
Contents

1 Introduction 3

1.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.2 Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2 Historical Development and Theory of ERT and MMR 7

2.1 Historical Development of the Electrical Methods . . . . . . . . . 7
2.2 Theory of the Resistivity Method . . . . . . . . . . . . . . . . . . 8
2.3 Historical Development of Magnetometric Resistivity . . . . . . . 10
2.4 Theory of Magnetometric Resistivity . . . . . . . . . . . . . . . . 13

2.4.1 MMR Data and a 1D Layered Earth . . . . . . . . . . . . 14
2.4.2 MMR Data and Scaled Conductivity Contrasts . . . . . . 15

2.5 Combining ERT and MMR: The MERIT System . . . . . . . . . 16
2.6 Forward Solutions for the Electric Problem . . . . . . . . . . . . 17

2.6.1 Analytical Solution of the Forward Problem . . . . . . . . 17
2.6.2 Numerical Solution of the Forward Problem . . . . . . . . 18

2.7 Comparison Between Analytical and Numerical Solution . . . . . 19

3 Development of the MERIT Measurement System 21

3.1 Magnetic Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.2 Magnetoresistive Sensors . . . . . . . . . . . . . . . . . . . . . . . 23

3.2.1 The Magnetoresistive Effect . . . . . . . . . . . . . . . . . 23
3.2.2 AMR Sensor Layout . . . . . . . . . . . . . . . . . . . . . 26
3.2.3 Magnetic Sensor Noise Spectra . . . . . . . . . . . . . . . 26

3.3 Magnetic Sensor Modules . . . . . . . . . . . . . . . . . . . . . . 28
3.3.1 Sensor Stability . . . . . . . . . . . . . . . . . . . . . . . . 29
3.3.2 Lock-in Amplification . . . . . . . . . . . . . . . . . . . . 32
3.3.3 Displacement Currents . . . . . . . . . . . . . . . . . . . . 33

3.4 Electrical Potential Measurements . . . . . . . . . . . . . . . . . 34
3.5 The Lab-scale MERIT Measurement Setup . . . . . . . . . . . . 35

4 Testing the Measurement System 37

4.1 Sensor Output Definitions . . . . . . . . . . . . . . . . . . . . . . 37
4.2 Magnetic Noise Sources . . . . . . . . . . . . . . . . . . . . . . . 38

4.2.1 Environmental Disturbances . . . . . . . . . . . . . . . . . 39
4.2.2 Anthropogenic Disturbances . . . . . . . . . . . . . . . . . 39
4.2.3 Magnetic Noise Measurements . . . . . . . . . . . . . . . 39

1



CONTENTS 2

4.2.4 The Laboratory Background Noise . . . . . . . . . . . . . 41
4.3 The Magnetic Field Due to a Reference Coil . . . . . . . . . . . . 43
4.4 Repeatability of a Measured Dataset . . . . . . . . . . . . . . . . 44
4.5 The MERIT Measurement Scheme . . . . . . . . . . . . . . . . . 45
4.6 Numerical Magnetic Fields Compared to Real Data . . . . . . . . 47

4.6.1 The Conductive Rod Modelled . . . . . . . . . . . . . . . 47
4.6.2 The Conductive Rod Measured . . . . . . . . . . . . . . . 48

5 Optimisation and Resolution of the MERIT System 50

5.1 Background Mathematics . . . . . . . . . . . . . . . . . . . . . . 50
5.1.1 Singular Value Decomposition . . . . . . . . . . . . . . . . 51
5.1.2 Jacobian Calculation . . . . . . . . . . . . . . . . . . . . . 53
5.1.3 The Effective Independence Distribution Matrix . . . . . 54
5.1.4 Adaptations and Assumptions in EID Calculation . . . . 56
5.1.5 Resolution Calculation . . . . . . . . . . . . . . . . . . . . 57
5.1.6 The Singular Value Threshold . . . . . . . . . . . . . . . . 58

5.2 The Optimal Measurement Configuration . . . . . . . . . . . . . 58
5.2.1 Horizontal Current Injection Scenarios . . . . . . . . . . . 59
5.2.2 Vertical Current Injection Scenarios . . . . . . . . . . . . 66
5.2.3 Concluding Remarks on the Optimum Configuration . . . 69

5.3 Resolution of the MERIT System . . . . . . . . . . . . . . . . . . 71
5.3.1 Resolution of Homogeneous Scenarios . . . . . . . . . . . 71
5.3.2 Resolution of the Resistive Shield Scenario . . . . . . . . 73
5.3.3 Resolution of the Conductive Shield Scenario . . . . . . . 76

5.4 Under-determined Systems and Resolution Matrix Rank . . . . . 77
5.4.1 MMR Datasets . . . . . . . . . . . . . . . . . . . . . . . . 77
5.4.2 ERT Datasets . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.4.3 MERIT Datasets . . . . . . . . . . . . . . . . . . . . . . . 79
5.4.4 The singular value threshold revisited . . . . . . . . . . . 80
5.4.5 Concluding Remarks on the Resolution . . . . . . . . . . 81

6 Synthetic Data Inversion 82

6.1 The Quasi-Newton Inversion Algorithm . . . . . . . . . . . . . . 82
6.2 Weighting Electric and Magnetic Data . . . . . . . . . . . . . . . 84
6.3 Synthetic Data Inversion Test Scenarios . . . . . . . . . . . . . . 85

6.3.1 Inversion Scenarios . . . . . . . . . . . . . . . . . . . . . . 85
6.3.2 Shielded Body Scenario . . . . . . . . . . . . . . . . . . . 89

6.4 Inversion of Noisy Data . . . . . . . . . . . . . . . . . . . . . . . 91
6.5 Horizontal and Vertical Current Injections Revisited . . . . . . . 92
6.6 Concluding Remarks on Inversion . . . . . . . . . . . . . . . . . . 94

7 Discussion and Recommendations 95

8 Summary and Conclusions 98

9 Acknowledgements 99

10 References 101




