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IData presentation

JApplications & examples




What is MT
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MT stands for Magnetotellurics

e 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.

e 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.

e 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

0 Passive surface measurement of the earth’s natural electrical (E) and
magnetic (H) fields

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

p=(1/5f)* |E/H |2 (ohm-metres).

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

0 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

d Measure changes in E and H w/time and across frequency

ranges (10kHz to 0.001 Hz) @



Resistivity - a relationship to Geology

resistivity (ohm-m)
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‘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).
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Abitibi 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, Cadillac - Larder Lake Break and Gold Deposits
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Metal Earth how are these faults expressed geophysically
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Transect Scale Research

=N

k’v:‘
S

Larder Lake Transect

—
o 1S
="

Pa
>
-
N 7 L e e W P

Seismic & MT

’ =
g3t — %t \

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

E LaurentianUniversity
UniversittLaurentienne




Larder Lake MT — AMT section, 3D inversion

LL181112-allmdls : Model 11: ice=53 South-Morth View
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Larder Lake MT — AMT section, 3D inversion

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

log Resistivity (Tt-rm)
+1 42 +3 +4

e reremm facing Skead Volc Blake River volcanic rocks

Mapping high resistivity volcanic blocks

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

LN shear very minor conductivity contrast
to under 3km

Contrast typically considered alteration
| effect

Graham Hill, Personal Com..
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The fertile, highly
endowed faults
manifest
themselves
geophysically as
large through
going features that
separates domains
that have distinct
physical
properties.
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MT surveys shows
a distinct contrast
in the structural
hanging wall of the
fertile systems.
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History of MT

< 1847: existance of large scale earth currents (Barlow)
< 1950’s: Theory proposed (French and Russians)(1953-Cagniard)

< 1960’s: Academic/gov’t systems developed - first uses for academic and
geothermal projects (Map plate boundaries, alteration, etc.)

< ~1980: Commercial systems for hydrocarbon exploration
< ~1981/1982 — Data quality/systems improve: useable data

< 1980’s: Many in-house oil company groups / mostly deeper applications
< Shell, Amoco, Sohio, Arco, CGG

< 1990’s: Most work and research outsourced to contractors and consultants
< More use of higher frequencies - More usage in mining
< Major advancements in acquisition, processing and interpretation (24bit etc)

< 2000’s: Distributed data collection for detailed MT / 2D inversion improvin
< 2010’s: 3D inversion; continued improvements; computing speed @



O Lower frequencies:
O f<1Hz

O Interaction of the solar wind with
the earth’s magnetic field

O Higher frequencies:
0 f>1Hz
O Global lightning activity

Thunderstorms ﬁ

SPARTAN MT



Lightning high frequency

IONOSPHERE

Source field almost
always present, subject
to seasonal variation
regionally

High Frequencies: World-wide thunderstorm
activity

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

Distorfion of magnetosphere - low frequency

Earth’'s magnetosphere

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

Aurorais caused by
the same energy



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

Dpth of panatraton  aar ( pariod x esiaivty) e High frequency signals which originate from
Reststvity of ground () lightning activity
* 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

dMT

0 Generally 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 — (up
to 100km and more)

JAMT

- Refers to “Audio” frequencies
- Generally recording > 1 Hz to 10KHz+

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

aCS AMT

- Refers to “Controlled Source” AMT (depth range of up to 1000m but typically

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



MT - frequency bandwidth & survey types

High Frequency Low Frequency

SPARTAN MT

Broadband Frequency (Broad band or LF & HF)

TITAN 160 TITAN MT

ITAN 24 (distributed array /close spacing)

T

MT
]
AMT 1000 m ——>
CSAMT >-700m

Ground  Dead Dead
wave Band Lightning Band Solar Wind

Shallow 10000 1000 100 10 1 01 001  0.001 Deeper @
Frequency in Hz g



Example of dead band on AMT

dCS-AMT
JAMT — 2 hr read O Captures good signal in deadband

2 No lower frequencies
dead band
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Summary

OCS-AMT JMT- overnight read

0 Captures good signal in dead band and

O Depth limited lower frequencies for depth

Clean HF dead band
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(Ex)

Measure the natural electric field -
and the natural magnetic field e
over a range of frequencies

LF (Hx)
Induction Coils

~N
N
= Induction Coils LF (Hz)
N HF (Hy) LF (Hy)
e ~ Induction Coils
N
,\ ~ Electrode Electrode
0% (Ex) (Ey)
~N
\ \
Quantec MT Site ~ < \ 30-50km
\ ‘\
\ \
IField layout for one g
Remote MT Site frecirode
site
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Need for the remote site

dUn-referenced site
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go almost anywhere
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Testing the coils prior fo starting a suryey
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Parallel sensor test
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MT applications - flexible resistivity mapping

d Mining & Exploration
d Porphyry exploration
0 Gold exploration
3 Structural mapping - Faults/ shears
0 Near-mine exploration
0 Pre-Mine Risk evaluation
0 Regional potential target

evad | uation Timmins Camp, Dester Porcupine fault

- Basin mapping (depth of cover)
3 Crustal studies

d Oil & Gas
0 Geothermal

Louvicourt (constrained MT inversion) @



ign

Survey des

©
(V]
—
(]
>
(<))
>
[
=]
(7]




Planning and costing

LN R o

Services for Project Supplied by Quantec or Client

Supply of all necessary people, equipment and vehicles as outlined in
A.2 to complete the survey.

Data processing and reporting as specified in Schedule D.

Accommodation and meals for the Quantec crew for the duration of the
survey.

Disposables, i.e. gasoline/fuel, water, etc.

Communications facilities for data transfer / upload for processing and
charging equipment. Suitable internet and 7/24 power.

Maps and survey files of idealized GPS defined coordinates and location
details in digital format must be delivered to Quantec prior to field data
collection.

Vehicular access to project site as well as within grid survey area. This
includes roads cleared to allow for the required access by a 4x4 pickup
truck to the project site and open roads to the active portions of the
survey area.

Parmits, site access, fees and landowner consents needed to access the
survey area. Should there be any delays due to these items, standby
charges may apply.

Site-specific training as required by Client including: safety and
emergency procedures, environmental precedures, and social
procedures for handling local residents, landowners or labour.

) approx. 205 sites
1 35 days
JS k/day

() Crew size dependant

\



J approx. 90 sites 121 days for 5 man crew
Jcovering 2.5 x 2.5 km JS k




Single line transects

SPARTAN MT Resistivity Section

44110008 06340008 66350008 4160000 4627000N 06 36000M n000M 840! 00410000 0420000 800

) =L YA 12D Inversion shown
. a1 V-
" im Al
: — uuﬂm o:

@



Darnley Bay Residual Gravity, MT Sites MT Resistivity/Depth Profile
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SPARTAN MT survey - plan & results for regional study

Surface

Y 3D Resistivity model ﬁ

SPARTAN MT

12 KM



Iso shells depicting low resistivity (volcanics)
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Seabridge Gold, British Columbia

Kerr-Sulphurets-Miichell property: porphyry exploration

Exploration Objectives:

Q

a

Map potential targets to depths of 2000m and greater with increased resolution.

Establish an understanding of the geological system and fluid pathways to great depth within the
KSM survey area.

Detect porphyry rich mineralization and/or associated alteration zones to depth for drill targeting.

Complete an orientation survey to identify additional conductive zones or ‘blind’ conductors in the
area.

IRON CAP MITCHELL SULPHURETS KERR




Seabridge Gold- SPARTAN MT results
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Resistivity results in 3D
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Grid Metals Exploration - ongoing

Figure 2. Location of planned magnetotelluric survey station sites on the East Bull Lake property with mapped
extent of the East Bull Lake intrusion (filled blue polygon). Both the Parisien Lake and the East Lobe grids are have

been completed.
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Resistivity depth slices at 150m and 450m
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“The MT survey is an electromagnetic geophysical method with excellent depth penetration and a proven ability
to detect, directly or indirectly, the type of palladium mineralization (high palladium tenor disseminated sulfide)
that is found at EBL. Initial results from the completed portions of the survey have delineated several high
priority geophysical targets proximal to known palladium rich mineralization. “

\



{18 i
421 LA P06 .8 P20

=' GridMetals
- - CONP
g interpreted | Mag East Bull Lake

: :‘:;"l’::me | Lin/Structure Palladium Project

20 Resistivity
'

Profile N9

—— — —
'R Y




Distributed Array — Detailed MT Profiling surveys

@




MT - frequency bandwidth & survey types

TITAN 160 TITAN MT
TITAN 24 (distributed array /close spacing)

MT
]

AMT

CSAMT
.

Ground  Dead Dead
wave Band Lightning Band Solar Wind

10000 1000 100 10 1 01 001  0.001 @
Frequency in Hz g



Typical
station set

up

A

Standard line length is 2400m to 4800m

A

Dipole variable from
50 to 400 metres /_ Cross-line potential electrode (fixed)
In-line potential electrode (fixed) l

—b‘ 100m.|<— 7 | /— . | v

LHS on
module

P
A Batfery

B,
e
BVE >20 km
from
line

2 channel AM

100m
1 channel AM

LAN link to
Data
harvesting
centre

B
- . X
On Ilng___, lanan)

magnetometer B,
site This example: line length: 2400 m
24 E, 100m dipoles
12 E, 100m dipoles
25 current stations
2 B,/B, magnetometer sites

Effectively 24 - 100m spaced sites

Collected simultaneously

¢

TITAN 24
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Detailed Resistivity

1000 1500 2000 2500 3000 3500 4000 4500

= \ -

[ se00 MT Resistivity

< 140

1o 'gg -" Typically 1500 metres

110 233

1000 1500 2000 2500 3000 3500 4000 4500
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TITAN 160 MT (TE/TM)

Typical station Multi channel

set up acquisition

module
Battery
50m
® o o ' @--O-~ o o
—> 1.5km
HX
Online _, Wl ~~
magnetometer site H, g
per 2 profile spread

B
-.Remote B, |§ >20 km
_— .
from line

o T I v e
magnetemeter site

-

) |



Athabasca Basin, Beartooth Island: Uranium

O Penetrate below the thick conductive
Wolverine Point sediments to delineate at
depth (> 600m) geophysical signatures
associated with possible unconformity
type uranium deposits, specifically et
graphitic conductors and fault structures
in the basement, as well as alteration
zones within the overlying Athabasca
sandstones.

Water
100-2 000 Q m

Overburden

10-100 kK Q n Lake seds

100-500 Q2 m

Alteration
50-20 000 Qm

Sandstone
2 000 -5 00d

Unconformity

Psammitic
(Felsic) Gneiss
5-100 kQm

Golden Valley Mines Ltd.

Mines de la Vallée de I'Or Itée Granite

10 - 100 k2 m

Graphitic Metapelite Metapelite
sl 50 -1 000 Q m

\

(from Witherly, 2005)



Beartooth Island- Survey Results

Several near vertical basement conducts were detected below the Athalbasca

unconformity.

Mapped the unconformity at depths of approximately 700m.

|dentification of LOW RESISTIVITY zones in the sandstone sediments and CONDUCTIVE

structures in the basement.
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Cu porphyry examples

Ora Zone Titan Cross Section Line
1000N 1500N 2000N 2500N

MT Inversion - Resolution, Arizona — Porphyry Copper

Geological Section Constrained MT Inversion
— - O -

500 m

>1% Cu

-500 m— -500 m-

-1000 m- ~1000 m-

I:] Apache Leap Tuff Pre Camb. Limestone

- Whitetail Conglomerate - Diabase
[:l Cretaceous Volcanics I:l Pre Camb. Schist

1 km
:] Pre Camb. Quartzite - QvpP —_— @

¥

TITAN 24




Deep targeting

O Deep structural resistivity highs

0 Pur-Banera Prospect, Rajasthan, India

< 305° DD 10PMLO15

-
v’

MT Zone Il 7

0 m RL

9.0 m @ 0.98% Pb, 0.45% Zn
MT Zone Ill

14.35 m @ 0.40% Cu, 0.09 g/t Au purce: From Kavdia

al. (2015).
120m @ 1.23% Cu, 0.08 g/t Au

12.3m @ 0.20% Cu, 0.08 g/t Au

—250 m R

-

LEGEND

B QMS * Quartzite
B BMQ

1 Oxidized BMQ
B Altered zone

# Orebody - Dolomite Hosted

-J- ~ \
~Eastern:,
“MT Zone/

N Cak silicate rock

(Kavdia et al., 2015).

\

Resistivity
(ohm-m)



Near mine exploration

/"\ PARA SU PUBLICACION INMEDIATA
& Bolsa de Toronto: SMT
STERRA Bolsa de»lea: SMT

e 2 Bolsa NYSE American: SMTS

METALS
No. 322018

SIERRA METALS CONFIRMA MINERALIZACION PORFIDICA EN SU MINA | N earm | ne d ee p reS|S 'I'|\/|'I'y agle p p| N g

YAURICOCHA EN PERU, RESULTADOS POSITIVOS INCLUYEN 22
METROS DE 0.46% DE COBRE, 134 PPM DE MOLIBDENO, Y 10.73 PPM
DE COBALTO

Drill Hole E-PORF 10-18-01
sw L14 MT Resistivity Section NE

Cuye Orebody

(? > 0.1% Cu)

E-PORF 10-18-01

(1 Drilled from 720 level to 1394
metres deep

1 Intersections from 798m
through 980m

\



How does MT Resistivity compare to DC resistivity ?

Top panel: MT Resistivity

PW 2D inversion;

-n Typically 1500 metres

Middle panel: DC Resistivity

-II Typically 500-750 metres

Bottom panel: Chargeability

¢

TITAN 24



What is an EMAP survey

Typical station
set up

MT (TM-Mode) Resistivity Section

0 200E 400E G00E 800E 1000E 1200
2000 2000

E, 50m (or 100m)

QRT-160 Data Receiver -
4—
50 1600 -
O-0O--@--O @ ---6--@- -4 S ) ’m. -6 --0--6--6 - =
—> 1.5km ——
1400 -
i [ |

On Il'ne/, o |

magnetometer site  H, I% _

: 3
typlc.ally 1 per % oo
profile spread H

-
w
.
400 -
=l

Remote [ |

magnetometer site |§
—

>20 km
from line



EMAP 50 m dipole vs. 25 m dipole

Profile MT - Emap mode JProfile MT - Emap
(2D Inversion)50m dipoles (2D Inversion)25m dipoles

Siaad : MT (TM - mode) Resistivity Section
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What benefit are the cross dipoles (TE)

IProfile MT (TE&TM) (cross dipoles )
(2D Inversion)

Profile MT or Emap mode
(2D Inversion)
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MT or Magnetotellurics

0 Provides resistivity information about the subsurface
d typically related to Geology and structure but also sensitive to buried conductors

0 Regional and local applications

O Effective 1D, 2D and 3D imaging for exploration across commodity types
Q Porphyry exploration
0 Gold exploration
Base Metals, Ni, PGE

0 Near mine & pre-mine applications (recent discovery at Yauricocha)

O
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QUANTEC

Geoscience

Questions ?

reordon@quantecgeoscience.com
cmaudet@qguantecgeoscience.com

WWwWw.quantecgeoscience.com
Karen R. Christopherson, Chinook Geoconsulting, Inc
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- E-field parallel to Survey Lines

/ ZONE

“Standard” CSAMT . 45=6 km 12km / NULL

Source Field in Broadside
Tx Configuration for
Minimum 1.5 km Plane- | ®
wave Penetration in Ex/Hy N

Rx Configuration.

@ = 30°-45° maximum

North (x)

2-3 km bipole

M or

2 x 2 km loop

Total Possible
CSAMT
Survey Area

East (y)

Typical station

set up
E, 50m (or 100m)
(: 1 <+
50m
) £ . (=) - - = ) + £ 0
1.5km =~
Online _, |

magnetometer site  H,
typically 1 per set up

\



CSAMT - near field / far field - distortions

. Apparent Resistivity 15630_10475
5
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= 3 P ‘
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| o 1 ~LVTIN
I 1o —
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-2
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Phase 15630_10475
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Figure A4.1 CSAMT survey arrangement. The transmitter a -
dipole is oriented perpendicular to the geological strilee é . .
(TM mode). Electric (Ey) and magnetic (Hy) fields are % 30—
measured in far-field zone. % .
o 1S
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http://www.cambridge.org/ae/files/6713/9643/1711/Online_appendix_04.pdf

CSAMT section from South America
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AMT/ CSAMT Near field/far field

CSAMT/AMT/MT

[ (12 m

. w W w ACSAMT for different Transmitter receiver
distances show the onset of non-Far field
responses at increasingly higher
frequencies for closer source receiver
separations
JAlthough the match is better when the
transmitter is very far away, signal

strength goes way down , making the
sensitivity relative poor.

JAMT represents an entirely “Far Field”
response for a consistent curve




MT/AMT/ CSAMT for exploration Pros and Cons

O O

[ i W

(I N W E W

MT

Provides 1d/2d &3d resistivity solutions
Great depth of penetration

(surface to > 1000m)

3D information achieved

Regional and local applications

Provides info on poor and good conductors

Natural signal can be irregular but problems
alleviated by over night longer reads

Light-weight equipment --very portable

Can access almost anywhere

No transmitter required

Little impact on environment
Multi-parameter surveys can be incorporated

CSAMT

JProvides 2d resistivity sections
Depth limited (typically < 2000m (500m))

I Typically only runs in TM mode, so not
best for dealing with anisotropy

lssues related to the effects of near field /
far field effects.

JRequires large motor generator and
transmitter



Summary
ACS-AMT dMT-overnight read

O Captures good signal in deadband 0 Captures good signal in deadband and
0 No lower frequencies lower frequencies for depth

O Depth limited Clean HF dead band
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JZTEM aMT

0 Measures Hz in the air over a 0 Measures Hx, Hy & Hz AND Ex and Ey
line or grid at 100 km/hr at single stations in on a line/grid —
0 Measures Hx & Hy in one over a period of 3-20 hrs
location, near the grid 0 Measures Hx, Hy & Hz plus Ex and Ey

at a reference station 30+km away
over course of survey

0 Frequency range is 30Hz to 3 Frequency Range is .001Hz to
720 Hz 10,000HZ

O



What is ZTEM ?
QZTEM aOMT

L1401, Pampa Lrima Project . ZTEM 20 Inversion, 100 ohm-m start
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Figure 11: 2D ZTEM inversion for L1401 across the Lirima . : "
geothermal field that roughly coincides with the NW-SE \ ey
trending 3D MT inversion section in Figure 7b. Figure 7: 3D Magnetotelluric inversion results, showing: a) NE-

SW and b) NW-SE oriented sections across the 3D model (after
Arcos ET AL., 2011). Their location is approximately by the 2D
ZTEM inversion lines presented in Figure 8.

http://geotech.ca/wp-content/uploads/2016/10/042- Arrow shows feature at 500m
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