// Definition of bounding box

// uper

Point(1) = {-dx, -dy, O,cl1};

Point(2) = {dx, -dy, O,cl1};

Point(3) = {dx, dy, 0,cll1};

Point(4) = {-dx, dy, O,cl1};

Line(1) = {1,2};

Line(2) = {2,3};

Line(3) = {3,4};

Line(4) = {4,1};

Line Loop(1) = {1,2,3,4};

Plane Surface(1) = {1};

dis[] =
{0.0,1.000000000000000056¢-01,1.178768634793587178e-01,
1.389495494373137463e-01,1.637893706954064166¢-01,

1.930697728883249975e-01,2.275845926074788195¢-01,
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2.682695795279725903e-01,3.162277660168379412¢-01,
3.727593720314940073e-01,4.393970560760790400e-01,
5.179474679231209633e-01,6.105402296585328292¢-01,
7.196856730011519376e-01,8.483428982440719412¢-01,
1.000000000000000000e+00,1.178768634793587289¢+00,
1.389495494373137463e+00,1.637893706954063777¢+00,
1.930697728883249642¢+00,2.275845926074787418e+00,
2.682695795279724571e+00,3.162277660168379523e+00,
3.727593720314939851e+00,4.393970560760790178e+00,
5.179474679231209855e+00,6.105402296585326738e+00,
7.196856730011517378e+00,8.483428982440717192e+00,
1.000000000000000000e+01,1.178768634793586578e+01,
1.389495494373137419¢+01,1.637893706954062978e+01,
1.930697728883249553e+01,2.275845926074788750e+01,
2.682695795279724749¢+01,3.162277660168379256e+01,
3.727593720314938253e+01,4.393970560760790534e+01,
5.179474679231207546¢+01,6.105402296585326383e+01,
7.196856730011514003e+01,8.483428982440716482¢+01,
1.000000000000000000e+02,1.178768634793586614e+02,
1.389495494373137490e+02,1.637893706954062907¢+02,
1.930697728883249624¢+02,2.275845926074786405¢+02,
2.682695795279724393e+02,3.162277660168379612e+02
¥

ForilIn {0:50}

x1~{i} = newp; Point(x1~{i}) = {0,dis[i],0,c12}; // y=0
Point{x1~{i}} In Surface{1};

EndFor

p=newreg;
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Physical Point(p) = {x1~{0}:x1~{50} };

out[] = Extrude {0,0,-z1} {Surface{l};};

num = out[0];

outl[] = Extrude {0,0,-z2} {Surface{num};};

Field[1] = Attractor;

Field[1].NodesList = {x1~{0}:x1~{50}};

Field[2] = Threshold;

Field[2].IField = 1;

Field[2].LcMin = cl2;

Field[2].LcMax = cl1/2;

Field[2].DistMin = 10;

Field[2].DistMax = 400;

Field[3] = Min;

Field[3].FieldsList = {2};

Background Field = 3;

Physical Surface("layer1",1) = {out[2],out[3],out[4],0out[5]};
Physical Volume("volum1",101) = {out[1]};

Physical Surface("layer2",2) = {outl[0],outl[2],outl[3],outl[4],outl[5]};

Physical Volume("volum2",102) = {outl[1]};
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