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Multi-dimensional depth inversion modeling of geophysics data is enjoying increasing 
adoption in mineral exploration. The continuous development of efficient algorithms, run 
on increasingly cost effective, and expanding computer resources, enables prospect de-
risking to be undertaken with tools and products fit to deal with the complex, 3D imaging 
tasks typically faced.  
 
Geophysical data are still inherently inaccurate and/or incomplete, however, and the 
inverse problem remains non-unique. Workflows that quantitatively and jointly consider 
multiple geophysical and ancillary data offer a reduced set of solutions that at least 
satisfy compatibility with all data sets introduced. Building on the cross-gradient joint 
inversion work introduced by Gallardo and Meju (2003), considering a similarity 
objective between different geophysical domains, we have implemented a variation 
where geo-structural information is included in the input data set (Scholl et al., 2015, 
2016, 2017). Adding gradient control from surface or subsurface geology, or any other 
ancillary property set (e.g. structural tensors from seismic volumes), further constrains 
the regularization during single and/or joint geophysical domain inversions.  
 
The type of joint inversion workflow employed is driven by the data available and the 
target imaging objectives, rather than the tool itself. We illustrate some of the 3D joint 
inversion options as applied to diverse airborne and ground geophysical datasets:  

1) ground and airborne passive EM - an example of the simplest joint inversion 
implementation, with direct inversion of two distinct natural field, frequency 
domain EM data sets, highlighting the relative strengths and weaknesses of each 
in determining the 3D resistivity volume,  

2) airborne gravity gradiometry and time domain EM - Helitem and HeliFalcon 
cross-gradient joint inversion,  

3) airborne time domain EM - Helitem 3D inversions constrained through cross-
gradient function by surface geology (dip and strike measurements interpolated 
to a 3D tensor field), as well as joint inverted with aeromagnetic data,  

4) airborne frequency domain EM - Resolve 3D inversion constraining the velocity 
reversals in near-surface refraction seismic, and 

5) Ground MT, gravity and seismic micro-earthquake tomography (Vp, Vs, and 
locations) constrained by a the gradient of a reservoir porosity model of the 
known field to represent geology.




