
Geologically constrained hybrid 1D/3D inversion of TEM: 
Inverting for thickness of conductive cover and paleochannels.  

Mapping paleochannels is an important application of EM for mineral exploration activities including alluvial diamond, uranium and gold exploration, as well as for

hydrological studies. Paleochannels are typically more conductive than their immediate environs by virtue of their higher clay and water content.

Although conductivity depth imaging or CDI is still used for first-pass interpretation of time domain EM (TEM) data, 1D inversion is very commonly applied. The assumption

of horizontal layering is reasonable for paleochannel or depth of cover modelling. Even if 2D and 3D effects are appreciable in places, 1D inversion is still an attractive

initial option due to the speed, relative simplicity, and availability of software.

Examples of paleochannel modelling and inversion are presented for Geotem data over central west QLD (courtesy of the Queensland Geological Survey), Tempest

survey data over the Bull Creek Prospect in central west QLD (courtesy of Exco Resources) and Spectrem survey data (courtesy of Anglo American).

VPem1D

A computer program, VPem1D (Fullagar Geophysics), has been written to perform 1D TEM inversion in a 3D geological framework. The Earth is represented as a close

packing of vertical prisms with the same lateral dimensions. Each vertical prism is divided into cells or layers. Each cell is assigned to a geological unit, so the underlying

model structure represents both geology and conductivity. During inversion, each prism is considered as a layered model. After inversion, the prisms are restored to their

positions in the 3D model. VPem1D inversion is directly applicable to dB/dt and B-field data from variety of systems including (but not limited to) Geotem, Tempest, VTEM,

Spectrem, MegaTEM and Hoistem.

The fact that VPem1D operates on a geological model facilitates a variety of inversion styles, involving adjustment of boundaries as well as conductivities.

METHODOLOGY

Interpretation of paleochannel or cover thickness employs

VPem1D geometry inversion. A simple two-layer geology is

assumed, comprising a conductive paleochannel unit

overlying a resistive basement. In the absence of geological

constraints, the starting model paleochannel thickness is

typically constant (uniform drape beneath topography) and

suitable starting conductivities are assigned to the two units.

The conductivities can be optimised numerically using

homogeneous unit inversion if conductivity information is

limited.

Geometry inversion adjusts the depth of the contact between

the paleochannel and underlying basement in order to

produce a better fit to the TEM data. The base of the

paleochannel shape can be constrained by drill hole pierce

point data.

After geometry inversion, unexplained EM response can be

accounted for by implementing heterogeneous conductivity

inversion in the cover or the basement.

The result is a 3D conductivity model that explicitly defines

the base of paleochannels. Depth to basement maps are

readily produced from the outputs.

• Hybrid inversion scheme: starting model 

is a 3D model

• Each vertical prism treated as layered 
model for 1D inversion

• After inversion, the prisms are restored 

to their positions in the 3D model

VPem1D hybrid (1D/3D)  scheme:
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VPem1D model parameterisation:

Spectrem Example: 

A simple two layer starting model was assumed comprising 30m of conductive (100mS/m) cover/paleochannel overlying resistive
(1mS/m) basement. VPem1D geometry inversion adjusted the base of the upper conductive layer to produce a simple geological

model explicitly defining the base of paleochannel (all EM time channels were inverted).

Starting model comprised of
geological units with uniform
property. Adjust property of one or
more units to improve data fit,
subject to upper & lower bounds
conductivity inversion.

VPem1D inversion styles:

VPem1D  

model section

Homogeneous unit 

conductivity inversion
Geometry inversion

Heterogeneous unit  

conductivity inversion

Geological interfaces are
explicitly represented in the
model, inversion can be used to
adjust interfacial depths.

One or more geological domains
subdivided into cells (layers) for
conductivity inversion.

1997 GEOTEM survey Mt Dore Area
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Geotem Example:

The Geotem case study demonstrates the result of geometry inversion of a 2 layer model comprising conductive (150mS/m cover overlying
resistive (2mS/m) basement. Starting model cover thickness was a constant 50m.

Geometry inversion reduced the chi-square data misfit from 3948 to 15 assuming a 1% data uncertainty.

Inverted basement surface

Tempest Example:

This case study demonstrates a
sequence of inversions to ultimately
reveal a buried discrete conductor.

The starting model was represented by
a two layer model with cover
conductivity at 820mS/m (inferred from
VPem1D homogeneous conductivity
inversion) overlying a resistive
(10mS/m) basement. Starting model
cover thickness was 50m.

In this example, geometry inversion is
followed by heterogeneous conductivity
inversion.

Chi-square data misfit reduced from
17771 to 27 after geometry inversion,
then to 6 after heterogeneous unit
inversion assuming a 1% data
uncertainty.

N-S profile as represented by red section through
inverted basement surface. Upper panel illustrates
selected EM channels (26, 143, 612 usec) in ppm
(observed = blue, calculated = red). The central and
lower panel represent the starting model and
inverted model respectively (red is conductive cover,
blue is resistive basement)

Geometry inversion adjusted the base of the
paleochannel reducing the chi-square data
misfit from 8436 to 55 (assuming a 1% data
uncertainty).
Data misfit could be further reduced by then
inverting for conductivity variations in the
basement (or cover).
Observed and calculated responses of
selected EM time channels (#2 @65 usec
and #6 @1237 usec) are shown in map
view to the right.

Inverted basement surface
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The GOCAD® Mining Suite (an extension of ParadigmTM GOCAD® ) 
interfaces with the VPem1D software and includes options to 

directly extract a surface (wireframe) defining the base
of the paleochannel from the inverted model.  
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