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Maxwell’s	EquaKons	

Ampere’s	Law	w/	Maxwell’s	correcKon:	
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Kme-varying	
ionosphere	currents	

orthogonal	electric	
field	induced	within	
the	Earth	by	the	Kme-
varying	magneKc	field	

Note	that	the	
amplitude	of	the	
electric	field	
decreases	with	
depth	
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the	impedance	
of	the	Earth	

This	is	what	
we	want	to	
find!	



How	do	we	figure	out	Z?	

Hy	

Input	

Ex	

Output	

Zxy	

EARTH	

?	
If	we	know	Hy	and	Ex	we	can	determine	the	
proper6es	of	the	Earth.	



Magnetotelluric	Impedance	
We	need	to	solve	Maxwell’s	equaKons	for	some	relaKonship	
between	a	Kme-varying	magneKc	field	and	the	corresponding	
induced	electrical	field…	
	
But	first	we	make	two	assumpKons:	
1.  Plane	wave	source	
•  The	only	source	of	telluric	currents	is	very	long	wavelength	
•  Earth	is	much	more	conducKve	than	the	atmosphere	

2.  Quasi	staKc	approximaKon	
–  Displacements	currents	don’t	mager!	
	

These	assumpKons	make	Maxwell’s	equaKons	much	easier	to	
solve.	
	



Magnetotelluric	Impedance	

Solve	Maxwell’s	equaKons	to	find:	
	
	 HY ω( )Z ω( ) = EX ω( )

ZXY ω( ) =
EX ω( )
HY ω( )

Hy	

Ex	

Zxy	
In	a	3D	earth,	impedance	is	a	2x2	
tensor	with	complex	components	



Magnetotelluric	Source	Fields	

Constable	and	Constable,	2004	

AMT	

MT	
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Magnetotelluric	Source	Fields	

Two	weeks	of	4	Hz	data	



MT	Source	Field	

Collected	in	geomagneKc	coordinates	in	northern	New	Mexico	



Field	Measurements	



Field	Measurements	

DRIFTER	Profile	

EarthScope	MT	Array	



Field	Measurements	



Field	Measurements	



Electric	Field	Measurement	



Marine	Magnetotellurics	



ρXY =
ZXY

2

µ0ω

Apparent	ResisKvity	
Impedance	(Z)	is	a	complex	value	and	
non-intuiKve	to	interpret.	
	
But	if	we	calculate	the	magnitude	of	
impedance	we	get	apparent	resisKvity:	
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δ ≈ 0.5 ρ
f

more	resisKve	
rock	allows	for	
deeper	imaging	

How	deep	are	we	looking?	
InducKve	skin	depth	(in	km):	

frequency:			0.01	Hz									0.25	Hz																25	Hz	
skin	depth:			5	km													1	km																					0.1	km	

surface	

5	km	

Electric	Field	Amplitude	w/	Depth			longer	period	=	deeper	imaging	



Signal	Strength	

Bad	MT	Year	

Good	MT	Year	



ResisKvity	Models	
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ApplicaKons	(just	a	few	examples)	
•  Resource	explora,on:	onshore	and	offshore	hydrocarbon	

exploraKon,	mining,	geothermal	heat	sources	

•  Tectonics:	terrane	boundaries,	water	budget	in	subducKon	zones,	
temperature	and	composiKon	of	the	lithosphere	

•  Structural	Geology:	imaging	fault	offset	beneath	sediments,	
esKmaKng	depth	to	brigle/ducKle	transiKon	

•  Volcanic	Hazard:	4D	study	of	magma	chambers	

•  Hydrology:	esKmaKng	the	volume	of	a	sedimentary	basins	and	the	
depth	to	water	table	



ElectromagneKc	Spectrum	of	
Geophysics	
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“The	Grand	Spectrum”	 Infrared	


