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Abstract 

31 magnetotelluric (MT) sites were occupied over the eastern Omo basin in south-

west Ethiopia. Robust processing and 3D modelling indicates a N-S geoelectrical 

strike, in agreement with the geological strike, with up to 4km of sediments in the 

southern part of the basin, but no more than 2km in the northern part, underlain by 

more resistive material, assumed to be basement. Local resistive features in the near-

surface are possibly volcanic intrusions in the sediments. A more extensive resistive 

feature beginning at about 1km depth is sensed to the west of our most westerly sites. 

It coincides with the eastern edge of a linear, N-S feature seen on satellite imagery, 

where surface Quaternary volcanics have been observed, but could alternatively be 

sandstone, consistent with the basin consisting of two half-graben structures. 

Background 

The Omo valley area in south-west Ethiopia is part of a ~300km-wide zone of overlap 

marking the transition from essentially NE-SW trending rifting associated with the 

main Ethiopian rift to more N-S trending rifting in the East African rift (e.g. Ebinger 

et al., 2000). The evolution of the area is the result of several phases of rifting, and is 

therefore complicated. A number of small extensional basins, including the Omo 

basin, exist within the overlap zone, whose depths, ages and other structural and 

tectonic details are poorly known. Very little previous geophysical exploration of the 

Omo basin has taken place. Owing to the possibility of basaltic intrusions in the 

sediments from recent volcanic activity, MT was considered a suitable exploration 

tool (e.g. Hautot et al., 2006). This MT survey consisted of 31 sites, concentrated east 

of the Omo river in a pattern amenable to three-dimensional (3D) modelling (Figure 

1). The basin extends west and south of the MT survey area; most of the basin within 

Ethiopia has been covered by a high density gravity survey, and the eventual aim is 

for a combined interpretation of the two surveys. 

Survey procedure and data quality 

The survey was undertaken in two field campaigns, each about a month long, in early 

2006 and 2007 (phases 1 and 2 respectively). Both campaigns were terminated by the 

rainy season, which in 2006 arrived very early. The 2006 season was also associated 

with many data acquisition problems, including system failures and noise ‘spikes’ in 

the electric field components which compromised the longest periods obtainable from 

the data at several sites. At that time, we thought the noise spikes were caused by 

equipment problems, but in the second field season we could clearly see that they 

were associated with nearby electrical storm systems, and were therefore probably 

atmospheric phenomena. Examples of data time series with and without spikes are 

shown in Figure 2. The SPAM3 systems were thoroughly overhauled and serviced 

between the two field seasons, and the equipment performance in 2007 was markedly 

improved as a result. At 26 sites, we have data over almost 5 decades of frequency; at 

the remaining 5, the longest period is around 1s. Signal strength was often low (as 

expected close to solar minimum), and the electrically conductive sub-surface and 
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noise spikes meant most sites had to be occupied for >24 hours. Phase 1 results, and 

the preliminary gravity survey interpretation, guided the phase 2 site distribution. 

 

 
 

Figure 2. Left panel: Example good quality time series, site 428. Note the coherent 

energy bursts in the 4 channels. Right panel: Example recording with large noise 

spikes (note change in scale) in the E field components (top two traces), site 334. 

There was also little H field energy - the magnetic channels (bottom two traces) look 

noisy, but this is because of the smaller vertical axis range owing to the weaker signal. 

Processing and modelling 

The robust data processing algorithm (Chave and Thompson, 1989) implementation 

was improved for phase 2, so the phase two data were processed and the phase one 

data reprocessed in 2007. This produced more consistent results and shrunk the error 

bars, and slightly extended the period range at some sites (e.g. 428; see Figure 3). In 

general, the data quality was good at the periods available. 

Figure 1. Final site 

distribution. Phase 1 (2006) 

sites in red, phase 2 (2007) 

in green. Sites 228 and 528 

were occupied in both 

phases, since we did not 

obtain long period data, 

important for depth 

penetration in what appears 

to be close to the central 

axis of the basin, in phase 1. 

Data at sites 001, 008, 220, 

224 and 236 have a higher 

frequency cut-off. The blue 

line is the Omo river. 
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Figure 3. Data and the fit to them at site 428 from phase 1 (left panels) and phase 2 

(right panels) processing and 3D models. Data are shown by open circles, and the fit 

by the lines of the same colour. Error bars are one standard deviation.  

The data were rotated to minimise the diagonal impedance tensor elements, defining 

the geoelectric strike direction. At higher frequencies, sampling the near-surface, the 

directions are scattered, but the majority of sites have N-S to NE-SW directions. 

There is a clear, more consistent N-S to NNW-SSE direction at lower frequencies, 

paralleling the basin axis trend. 

3D modelling was undertaken using the iterative algorithm of Hautot et al. (2000), 

starting from a homogeneous 5�m volume. The computational grid has 9 x 15 x 10 

elements, covering a volume of 62 x 38 x 26.25km (North x East x depth). This 3D 

model space is embedded in a much larger volume in which resistivity varies only 

with depth, to allow the boundary conditions to be met. As the resistivity of this larger 

volume is not well determined by the data, only the 3D part of the model is shown and 

discussed below. The initial model grid was modified as data inversion progressed so 

that the model was not over-parameterised and all the model parameters were 

resolved by the data. The final parameterisation has 1000 unknown resistivities; their 

horizontal distribution is shown in Figure 4. These were determined from data at 31 

sites covering 29 periods in the range 1/128-128s. A few sites did not have data at the 

longer periods, so in total we inverted 6528 data (4 real and 4 imaginary impedance 

tensor elements at each period).  

 

The final model is a good fit to the data, both apparent resistivity and phase, at most 

sites and frequencies. An important feature of the data is the split in the two off-

diagonal components (xy and yx) of the apparent resistivity at longer periods (see the 

example in figure 3). The frequency at which this split occurs is controlled by the 

distance (both depth and laterally) to a sharp increase in sub-surface resistivity, taken 

to indicate the sediment-basement boundary. Thus it constrains the sediment thickness 

and the lateral distance to the edge of the basin from the site. Our phase one model 

predicted the split at the correct frequency, but was unable to reproduce its magnitude, 

so the separation between the two curves was under-predicted (see figure 3). The final 

model produces a much larger split between the two components, matching well that 

recorded. The improvement results from a new final-stage modelling strategy of 
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successively fixing the structure in more and more model layers, beginning in the 

near-surface and proceeding downwards. The fit to the diagonal terms (xx and yy) at 

periods <1s is poor at some sites, but these impedance tensor elements are 

numerically very small so a large percentage error is still a small absolute error and is 

therefore deemed acceptable (it contributes little to the overall misfit). 

 

 
The final model is shown in Figure 5. In layers 1-4 (0-650m depth), the medium is 

conductive with locally more resistive feature. The southern area (centred on site 326) 

is very conductive (resistivity <1�m). Deeper (650m-2.25km depth), the resistivity 

structure is more heterogeneous, with a marked contrast between a conductive 

western and resistive eastern side. Between 2.25 and 4.25km depth, the northern area 

is resistive but the south-western area remains conductive. By 4.25km, the whole area 

has become resistive. An east-west structural trend beginning at around 8km depth 

models the magnitude of the observed split between the xy and yx apparent resistivity 

curves. Resistivity decreases with depth below 8km. A north-south cross-section (not 

presented here) shows rapid thinning in the sediments at around Northing 558000, but 

no sign of basin closure at either end of the survey area. East-west cross-sections (also 

not presented) show the resistivity contrast between the basement to the east and the 

sediments to the west down to about 2km depth in the north and 4km in the south. In 

neither case is there any evidence for the basin closing or thinning to the west. Below, 

the resistivity is homogeneously higher (basement and/or volcanic formations). The 

western part of the model is poorly resolved between these two profiles because of the 

lack of stations there.  

 

We have used sensitivity analysis to establish that the main structures of these models 

are robust and required by the data. In general, we can identify features of the data 

that constrain the model. For instance, the shallow resistive feature to the NE of site 

740 is required to fit the particular impedances recorded there. Likewise, we modified 

iteratively the layer thicknesses in order to adjust the frequency at which the xy and 

yx component apparent resistivity curves separate, which in the actual data occurs 

generally at around 1s period but locally (site 428) at around 8s (see Figure 3). 

 

Figure 4. Final 

horizontal distribution of 

model parameters for 

depths 0-8.25km (left 

panel) and 8.25-

26.25km (right panel). 

Red lines outline blocks 

in which resistivity is 

assumed constant; grey 

dashed lines are the 

computational grid. 
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Figure 5. Depth slices through the final 3D resistivity model. Depth range indicated 

above each panel. Sites marked with crosses.  

Preliminary interpretation 

Our model suggests a pronounced basin structure with an approximately N-S axis. 

The sediments are ~4km thick throughout the southern part of the basin, with little 

variation in thickness until approximately northing 558000, where there is an abrupt 

change to a thickness of ~2km. The sediments to the south are more conductive, 

perhaps indicating a more saline pore fluid. The basin appears pinched in the east-

west direction around sites 636 and 836, and opens up again to the north. However, 

the lack of sites to the west of 836 in the central region means that we cannot 

completely rule out there being two separate basins, one to the south, the other to the 

north. In either case, the sediments to the north appear to be considerably thinner.  
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Pockets of resistive material in the top ~1km may represent volcanic intrusions. 

Between 0.65 and 2.25km depth, there are resistive zones (but with lower resistivity) 

to the west of the most westerly sites. Satellite images and ground mapping indicate a 

linear, approximately N-S feature whose position is coincident with the eastern edge 

of these resistors. In the centre of the region, we do not have sites sufficiently far west 

to resolve this part of the model, and thus it is possible that the two resistors are part 

of a continuous feature. They could also be volcanic intrusions, or resistive sandstone 

as occurs in the Turkana region to the south, or the model could be sensing (but not 

able to resolve) a shallower basement to the west. Although E-W vertical cross-

sections (Figure 7) indicate an approximately flat sediment-basin interface, the 

western side of the basin is not well constrained because of the site coverage, and so 

the model does not preclude a half-graben structure.  

Conclusions 

We have obtained, robustly processed and 3D modelled MT data at 31 sites in the 

eastern part of the Omo basin. 26 of these sites have data over a broad frequency 

range; at the remaining 5, the frequency cut-off is higher, restricting the penetration 

depth. The region is characterised by low resistivities, which also restrict the 

penetration depth. The dominant geoelectrical strike direction is approximately N-S, 

in agreement with the geological strike. The 3D model suggests a basin structure with 

maximum 4km of sediments in the south, 2km in the north. Only the basin closure to 

the east is imaged. Local pockets of high resistivity in the shallow sub-surface, and a 

more extensive resistive area at depths of around 1.5km on the western edge of the 

model, may be associated with volcanic intrusions in the sediments, although resistive 

sandstones or basement might indicate a half-graben structure. With further analysis, 

especially in conjunction with other geophysical and geological data from the region, 

we expect MT to be pivotal in forming structural and tectonic models and predicting 

the evolution of the rift in this area.  

Publications  

We have produced two reports (on the phase 1 acquisition and modelling, and a final 

report) for the Petroleum Operations Department of the Ethiopian Ministry of Mines 

and Energy, and White Nile Ltd. We intend to write a manuscript for publication in an 

international, peer-reviewed journal. 
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