
Magnetotellurics 
 

an Introduction for Geologists 
 

Presented at the TGDG, June 2020 

Rob Gordon P.Eng 



What is MT 

Discussion for Today 

 

ÇTheory and source fields 

ÇDeployment and data collection 

ÇData presentation 

ÇApplications & examples 
 

 

 

 



What is MT 
 
 

 

 

 

 
MT stands for Magnetotellurics  

Å Magnetotellurics (MT for short) is an electromagnetic geophysical 
technique that uses natural electric fields from lightning sources, solar 
flares and ionospheric resonances that induce current flow in the ground  
which allows us to image the earth's electrical resistivity structure from 
surface to great depths.   

 

Å Data are processed and presented as resistivities and can be correlated 
with geology, structure and can highlight both conductive features for 
targeting and or resistive features for targeting.  
 

Å Deep penetrating method. MT routinely measures  
from surface to 2, 5, 10 or many 10s of km depending on the application.  

 

 



How do we get Resistivity and depth information  

ÇPassive ǎǳǊŦŀŎŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ƴŀǘǳǊŀƭ ŜƭŜŎǘǊƛŎŀƭ ό9ύ ŀƴŘ 
magnetic (H) fields    

ÇThe ratio of the electric field to magnetic field provides simple information 
about subsurface conductivity.  
 

   ra=(1/5¥)*¼E/H ¼2 (ohm -metres ).  
 

ÇThe ratio is usually represented as both apparent resistivity as a function of 
frequency and phase as a function of frequency. 

Ç The depth of investigation is inversely proportional to frequency, that is the 
ratio at higher frequency ranges gives information on the shallow earth, 
whereas deeper information is provided by the low-frequency range, according 
to skin depth relationship 

ÇMeasure changes in E and H w/time and across frequency  
ranges (10kHz to 0.001 Hz) 

 



Resistivity  - a relationship to Geology  



Australian Research Study  



Regional Survey - Bolivia  

Andes Centrales (22°S): Volcan Uturuncu,Bolivia. Comeau, Unsworth et al., Geology (2015). 

 



Abitibi Transects 
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Metal Earth 

Transect Scale Research 

 

Larder Lake Transect 

 

Seismic & MT 

 

From: Jackson, 1995, OGS Map 2628, 1:50,000 

how are these faults expressed geophysically 
 

2km 



Larder Lake MT ï AMT section, 3D inversion 

Diorite 
N facing Skead Volc 

LN Shear 

Blake River volcanic rocks 

CLL Break 

Higher Conductivity ~17km depth  

Graham Hill, Personal Com.. 



Larder Lake MT ï AMT section, 3D inversion 

C-LL break has conductivity contrast 

traced to +30km 

 

LN shear very minor conductivity contrast 

to under 3km 

 

Contrast typically considered alteration 

effect 

N facing Skead Volc 

LN Shear 

Blake River volcanic rocks 

CLL Break 

? 

Graham Hill, Personal Com.. 

Mapping high resistivity volcanic blocks 



  

Larder Lake 

Misema Lake-Mist Lake flt 

CLLF 

The fertile, highly 

endowed faults 

manifest 

themselves 

geophysically as 

large through 

going features that 

separates domains 
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physical 

properties.  

 

MT surveys shows 

a distinct contrast 

in the structural 

hanging wall of the 

fertile systems. 
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× 1847: existance of large scale earth currents (Barlow) 

×мфрлΩǎ: Theory proposed (French and Russians)(1953-Cagniard) 

×мфслΩǎΥ !ŎŀŘŜƳƛŎκƎƻǾΩǘ ǎȅǎǘŜƳǎ ŘŜǾŜƭƻǇŜŘ - first uses for academic and 
geothermal projects (Map plate boundaries, alteration, etc.) 

× ~1980: Commercial systems for hydrocarbon exploration  

× ~1981/1982 ς Data quality/systems improve: useable data 

×мфулΩǎΥ aŀƴȅ ƛƴ-house oil company groups / mostly deeper applications 
× Shell, Amoco, Sohio, Arco, CGG 

×мффлΩǎΥ aƻǎǘ ǿƻǊƪ ŀƴŘ ǊŜǎŜŀǊŎƘ ƻǳǘǎƻǳǊŎŜŘ ǘƻ ŎƻƴǘǊŀŎǘƻǊǎ ŀƴŘ consultants 
×More use of higher frequencies - More usage in mining 

×Major advancements in acquisition, processing and interpretation  (24bit etc) 

×нлллΩǎ: Distributed data collection for detailed MT / 2D inversion improving 

×нлмлΩǎΥ о5 ƛƴǾŜǊǎƛƻƴΤ ŎƻƴǘƛƴǳŜŘ improvements; computing speed 
 

History of MT 



Ç  Lower frequencies:  

Ç f < 1 Hz  

Ç Interaction of the solar wind with 
ǘƘŜ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ 

Thunderstorms 

MT natural source fields  

Ç Higher frequencies:  

Ç f > 1 Hz  

Ç Global lightning activity 



Lightning   -   high frequency  

o Source field almost 
always present, subject 
to seasonal variation 
regionally  

o High Frequencies: World-wide thunderstorm 
activity 

o Energy travels around Earth in waveguide 

o Bounded by Earth surface and Ionosphere 

o Frequencies generally > 1Hz 

 

GlobalLightningMap_NSSTC.gif


Distortion of magnetosphere ð low frequency  

Aurora is caused by 

the same energy 

Intensity of solar flares 

increases and decreases over 

an 11-year cycle period  



 

Å  High frequency signals which originate from   
    lightning activity  
Å  Intermediate frequency signals come from  
    ionospheric resonances  
Å  Low frequency signals are generated by  
    sunspots  (<1 Hz)  

Natural electromagnetic waves that are generated in the earths 

atmosphere by a range of physical mechanisms. As these travel into the 

Earth's interior they decay at a rate dependent upon their wavelengths.   

What are we measuring?  

From Magnetotelluric Research Overview / 6 April 2001 / unsworth@phys.UAlberta.ca   



MT/AMT/CSAMT 

ÇMT  
ÇGenerally refers to Broad Band recording from >10,000 Hz to .001Hz  (also referred 

to as 1000 seconds) or as low as 10K S (.0001Hz)  from surface to great depths ς (up 
to 100km and more) 

ÇAMT 
ÇwŜŦŜǊǎ ǘƻ ά!ǳŘƛƻέ ŦǊŜǉǳŜƴŎƛŜǎ 

ÇGenerally recording > 1 Hz to 10KHz+ 

ÇThe bandwidth works well where high resolution inversion modeled resistivity 
results are needed to depths of 1 km, (more or less).  

ÇCS AMT 
ÇwŜŦŜǊǎ ǘƻ ά/ƻƴǘǊƻƭƭŜŘ {ƻǳǊŎŜέ !a¢ όŘŜǇǘƘ ǊŀƴƎŜ ƻŦ ǳǇ ǘƻ млллƳ ōǳǘ ǘȅǇƛŎŀƭƭȅ     

useful for 500m (more or less) 

ÇAdvantageous for measurements with smaller dipoles less than 50m  

 

 

 



MT ð frequency bandwidth & survey types  
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