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Introduction 29 
 30 

The material contained in this supplementary section provides figures on data characteristics (Fig. 31 

S1) and fits of the 3D inversion models to the data (Fig S2). We also show examples of the data 32 

from four locations along with the responses of the 3D inversions (Fig. S3). Details of the 2D 33 

inversion (profile direction and stations used are shown (Fig. S4) and a pseudosection of observed 34 

and predicted phase is shown in Fig S5. Finally, in Text S1, we expand the discussion of sensitivity 35 

testing of our models and give an example of how we have done testing for a key feature of our 36 

2D model. A figure summarizing these results in shown (Fig. S6).  37 
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 41 

Figure S1. Phase tensor values shown for 4 period bands of the wide-band MT data collected (1s, 42 

10s, 100s and 1000s). Ellipses are color coded by Skew values. Values greater than about 6 43 

indicate strong three-dimensional effects on the responses. Also shown are induction arrows 44 

at the same period. Within the basin, short period responses are largely reflective of a 1D 45 

structure consistent with a layered sedimentary infill. At longer periods, structure becomes 46 

more complex with significant variations in strike between sites.  47 

 48 



 49 

 50 

Figure S2. RMS misfit maps between the responses of the 3D resistivity models and the observed 51 

data for each station location broken out by impedance tensor element. The values shown are 52 

for the smoothing parameter of 0.3 (Fig. 6a). A smoothing parameter of 0.5 returned a slightly 53 

higher RMS misfit of 1.88.  54 
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Figure S3. Example data and fits for 4 stations as shown on the misfit Map Fig. S2. “Inv 1” 64 

refers to the inversion with smoothing parameter 0.3 while ”Inv 2” was with a value of 0.5.  65 

 66 

 67 

Figure S4. A map showing the orientation of the 2D inversion profile (black line).  Stations used 68 

in this inversion are shown by the red ellipses. At the start of the inversion process all sites were 69 

included. Misfit levels at the end of a first inversion were examined and sites with an unacceptably 70 

high level of misfit were excluded from subsequent inversions.  71 
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 74 

Figure S5.   The observed and calculated phase values for the model shown in Figure 8C. Phases 75 

are plotted in the same quadrant for each mode for ease of display. Apparent resistivities are also 76 

inverted for but are not shown as static shift effects can dominate the pseudosection.  77 

 78 

 79 
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Text S1: Sensitivity Testing 82 

In the main body of the text we refer to resolution testing methods described in Evans et al., (2011). 83 

For the sake of completeness, we reproduce text from that article here, and add some additional 84 

comments and tests specific to the testing done for the Barotse Basin data at the end.  85 

Text from Evans et al., (2011): “The resolution of MT data and the bounds on model parameters 86 

are notoriously hard to define. Linearized appraisals are possible (e.g., Schwalenberg et al., 2002), 87 

but, as the inverse problem in EM is so highly non-linear, such approaches can fail to give accurate 88 

assessments, especially for resistive regions (e.g., Ledo and Jones, 2001). Models derived from 89 

MT data are typically optimally smooth with the philosophy that minimum structure models should 90 

contain the minimum structure required to explain the data. The true Earth will certainly contain 91 

more structure than the model, but we can at least be confident that, at a minimum, the features in 92 

the model are required. The inversion algorithms we use offer a range of smoothing parameters 93 

and inversions need to be run over a wide range of these parameters before a preferred model is 94 

chosen on the basis of both misfit and model smoothness. 95 

  96 

Once key features are identified, placing bounds on their dimensions and properties is also a 97 

difficult undertaking. Unlike seismic tomography, for example, where discrete regions of a model 98 

can be largely analyzed for resolution in isolation from the rest of the model, the MT response at 99 

a given station can be influenced by many features in the model and a change to one region of the 100 

model can cause effects coupled with other features that might not be immediately or intuitively 101 

obvious. Approaches to addressing this problem include using the preferred model as a starting 102 

model, perturbing the feature of interest in some way (perhaps removing it entirely or altering its 103 



lower boundary for example, e.g., Solon et al., 2005; Spratt et al., 2009) and seeing both the 104 

resultant change in misfit and, more importantly, whether the feature returns when the inversion 105 

is restarted. The inversion algorithm we have used offers several choices to help in this search: (1) 106 

it is possible to simply restart the inversion from the perturbed model and re-solve for the 107 

smoothest model possible. This test tries to ensure that the inversion result is not simply a local 108 

minimum in misfit space. If the feature of interest returns, then it is safe to assume that it is a 109 

required feature; (2) the inversion can be restarted to solve for the model closest to the perturbed 110 

model. This test makes sure that there are not any hidden trade-offs between different regions of 111 

the model. If there are, then the resultant model will have a similar misfit to the preferred model 112 

but with different features; (3) it is possible to "lock" the perturbed feature - this is a more stringent 113 

version of test (2) in which the perturbation is forced to some degree to remain in the resultant 114 

model, although the degree to which the perturbation is locked is controlled by a weight function 115 

and can change if required by the data.” 116 

 117 

In the current case, the important features, and the ones which require greatest scrutiny relate to 118 

the crustal conductors in the Barotse and the structure of the underlying mantle. Because MT is 119 

limited in its ability to “see” through highly conductive regions, an obvious question is whether 120 

the mantle beneath the region is at all constrained. Several observations lead us to the conclusion 121 

that the mantle beneath the mobile belt is moderately conductive. First, we note that the region of 122 

conductive mantle is significantly wider than the region of high conductivities in the Barotse crust. 123 

This observation includes the fact that the dipping conductor to the east of the basin resides in the 124 

mantle beneath far more resistive crust and lithosphere. However, we have investigated the range 125 

of structures possible beneath the basin and the results of this speak not only to the specific target 126 



in question, but more broadly about the issues of sensitivity testing with MT data. We have run 127 

models in 2D and 3D in which the mantle beneath the basin is made resistive and in all cases, if 128 

left to run to convergence, regularization removes high resistivities from this region. Figure S6 129 

shows some examples of the ranges of structure possible. The models shown use the model in 130 

Figure 8 as a starting model and all fit the data to the same level of misfit. The area perturbed is 131 

shown by the box in Fig. S6 (A). In each case the resistivities are set to a higher value (440 Ohm-132 

m in (A) and (C); 100 Ohm-m in B). In (B) and (C) the inversion solves for the closest model to 133 

the starting model (including the perturbed resistivities). In (A) the inversion solves for the 134 

smoothest model. Additionally, in case (C), the inversion includes a tear in regularization along 135 

the top boundary of the box (base of the crust). This relaxation permits a sharper gradient in 136 

resistivity structure through this region than would otherwise remain sustained in the inversion. 137 

What we can learn from this test is that: 138 

1. The high conductivities can be, and are likely confined to the crust 139 

2. Resistivities are reduced beneath the basin, particularly at the eastern end, but can be as 140 

high as ~200 Ohm-m.  141 

3. Even though only the region in the box was perturbed, there are differences resulting in 142 

other parts of the model as features trade-off non-linearly against each other. For this reason 143 

it is not acceptable to simply change a feature and measure the resultant misfit which 144 

increase in all of the starting models that generate  models (A), (B) and (C) in Fig. S6.  145 

 146 

 147 

 148 



 149 

Figure S6. Three 2D models that are the result of sensitivity testing for structure around the Barotse 150 
Basin. The models shown use the model in Figure 8 as a starting model and all fit the data to the 151 
same level of misfit. The area perturbed is shown by the box in Fig. S6 (A). In each case the 152 
resistivities are set to a higher value (440 Ohm-m in (A) and (C); 100 Ohm-m in B). In (B) and 153 
(C) the inversion solves for the closest model to the starting model (including the perturbed 154 
resistivities). In (A) the inversion solves for the smoothest model. Additionally, in case (C), the 155 
inversion includes a tear in regularization along the top boundary of the box (base of the crust). 156 
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