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Interpretation of mantle MT:

-  Motivation

-  MATE software

https://github.com/sinanozaydin/MATE

-  Application to southern Africa

https://github.com/sinanozaydin/MATE


  

● MT provides unique views on the 
upper mantle

● Using MT data for tectonic, dynamic 
or mineral exploration interpretation 
requires quantitative interpretations 

Motivation

Selway, 2015, Nat. Gsc.

Wannamaker et al., 2017, Nat. Comms.



  

Motivation: The steps to quantitative interpretation

Theoretical idea
What controls the 
physical property?

Experiments
Measuring 
the 
relationship

Extrapolation
Experimental 
conditions to 
 Earth 
conditions

Calibration
Against the 
real Earth 



  

Motivation: The steps to quantitative interpretation

Olivine conductivity = 

Proton 
conductivity 
(hydrogen)

Polaron 
conductivity 
(electrons)

Ionic 
conductivity 
(Fe, Mg)

+ +



  

Motivation: The steps to quantitative interpretation



  

Motivation: The steps to quantitative interpretation

Calibration: 
Kaapvaal Craton

Özaydin, Selway and Griffin, 2021, GRL 



  

Motivation: The steps to quantitative interpretation



  

Key factors in quantitative mantle MT interpretation:

● Conductivities of individual mantle minerals 
(Temp, X

Fe
, C

H2O
, etc. )

● Hydrogen partitioning between mantle minerals

● Maximum hydrogen solubility in mantle minerals

● Geometries of mantle rocks

● The possibility of other, previously unconsidered, 
conductive phases

Özaydin and Selway 2020, G Cubed 
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● Conductivities of individual mantle minerals

● Hydrogen partitioning between mantle minerals

● Maximum hydrogen solubility in mantle minerals

● Geometries of mantle rocks

Key factors in quantitative mantle MT interpretation:

}
https://github.com/sinanozaydin/MATE

https://github.com/sinanozaydin/MATE


  

Summary / case study slides:



  Özaydın et al. (2021, GRL) -  Are Xenoliths From Southwestern Kaapvaal Craton Representative of the Broader Mantle? 
Constraints From Magnetotelluric Modeling, https://doi.org/10.1029/2021GL092570

Case Study -  Southwestern Kaapvaal Craton

- Are xenoliths and xenocrysts 
representative of the mantle 
here? Water contents, 
metasomatic imprints?

-To what ends they agree with
the quantified interpretation
made on magnetotelluric 
models.



  
Özaydın et al. (2021, GRL)

Information from xenoliths and xenocrysts



  
Özaydın et al. (2021, GRL)

MT Inversion and Bounds



  

Comparison of MT model
and xenoliths.

Özaydın et al. (2021, GRL)

-Calculated amount of water 
contents from MT decreases
with depth, matching the
fertility-depletion trend of 
xenocrysts.

- Water contents broadly
falls into uncertainties derived
from MT.

-Inconsistincies in fitting the 
water content suggests local 
metasomatic control.

-Fertile layer could be laterally
pervasive feature to be sensed
by the MT method.



  

Comparison of MT model
and xenoliths.

Özaydın et al. (2021, GRL)

-For 37 mW/m2 geotherm
a 10 percent phlogopite layer
around can be used.

-For preferred 40.2 mW/m2 
geotherm, the effect of 
connected phlogopite can be 
negligible.



  

Conceptual Sketch

Özaydın et al. (2021, GRL)



  

Thank you for listening.

https://github.com/sinanozaydin/MATE

MATE link to repository:
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