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SimPEG is: 
open source

software 
simulation 
inversion 
in Python



Objective:

Tie together 
geophysical, petrophysical and geological 

information in a single conventional
geophysical inversion framework



Motivation Example: Tli Kwi Cho DO-27 
kimberlite

● Diamondiferous kimberlite
in the Northwest 
Territories, Canada

● Well studied:
• Devriese, S. G. R., K. Davis, and D. W. 

Oldenburg, 2017, Inversion of airborne 
geophysics over the do-27/do-18 
kimberlites - part 1: Potential fields: 
Interpretation, 5, T299–T311.
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Potential Field Inversion
Minimization of an objective-function:

With:
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and
<latexit sha1_base64="m43BrnNTwX8DP6m4hRxwhcv9g14="></latexit>

<latexit sha1_base64="V93BOWDK+GXTIKwELOPHXaWlXrs="></latexit>



Minimization of an objective-function: Maximization of a Posterior Distribution:

Gaussian representation of physical properties
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Tikhonov inversion assumes
a Gaussian distribution 
around the reference model

Smooth Inversion
Gaussian representation of physical properties
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Linking Geophysics, Petrophysics and 
Geology



Rock samples and 
physical properties distribution

Gaussian mixture representation of physical 
properties Gaussian mixture representation:

● Physical properties as 
probability distribution

● One Gaussian = One rock unit

Can we recover the physical properties distribution 
in our inversions?

<latexit sha1_base64="rBTa8zNPfGfmHgy+nTDe7eb6WPQ="></latexit>



Number of 
expected units

Depth/Sensitivity
weighting

reference 
model

Geological
information

• Include global and local parameters
Rock samples and 

physical properties distribution

Can we recover the physical properties distribution 
in our inversions?

Gaussian mixture prior



Petrophysically guided inversion scheme

Target misfits:
Petro Target

n
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At each iteration:
• Update mref and Ws according to 𝚯



Updating the petrophysical distribution
At each iteration, we learn a new physical properties distribution 𝚯,
“averaging” the input petrophysical distribution 𝚯prior and current inversion 
model m through the optimization of a Posterior Distribution on 𝚯.



Max. A Posteriori - Expectation Maximization

• proportions • means • covariances

● E-step: Responsibilities

● M-step:

<latexit sha1_base64="p0Tq9H7Biuv5MOoxDQtNYIyxRbs="></latexit>



Why learning a new petrophysical model?
● We can work with partial, incomplete or biais information

• DC2D example: no mean value information



Back to TKC: 
Tikhonov
Inversion



TKC: Sparse
Inversion



TKC: Petrophysically constrained inversion

Gravity inverted model
+

New density distribution

Magnetic inverted model
+

New magnetic susceptibility distribution

Inversion 
code

Inversion 
code



TKC: 
Single PGI



TKC: Joint PGI

Inversion 
code

- Gravity and magnetic inverted model
- New physical properties distribution model



TKC: 
Joint PGI



● add one geologic borehole log to 
constrain the classification
• Increase the expectations of the 

observed units at and around the 
borehole (ellipses)

Prior expectation of finding 
rock unit j 

at location i

TKC: geological constraints



TKC: 
Petrophysical 
and geological 
constraints



TKC: Summary
Gravity model

Magnetic model

Petrophysical
distribution

Geological model
from inversion

Smooth Single PGI w. boreholeJointSparse



Conclusions

• General framework applicable to any 
geophysical survey without extra-terms

• Can be used for joint inversion

• Works with partial or biais petrophysical
information

• Can include geological information 

w. boreholeJoint
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Thank you for your attention. Questions?


