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UTEM Electric Field Measurements

. first measurements by Y. Lamontagne ~197/5 (U of T)
« Ph.D. studies (U of T) by J. Macnae confirmed the method
. ISR evolved ~ 1986 for gold exploration (sillicification)

« clients included Noranda, BHP, etc - mid 80’s to early 90’s
 Industry, company focus shifted

« ISR/ISR processing tested in a series of surveys:
2006 Shea Creek (AREVA)

alteration in sandstone

2009 Sudbury Basin (FNX/Xstrata/Vale Inco)

defining targets out into the footwall rocks

2010 Thunder Bay North - TBN (Panoramic Resources)

magma conduit system, Current Lake Intrusive Complex, Thunder Bay




Developing ISR

Test surveys In diverse geological environments
required:

adjustments to the survey method employed in the field

further development of the ISR processing software

We were looking for a location to showcase:

depth penetration less dependent on the conductivity structure

the advantages of employing an inductive source

The opportunity to carry out a test survey @
Sierra Gorda resulted from discussions with
QuadraFNX in 2010.



ISR — Induced Source Resistivity

* large ungrounded loop source

* electric dipole sensor

 time domain wideband measurements
« UTEM system response — sguare wave



Geometry of ISR measurements

/ Loop for ISR coverage

T
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Loop for normal UTEM coverage

Y: strike direction
X: traverse line direction



Multi-fold ISR measurements

CONCEPTUAL MULTI-TX PRACTICAL MULTI-RX
CONFIGURATION CONFIGURATION

TX loop

survey line S=400m

TX loop S=800m

survey line S=800m
TX loop S=400m

survey line $S=1200m

i survey line S=1600m
survey line



ISR waveform

e E field step response

e Constant primary E field
at late time

e Late time response is a
DC resistivity response
excited by EM induction

e Reversing waveform
used in practice

Ideal ISR step response

TX current

E primary

Practical square wave response

TX current /\/\

E primary




E field res ponse E field step response

Step response E total

E primary

e transient from 0 to limiting field

e transient shape due to EM

diffusion E secondary V,

¢ E primary field limit only for
horizontally layered structures

Square wave response :
E field square wave response

¢ transient starts from end of
previous half-cycle ' |
E total

» periodic effect if transient long E primary

Conversion to step response \

[ A

S(t) = 0.5 [Q(t) + Q(t+h)]

E secondary

S: step response
Q: square wave response
h: half period




ISR data Interpretation
Value of ISR

* sensitive to resistors and to contrast in very resistive rock
 useable with very resistive cover

* 10x tp 100x signal strength relative to H field

* typical repeatability <0.1%

Difficulty of ISR Interpretation

 depolarization effect of surficial conductors
* need to analyze channel-to-channel/loop-to-loop variation
» effect of large scale and deep resistivity structure

Need for data processing and inversion.



Sierra Gorda ISR Survey

* December 2010 - initial phase of testing
« January 2011 - equipment modifications
* February 2011 - second phase of testing

Based on the results of the testing phases the
decision was made to carry out a full test survey
with the following parameters:

 two 4000m survey lines ~centred over the planned pit
« 50m dipoles, capacitive electrodes

« ~2000x4000m double loops 12AWG w Master-slave Tx
« 20Ch surveying @ a frequency of 2Hz
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- Loop 5 back

- Loop 4 back

- Loop 2 back
- Loop 1 back

- Loop 5 front

- Loop 4 front

- Loop 3 front

- Loop 2 front
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Sierra Gorda 2011




Sierra Gorda 2012

Stripping and stockpiling of oxide
mineralization to expose sulphide ore



Table 1-1
Sierra Gorda Independent Technical Review
Mineral Resources
— Cutoff | Tonnes CuEQ Cu Mo Au
A CugEQ (%) (M) (%) (%) ktonnes Mibs (%) ktonnes Mibs. gh k ozs
Measured
Sulfide 0.20 4226 057 0.39 1644.4 3625.3 0.029 121 267399 0.067 208
% Oxide 0.20 64.7 0.40 0.40 2559 564.1 NA NA NA NA NA
‘_&; . Total Measured 487.3 0.55 0.39 1900.2 4189.3 0.029 121 267399 0.067 9
. |Indicated ;
Sulfide 0.20 1576.3 0.49 0.37 5788.1| 127606 0.018 290| 639421 0.057 2894
Oxide 0.20 172.5 0.32 0.32 551.4 1215.7 NA NA NA NA NA
Total Indicated 1748.8 0.47 0.36 6339.5| 13976.3 0.018 290| 639421 0.057 2894
Measured and Indicated
Sulfide 0.20 1998.9 0.51 0.37 74325 16385.9 0.021 411 206820 0.059 3801
Oxide 0.20 237.2 0.34 0.34 807.3 1779.7 NA NA NA NA NA
Total Measured+indicated 2236.1 0.49 0.37 8239.8| 181656 0.021 411 206820 0.059 3801
Inferred
Sulfide 0.20 665.1 0.38 0.31 2087.2 46015 0.009 59 130507 0.035 744
Oxide 0.20 16.5 0.24 0.24 39.6 87.4 NA NA NA NA NA
Total Inferred 681.6 0.37 0.31 2126.8 4588.8 0.009 59 130507 0.035 744

Sierra Gorda 2012

Table 1-1, Technical report for the Sierra Gorda Project, Chile




Tx Loop

double loop
~4000x2000m
12 AWG




UTEM 3 Transmitter

A

Master-Slave pair...




Capacitive Electrodes

0.9m x 1.9m (3'x6’)

R R R ]




UTEM 3 Recelver

Capacitive Electrode (covered)




EM 3 Receiver
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Resistivity Imaging with ISR data

combined conductivity-depth imaging
and 2D resistivity inversion

ECDI step

» Step Correct E field data
* normalize to the late time limit and apply lateral averaging
* fit these data to apparent diffusion time as a function of depth

2D resistivity inversion step

* incident E field with depth diffusion based on ECDI

« fit data with ECDI diffusion time/model smoothness constraints
 depth-variable modeling grid and inversion grid size

* major iterations (Miter) until RMS residuals no longer decrease
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Where are we now

A 2D resistivity inversion that can handle greater
geological compexity and tolerate IP effects.

working towards a 3D process... currently:

« assemble the sections into a (more) 3D model

« 3D finite difference routine generates synthetic E field profiles

* synthetic results are compared with the Step Corrected profiles
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Where are we now

A 2D resistivity inversion that can handle greater
geological compexity and handle IP effects.

working towards a 3D process... currently:

« assemble the sections into a (more) 3D model

 a 3D finite difference routine generates synthetic E field profiles
* synthetic results are compared with the Step Corrected profiles

With the goal of putting these pieces together:

* inversion of field profiles to produce resistivity-depth sections

« assemble all resistivity-depth sections into a model

« 3D finite difference routine generates synthetic E field profiles
* major iterations (Miter) until RMS residuals no longer decrease
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end of talk as presented
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E primary field

¢ Slow geometrical fall-off

* Transmitter distances can be used for geometrical “sounding”
e Deep sounding potential but coarse depth resolution
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Diffusion depth effect

factor multiplying the free-air primary field
S=800m, 1000 Om half-space, base frequency=65Hz

early channel 8.69 us
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additional
ISR resistivity-depth sections
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