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Discussion for Today

C Theory and source fields

C Deployment and data collection
C Data presentation

C Applications & examples




What iIs MT
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MT stands for Magnetotellurics

A 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.

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

A Deep penetrating method. MT routinely measures
from surface to 2, 5, 10 or many 10s of km depending on the application.
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How do we get Resistivity and depth information
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magnetic (H) fields

C The ratio of the electric field to magnetic field provides simple informatior
about subsurface conductivity.

r ,=(1/5 ¥)*YE/H Y% (ohm -metres).

¢ Theratio is usually represented as batlparent resistivityas a function of
frequency and phase as a function of frequency.

C 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 Hr@quency range, according
to skin depth relationship

¢ Measure changes in E and H w/time and across frequency
ranges (10kHz to 0.001 Hz)
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Resistivity - a relationship to Geology

resistivity (ohm-m)
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(from Palacky, 1988)

Common rocks
Topsoil

Loose sand
Gravel

Clay
Weathered bedrock
Sandstone
Limestone
Greenstone
Gabbro

Granite

Basalt
Graphitic schist
Slates

Quartzite

Ore minerals
Pyrite (ores)
Pyrrhotite
Chalcopyrite
Galena
Sphalerite
Magnetite
Cassiterite
Hematite

50—100
500-5000
100-600
1-100
100-1000
200-8000
500-10000
500-200000
100-500 000
200-100000
200-100000
10-500
500-3500000
S00-800000

0.01-100
0.001-0.01
0.005-0.1
0.001-100
1000-1 000 000
0.01-1000
0.001-10000
0.01-1 000000




‘Proof’ of Concept- the Olympic Dam Model

Australian Research Study
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Fingers of God, new edition. Heinson et al., 2018, SciReports

“Fingers of God” — the Scottish
Astrologer, 2016
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Depth Below Sea-Level (km)
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Andes Centrales (22°S): Volcan Uturuncu,Bolivia. Comeau, Unsworth et al., Geology (2015).

Resistivity (£2m)
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ADbitibl Transects

Gold production
(Gosselin & Dubé, 2005)
e < 1AuMoz

© 1-5AuMoz
@ 5-10AuMoz
@ > 10AuMoz
— Faults / Shear zones

= Transect lines

Other lithologies
Lithology
[ Felsic intrusion
Granitoid
B Mafic intrusion
[ Metamorphic
Pyroclastic
I sedimentary
- Volcanic
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Larder Lake area, Cadillawder Lake Break and Gold Deposits
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From: Jackson, 1995, OGS Map 2628, 1:50,000
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Metal Earth how are these faults expregsedhysically
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Larder Lake MT i AMT section, 3D inversion

LL181112-allmdls : Model 11: ice=53 South-Morth View
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Graham Hill, Personal Com..
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Larder Lake MT i AMT section, 3D inversion

LL181112-allmdls : Model 11: ice=53 South-Morth View

log Resistivity (Tt-rm)
+1 43 +3 +4

e reremm facing Skead Volc Blake River volcanic rocks

Mapping high resistivity volcanic blocks

C-LL break has conductivity contra
traced to +30km

LN shear very minor conductivity ¢
~ to under 3km

Contrast typically considered altera
| effect

Graham Hill, Personal Com..
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History of MT

X

X

X

1847:.existanceof large scale earth currents (Barlow)

M o p: dAleary proposed (French and Russjér#b3Cagniard)

Mdpc 1 QayY ! OF RSYA Ok 3-Firgt Gsés far @cadendcyadd R S
geothermalprojects Map plate boundaries, alteration, efc

~1980: Commercial systems for hydrocarbon exploration

~1981/1982¢ Data quality/systems improve: useable data

Mdy n Qa Y-hoasé ofl eompayfgroups / mostly deeper applications
x Shell, AmocaSohiq Arco, CGG

Mbpn QayY azad ¢62NJ | yR NI a Sdorsidtdnts 2 d
x More use of higher frequenciesviore usage immining
x Major advancements in acquisition, processing arterpretation (24bitetc)

H n n:/bsXabuted data collection for detailed MRD inversion imprm@
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Cc Lower frequencies:
¢ f<1lHz

¢ Interaction of the solar wind with _ e -
0KS SFENLKQa YI 3 o

¢ Higher frequencies:
c f>1Hz
¢ Global lightning activity

Thunderstorms ﬁ

SPARTAN MT



Lightning high frequency

IONOSPHERE

Source field almost
always present, subject
to seasonal variation
regionally

High Frequencies: Wordide thunderstorm
|5 RN 5. i o RSy | activity

2025 Energy travels around Earth in waveguide
Bounded by Earth surface and lonosphere
Frequencies generally > 1Hz
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GlobalLightningMap_NSSTC.gif

Distortion of magnetosphere o low frequency

Earth’'s magnetosphere

Intensity of solar flares
Increases and decreases over
an 1l-year cycle period

Aurorais caused by
the same energy



VWhat are we measuring?
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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.

PHYSICS OF MAGNETOTELLURIC EXPLORATION

Depth of penetration . sqrt (perlod x resiaiviy A High frequency signals which originate from
Restetiviy of ground «(5) lightning activity
A Intermediate frequency signals come from
lonospheric resonances
Low frequency signals are generated by
sunspots (<1 Hz)

100 ochm - metres

Period = 100 8 Period =48 Period = 1/26 8
skin depth = 5000 m  skin depth = 1000 m skin depth = 100 m
— 4

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



MT/AMT/CSAMT

cCMT

C Generally refers to Broad Band recording from >10,000 Hz to .001Hz (also referr
to as 1000 seconds) or as low as 10K S (.0001Hz) from surface to greaktdepths
to 100km and more)

c AMT
CWSTSNA (2 a! dzZRA2€é¢ TFTNBIdzSYOASa
C Generally recording > 1 Hz to 10KHz+

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

cCS AMT
CWSTSNR (2 da/ 2yuUNRffSR {2dzNDS¢ ! at E

o

useful for 500m (more or less)
¢ Advantageous for measurements with smaller dipoles less than 50m



MT o frequency bandwidth & survey types

: High Frequency I i Low Frequency I SPARTAN MT
(Broad band or LF & HF)

Broadband Frequency

TITAN 160 TITAN MT
TITAN 24 (distributed array /close spacing)
MT
-
AMT 1000 m =———>

CSAMT 5-700m
]

Ground Dead Dead
wave Band Lightning Band  Solar Wind

Shallow 10,000 1000 100 10 1 01 001 0.001 Deeper @
Frequency in Hz &




