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Summary

The Gamsberg deposit, located in the Northern Cape province of South Africa, contains a major zinc resource in a complexly 
folded synclinal sequence that extends over several kilometers.  The deposit can be treated, for the purposes of electromagnetic 
modelling, as  a thin sheet in a resistive background medium.  Because the sequence is large and folded, standard approaches to 
modelling using  thin, plate-like bodies have been limited to representing small regions of the conductor where the current 
systems can be approximated to flow locally and in a plane.  As a result, late time behavior, where the currents  can  be controlled 
by  the non-planar shape of the conductor, has been difficult  to characterize.  However, recent use of SQUID sensors at Gamsberg 
has lowered noise levels and extended the delay times at which data can be reliably acquired over those previously acquired with 
coil sensors.  By using a mesh-based integral equation algorithm to  model these data, the curved character of the conductor can 
be represented, resulting in improved understanding of the character of the conductor and the mineralized zones within it. 

Introduction

The Gamsberg deposit is located in the Northern Cape province of South Africa, and contains  economic reserves of 
approximately 90 Mt  of 6% zinc and 0.5% lead.  The deposit is  the sedimentary exhalative type, and lies in the approximately 80-

meter thick Gams Formation.  The formation is underlain by 
the Pella Quartzite and overlain by the Noesses Mafic 
Gneiss. Deformation of the mineralization is extensive and 
the metamorphic grade is  high, with  the mineralization 
occurring intermittently in  a sheath fold structure that extends 
over several kilometers. Zinc mineralization is typically in 
the 1-4% range, with smaller high-grade zones to 10%.

The resistivity of the mineralization is the 10-s of ohm-
meters, with the background typically in the 1000 to 10,000 
ohm-m range.  As a consequence, the body can be accurately 
approximated in the quasi-static mode of electromagnetic 
excitation as being a conductive thin-sheet in a resistive 
background. Accordingly, it is amenable to modelling  with a 
thin-sheet integral  equation modelling algorithm. Finite-
element and finite-difference models would be difficult to 
implement for such a conductor because the conductor’s 
large size would require a laterally extensive mesh, while its 
thinness and relatively high resistivity contrast with the 
background would require fairly small cells, with the result 
being a large numerical system.

Because of the size of the conductor is large in comparison to the scale size of a typical  electromagnetic survey, Gamsberg is  not 
the typical modelling target encountered in mineral exploration, and the assumptions upon which typical thin-plate modelling 
algorithms (e.g. Annan (1974), Walker and West (1991), Cheng et al (2006)) are based do not generally apply. The assumptions 
behind these algorithms variously include: 1) a fairly small set of basis functions with which  to represent the current excitation, 
2) a tabular shape and 3) representation of the current  excitation with sets of concentric filaments.  Representing scattering from a 
fold with tabular shapes can lead to misleading models (Walker and Lamontagne, 2006). Algorithms that represent current 
excitation with a fixed set of concentric filaments cannot represent  current  migration, and so are generally limited to  representing 
scattering from bodies where the variation of the primary field  of the transmitter normal to the surface of the scatterer is small 
relative to the average primary field. 

The Gamsberg conductor is not plate-like, and its dimensions are large compared to those of the survey.  Plate-based models can 
be quite useful for modelling local  “patches” or tangent planes of the deposit, particularly where the conductance is high, but 

Figure 1. The geology of the Gamsberg area (after Rozendaal, 
1986)



cannot model the large scale folding. We present  model results for Gamsberg computed using a mesh based integral-equation 
solution (Walker and Lamontagne (2006)) in which the folded character of the conductor is accounted for.
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The Gamsberg area has  recently been the subject of a Spectrem airborne survey (in 2005) and ground fixed-loop electromagnetic 
surveys (2004-2006) employing low-temperature SQUIDS and Zonge TEM3 coil sensors.  Coverage is illustrated in Figure 2 
above.  Down-hole electromagnetic logging with surface loop sources 
has also been  completed.  This paper models data acquired over the 
eastern part of the formation, where favourable airborne anomalies and 
drill results have been obtained.  

Theory and Method

We model the Gamsberg conductor using a trimesh-based integral-
equation that  solves for the quasi-static current excitation on one or 
more thin sheets embedded in a resistive background medium. The 
trimesh represents the surface of the anomalous thin-sheetlike 
conductor, and since the shape of the mesh is flexible, it is  possible to 
generate surfaces that are representative of true or hypothetical 
geological structure. Current excitation on the conductor is represented 
by  vortex basis functions  constructed to circulate around the nodes of 
the mesh. By constraining the current to flow in vortices, its surface 
divergence is zero, so  no current can flow in the background medium. 
This permits the current excitation on the conductor to be written in 
terms of the stream potential, and simplifies the solution considerably, 
but at the cost of assuming the background to be highly resistive.

Figures 3 and 4 illustrate the setup of the model.  Because a mesh is 
used, numerous shapes are possible.  This allows for great flexibility 
when modelling the data, but  also poses the problem of how to  start. In 
the modelling described here, the starting model  was seeded using a 
hypothesized cross section developed by Anglo American from drill 
data, geophysics and geological inference  Squid data from one of the  

Figure 2. Landsat images with superimposed geophysical  coverage over Gamsberg.  Left panel: the airborne coverage over the 
eastern part of the deposit with prioritized anomaly picks (highest to  lowest: red, orange, green, yellow), and interpreted plate 
conductors (orange polygons, yellow boxes). Right panel:  Ground coverage over the eastern part of the deposit, showing loop 
positions (yellow, blue) with the yellow points indicating measurement positions.  The red line outlines the area of primary 
interest.

Figure 3. An illustration of the model geometry for a 
surface line, showing  the trimesh (white), the 
transmitter loop (magenta). The traverse line (white) 
crosses the loop.
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surface lines (7900) were then modeled using the seed model  as a starting 
point. It  was apparent the early-time surface data could  not be modeled from 
the shape of the seed model, so the position of the conductor was adjusted to 
achieve a fit.

Results

Figure 5  illustrates  the fit  of the SQUID data acquired 
on  line 7900.  Note there is some distortion in  the early 
time data which is caused by the presence of the 
transmitter  loop. This  distortion is most  obvious  in the 
z-component data where the profile crosses the loop.   

The data were modeled by first fitting the early time 
data and adjusting the shape of the conductor to obtain 
a reasonable match of the model to the data. Doing this 
corresponds approximately to using the inductive limit 
of the response, which apart from the effect of previous 
half-cycles, is primarily sensitive to the geometry of 
the conductor.  Once a reasonable shape was obtained, 
the resistivity of the conductor was adjusted. Finally 
the late time data were matched, and a reasonable fit to 
the late time response could only be obtained by 
inserting a conductive patch within the mesh. 

The mesh had 1032 nodes, with 7 of these used to 
represent the conductive patch. The model could be 
further refined to better define the patch by  re-meshing 
it with more nodes, at the cost of more computer time. 

Figure 4. (Above) The initial model was 
developed from the hypothesized cross-section 
shown in pink and red. The blue trace illustrates 
the section obtained by fitting early time surface 
data under line 7900, and is projected onto the 
plane of the section, offset from the line.

Figure 5. (Two panels left) A comparison of the 
SQUID sensor data (lines) with the modeled 
data (points) on line 7900. The upper and lower 
profiles in  each panel  (green, red labels) show 
the z and x component data respectively. The 
lower panel illustrates  the late-time comparison. 
Early time data are plotted in red.
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Figure 6. The model obtained by fitting the data in Figure 5. The 
conductor is illustrated with tiles. The traverse line is shown in yellow.
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The resulting model of the conductor and the conductive patch are shown in Figure 6.  The tiles in the figure are tangent to the 
mesh and are colored according to their surface resistance. The light blue tiles on the top of the fold  have a resistance of 0.004 to 
0.006 ohms, while those below an elevation of -100 meters had a resistance of 0.03  ohms (dark blue). The more resistive surface 
curls around under the more conductive surface. The red, conductive patch has a diameter of approximately 400 meters and a 
surface resistance of 3 x 10-5 ohms.

Knowing the extent of the conductor is clearly important for evaluating the economic potential  of the conductor, and is important 
for planning further deep drilling.  To this end, borehole data were modeled to  determine whether the conductor continues to 
depth and forms the synclinal  fold as hypothesized in the section illustrated in Figure 3, or whether it is truncated above that.  
Boreholes have only penetrated the conductor to the 200 meter level, as illustrated in Figure 3 (diagonal black lines extending 
downward from 1200z),  and the hypothesis has not been drill  tested to the -600 meter level.  Accordingly, a brief model study 
was conducted to determine whether the hypothesized conductor continues to  depth below the borehole by comparing the 
responses of the full fold (Figure 7, left) to that  of a conductor truncated below the borehole (Figure 7, right). Data were collected 
with  an Atlantis system probe in the A, U, V coordinate system. Comparison of the model data (A component, red lines; U 
component: blue lines) to the field  data (black lines) support the hypothesis  of the deep fold.  In  particular, the behavior of the U 
component (approximately normal to the conductor ) proved to be the most diagnostic. The U component best  matched the case 
where the currents can diffuse into the base of the syncline, rather than being constrained to flow parallel to the lower edge of the 
truncated conductor.

Conclusions

A mesh-based integral equation solution has been used to model  and determine the character of the syncline hosting 
mineralization at Gamsberg.  Modelling with this solution has  been shown to be useful for rapid hypothesis checking, in this  case 
to  determine the depth extent of a fold as was done using the borehole data. The solution can be used to create a more detailed 
model of a large conductor, honoring both early and late time data.  In the case illustrated here, the early time surface data were 
used to define the shape of the conductor, while the late time data were used to identify anomalous zones within it.

The capabilities  of the solution illustrated here go hand-in-glove with modern electromagnetic acquisition technologies, which 
have broadened the acquisition bandwidth and lowered noise thresholds.  The data they produce are sensitive to the long 
decaying, weak responses of large conductors.  Mesh-based modelling methods, such as  the one employed in this study, can 
simulate such responses accurately, and so can be used to fully honor these data.  Thus, electromagnetic prospecting is moving 
from an era of “anomaly hunting” to one of mapping the complicated electrical environments  in which ore deposits  are often 
found. 
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Figure 7. Comparison of 
the response of a synclinal 
conductor (left) to that  of a 
truncated conductor (right).  
The stream potential is 
plotted on the trimesh, and 
shows the current system 
induced on the syncline 
flows into the lower limb, 
resulting is the diagnostic U 
component response. The 
borehole is plotted in green 
and intersects the conductor 
where the profiles are 
d i s c o n t i n u o u s . T h e 
transmitter loop and  axes 
are visible in the top left 
corner.
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