Leaders in Deep Exploration

Y Quantec

o~ Geoscience

TITAN-24 DC - IP - MT SURVEY
GEOPHYSICAL REPORT

NORTH TISDALE PROJECT
(ONTARIO, CANADA)
ON BEHALF OF
MONETA PORCUPINE MINES INC.
(TIMMINS, ONTARIO, CANADA)

QUANTEC GEOSCIENCE LTD KEVIN KILLIN, P. GEO
146 SPARKS AVE, TORONTO, ONTARIO, M2H 254, CANADA SAMAN PERERA, MEHRAN GHARIBI &
PHONE: (416) 306-1941 / FAX: (416) 306-1949 MOJTABA DANESHVAR

WWW.QUANTECGEOSCIENCE.COM 17/02/2012




QUANTEC GEOSCIENCE LTD

EXECUTIVE SUMMARY

INTRODUCTION

A Titan-24 DC-IP-MT survey was completed over the North Tisdale Project, North Tisdale, Ontario,
Canada on behalf of Moneta Porcupine Mines Inc. Data were acquired along two parallel (~900m apart)
N-S oriented lines and a total of 4 km (5.6 km with current extensions) DC-IP survey line and 4 km of test
MT survey line were surveyed using 80 m station spacing. A pole-dipole configuration was used for DC
and IP measurements.

SURVEY OBJECTIVES

The exploration objective of the Titan 24 DCIP & MT survey at North Tisdale Project was to map and
define contact/lithologies to depth (known in near surface setting from drilling, etc) and determine any
change in their character.

RESULTS

The resistivity subsurface distribution along the survey lines displays two conductive zones in the
southern and northern parts. These high conductive zones with resistivity of 1- 100 Qm are resolved in a
high resistivity background with a resistivity of ~5000 Qm. The geometry of these conductive anomalies
resembles lithological contacts; probably associated with the interbedded graphitic argillite, or faults.
Note that several tests were completed to reduce the effects of power lines on the inversion results.
Auxiliary information is required to validate these results.

The chargeability distribution over the survey area indicates two IP anomalies, 70 mrads and 30 mrads,
at locations corresponding with the observed conductive zones. Between these two zones resistive and
moderately chargeable area is observed. This zone could be associated with lithological contact or fault
with no conductive materials.

RECOMMENDATIONS

An Illustration of potential target zones is presented in Figure 4-9 and Figure 4-10. A total of 6 anomalies
identified in the resistivity and chargeability models and are listed in the following table. The potential
targets are prioritized as High, Moderate, or Low, and their intermediate ranges based on the category
of the chargeability and conductivity of the anomalies as well as the size. The High priority anomalies are
associated with large anomalies with high-moderate chargeability and high-moderate conductivity
(category 1). Category Il denotes anomalies with high-moderate chargeability and moderate-low
conductivity. A moderate-low chargeable and resistive anomaly is categorized as III.

The resolved anomalies are interpreted based on the reliability and repeatability of the DC, IP and MT
inversion results. Because of cultural interferences observed in the survey area this interpretation must
be treated with caution and should be validated by ground truthing. Any drilling efforts based on these
interpretations must incorporate other geophysical and geological models and information to validate
these results.
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Chargeability DC Conductivity | MT Conductivity Size
Anomaly ID Category Priority
(High/Mod/Low) | (High/Mod/Low) | (High/Mod/Low) | (Large/Mid/Small)
L1E_IP1 High High Mod Large ' High
L1E_IP2 High-Mod High Mod Mid High
L2E_IP1 High High High Large High
L2E_IP2 High-Mod High Mod Mid High
L2E_IP3 High-Mod Low Mod Mid I Moderate
L2E_IP4 Mod-Low Low Low Mid-Small I Low
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1 INTRODUCTION

This report presents the logistics and the results of the analysis of the Titan-24 DC - IP - MT data
acquired from 2011/12/06 to 2011/12/14 over the North Tisdale Project, on behalf of Moneta Porcupine
Mines Inc.

The survey includes 2 DC-IP-MT spreads along 2 N-S oriented lines with 80 m station interval and ~900 m
line spacing (Figure 1-1 and Figure 1-2). A total of 4.0 km DC/IP survey line (5.6 km with current
extensions) and 4 km of MT survey line were surveyed. A pole-dipole configuration was used for DC and
IP measurements.

The first part of this report presents the inversion results, their geophysical interpretation, and some
recommendations for future follow-up on the property.

The second part of the report presents the logistics of the survey, including the survey parameters and
methodology, and the survey results (data) in digital documents.

1.1 SURVEY OBIJECTIVES

The exploration objective of the Titan 24 DCIP & MT survey at North Tisdale Project was to map and
define contact/lithologies to depth (known in near surface setting from drilling, etc), determine any
change in their character, and detail anomalies found depending on importance. And complete second
profile up to 800-1000m away on strike, depending on earlier results. Titan 24 should provide the
following benefits:

Locating potential mineralization zones and/or associated alteration.

Mapping the resistivity and chargeability features of the subsurface assisting geologic
interpretations.

The Titan 24 Distributed Acquisition System (DAS; Sheard, 1998) employs a combination of multiplicity
of sensors, 24-bit digital sampling, and advanced signal processing. It provides three independent
datasets capable of measuring subsurface resistivity’s (structure, alteration & lithology) and
chargeability (mineralization) to depth.

The DC/IP component of the survey should provide an excellent means of delineating target
mineralization within the top 500m to 750m pending geologic and cultural environment. The MT
resistivity provides additional resistivity information from surface to depths beyond 1km. The MT
resistivity is useful for mapping geological contacts with resistivity contrasts and deep conductors that
may potentially represent alteration or mineralization.



1.2 GENERAL SURVEY INFORMATION

Quantec Project No.:
Client:
Client Address

Client representative:

Project Name:

Survey Type:

Project Survey Period:

General Location:
Province

District

Nearest Settlement:

Datum & Projection:

Latitude & Longitude:

UTM position:

QUANTEC GEOSCIENCE LTD

CA00916T
Moneta Porcupine Mines Inc.

65, Third Avenue
Timmins, Ontario, PAN 1C2
Canada

Rainer Skeries
Phone: (705) 264-2296
Email: RSkeries@monetaporcupine.com

North Tisdale Project
Titan-24 DC- IP - MT
2011/12/06 to 2011/12/14

Approximately 7.6 km NNE of Timmins

Ontario

North Tisdale and South of Murphy Township

Timmins

WGS84 / UTM Zone 17N

Approx. 081°16’07”W, 48°32'00”N
Approx. 480160m E, 5375629m N
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Figure 1-1: General Project Location’.

! Image downloaded from Google Earth, Inset downloaded from Google Map, 2012/01/03.
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2 GEOLOGY?

The Property is underlain primarily by numerous east-westerly trending intercalated mafic and
ultramafic volcanic flows and variably graphitic argillites and clastic sediments (Figure 2-1). Gold
mineralization can be hosted in a variety of settings mainly within quartz-sulphide-carbonate stockwork
zones occupying porphyry/mafic/ ultramafic/graphitic argillite contacts and/or structural zones. The
primary target is considered to be the western extension of the Bell Creek-Owl Creek New Mine Trend
setting believed to cross the central portion of the Property.
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Figure 2-1: Approximate survey line locations superimposed on Regional Geology of
the area

% After R. Bateman et al in Summary of Field Work and Other Activities 2004, Ontario Geological Survey, Open File Report 6145
and survey contract
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3 RESULTS AND INTERPRETATION

This section presents the results of the 2D inversion of the Titan-24 data and interpretation in context
with the survey objectives and significance to future exploration at North Tisdale Project.

The Titan-24 system acquires three types of geophysical data — magnetotelluric (MT), direct current
resistivity (DC), and induced polarization (IP).

The MT and DC methods are used to resolve the resistivity distribution of the subsurface by measuring
the electric potential (DC) and the variation of natural source electric and magnetic fields (MT).
Resistivity can be an indicator of metallic mineralization, but is more often than not controlled by rock
porosity and is therefore an indirect indicator of alteration and mineral grain fabric.

In the induced polarization method, electrical capacitance or chargeability of the subsurface is
measured. Chargeability is a near-direct indicator of the presence of sulphide mineralization, in both
massive and disseminated forms. Chargeable mineralization is most commonly various sulphides and
graphite, but also includes clay-type minerals potentially making it a useful tool for base-metals
exploration.

For each line surveyed, the DC-IP utilized a pole-dipole configuration with 80m dipoles with the current
injection points located at every 80m between the potential dipoles along the lines. There was 440 m
current extension at both the ends of each profile.

The MT utilized the same DC-IP dipoles, plus another set of 80m dipoles oriented perpendicular to the
profile at every second site to acquire electric field data. One set of high-frequency and one set of low
frequency magnetic sensors was used on the line. A remote site with the same magnetic sensor
configuration was used to improve processing of the MT data.

Detailed information on the survey logistics, acquisition parameters and screen capture of the acquired
data for the survey are provided in appendices at the end of this report.

The final inversion models are presented as cross-sections in Geosoft plot format along with an
interpretation overlay and comments on the most significant results and recommended targets.

Detail results, i.e. observed DC-IP data and equivalent calculated responses for each model, are
presented on a line per line basis in PowerPoint (or PDF) documents delivered in the digital archive
(DVD) attached to this report.

3.1 OVERVIEW OF INVERSION PROCEDURE

3.1.1 DCRESISTIVITY & INDUCED POLARIZATION INVERSIONS

DC-IP is an electrical method that uses the injection of current and the measurement of voltage
difference along with its rate of decay to determine the subsurface resistivity and chargeability,
respectively. Depth of investigation is mainly controlled by the array geometry, but may also be limited
by the received signal, which is dependent on transmitted current, and ground resistivity. The
chargeability parameter is particularly susceptible to cases with a low signal-to-noise ratio.

In its standard configuration (a=100m / n=0.5-23.5) the Titan-24 surveys typically image DC resistivity to
depths of 500-750m, and the IP typically images to 500-750m, in sub-vertical tabular geologic settings
and up to 50% more for sub-horizontal. The differences in penetration are a function of the relative
property contrasts and relative signal-to-noise levels between the two measurements. decreases or

12
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increases proportionally to the dipole-size (i.e., 300-500m for 50m dipoles, and 1000-1500m for 200m
dipoles). A detailed introduction to DC-IP is given in Telford, et al. (1976).

The primary tool for evaluating the Titan-24 data is through the inversion of the data. The goal of the
inversion is to recover an earth model which acceptably reproduces field observed data. Two inverse
problems have to be resolved. In the first, the DC potentials are used to recover the electrical
conductivity o, and for the second problem, the IP data are used to recover the chargeability 1. An
inversion model depends not only on the data collected, but also on the associated data errors in the
reading and the “model norm”. According to inversion theory, it is important not to fit the data
precisely, as some noise contaminated data could lead to introduce inversion artefacts: Inversion
models are not unique and may contain “artefacts” from the inversion process.

3.1.1.1 Data Pre-conditioning

For Titan-24 projects, the error of each data point is adjusted for the inversion process using a general
error equation similar to:

Vp Vi Vp
error. =A%| |+ BxAcq_Erro +C (floor)
IP y) IP

with the set of parameters {A,B,C} adjusted (and large errors data points removed) for each dataset
until we achieve convergence of the DC or IP models.

3.1.1.2 2D inversion

For Titan-24 projects, 2D inversions are carried out along each line to produce cross-sections of the
resistivity and chargeability variations along the survey lines. The UBC DCIP2D (UBC-GIF) inversion suite®
(Oldenburg & Li, 1994) is used for the 2D inversion of the DC and IP data:

1. DCINV2D: program to invert DC potentials to recover a 2D conductivity model.
2. IPINV2D: program to invert IP data to recover a 2D chargeability model.

The programs use the potential difference (voltage) and phase values as input data. Estimated errors
(see §3.1.1.1) on the DC resistivity and induced polarization (IP) data are included in the inversion.

The DC data is inverted using an unconstrained 2D inversion with a homogenous half-space of average
input data as starting model. The DC models are labelled as smDC. Two IP inversions are calculated from
the same data set and parameters, but they use a different reference model®. The first inversion of the
IP data uses the previously calculated DC model as the reference model, and is labelled the IP_dcref
model. The second IP inversion uses a homogeneous half-space resistivity model as the reference model
and is labelled IP_hsref model. This model is included to test the validity of chargeability anomalies, and
to limit the possibility of inversion artefacts in the IP model due to the use of the DC model as a
reference.

In general, the use of the DC reference IP model is considered better, but some feature on the DC model

A comprehensive theory and methodology for 2D inversions for those programs is also available at www.eos.ubc.ca/ubcgif.
* The reference model is used to calculate the sensitivity matrix used at each iteration for the IP inversion.

13
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might introduce ‘artefacts or false anomalies’ on the IP models. For example, we found the UBC code
tends to add very strong IP anomaly below a very conductive overburden, while not really supported by
the data: that appears just because of the strong resistivity contrast on the DC model. The HS reference
IP model is not ‘constraint’ by any pre-defined (DC) structure, and then can be used to validate
chargeability anomalies. If an anomaly is observed on the IP_dcref and the IP_hsref models, then we can
be confident on the results. On the other side, if the results vary a lot between the two inversions, then
the results appears to be more ‘depend’ on the DC reference model than the data itself, and so we can
be less confident on the results.

The DC and IP inversion use the same mesh. The horizontal mesh is set as 3 cells between electrodes.
The vertical mesh is designed with a cell thickness from 10 to 15m for the first hundred’s metres to
accommodate the topographic variation along the profile, and then it increases from 20 to 100m with
depth. The inversions were generally run for a maximum of 50 iterations.

3.1.2 AUDIO-MAGNETOTELLURIC INVERSIONS

The Audio-Magnetotelluric (AMT) method is a natural source method that measures the variation of
both the electric (E) and magnetic (H) field on the surface of the earth in order to determine the
distribution at depth of the resistivity of the underlying rocks. A complete review of the method is
presented in Vozoff (1972) and Orange (1989).

The measured MT impedance Z, defined by the ratio between the E and H fields, is a tensor of complex
numbers. This tensor is generally represented by its two off-diagonal elements. In a 1D earth model, i.e.
the resistivity varies only with depth, there is no strike direction and the two off-diagonal impedances
are equal. In the 2D case, i.e. when the resistivity varies with depth and perpendicularly to the strike,
and when the profile is set perpendicular to the strike direction, the two off-diagonal elements are not
equal but reflect the variation of the resistivity along two directions, one parallel and the other
perpendicular to the strike, i.e., the TE (Transverse Electric; E parallel to the strike) and the TM
(Transverse Magnetic; E perpendicular to the strike) modes.

Both TE and TM impedances are represented by an apparent resistivity (a parameter proportional to the
modulus of Z) and a phase (argument of Z). The variation of those parameters with frequency relates the
variations of the resistivity with depth, the high frequencies sampling the sub-surface and the low
frequencies the deeper part of the earth. However the apparent resistivity and the phase have an
opposite behaviour. An increase of the phase indicates a more conductive zone than the host rocks, and
is associated with a decrease of the apparent resistivity. The objective of the inversion of MT data is to
compute a distribution of the resistivity of the surface that explains the variations of the MT parameters,
i.e. the response of the model that fits the observed data. The solution however is not unique and
different inversions must be performed (different programs, different conditions) in order to test and
compare solutions for artefacts versus a target anomaly.

The depth of investigation is determined primarily by the frequency content of the measurement. Depth
estimates from any individual sounding may easily exceed 20 km. However, the data can only be
confidently interpreted when the aperture of the array is comparable to the depth of investigation.

The primary tool for evaluating the Titan MT data is 2D inversion. The inversion model is dependent on
the data, but also on the associated data errors, and the model norm. The inversion models are not
unique, may contain artefacts of the inversion process, and may not therefore accurately reflect all of
the information apparent in the actual data. Inversion models need to be reviewed in context of the
observed data, model fit, an understanding of the model norm used and if the model is geologically
plausible.

14
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For this study, 2D inversions were performed using the un-rotated data, which assumes the strike
direction is perpendicular to the profile for all sites: the TM mode is then defined by the inline E-field
(and cross line H-field), and the TE mode is defined by the cross line E-field (and inline H-field) data.

The MT models were calculated with the PWm code (development Quantec Geoscience; based on
delLugao and Wannamaker, 1996). The inversions use the TE and TM resistivity and phase from 10 kHz to
0.1 Hz, interpolated at 6 frequencies per decade, and assume 2% error for the resistivity and 2 degrees
error for the phase data.

The PWm inversion model (puth4) was derived from inverting the TE and TM apparent resistivity and
phase MT data starting from a half space model of 100 Ohm-m. All the 2D inversions incorporate
topography in the inversion process. This is essential in harsh terrain to accurately reproduce the
subsurface anomalies with least geometrical distortions.

15
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3.2 DIscuUsSION OF RESULTS

This section presents and discusses the significant geophysical anomalies and potential targets
interpreted from the final Titan-24 DC and IP inversion models.

The DC, IP and MT 2D inversions were completed along each line. Topography data along the survey line
was incorporated in the inversion process in the MT, DC and IP models. In survey area, major power
lines run sub-parallel to the survey lines (Figure 1-2) and data were affected by power line interferences.
To reduce the effects of power lines the following tests were completed.

a. DC and IP data were inverted using UBC DCIP2D (UBC-GIF) inversion suite with different error
conditioning and rejecting high error data points.

b. Pole-Dipole (PLDP) data were transformed to Dipole-Dipole (DPDP) configuration data in order
to reduce the array asymmetry effects. This will help to localize the power lines interference and
artefacts in inversion.

c. Aset of inversions using Loke inversion code was conducted to compare with the UBC inversion
results and are presented in the Appendix J.

The MT data are also noisy and phase wrapping is observed at many sites. It could be due to power line
interference or extreme subsurface heterogeneity. When preparing MT data for inversions, 1D inversion
model response was used to determine phase data for sites with phase wraps.

The results of the 2D inversion along each line are illustrated and the observed anomalous features are
described. All sections and plan maps use a consistent and constant colour bar. The colour bars used in
this interpretation are as illustrated in Figure 3-1.
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Figure 3-1. Interpretation colour bars.
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Note that all of the cross-sections and plan maps are also available in Geosoft digital format and can be
found in the Geosoft folder in digital archive attached to this report.

3.2.1 LINELIE

Line L1E is the eastern N-S oriented line in the North Tisdale project. The line is a Pole-Dipole (PLDP)
single spread, 2 km long profile with 80 m dipole spacing. Note that the receiver electrodes extend from
station -2440 in the south to station -440 in the north.

The results of the 2D inversions of the PLDP DC data, the transformed DPDP DC data, and the MT data
are displayed in Figure 3-2. The results of PLDP IP data using DC reference and half-space reference
along line L1E are displayed in Figure 3-3. Also, the 2D inversions of transformed Dipole-Dipole (DPDP) IP
data using DC reference and half-space reference are presented in Figure 3-4.

In DC and MT resistivity models, two conspicuous conductive anomalies with resistivity as low as 50 Qm
are observed in a resistive background (~¥5000 Qm) in the southern (L1E_DC1/MT1) and northern
(LLE_DC2/MT2/MT3) parts of the survey line.

The anomaly L1E_DC1 is a subvertical conductive feature resolved at station -1920. The anomaly is
observed from ~75 m depth and extends to more than 600 m in depth with increases in lateral extents.
In the MT model, anomaly L1E_MT1 corresponding with the location of anomaly L1E_DC1 in the DC
model. The anomaly is observed from near the surface and extends down to -1300 m in depth.

In the northern part of the survey line anomaly L1E_DC2 is observed at station -800 as a subvertical
conductive structure. The anomaly nearly crops out to the surface and extends down to more than 400
m in depth. In the MT resistivity model, the MT anomaly L1E_MT2 corresponds with the location of the
DC anomaly L1E_DC2. The anomaly displays a resistivity variation with depth (L1E_MT3).

A near surface conductive layer with resistivity of ~300 Qm and thickness of ~30 m is found nearly
throughout the entire line L1E. The thickness of surface conductive layer displays increase in the
southern part of the line (LLE_MT6).

In the central part of the MT inversion model, moderately conductive anomalies LLE_MT4 and L1E_MT5
with resistivity of ¥~300 Qm are observed and appear to merge with the conductive surface layer. These
anomalies are observed as minor variations in contour plot in the DC models, therefore this observation
should be treated with care.

In the southern part of the survey line, the chargeability models display an elevated chargeable feature
with a chargeability of ~55 mrads (L1E_IP1). The location of the chargeability structure partially
corresponds with the conductive anomalies L1E_DC1 and L1E_MT1. This chargeability anomaly is
resolved with different geometry in the PLDP half space reference model and the DC reference model.
This anomaly is resolved in both PLDP and transformed DPDP IP inversion models; however with
different depth extent. Therefore the depth extension of this anomaly must be treated with care.

The chargeability models display another IP anomaly, L1E_IP2, with chargeability of ~55 mrads in the
northern part of the line, beneath station -800 at 150 m in depth. The anomaly appears to extend
towards north. The shape of this anomaly varies in different chargeability models but the central part of
the anomaly is reproduced in all models and is corresponding with the conductive anomaly L1E_DC2.

In the central part of the survey line shallow low chargeable (~ 12 mrads) zone is resolved in half space
reference IP inversion models (L1E_IP3). This anomaly is poorly defined in the DC reference IP models as
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it overlaps with anomalies L1E_IP1 and L1E_IP4.

A deep chargeability anomaly, L1E_IP4, is resolved in PLDP IP inversion models only. This anomaly is
likely an inversion artefact caused by PLDP array asymmetry and should be treated with caution.
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3.2.2 LINEL2E

Line L2E is the western N-S oriented survey line located ~900 m west to the line L1E in the North Tisdale
project. Line 2E is a Pole-Dipole electrode configuration single spread with 80 m dipole spacing. It is 2
km long profile with the receiver electrodes extend from station -2000 in the south to station 0 in the
north. A set of power lines intersect the profile approximately at station -1680. The power line,
however, was reported as inactive.

The results of the 2D inversions of the PLDP DC data, transformed DPDP DC data, and MT data are
displayed in Figure 3-5. The results of PLDP IP data using DC reference and half-space reference along
line L2E are displayed in Figure 3-6. Also, the 2D inversions of transformed Dipole-Dipole (DPDP) IP data
using DC reference and half-space reference are presented in Figure 3-7.

Similar to the line L1E, two well defined sub-vertical conductive anomalies, L2E_DC1/MT1 and
L2E_DC2/MT2, are resolved in a resistive background with a resistivity of ~ 5000 Qm, in the southern
and northern parts of the survey line, respectively.

Anomaly L2E_DC1 appears to be highly conductive with resistivity of less than 5 Qm. The anomaly is
observed nearly from the surface and extends down to ~600 m in depth. The MT model displays a
corresponding anomaly, L2E_MT1, with similar characteristics but extends to more than 1 km in depth.
Note that the conductive anomaly L2E_DC1/MT1 is resolved nearly where the power line intersects the
profile at station -1680.

Another conductive anomaly, L2E_DC2, with a resistivity of ~50 Qm is observed from near the surface
and extends to great depths. The MT model displays similar conductive anomaly with resistivity ~100
Qm, L2E_MT2, gently dipping southwards.

A thin surface conductive layer with resistivity of ~ 300 Qm is observed, evidently in the southern half of
the profile. MT anomalies L2E_MT3 and L2E_MTS5 are resolved close to the surface at ~ 100 m depth and
appear to merge with the conductive surface layer.

An isolated conductive anomaly, L2E_MT4, observed in the MT resistivity model is not reproduced in the
DC resistivity model and cannot be confirmed.

The IP models display four anomalous zones along the survey line. The amplitude and geometry of the
anomalies are resolved slightly differently in the IP models using half-space and DC reference. In the
southern part of the profile IP anomaly L2E_IP1 with chargeability of ~50 mrads is resolved at station -
1680. The anomaly is observed from ~50 m in depth and extends to depth of ~250 m. This chargeability
anomaly corresponds to the location of the conductive anomaly L2E_DC1.

Further to the north, chargeable anomaly L2E_IP3 is resolved as northern extension of anomaly L2E_IP1.
The location of the anomaly corresponds with the MT anomaly L2E_MTS5.

In the northern part of the line, a moderate chargeable IP anomaly L2E_IP2 with chargeability ~ 30
mrads is observed. The anomaly extends from ~ 100m in depth to about 500 m in depth. This anomaly
corresponds to the conductive anomaly L2E_DC2/MT2.

A low chargeable IP anomaly, L2E_IP4, is observed in a resistive background in the central part of the
profile and merges with surrounding chargeable anomalies.
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4 CONCLUSIONS AND RECOMMENDATIONS

This report presents the logistics and the results of the analysis of the Titan-24 DC, IP and MT data
acquired over the North Tisdale Project, on behalf of Moneta Porcupine Mines Inc..

Data were acquired over 2 DC/IP/MT spreads along 2 survey lines with 80 m station interval. Two survey
lines are 900 m apart in N-S direction. A total of 4.0 km DC/IP survey line (5.6 km with current
extensions) and 4 km of MT survey line were surveyed. A pole-dipole configuration was used for DC and
IP measurements.

There are major power lines sub-parallel and crossing the survey lines . To reduce the possible effects of
the power lines in the inversions, the data were conditioned using different error levels. Also, Pole-
Dipole (PLDP) data were transformed into Dipole-Dipole (DPDP) configuration data in order to reduce
array asymmetry effects. Additionally, a set of Loke’s2D inversions was carried out and the results were
compared with the UBC inversion results.

The DC, IP and MT inversions display two discrete conductive and chargeable anomalies in the southern
(L1E_DC1/MT1, L2E_DC1/MT1 and L1E_IP1, L2E_IP1) and northern (L1E_DC2/MT2, L2E_DC2/MT2 and
L1E_IP2, L2E_IP2) parts of the survey lines. Conductive anomalies with resistivity of 1-100 Qm is
observed within a highly resistive background with a resistivity of ~5000 Qm. The IP anomalies show
chargeability of 30 mrads to 70 mrads. The anomalies in the southern part of line L2E, (L2E_DC1/MT1
and L2E_IP1) are located where a power line intersects the survey line (Figure 4-1). However, the
southern power line is not active (communication with the client) and therefore this anomaly is
considered as a legitimate target. Also, Available geological information indicates that the conductive
and chargeable anomalies observed in the southern part could be associated with the lithological
contact between mafic volcanic and locally interbedded graphitic and pyritic argillite’.The regional
geological map (Figure 4-2) displays a fault zone crossing the southern part of the survey lines and that
partially corresponding with the resolved anomalies.

According to the geologic map, the DC, MT and IP anomalies resolved in the northern part of the survey
lines, LIE_DC2/MT2, L2E_DC2/MT2, L1E_IP2 and L2E_IP2, are appeared to be associated with the NEE-
SWW striking lithological contact between mafic volcanic and greywacke. A fault zone is also observed in
the northern parts of survey area in the regional geological map that is associated with the northern
anomalies. The anomalies L1E_DC2 and L1E_IP2 are located near the intersection of line L1E and a
surface stream. Therefore, the anomalies could be associated with a structural feature such as a fault or
dike in this area.

Aeromagnetic map® of the first vertical derivative of the total magnetic field demonstrates a NEE-SWW
oriented curvilinear magnetic signature in the southern and northern parts of the survey area (Figure
4-3). It could indicate the lithological contacts or faults in this area.

A thin surface conductive layer is observed in the area. In MT model, shallow moderately conductive
areas with a resistivity of ~500 Om (L1E_MT5/MT6 and L2E_MT3/MT5) are merged with the conductive
surface layer. Moderately chargeable IP anomalies L1E_IP3, L2E_IP3 and L2E_IP4 are resolved in the
central part of the survey lines. However, no corresponding DC resistivity anomalies are observed. These
IP Chargeability anomalies could associate with structural features with no conductive material.

® Detailed lithological boundaries provided by the client
® Downloaded from Geosoft DAP server
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For completeness of the discussion, Figure 4-5 through Figure 4-8 display the resistivity and chargeability
cross-sections superimposed by the gold grades data determined by the drilling and core samples in the
survey area’. A good correlation is observed between the high conductivity and/or chargeability zones

and high gold grade in the borehole logs.

” Borehole information provided by the client.
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map from R. Bateman et al in Summary of Field Work and Other Activities 2004,
Ontario Geological Survey, Open File Report 6145 & survey contract)
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and IP Chargeability (DC referenced) inversion model superimposed on drillhole information (Below). Tolerance +/-150m from

the survey line.
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Figure 4-7. Line L2E -DC Resistivity inversion model superimposed on drillhole information (Above) and MT Resistivit

inversion model superimposed on drillhole information (Below). Tolerance +/-150m from the survey line.
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Figure 4-8. Line 2 — IP Chargeability (Half Space referenced) inversion model superimposed on drillhole information (Above

and IP Chargeability (DC referenced) inversion model superimposed on drillhole information (Below). Tolerance +/-150m
from the survey line.

34




QUANTEC GEOSCIENCE LTD

4.1 TARGETS OF INTEREST

Integration of resolved anomalies with available drill hole, geological information, and potential
target areas, zones A to F, have been identified for future exploration in the survey area. Their
specifications are illustrated and described in Figure 4-9 and Figure 4-10.
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Figure 4-9 displays the MT resistivity model and IP chargeability models, PLDP half space referenced
and DPDP DC referenced, along line 1E from top to bottom, respectively. Zone A is a sub-vertical
high conductivity and high chargeability zone. Drill hole MT05-1 crosses the shallow part (~150 m
depth) of the possible eastern extension of this zone and reported a maximum of 0.14 g/t Au assay.
Zone B-1 is a moderate conductive and chargeable zone resolved close to the surface. Zone B-2 is a
deep MT target and appears to be depth extension of Zone B-1.No existing drill holes are located
close to these zones, making them a potential area for future exploration. Target Zone C is located in
the central part of line 1E with moderate to low conductivity and chargeability. The MT model
resolves a deeper anomaly in this zone whereas the IP models depict slight change in contour
gradient and colour shade only. The existing drill hole, PTN-01 has not reached to the deeper part of
the MT anomaly.
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Figure 4-9. Interpreted Potential Target Zones for Line 1E: MT resistivity, PLDP half
space referenced IP and DPDP DC referenced IP models from top to bottom
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MT resistivity model and IP chargeability models, PLDP DC referenced and DPDP half space
referenced, along line 2E are displayed in Figure 4-10. Maximum Au assay of 2.64 g/t from Drill hole
NT87-01 is reported in an area with high conductivity and high chargeability (Zone D). A sub-vertical
anomalous zone, Zone E, resolved in the northern part of the line is also a potential area for further
exploration as the existing drill holes have not reached to the central part of this zone. In the central
part of the line, Zone F has already explored with drill holes MNT06-4 and NT87-13 and reported a
maximum Au assay of 0.71 g/t. However, drill holes have not reached to the deeper MT anomaly.
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Figure 4-10. Interpreted Potential Target Zones of Line 2E: MT resistivity, PLDP DC
referenced IP and DPDP half space referenced IP models from Top to Bottom,
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A total of 6 anomalies with different priority levels have been resolved along the survey lines
surveyed North Tisdale project are listed in the Table 1. The potential targets are prioritized as High,
Moderate, or Low, and their intermediate ranges based on the category of the chargeability and
conductivity of the anomalies as well as the size. The High priority anomalies are associated with
large anomalies with high-moderate chargeability and high-moderate conductivity (category I).
Category Il denotes anomalies with high-moderate chargeability and moderate-low conductivity. A
moderate-low chargeable and resistive anomaly is categorized as lIl.

Based on the above criteria, a total of four (4) High priority, one (1) Moderate priority and one (1)
Low priority anomalies are identified.

Because of cultural interference observed in the survey area this interpretation must be validated by
ground truthing. The resolved potential targets are interpreted based on the reliability and
repeatability of the DC and IP inversion results. Any drilling efforts based on these interpretations
must incorporate other geophysical and geological models and information to validate these results.

Table 1. List of potential targets.

Chargeability DC Conductivity MT Conductivity Size
Anomaly ID Category Priority #
(High/Mod/Low) | (High/Mod/Low) | (High/Mod/Low) | (Large/Mid/Small)
L1E_IP1 High High Mod Large ' High 1
L1E_IP2 High-Mod High Mod Mid I High 2
L2E_IP1 High High High Large I High 3
L2E_IP2 High-Mod High Mod Mid ' High 4
L2E_IP3 High-Mod Low Mod Mid I Moderate | 5
L2E_IP4 Mod-Low Low Low Mid-Small I Low 6
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Respectfully Submitted

Kevin Killin P, Geo

Quantec Geoscience Ltd

Saman Perera

Quantec Geoscience Ltd
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5 STATEMENT OF QUALIFICATIONS

A.1  Kevin KiLLin

I, Kevin 1. Killin, declare that

I am a Professional Geophysicist with residence in Whitby, Ontario and am presently
employed as the Vice President of Interpretation overseeing the interpretation group with
Quantec Geoscience Ltd., Toronto, Ontario.

I obtained an Honours Bachelor of Science Degree (HBSc), in Geological Geophysics from the
University of Western Ontario in London Ontario, in 1986, including a Geology degree and
Geophysics degree.

I 'am a Professional Geophysicist, with license to practice in the Province of Ontario (APGO
member # 0823).

I'am a member of the Prospectors and Developers Association of Canada, the Canadian
Exploration Geophysics Society (KEGS), and the American Geophysical Union (AGU).

I have no interest, nor do | expect to receive any interest in the properties or securities of
Moneta Porcupine Mines Inc., its subsidiaries or its joint-venture partners;

I am the Professional Geophysicist responsible for supervising the interpretation and
reporting of this project and have reviewed this Geophysical dataset. This includes reviewing
the survey results, logistics , processing and inversion results contained in the interpretation
report.

I can attest that these accurately and faithfully reflect the data acquired on site to the best
of my knowledge.

The statements made in this report represent my professional opinion in consideration of
the information available to me at the time of writing this report.

Toronto, Ontario

February, » P,

N, ®
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KEVIN J. KiL
PRACTISING MEMBER ~)
0823 s/

O
Onyardls

Kevin Killin, H.BSc. P.Geo.

Quantec Geoscience Ltd.
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A.2 SAMAN PERERA

I, A. G. Saman. Perera, declare that:

| am a consultant with residence in North York, Ontario and am presently employed with
Quantec Geoscience Ltd., Toronto, Ontario;

| obtained a Bachelor’s Degree in Geology, Physics and Chemistry at University of Peradeniya
in Sri Lanka, in 1990, and a Master Degree in Exploration Geophysics with Distinction (M.Sc)
at the ITC in Delft, The Netherlands, in 1997.

| have practiced my profession continuously since February, 1990 in Sri Lanka, The
Netherlands, Australia, China, United Kingdom and Canada.

| have no interest, nor do | expect to receive any interest in the properties or securities of
Moneta Porcupine Mines Inc., its subsidiaries or its joint-venture partners;

| have undertaken the 2D inversions and compiled this report and can attest that these
accurately and faithfully reflect the data acquired on site. The statements made in this
report represent my professional opinion based on my consideration of the information
available to me at the time of writing this report.

Toronto, Ontario

February, 2012

A.G. Saman Perera M.Sc.

Quantec Geoscience Ltd.
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A.3 MEHRAN GHARIBI
I, Mehran Gharibi, declare that

I am a Geophysicist with residence in Toronto, Ontario and am presently employed in this
capacity with Quantec Geoscience Ltd., Toronto, Ontario.

| obtained a Bachelor of Science Degree (B.Sc.), Nuclear Physics, from the University of
Shiraz, Iran in 1986, a Master of Science Degree (M.Sc.), Geophysics, Seismic Methods, from
Tehran University, Iran in 1991, and a Doctor of Philosophy Degree (Ph.D.), Geophysics,
Electromagnetic Methods, from the University of Uppsala, Sweden in 2000.

| have practiced my profession continuously since 1991 in Middle- East, Europe, and Canada.

| have no interest, nor do | expect to receive any interest in the properties or securities of
Moneta Porcupine Mines Inc., its subsidiaries or its joint-venture partners;

| was in charge of data acquisition quality control; | have reviewed the survey results and can
attest that these accurately and faithfully reflect the data acquired on site; | oversaw the 2D
DC/IP and MT inversions and have reviewed this report, and the statements made in this
report represent my professional opinion in consideration of the information available to me
at the time of writing this report.

Toronto, Ontario

February, 2012

Mehran Gharibi, Ph.D

Quantec Geoscience Ltd.
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A.4 MoITABA DANESHVAR

I, Mojtaba Daneshvar, declare that:

I am a data processor with residence in Toronto, Ontario and am presently employed in this
capacity with Quantec Geoscience Ltd., Toronto, Ontario;

| obtained a Bachelor of Science Degree (B.Sc.), with Honours, in Earth Science/Geophysics
Specialization in 2010 from the University of Waterloo, Waterloo, Ontario.

| have practiced my profession continuously since Sep, 2010 in Canada;

| have no interest, nor do | expect to receive any interest in the properties or securities of
Moneta Porcupine Mines Inc., its subsidiaries or its joint-venture partners;

| was a data processor on site, responsible for the quality control of data acquired
throughout the survey. | compiled and edited the logistics report. The statements made in
this report represent my professional opinion based on my consideration of the information
available to me at the time of writing this report.

Toronto, Ontario

February, 2012

Mojtaba Daneshvar, B.Sc.

Quantec Geoscience Ltd.
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A.5 CHRIS FUREY
I, Chris Furey, declare that:

| am a data processor with residence in Mount Pearl, Newfoundland and am presently
employed in this capacity with Quantec Geoscience Ltd., Toronto, Ontario;

| obtained a Bachelor of Science Degree (B.Sc), Majoring in Geology/Geophysics with a Minor
in Geography (Geographic Information Sciences), from Memorial University in St. John’s,
Newfoundland in 2011.

I have practiced my profession continuously since April, 2011 in North America and Europe.

| have no interest, nor do | expect to receive any interest in the properties or securities of
Moneta Porcupine Mines Inc., its subsidiaries or its joint-venture partners;

| was a data processor on site, responsible for the quality control of data acquired
throughout the survey. The statements made in this report represent my professional
opinion based on my consideration of the information available to me at the time of writing
this report.

Toronto, Ontario

February, 2012

Chris Furey, B.Sc

Quantec Geoscience Ltd.
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6 DIGITAL ARCHIVE

The DVD attached to this report contains a copy of all the inversion results, final processed data,
including the survey files, the daily processing (and field) notes, and an electronic copy of this report
(with all appendices).

NorthTisdaleProject Misc Contract Contract,
Processing Notes Processing Notes
PrelimReport Prelim Report
Images_PNGs Images_PNGs
NorthTisdaleProject Data DCIP Final field results
MT CSV, EDI,
NorthTisdaleProject Survey Files Survey Files
NorthTisdaleProject Geosoft Geosoft Files
Location Map Base maps,

location, etc
Sections_drillholeplot DDH geosoft db

DCIP DCIP 2D sections
MT MT 2D sections

DiffrentColourScale DC maps with

different colour
Scale to focus on
the central part (
as requested by
the client)

NorthTisdaleProject Inversion_Results_TS_XYZ Inversion results
TS files and xyz
files

DC IP inversion

NorthTisdaleProject invDCIP UBC_DPDP Transformed
Dipole dipole
configuration raw
data and error
conditioning

UBC_PLDP Pole dipole
configuration raw
data and error
conditioning

LOKE LOKE inversions

MT inversions

NorthTisdaleProject invMT Geotools
database
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A PRODUCTION SUMMARY

QUANTEC GEOSCIENCE LTD

DATE

PROCESSOR
COMMENTS
AND
OBSERVATIONS

FIELD ACTIVITIES
AND
OBSERVATIONS

LINE
SPREAD

LINE
START

LINE
END

X
STAR
T

X
END

READ (km)

MT

IP

IP
CURRENT
EXTENSIONS

COMPLETED
SPREAD

TOTAL
CHARGE
(Survey +

Interp)

Moneta Porcupine Gold - North Tisdale Project

CA00916T - Production Summary

06/12/2011

Mob to Timmins, Ontario

07/12/2011

Setup Line 1E. Line Infinite is done and
GPS Points were taken.

Line1E

440s

2440s

0s

2880s

0.88

08/12/2011

Finished setup of Line 1E. Ran a few
test shots of IP at the line.

PST was completed. Remote site was
set up but not completed.

Line1E

440s

2440s

0s

2880s

09/12/2011

Read 400m partial IP. PST and Remote
site was completed and tested.

Line1E

440s

2440s

0s

2880s

0.4

0.88

10/12/2011

Finished IP on line 1E,
Partial MT data was acquired over the
night.

Line1E

440s

2440s

Os

2880s

1.6

11/12/2011

Moved to Line 2E. MT could not be
acquired because many contacts were
left above 50,0000hms.

Processed a full IP and MT run for line
1

Line2 E

Os

2000s

440n

2440s

12/12/2011

Surveyed IP and MT on Line 2E.
Completed a full process run of line 2 IP
data.

Line2 E

0s

2000s

440n

2440s

0.88

13/12/2011

Pick up all equipment and finalized
inventory.

Full MT data was acquired. Completed
a full process run of line 2 MT dada.

14/12/2011

Mob to Toronto.

TOTAL SURVEY COVERAGE (KM)
AND CHARGE

1.76
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B SuURVEY LOGISTICS

B.1  AccEss

Base of Operation:

Mode of Access to Grid:

Mode of Access to Lines:

B.2 SURVEY GRID AREA
Established by:
Coordinate Reference System:
Datum & Projection:
Grid Azimuth:
Magnetic Declination:
Station Interval:

Method of Chaining:

Hobo Lodge
100 Laforest Rd,
Timmins, ON P4N 7C3

Trucks

Quad, Walking

Moneta Porcupine Mines

Grid referenced to UTM Coordinates
WGS84/Zone 17U

0°

10W°

80m

Metric, slope distance, pickets GPS surveyed

Surveyed Line-start and -end point coordinates.

) Grid Coordinate UTM Coordinate Start UTM Coordinate End
ine Start End Easting Northing Easting Northing

L1E 440 2440 480153 5377208 480174 5374789

L2 E 440 2440S 479290 5377112 479228 5374311

B.3 PRODUCTION AND COVERAGE

Survey Period/days:

Survey Days (read time):
Mob/Demob:

Safety Inductions:
Parallel Sensor Test:
Weather/Down Days:

Number of Lines surveyed:

December 6™ to December, 14", 2010
9 days

7 days
2 days
0 days
1 day
0 days

2 Lines
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DCIP Survey Coverage:

MT Survey Coverage:

QUANTEC GEOSCIENCE LTD

4 km
4 km

Max and Min Pole (Tx) and Potential (P1-P2) Electrode Position.

Line Setup Min P1 Max P2 Min Tx Max Tx Coverage (km)
L1E 1 440S 2440S 0S 2800S 2 km (2.8 km with
extension)
L2E 1 440S 2440S 0S 2800S 2 km (2.8 km with
extension)
TOTAL | 4 km (5.6 km with
extension)
MT Survey Coverage (Electrode to Electrode).
Line Setup Min Extent (m) Max Extent (m) Coverage (km)
L1E 1 440S 2440S 2 km
L2E 1 440S 2440S 2 km
TOTAL | 4 km
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B.4 PERSONNEL

Project Manager:

Responsible Geophysicist:

Data Processing (in field):

Crew Chief:
IP operator:
MT operator:

Remote Operator:

Field Technicians:

QUANTEC GEOSCIENCE LTD

Kevin Blackshaw

Mehran Gharibi
Saman Perera
Mojtaba Daneshvar,
Chris Furey

Nick Hnotchuk
Nick Hnotchuk
Ryan Foyle

Mojtaba Daneshvar
Chris Furey

Chad Commanda
Eric Hotvedt

Luc Lafond
Shawn Jones
Carmen Vucko
Ryan Foyle
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B.5

INSTRUMENTATION

Receiver System:
with

speed

storage)

Transmitter (DCIP Surveys):

Power Supply (DCIP Surveys):

Transmit Electrodes
Receiver Electrodes:

Receiver Coils (MT Surveys):

QUANTEC GEOSCIENCE LTD

Quantec Distributed Array Acquisition System:
- 61 channels max. per system (55ch operationally

internal A/D conversion (24bit @120db / dual

@120-48kHz), and buffer memory (6Mb).
24 x 2-channel Acquisition Modules (AMs)
13 x 1-channel Acquisition Modules (AMs)
AM data transmission using LAN cabling

- 2 Central Recording Units (CRU; 140 Gb data

at base & at MT remote reference (MT survey)
- 2 GPS synchronization clocks

(10nsec precision /12.3MHz clock-speed),

at base & at MT remote reference (MT survey)
- 2 PC-based Central Processing Units (CPU)

at base & at MT remote reference (MT survey)

GDD (5kW) with frequency/waveform
control, using CRU and Current Monitor (CM)

Honda 6500W generator
4 x 1.2cm diameter 1 meter long stainless steel rods
Ground contacts using stainless steel rods

Low Frequency Range (0.0001Hz to 1kHz):
4 Magnetometers (P50 or BF-4 model)
{2 at base & 2 at remote}
Mid to High Frequency Range (1Hz to 25kHz)
4 Magnetometers (P30 or BF-6 model)
{2 at base & 2 at remote}
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Titan 24 Distributed
Acquisition System

— current electrode (mobile)
50m [ indinepotential electrode (fixed) !

o o] ® e /e o o o o '
b f ! 100n
LI S S SR R T SR SR SR TR SR R SR TR S N

ey e e e s Ao . e @1l 838 B |

_ prmB i Ly
. 8§ : 18 2 channel ANM— >6 km \3!1 v reee B,
Line magnetometer Site 1 ctiannes E

'L AN Link to Logging Truck - Remote Magnetometer Site j

Titan-24 DCIP and MT Schematic Survey Layout.




QUANTEC GEOSCIENCE LTD

B.6 DCIP SURVEY SPECIFICATION

B.6.1 GEOMETRY

Survey Array: Dipole-Pole-Dipole Array
Receiver Configuration: 23-24 Ex = Continuous In-line voltages,
12-13 Ey = Alternating (2-stations) cross-line
voltages®.
Array Length: 2 km
Number of Arrays/line: 1
Dipole length: Ex = 80 metres
Ey = 80 metres
Sampling Interval: Ex = 80 metres
Rx-Tx Separation: N-spacing (Pn-Cn min)® = 0.5 to 29.5
Infinite Pole Location: 485951m E, 5374073m N (WGS84/Zone 17)

(Grid Coordinate: 5798.00 E, 3152.00 S)

- pole - pole I L

- pole - dipole (PDR) B )

- pole - dipole (PDL) i A

- dipole - dipole il e

- pole - dipole - dipole =9V ¢ 7Y

Common DCIP Survey Layouts.

B.6.2 AcQuIsITION & PROCESSING

Spectral Domain: Tx = Frequency-domain square-wave current
Rx = Full waveform time-series acquisition
Data processing/output in frequency-domain.

Spectral Chargeability Model™: Halverson-Wait

Transmitter Waveform: 30/256 Hz square waves at 100% duty cycle
(~4sec Pos./Neg.)

Transmitter Output Current: min ~0.33 Amperes to max ~5.71 Amperes

Receiver Sampling Speed: 240 samples/second

(24 bit A/D @ 120 db dynamic range)

Tx-Rx Synchronization: using current monitor (10 psec time-accuracy)

& Note: Cross-Line (Ey) voltages obtained for future reference purposes — not presented in cross-sectional plots.

? Current electrodes at midpoints between potential electrodes.

% The Halverson-Wait model chargeability (Halverson et al., 1981) is similar to and improves upon the frequency-domain
Cole-Cole model (Pelton et el., 1978) described in the time-domain by Johnson (1984).



QUANTEC GEOSCIENCE LTD

Time-Series Stacking: 20 cycles (full-waveform)
Read Time: approx 3.0 minutes per event
Time-Domain Decay Window:
Integration Start Time: T, = 0.8 seconds
Integration End Time: T:=1.9 seconds

Post-Processing: using Quantec proprietary Quicklay v.2.30.14
1) Time-series stacking
2) Robust statistics
3) Current waveform deconvolution
4) Digital filtering (60Hz + harmonics)
5) Spectral model decay-curve fitting

IP Drecay Viewer: Event: NetEvent: Titan-2:1: 9037.001166 Txi T8 2] (3
Flot  Options  Window
RATEFERAERE BTN W[~
04| I Tu: Tw-2720 Ry Ex-2240
Phase: 14.42 £ 0.10 mrad
Wi 6452+ 000 mvis

| Rho: 1159 chim-rm
' Cu:rent: 424 A

Decay Amplituds (m/)
3
| L
B o

() = (163,7821m3,5.536m V) 4

Spectral Chargeability Model and Calculated Halverson-Wait Decays™.

' Halverson-Wait (HW) model parameters calculated in frequency domain, with hatched green lines corresponding to
theoretical HW decay with spectral r-factors of 0.1, 1.0 (default) & 10, k-factor of 0.2 (default).



B.6.3 DATA PRESENTATION

Accuracy and Repeatability

Pseudo-Section Plots:

zoning)

Raw Data (digital):

contain

Processed Data (digital):
format

and

Eventxxxx)

(m)

B.6.4 DATA QA/QC COMMENTS

QUANTEC GEOSCIENCE LTD

Measured Data average error (from CSV files)
using Halverson-Wait model calculation:

Voltage Errors 0.00141mV/V (average)
Phase Errors 71.1% less than 1.0 mrad

In-line™? DC Resistivity and IP Chargeability
pseudo sections, posted, contoured (equal area
and plotted in ground units using QuickLay viewer.

(external Hard Drive)
Raw Event Log File Folders (eg. Eventxxxx.dat).
Also contains AU.txt and Event.log files which

information on the location and time of the event in
QuickLay digital format
(Raw data output to Matlab format upon request).

DC/IP Data in ASCII CSV (comma delimited) file

from QuickLay, containing final processed voltage

phase data.

CSV File Format:

Line 1: Column headings

Column1 Event name/number (e.g.,
Column 2: Transmitter site ID (e.g., Tx150)
Column 3: Receiver site ID (e.g., Rx150)

Column 4-11: C1-C2/P1-P2 positions in X and Y

Column 12: Current (Amperes)

Column 13: Current error (Amperes)

Column 14: Normalized voltage (Volts/Ampere)
Column 15: Voltage error (Volts/Ampere)
Column 16: Phase (milliradians)

Column 17: Phase error (milliradians)

Column 18:  Apparent resistivity (Ohm-m)*

Low amplitude signals and relatively noisy signals dominate most of the data.

12 Cross-line (Ey) values not shown for presentation purposes.
B Apparent resistivity’s are calculated in 2D space using the 4 electrodes general array configuration (as per XY electrode
positioning in columns 4-11 of CSV file) — not based on pole-dipole calculations (K. Nurse, QGL, pers. comm., 07-2004).
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B.7 MT SURVEY SPECIFICATION

B.7.1

B.7.2

GEOMETRY
Technique:

Line Configuration:

Remote Configuration:

Array Length:
Number of Arrays/line:

Dipole size:

Sampling Interval:

Ex/Ey sampling Ratio
E/H sampling Ratio

Remote Reference Position:

ACQUISITION & PROCESSING

Data Acquisition:

Remote-Base Synchronization:

Frequency Bandwidth:

Time-series Sampling:

Time-Series Stacking:

Sample/Record Time:
event

event
full

hrs)

QUANTEC GEOSCIENCE LTD

Tensor soundings, remote-referenced

23-24 Ex = Continuous In-line voltages,

12-13 Ey = Alternating (2-stations) cross-line E-fields

1 pair Low Frequency coils
1 pair High Frequency coils

1 Ex =in line E-fields

1 Ey = cross-line E fields

1 pair Low Frequency coils
1 pair High Frequency coils

2
2

Ex = 80 metres
Ey = 80 metres

Ex = 80 metres
Ey = 160 metres

2/1

Ex: 23-24/2
Ey: 12-13/2

565102m E, 5388934m N (WGS84/Zone 17)
(Grid Coordinate: 84947.00 E, 11697.00 S)

Full-waveform time-series acquisition
Data processing/output in frequency-domain.

GPS clocks (10usec time-accuracy)

Operating: 0.01 to 48000 Hz

Effective: 0.1 to 20000 Hz

High Range: 48000 samples/sec

Mid-Range: 12000 samples/sec

Low Range: 120 samples/sec

High Range: 1,534,999 samples

Mid-Range:  2%°(1,048,576) samples

Low Range: 2" (524,288) samples

High Range: min. 2 events @ 30 seconds per
Mid Range: min. 2 events @ 2.0 minutes per
Low Range: 1.5 - 3 events @ 80 minutes for a

event (total recording and retrieving time approx. 7
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B.7.3

Post-Processing:

DATA PRESENTATION
Parallel Sensor Test:
presented in

Data Error:

Sounding Curves:

using

Pseudo-Section Plots:

Raw Data (digital):

contain
eventin

Processed Data (digital):

(sites)

as

0)

B.7.4 DATA QA/QC COMMENTS

QUANTEC GEOSCIENCE LTD

using Quantec proprietary QuickLay v.4.00.41

1) Coherent noise rejection using remote-reference
2) Proprietary digital filtering (scrubbing)

3) Coherency sorting

4) Impedance estimate stacking

Result of the test of the equipment (PST) is

detail in Appendix Parallel Sensor Test.

Apparent Resistivity =<1/20™ decade average.
Phase =<3 degrees average

Apparent resistivity and phase (XY and YX) sounding
curves versus the frequency (8 pts. per decade)

Geotools™ viewer.

MT Apparent Resistivity and Phase Pseudo-Sections
(XY, and YX) posted, contoured (equal area zoning)
and plotted in grid units using Geotools™ viewer.

(external Hard Drive)

Base and Remote Raw Event Log File Folders

(i.e. Base-Eventxxx.dat; Remote-Eventxxxx.dat).

Also contains AU.txt and Event.log files, which
information on the location and time of the

QuickLay digital format (external Hard Drive).
(Raw data output to Matlab format upon request)

MT DATA in EDI (Electronic Data Interchange) file
created in Geotools™ containing Auto and Cross-
power Spectral estimates for individual stations

and profiles (site-sets);
Spectra are in Right Hand positive down co-ordinate
system, and for profiles, EDI files are created with X

the profile direction.
For this study, final EDI have X at 0 deg (ROTSPEC=
EDI is a format conforming to SEG standard for the

storage of magnetotelluric (MT) data
(Wight, D. E., 1987).

MT data has poor quality and contains a lot of noise due to the extreme culture in the area.
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_Apparent Resistivity 12e_-840x
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Example of Apparent Resistivity and Phase (XY and YX) Sounding Curves.
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C DC-IP PseuDO-SECTIONS OF FINAL PROCESSED DATA

C.1 LINELE

1P Pseudo-section: L1E_FinalRun2 = El[ il

‘Paramster  Options  Window

EEEE @ 2
RAFHELREEER R &8

IApparent Resistivity ;I _IT)( Pole Leading LI . Upddate |

Ex-1280 T-1200
Terdveritendrevany

T révdvdvdvivivavdy

brdrdvérdrds & 4 & 4 3

Depth
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=
|

Seud

- 900
1000
1100

=]
=
Fre
=
=
o
B
2
o
=
=
&
b
o
=
<L

100

1200 ]
1300

T T 1200 Rix: Ex-1280: 597.0527990hm-m 7
AAREERRERE RSB
[Apparent Resistivity Er = | [TxPole Leading LI Updie |

A L e R i : AL e
2400 2200 2000 1800 1600

P JES ! vl T !
; 1200 1000 -500 -E00 =400 200 o

1
400
Station

Ly by byl b vl bvdyy by iy orirbrdydydvbriylrdrd & 3 & b ¢

0
100
200
300 =
=
Foo-
5_%550—
3 700 -}
& g0 ]
a0 -
1000 -

1100 —

1200

1300

Ty S R R e R A e e e e e e
-2400 -2200 2000 -1800 21600 1400 _ 1200 -1000 -B00 -600 -400 200 0

! : Station

et T 1360 Rox: Ex-1440: 310, 13656 3% o

Line 1E — Observed Apparent Resistivity Raw Data (Ohm.m) & Voltage Errors (%)-
Tx Pole Leading.

O Tx with more than one event
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L1E_FinalRun2

‘Paramster  Options  Window

EOEE @
ARARERERERRERRT S
IApparentResist\vity LI ITxPo\e Lagging j Unidate |

Tx-1440 Ex-1360
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y... . e 1 A A A A AR PN R O I
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Line 1 E — Observed Apparent Resistivity Raw Data (Ohm.m) & Voltage Errors (%)-
Tx Pole Lagging.

O Tx with more than one event
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1P Pseudo-section: L1E_FinalRun2 = D[ il
‘Parameter  Options  Window
CEEE R
RARREERRRER BT S 8

Fhase = | |TxPole Leadin - Uriclate
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RAGEELEERE RN S E
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AN

—
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08
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N
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Line 1 E — Observed IP Raw Data (mrad) & IP Errors (mrads)-Tx Pole Leading.

O Tx with more than one event
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1P Pseudo-section: L1E_FinalRun2 = D[il
‘Paramster  Options  Window
BEEE® S 2
AR R@ERE R & E
IPhﬁse ;I _IT)( Paole Lﬁgg?hg ﬂ . Upddate
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Line 1 E— Observed IP Raw Data (mrad) & IP Errors (mrads)-Tx Pole Lagging.

O Tx with more than one event
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C.2 LINE2E

IP Pseudo-section: L2E_FinalRunl

‘Parameter  Opfions  Window
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Line 2 E — Observed Apparent Resistivity Raw Data (Ohm.m) & Voltage Errors (%)-

Tx Pole Leading.

O Tx with more than one event
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1P Pseudo-section: L2E_FinalRunl
‘Parameter  Options  Window
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Line 2 E — Observed Apparent Resistivity Raw Data (Ohm.m) & Voltage Errors (%)-
Tx Pole Lagging.

O Tx with more than one event
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‘Parameter  Options  Window
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Line 1E — Apparent Resistivity Sounding Curves vs Frequency (1 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 1E — Apparent Resistivity Sounding Curves vs Frequency (2 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 1E — Apparent Resistivity Sounding Curves vs Frequency (3 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 1E — Phase Sounding Curves vs Frequency (1 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 1E — Phase Sounding Curves vs Frequency (2 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 1E — Phase Sounding Curves vs Frequency (3 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 2E — Apparent Resistivity Sounding Curves vs Frequency (1 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 2E — Apparent Resistivity Sounding Curves vs Frequency (2 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 2E — Apparent Resistivity Sounding Curves vs Frequency (1 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 2E — Apparent Resistivity Sounding Curves vs Frequency (2 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 2E — Apparent Resistivity Sounding Curves vs Frequency (3 of 3).

MODE XY (GREEN) DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
MODE YX (ORANGE) DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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E MT PSEUDO-SECTIONS OF FINAL PROCESSED DATA

E.1 LNE1lE
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Line OE — Apparent Resistivity and Phase (XY & YX) Pseudo-Section.

STRIP 1 (TOP): RHO XY — STRIP 2: PHASE XY — STRIP 3: RHO YX — STRIP 4 (BOTTOM): PHASE YX

WHERE XY DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
AND YX DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)
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Line 2 E — Apparent Resistivity and Phase (XY & YX) Pseudo-Section.

STRIP 1 (TOP): RHO XY — STRIP 2: PHASE XY — STRIP 3: RHO YX — STRIP 4 (BOTTOM): PHASE YX
WHERE XY DENOTES ELECTRICAL (EX) FIELD AND ORTHOGONAL MAGNETIC (HY) FIELD (=EX/HY)
AND YX DENOTES ELECTRICAL (EY) FIELD AND ORTHOGONAL MAGNETIC (HX) FIELD (=EY/HX)




PARALLEL SENSOR TEST

Project
Date:
Report by:
Staff:

QuickLay Version
Common folder
Datum:

Station:

Coil Azimuth:

Magnetic Declination

Results:
BF6-6276:
P30-1939:

QUANTEC GEOSCIENCE LTD

CA00916T
December 9", 2011
Chris Furey

Roger Sharpe
Mojtaba Daneshvar

4.00.010
V1.52

UTM NAD 83 / Zone 17U
565102mE / 5388934mN

60° Magnetic
1ow

Poor coherency and higher phase

Weak performance — coherency
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F.1 Low FReEQUENCY CoiLs

QUANTEC GEOSCIENCE LTD

Available Coils.
TS Strip | Manufacture | Serial # Task for
1 Phoenix P50-1963 Line Hx
2 Phoenix P50-1969 Line Hy
3 Phoenix P50-2114 Remote Hx
4 Phoenix P50-2130 Line Spare
5 Phoenix P50-2131 Remote Hy
6 Phoenix P50-9501 Remote Spare
Processing Parameters.
Parameters Values
PSD Method Welch
Window Hanning
Window Length 2048
Segment Overlap 50%
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F.1.1

TEST RESULTS: 120sPS
NetEvent:

Sample Rate:

TS Length:

Results:

QUANTEC GEOSCIENCE LTD

9039.000011
120sps
72 000 Samples (10 minutes)

All CoilsSeem to be tracking consistently but not as coherently as | would have expected

Time Series
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Complete time series @ 120sps.



Low Frequency Coil Results Coherency to P50-1963(Blue)
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From top to bottom: PSD of channels and Coherency and Response Function

(Amplitude and Phase) compared to Reference Channel — Linear frequency scale.

Colour Channel Notes

Blue P50-1963

Green P50-1969

Red P50-2114

Cyan P50-2130 Cyan appears to be slightly off compared to the other coils and
shows a comparatively low coherency, this will be used as the
line spare

Magenta P50-2131

Yellow P50-9501 Shows the lowest coherency especially ~30Hz where it dips from

the other coils, will be used as spare for remote

Low Frequency Coil Results (continued) Coherency to P50-1963(Blue)
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From top to bottom: PSD of channels and Coherency and Response Function
(Amplitude and Phase) compared to Reference Channel — Logarithmic frequency
scale.

Colour Channel Notes

Blue P50-1963

Green P50-1969

Red P50-2114

Cyan P50-2130

Magenta P50-2131

Yellow P50-9501
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F.2 HIGH FREQUENCY CoILS

Available Coils.
TS Strip | Manufacture | Serial # Task for
1 EMI BF6-0110 Line Hx
2 Phoenix P30-1939 Ln Spare
3 Phoenix P30-1971 Line Hy
4 Phoenix P30-1972 Remote Hx
5 Phoenix P30-1973 Remote Hy
6 EMI BF6-6276 Rm Spare

Processing Parameters.

Parameters Values
PSD Method Welch
Window Hanning
Window Length 2048
Segment Overlap 50%
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F.2.1 TEST RESULTS: 48KSPS

NetEvent: 9039.000014

Sample Rate: 48ksps

TS Length: 1500 000 samples (~31s)
Results:

Noticeable variations from the trend seen in BF6-6276 and P30-1939, these coils will be reserved as
spares with the EMI to be used last or at the remote.
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Time Series
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High Frequency (48k) Coil Results Coherency to BF6-0110 (Blue)
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From top to bottom: PSD of channels and Coherency and Response Function
(Amplitude and Phase) compared to Reference Channel — Linear frequency scale.

Colour Channel Notes

Blue BF6-0110

Green P30-1939 Less coherent, shift in coherency ~1200Hz

Red P30-1971

Cyan P30-1972

Magenta P30-1973

Yellow BF6-6276 Less coherent, dropping off ~400Hz




High Frequency (48k) Coil Results (Continued)
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Coherency to BF6-0110 (Blue)
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From top to bottom: PSD of channels and Coherency and Response Function

(Amplitude and Phase) compared to Reference Channel — Logarithmic frequency

scale.

Colour

Channel

Notes

Blue

BF6-0110

All ok

Green

P30-1939

Deviates from the trend at ~1000Hz (Ln Spare)

Red

P30-1971

Cyan

P30-1972

Magenta

P30-1973

Yellow

BF6-6276

Deviates from the trend at ~500Hz (Rm Spare)
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F.2.2 TEST RESULTS: 12KSPS

NetEvent: 9039.000015

Sample Rate: 12ksps

TS Length: 1,500,000 samples (~2min)
Results:

BF6-6276 Higher phase than the other coils
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Time Series
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High Frequency (12k) Coil Results
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Coherency to BF6-0110 (Blue)

-]
o
1]
312
fF; l:: L L e B R A T N O S e Ve ety s s {;'
e 1t
i+ 1
T4
i
0
o]
g: o ’ﬂh_‘_""’ e G
”'z':_m? [ et T i, ﬂwﬁwawwW
o : %WMW%MW&A
A AN i, s
@ I; ’;'!5 Em‘u' JJC'I Blﬂ ; 2 M::‘g 'M I lﬂ'm ﬁ:ﬂ WIW ﬂ;’ )
Tl
From top to bottom: PSD of channels and Coherency and Response Function
(Amplitude and Phase) compared to Reference Channel — Linear frequency scale.
Colour Channel Notes
Blue BF6-0110
Green P30-1939
Red P30-1971
Cyan P30-1972
Magenta P30-1973
Yellow BF6-6276 Phase response much different from other coils
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High Frequency (12k) Coil Results (Continued)

1115 Coherencys DRI 444 - B6-0110 to Miany
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From top to bottom: PSD of channels and Coherency and Response Function

(Amplitude and Phase) compared to Reference Channel — Logarithmic frequency

scale.

Colour Channel Notes

Blue BF6-0110

Green P30-1939

Red P30-1971

Cyan P30-1972

Magenta P30-1973

Yellow BF6-6276

Coherency drops off at the highest frequencies




Project

Date:

Report by:
QuickLay Version

Common folder

Remote Location:

Mag Declination:

Sensor Azimuth:

Culture:

QUANTEC GEOSCIENCE LTD

G MT REMOTE TEST — UNREFERENCED DATA

CA00916T

December 9%, 2011

Mojtaba Daneshvar

4.00.041

V1.52.00

565102mE / 5388934mN (WGS 84 / Zone 17 U)

10°West

Ex 00°North dipole = 80m
Ey 90° West dipole = 80m
Hx 00° North

Hy 90° East

Non

Details below ALL the data used and processed for the test

TITAN DATA
Sample Rate Net Events TS Length Observations
48kps 9039.000022 31s Noisy Time Series
12kps 9039.000023 2.05 min Noisy Time Series
120sps 9039.000025 10 min N/A
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coherences of the MT remote, data processed unreferenced.
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H

INSTRUMENTS SPECIFICATIONS

H.1 REFTEK-120 DATA ACQUISITION SYSTEM

Specifications:

Refraction Technology Inc. — Plano, Texas

Physical
Size: 267 x 248 x 184 mm
10.5x9.75x7.25in.
Weight: 3.7kg
305g
8 lbs (2-Channels maximum weight))
" Temperature: -40°C”tc') '60°C op'erratrin'g' range. 7

- Environmental:

hode

; Operates in 1m of water without leaking for 48 hours.
Airtight to 1.0 psi.

” - Remains operational after 1m drop (any corner) onto cement floor.
Conﬁé&ors '
Line A & Line B: A pair of identical 10 pin U77/U style connectors.
- Each connector provides 3 pairs of lines (+):
A (+)/B (-) Receive telemetry data and/or commands
C(+)/D (-) Transmit telemetry data and/or commands
CE(+)/F () Sync
Power: PTO7A12-8S style connector.
Provides input +12 VDC supplied from battery.
Sensor: PU283/U style connector.

Provides for a direct connection from the AM to the sensor.

Power Requirements

- Battery:

Two 12 volt lead acid battery (7 Ah).

Signal Input

Input Impedance:

- 10 megohms, 330pF, differential

. Broadband
- Dynamic Range:

130dB (noise power ratio test @ 125 sample per second [sps])

~ ADC Type:

 Delta-sigma modulation

Sample Rage:

Multiple 50 to 48,000

é"""é"éin Settings:

Four — programmable fc‘)"r 1,4, 16 and 64.

Sensor Input Signal
 Range:

SaBiH |gh Speed I
A/D

24-Bit Low Speed
A/D

Gain Actual Actual

Reported Reported
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1.192uV 78.12mV 1.907uV 125.0mV
4 298.0nV 19.53mV 476.8nV 31.25mV
16 74510V | 4.883mV. 119.2nV 7.812mV
64 18.63nV 1.221mV 29.80nV 1.953mV

Data Storage

_ Data Size: - 32-bit two’s compliment.
Base Memory: 128K EPROM
6.5Mb SRAM
BaseCapaaty - Better than 1.5 million samples or approximately 3 hours 10 minutes
-~ continuous data @ 125 sps.
AM Telemetry
Protocol: ~ Full duplex synchronous data link control (SDLC).

Error Correction:

Packet acknowledge with modulo 8 sliding window.

Speed 3.072Mb/second
Encoding: Bi-phase pulse = 1, missing pulse = 0
Line Impedah-gé-: - 100 Ohm
Synchronization
- Timing: Each AM on-line is timed and synchronized for simultaneous sampling within +
f - 1.50 psecond.
Protection
“Electrical Line A and Line B signals circuits are protect by:
Protection: - A surge arrestor located on the RT514 board (S51-14).

State-of-Health

- Aline isolation transformer located on the RT514 board (T1-6) with over-
voltage diodes (D1-4) on both sides of each secondary windings

_ Information
. Provided:

The AM reports information on battery status, clock setting, gain setting,
.~ calibration mode and the communications link.
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Acquisition Parameters

Acquisition parameters include the sample rate, transmitter frequency and number of samples
desired. The operator can also determine whether the AMs calibration signal is activated during
data collection.

In typical use, the acquisition parameters are set according to the specific application configuration
and event type. For each event type, several recording sessions are made, each at a different
transmitter frequency and sample rate. The recording period is set based on event type and
transmitter frequency.

The listing below shows several examples of event type, typical transmitter frequency (Hz), sample
rates (with applicable ADC resolution) and the corresponding number of samples (record period).

' Event Tvoe ' Transmit | oo | ADC | Numberof ||
P Frequency | P | Resolution |  Sample

- Geophysical Response ' 375 Hz 48,000 24 124,032
 Gain Test 35 48000 24 65,536
 Geophysical Response ﬁ 75 9,600 24 130,176
 Gain Test 75 9,600 24 65,536
Geophysical Response 25/8 7 3,200 24 139,264
?”G'é'ih'%e'st 25/8 - '3,'200€ 24 32,768
Somsormpedance i e - Y
 Ambient Noise CnA 1600 24 8192
Geophysical Response 25/128 800 24 147,456
Gain Test ~ 25/128 800 24 16,384
 Geophysical Response  25/2048 100 | 24 212,992 |
' Gain Test . 25/256 100 | 24 4,096
~Gain Test N/A 50 24 4,096
G'erophysical Response N/A ' 50 24 65,536
Sensor Calibration

The AM can source a 12.5Hz, 50uA signal to the sensor input for measuring the source impedance of
the attached sensor. The user can also specify frequency in amplitude of calibration signal.

Telemetry Cable

The telemetry cable is a Category V specification cable and is supplied by the customer.

Sample Rates

The following table shows all available sample rates, based on a 12.288 Mhz oscillator. A 24-bit
resolution ADC is used for sample rates 48000 through 4800 and a 24-bit resolution ADC is used for
sample rates 3200 and below. The correct ADC is selected automatically by the AM, based on the
sample rate.
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Typically, different sample rates and transmitter frequencies are used in 50 Hz and 60 Hz power
environments to minimize AC power effects on the data. In the table, the shaded areas indicate the
sample rates typically used in a 60 Hz power environment. A few rates are typically used in both

environments.
| .
Sample Rate‘ | Power Line ‘

48000 50 & 60
24000 50 & 60
19200 60
16000 50

12000 50 & 60
9600 ' 50 & 60

6400 50

4800 | 60
3200 50
1920 60
1600 50
480 60
400 50
240 | 60
200 50
120 60
100 50
60 © 60
50 50
60/2 60
50/2 50
60/4 : 60
504 50
60/8 60
50/8 50

60/16 = 60

50/16 50

60/32 60
~50/32 50
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H.2 BF-6 MAGNETIC FIELD INDUCTION SENSOR

Schlumberger —EMI (Electromagnetic Instruments Inc.)Technology Center

The BF-6 sensor utilizes a magnetic feedback design to provide a stable flat response over several
decades of frequency. The sensors respond as a B field detector over the flat band regions. Both the
amplitude and phase responses are highly stable with variations of less than 0.1dB in amplitude and

+/- one degree in phase between sensors. For the frequencies below the flat response region, the
sensor response is proportional to signal frequency so that the sensor acts as a dB/dt detector. The
coil is potted with epoxy and housed inside a rugged impact-resistant ABS tube. A matched low noise
preamplifier is connected to the coil in a waterproof case and powered by an external +/- 12V power

supply.

BF-6 Frequency Response

1 : T 100 10
A plitude | ~ F
4% Em*‘ E
3 ~NTF 3
= @ =}
& 5 F4
[+ o
B 01 ﬁ 10"
= ]
g Elase 2 3
< EE L
50 10‘6 . -
E
I
L
0.01 PO PP PP PP eTT S _— 107 " - PP
0001 001 0.1 1 10 100 1000 10000 0.001 0.01 0.1 1 10 100 1000
Frequency (Hz) Frequency (Hz)
Features Applications

High sensitivity

Very low noise

Magnetic feedback design
Ruggedized and waterproof

Light weight and compact

Low power consumption (210 mW)
Stable phase response

Performance

Frequency Range: 1 Hz to -100 kHz or 1 Hz to 25
kHz

3 dB frequency corners: 10 Hz, 25 kHz or 10 Hz,
100 kHz

Sensitivity (flat region): 0.3 V/nT (standard)
Power consumption: 9mA at +/-12V

BF-6 Sensor Noise

s
e

Magnetotellurics
Audiomagnetotellurics
Controlled-source electromagnetics
Magnetometric resistivity

Time domain electromagnetics

Physical

Housing: High Impact ABS Straight Tube
Length: 73 cm (29 inches)

Diameter: 5 cm (2 inches)

Weight: 1.7 kg (3.7 Ibs)

Connector: 8-pin Tajimi
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H.3 AMTC 30 (P30) SERIES MAGNETIC SENSORS
Phoenix Geophysics Ltd
AMTC-30 magnetic sensor coils are used for AMT magnetic data acquisition. Weighing about 3 kg

and measuring only 82 cm, AMTC-30 sensors are compact and portable while providing high-quality
magnetic data at frequencies between 10 000 Hz and 1 Hz.

(1 —

100 mvin T

 Amplitude Response.
g5+ ey

{in Logyg Frequency (Hz) s
180

L
L

) H
=20 "

Phase Response

Technical Specifications

10'; |
| Overall Length : 82 cm
| Outside Diameter : 6.0 cm
Weight : 3.0 kg
- Frequency Range (for MT) :
iE 10,000 Hzto 1 Hz
L
X
=
2|
2

AMTC-30

o

4 = — H c =k o
9 e Logig Freguency (Hz)
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H.4 MTC50 (P50) SERIES MAGNETIC SENSORS

Phoenix Geophysics Ltd

MTC-50 magnetic sensor coils weigh just over 10 kg, and measure only 141 cm. They provide
magnetotelluric data at frequencies between 400 Hz to 0.00002 Hz.

10* Log,q Frequency (Hz) 10%

=509 -
Fhase Response

Technical Specifications

10°; .
| Overall Length : 141 cm
| Outside Diameter : 6.0 cm
Weight : 10.5 kg
. Frequency Range (for MT) :
iE 400 Hz to 0.00002 Hz
L=
-
|
2 .
== AMTC-30
1 —

1 LogigFrequency (Hz]

—=






QUANTEC GEOSCIENCE LTD

I GEOSOFT SECTIONS

1.1  LINE1E
LINE 1 - (Pole-Dipole Electrade Configuration)
UNCONSTRAINED UBC SMOOTH 2D DC RESISTIVITY

id6 24008 22008 20008 16005 16008 14008 12008 1000S 8005 600S

5

[+1]

2 .

=N

200

acsanasafiREl

- Station Offset (mefres)

Line 1E —DC Resistivity 2D Model — Pole-Dipole Electrode Configuration
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LINE 1 - {Pole-Dipale Electrode Configuration)
UNCONSTRAINED UBC SMOOTH 2D IP CHA ITY (DT d) .
24005 22008 20005 18005 16008 14005 12005 10005 8005 6005 ]

sEpEsa

BOEYHUNNNHYRUEARES

24005 22008 20005 18008 16005 14005 12005 10008 2008 B00S
" Station Offset (metres)

Line 1E — IP Chargeability 2D Model (using DC model as reference) — Pole-Dipole Electrode Configuration
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LINE 1 - {Pole-Dipale Electrode Configuration)
UNCONSTRAINED UBC SMODTH 2D IP CHARGEABILITY (HS

24005 22005 20005 18005 16005 14008 12005 10008 8005 6005

spissd

Engss

&

EUNUNENHERY BB ERR

Etevation (metres}

24005 22005 20005 18005 16005 14005 12005 10008 8005 B00S
- Station Offset (metreés)

Line 1E — IP Chargeability 2D Model (using HS model as reference) — Pole-Dipole Electrode Configuration
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Lmz,m : SR s

UNCONSTRAINED UBC SMOOTH 2D DC RESISTIVITY
400 24005 22008 20008 18008 16008 14005 12008 10008 8005 600S i
3 i3 g I . 1 b N 1 1 3 . i\ i
N R; ra 9 e L - e Y b Py - - Py e : v
L 4 e B = @ ha — F: 3 -
8§ 2|z 2 8 §E B|3 8 § 5.8 8 8 28 8 § 2.8 B
y I . I A s
o ) = _ A
B
200 200 W
" wee s,
W M i fa
H s
a ey -
} g e
f il o ol
Resistiity
§ by
24005 22008 20008 1800S 16005 14008 12008 10008 800S 6005
!  Offsot (et

Line 1E —DC Resistivity 2D Model — Transformed Dipole-Dipole Electrode Configuration
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LINE 1 - {Transformed Dipole-Dipole Configuration)
UNCONSTRAINED UBC SMOOTH 2D IP CHARGEABILITY (DC Referenced)

24005 22008 20005 18005 16008 14005 12008 10008 8005 6005

HNNENH R A RN ERESTRIRERES

24008 22008 20008 18008 16005 14005 12008 10008 8008 - B00S
* Station Oifset (metre

Line 1E — IP Chargeability 2D Model (using DC model as reference) — Transformed Dipole-Dipole Electrode Configuration
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UﬁE 1- tTransfmmed ﬁipda-bipoh Electrode Cunﬁnnm‘liun}
UNCONSTRAINED UBC SMOOTH 2D IP E 5 d}

24005 22005 20005 18005 16005 14008 12008 10008 B00S 6005

i

12 IE BN EREN 20 EAREREE AR EERS

Monsta Procuping Mines Inc.

North Tisdals Projuet
Morth Thaclala, Murphy Townahig, Candda

LIME 1
A 34 AT (R BT

24005 22005 20008 18005 16005 14005 12005 10005 B00S 6003
Station Offsef (mefres)

Line 1E — IP Chargeability 2D Model (using HS model as reference) — Transformed Dipole-Dipole Electrode Confiquration
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Input files:L1E.vp and L1E.pz Dat file:L1E.DAT
Hodel resistivity with topography
Eleu. Iteration 8 Abs. error = 12.7

408. 84

-2880 -2240 -1600 -966.0 -328.0

2008. 6

400. 6

600, 6

P99 N I (O (O [ [ [ [
1.00 4.00 16.0 64.0 256 1024 40896 16384
Resistivity in ohm.m
Horizontal scale is 22.21 pixels per unit spacing
Uertical exaggeration in model section display = 8.43
First electrode is located at -2886.6 m.
Last electrode is located at 8.8 m. Unit Electrode Spacing = 48.8 m.

Line 1E —Loke Inversion DC Resistivity 2D Model — Pole-Dipole Electrode Configuration
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Input files:L1E.vp and L1E.pz Dat file:L1E.DAT
Hodel IP with topography

Eleu. Iteration 8 Abs. error = 3.8
408. 84

-2880 -2240 -1600 -966.0 -328.0

2008. 6

408. 6

608. 6

P99 I [ [ [ I () [ [
0.00 10.9 6.0 6.0 ue.0 50.9 6.9 6.0
Phase Angle in milliradians
Horizontal scale is 22.21 pixels per unit spacing
Vertical exaggeration in model section display = 8.43
First electrode is located at -2886.6 m.

Last electrode is located at 9.9 m. Unit Electrode Sp:

Line 1E — Loke Inversion IP Chargeability 2D Model (using DC model as reference) — Pole-Dipole Electrode Confiquration
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LINE 2E

LINE 2 - (Pole-Dipale Electrode Configuration)
UNCONSTRAINED UBC SMOOTH 2D DC RESISTIVITY
o 20005 18005 16005 14005 12008 10008 BO0S 6005 4008 2008 o

b
L »
200 =
T
=
u
o
]
E
n
= n
)
o
E :
.‘5' 0 !
é
=200
400
‘20005 18005 16005 14005 12005 10005 BOOS 6005 4005 2005 o
Station Offset (metres)

Line 2E —DC Resistivity 2D Model — Pole-Dipole Electrode Configuration
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LA

ipol |
UNCONSTRAINED UBC SMOOTH 2D IP ITY (DC

SAEAREEESREAIATRES

SUMHUEEHENRE.

THERE

i

‘20005 18008 1600S 14005 12008 1000S 800S 600S 4005 2005 0
Station Offset (metres)

Line 2E — IP Chargeability 2D Model (using DC model as reference) — Pole-Dipole Electrode Confiquration
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R s o o
UNCONSTRAINED UBC SMOOTH 20 IP LITY (HS Re

7]

SUEUNENEEEHESBEAR

=T

i

}
i

FROCHRARG SRTORY
AT TR T e

PLOTTING PR TS

‘20005 18008 16008 14005 12008 1000S 800S 600S 4005 2005 0
* Station Offset (metres)

Line 2E — IP Chargeability 2D Model (using HS model as reference) — Pole-Dipole Electrode Configuration

119




QUANTEC GEOSCIENCE LTD

LINEZ-( d Dipole-Dipole Electrod :
UNCONSTRAINED UBC SMOOTH 2D DC RESISTIVITY
12008 10005

14005 8003

-
]
=]

E,

0
2

}E..-‘.-“:nnei-j!ﬁ&' TErH

(=]

16005 14008

400
600S 4005 2005
Station Offset (metres)

Line 2E —DC Resistivity 2D Model — Transformed Dipole-Dipole Electrode Configuration
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LINE 2 - (T: Dipote-Dipole
UNCONSTRAINED UBC SMOOTH 20 IP ITY (DC

20005 18005 16005 14005 12005 10005 B00S 6005 4005 2005 o

20005 18005 16005 14005 12005 10005 B0OS 6005 4005 2005 o
Station Offset (metres)

Monets Procupine Mines Ine.
North Tisdale Project T
Movth Tisdale, Murpty Townshis, Canade
LUINE 2
i ki e

Line 2E — IP Chargeability 2D Model (using DC model as reference) — Transformed Dipole-Dipole Electrode Configuration
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LINE 2 - (Transformed Dipole-Dipole Electrode Configuration)
UNCONSTRAINED UBC SMOOTH 20 IP CHARGEABILITY (HS Referenced)

14005 12005 10008 B00S

Monets Procupine Mines lnc.
CNorth Tiedale Projest
Woth Tisdaa, Murhy Townshis, Canada

T 4 AR D BT

20005 18005 16005 14005 12005 10005 BOOS 6005 4005 2005 o
Station Offset (metres)

Line 2E — IP Chargeability 2D Model (using HS model as reference) — Transformed Dipole-Dipole Electrode Confiquration
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Input files:L2E.vp and L2E.pz Dat file:L2E.DAT
Hodel resistivity with topography

Eleu. Iteration 7 Abs. error = 5.8

409-81 ouug -1800

-1168 -520.0 120.8 [

2008. 6

2008. 6

400. 6

608. 8

8006. 6/

Resistivity in ohm.m
Horizontal scale is 22.21 pixels per unit spacing
Vertical exaggeration in model section display = 8.43
First electrode is located at -2448.8 m.
Last electrode is located at L4u48.6 m. Unit Electrode Spacing = 40.0 m.

Line 2E —Loke Inversion DC Resistivity 2D Model — Pole-Dipole Electrode Configuration
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Input files:L2E.vp and L2E.pz Dat file:L2E.DAT
Hodel IP with topography

Eleu. Iteration 7 Abs. error = 13.8
408. 84
-2440 -1800

-1160 -520.0 120.8

208.8

208.8

408. 8

608. 6

I N N BN [ O O ] .
0.00 10.9 206.0 30.0 ue.0 50.9 66.09 [:]
Phase Angle in milliradians
Horizontal scale is 22.21 pixels per unit spacing
Uertical exaggeration in model section display = 8.43
First electrode is located at -2446.0 m.
Last electrode is located at u4u48.8 n.

Line 2E — Loke Inversion IP Chargeability 2D Model (using DC model as reference) — Pole-Dipole Electrode Configuration
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J AN INTRODUCTION TO TITAN-24 DIRECT CURRENT (DC) RESISTIVITY AND INDUCED
POLARISATION (IP) METHODS

J.1 INTRODUCTION

Titan-24 is a 24-bit multi-channel, distributed acquisition system that allows for the collection of high
quality Direct Current (DC) Resistivity and Induced Polarization (IP) data (Sheard 1998). The system
provides high multiplicity data sets and records full-waveform time-series utilizing 24-bit Sigma Delta
Analog to Digital (A/D) conversion. Like other conventional resistivity methods, acquisition is
performed by the injection of an artificial controlled source of current, usually a series of full duty
cycle' square pulses, into the ground through the transmitter electrode. The voltages, normalized
by the injected current, are measured at the receiver electrodes as time series.

The use of 24-bit A/D converter allows the Titan-24 system to record the full waveform at the
receivers, thus permitting the accurate removal or deconvolution of the source effects from the
recorded time series. What is left of the time series after the deconvolution consist of mainly the
responses of the ground and noise.

DC resistivity method is quite sensitive to small variations in resistivity near surface, and its
effectiveness will be limited by high level of noise in the presence of a shallow conductive layer in
the ground. On the other hand, in the desert or coarse-grained sandy environments, DC resistivity
method can suffer from poor electrical contact with the ground. As a result, very little or no current
can be injected into the ground, and no meaningful data can be collected.

The resistivity is among the most variable of all geophysical parameters, with a range exceeding 10°
ohm-m. The resistivity of rocks depends primarily on their porosity, permeability and particularly the
salinity of fluids contained, according to Archie’s Law. Therefore, DC resistivity method can be
utilized in a wide variety of applications in mineral exploration, mainly for mapping of resistivity
structures and locating of conductive targets.

The chargeability responds to the presence of polarisable minerals (metals, sub-metallic sulphides
and oxides, and graphite), in minute amounts. Both the quantity of individual chargeable grains
present and their distributions within subsurface current flow paths are significant in controlling the
level of response. The IP method can be used to directly detect disseminated to massive sulphides.

More detailed descriptions on the theory and application of the DCIP method can be found in
Telford et al. (1976).

1 Duty cycle is the ratio between the pulse duration and the period of a square waveform.
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J.2 TiTAN-24 DCIP SURVEY

Titan-24 is a distributed DCIP acquisition system. A typical survey layout, or spread, is 2400m long
and has 25 inline (Ex) 100m potential dipoles and the current injections sites. With current
extensions, a typical Titan-24 spread can be stretched to 3600m. If requested, the dipole length can
be changed to 50m or 200m, and the resulting length Titan-24 spread will be 1200m or 4800m. Also,
cross line dipoles (Ey) can be deployed as well.

| Titan-24 (IP Only) Distributed
Acquisition System

2400m

2channelAM —— ;
Local boxar /
i {1
LAN Link to Logging Truck Jumper LineLength = 2400 n

X 4 25 E , 100m dipoles
o 1 . b

i 25 current stations

=8

Titan-24 Distributed Acquisition System (IP-only) layout.

In a normal Titan-24 survey, the transmitter (Tx) and receiver (Rx) configuration is the pole-dipole-
dipole array, combining pole-dipole right (PDR) and pole-dipole left (PDL). The current is injected at
the mid-point between two potential electrodes. However, with special safety arrangements made
to the system, the current can be injected at the potential electrode locations.

- pole - pole L A

- pole - dipole (PDR) O i
-pole - dipole (PDL) ~ —3¥_ 4

- dipole - dipole B e

- pole - dipole - dipole =3V ¢ []Y

Titan-24 Transmitter (Tx) and Receivers (Rx) configurations.
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J.3  TitAN-24 DCIP DATA PROCESSING

For one potential electrode pair, the data acquired with one current injection event is a time series
of measured voltages at the electrodes normalized by the current, Vp in mV/A. A typical Titan-24
time series are shown below.

A typical Titan-24 (pole-dipole)
Vp time series (8.5s duration)

‘ <«

o
:

Vp: voltage measured by the receiver (Rx)
dipole normalized by current.

T 2]

75 Bl : Tic Tl 250 Foc E1 750

used for IP processing.

|\ 5

Vp of one current cycle. £ - |
o5 A .

E 2 '.\ |

The data in the time window Sl i
between the dash lines are 7 g i
& *] i

’ i

i

i

Typical Titan-24 DCIP time series.

A single injection event usually lasts approximately three minutes. The time series of an event are
stacked twenty times per second in order to increase the signal to noise (S/N) ratio. The data
processing is done in the frequency domain. Current waveform deconvolution and digital filtering of
power line noise (60/50Hz, and their harmonics) are applied to the frequency domain data.

J.4 HALVERSON-WAIT CHARGEABILITY

Titan-24 IP chargeability are described using the Halverson-Wait spectral model (Halverson et al.,
1981), which is not well known, but is similar to the Cole-Cole model proposed by Pelton et al.
(1978) which is a simple relaxation model that fits complex (frequency-dependant) resistivity results.

The time domain chargeability, originally proposed by Siegel (1959), is defined (Telford et al., 1976)
as:

1 12
M =—|VI(t)dt

7 I (¢}
where V(t) is the residual or secondary voltage at a time t that is decaying after the current is cut
off, between time t; and t, with the steady voltage V. during the current flow interval. The ratio
V(t)/V . is expressed in millivolts per volts (mV/V).
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In the frequency domain, the “frequency effect” is defined as:

FE= (pDC _pAC)
Pac

where ppc and pac are the apparent resistivities measured at dc and “very high” frequency, usually
in the 0.1 to 10 Hz range.

The Cole-Cole model for the chargeability m, as defined by Pelton et al. (1978) is given by the
following:

e —

where Z(w) is the complex impedance with w the angular frequency in Hz, R the DC resistivity, m
the chargeability in volts per volt, T the time constant in seconds, and c is the frequency dependence
(unit less). The latter two physical properties describe the shape of the decay curve in time domain
or the phase spectrum in frequency domain, and commonly range between 0.01s to +100s and 0.1
to +0.5, respectively (Johnson, 1984).

The Halverson-Wait model was proposed by Halverson et al. (1981) as an extension to the Wait
(1959) model of the impedance of “volume loading” of spheres, given by:

Z(0) = E{l —3{1 __39 ﬂ
G 14265

where G is a geometric factor, p the resistivity of the media, v the volume loading (the volume
fraction of chargeable “spheres”), 8§ the sphere surface impedance. The Wait model was designed to
provide an explanation of the differences in the shape of decay curves from different polarisable
targets, but does not describe very well the physical attributes of the rocks.

The Halverson-Wait model expands the Wait coated sphere IP model to include a new formulation
of the sulphide-rock interface impedance, based on field studies and laboratory tests on samples. It
is closely correlated to the Pelton et al. (1978) Cole-Cole model and is given by:

3
Z(@)=L11-3v 1—4
1+ rlio]

where 1 is the sphere radius and is equivalent to T - the Cole-Cole time constant (r = tX). Thev
volume loading compares well to m — the Cole-Cole chargeability (see equation below) — and the
exponent K is equal to c- the Cole-Cole frequency dependence (Halverson et al., 1981). For
sulphide systems, the r-factor reflects the size or inter-connectedness of the sulphide grains and the
k-factor reflects the electrical characteristics of the sulphide surfaces.
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An example of time domain Halverson-Wait model responses is shown below:

Time-Domain Halverson-Wait Response Showing WITH and WITHOUT Volume Loading
T T T T T

T
—— 12% Vol. Loading
— — No Vol. Loading

0.6~ —

Response (v/amp)

04} -

0.2 -
|
|

| | L
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Normalized Time (sec/period)

Polarisable versus Non-Polarisable TD-IP response using Halverson-Wait Model.

In the Halverson-Wait model the theoretical Percentage Frequency Effect (PFE)™ (for infinite
bandwidth), which equates to the theoretical chargeability in the Cole-Cole equation, is thereby
defined by the volume loading:

PFE; 9y

100 T 2+3)

and is output in units of milliradians (mrads).

J.5 TITAN-24 IP CHARGEABILITY DEFINITION (QTNOO01)

Quantec prefers to estimate IP responses using a time domain half-duty square-wave excitation
standard, but convert those chargeability results to units of phase. The specific procedure and
algorithm is as follows:

1. Determine the earliest time for which EM coupling has died out sufficiently. This time is
called the averaging or integration start time or A typicalvalue for  is 0.8s;

2. Determine the latest charge/decay time that is minimally affected by sigma-delta and
low-pass (usually Hanning window moving average) filtering - called the averaging or
integration end time or . A typicalvalue for  is 1.95s;

3. Adjust the start time () so that (equated to number of samples) exactly spans
an integer number of power-line signal periods. This can only be done for transmitted
(fundamental) frequencies that are much lower than the power-line frequency;

4. Using the charge and decay sample numbers that equate to the averaging window™®
defined by and , calculates the average charge and decay voltages. This average
may involve a non-uniform weighting to further improve rejection of power-line noise;

5. Calculate the theoretical Halverson-Wait half-duty time-domain response using
identical filtering to that applied to the measured data response estimate, and
presuming the following spectral parameters:

' The classical definition of PFE is 100X (po — pw)/po.

% practice this averaging window is tapered slightly to widen the stop-band notches and thereby provide enhanced
power-line noise rejection.
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a. volume loading: 0.125 (this value is not important)
b. r—value: 1.0
c. k-—value: 0.2

6. For the standard Halverson-Wait spectral parameters mentioned, the synthesized time-
domain response and the t; — ty averaging window, convert all estimated/measured
charge and decay voltages (using the specified averaging window) to chargeability
(millivolts/volt) and then to phase (milliradians).

This is the algorithm used in the Titan-24 data processing. The relationship between Titan-24
chargeability unit, phase in milliradians, and other frequency domain systems is straightforward —
Quantec’s time-domain based phase equates to frequency domain based phase, see figures below.

f, =30/64 Hz, PFE =-0.0066(0 2) +1.2474(9) f, =30/256 Hz, PFE =-0.0059(0 2) +1.2410(6)
35 . 35 .
| | | | | |
VF--————7 - VF--————7 - - ——— —
LT e 2 e 2B - m o e —
| < I e —— I -
i i
L L i it it Bl =
0F - Fr -~ A 0F - Ft -~ e —
| |
51 - % - O theoretical (exact) 1 5 - - - % -+ O theoretical (exact)
| —— formula (approximation) | —— formula (approximation)
0 1 1 1 O 1 1 1
0 10 20 30 40 0 10 20 30 40
PHASE (mRad) PHASE (mRad)
f, =30/1024 Hz, PFE = -0.0055(0 2) +1.2829(6) f, =30/4096 Hz, PFE = -0.0055(0 2} + 1.3764(6)

|
5 - - % - O theoretical (exact) 1 5--%---7-- O theoretical (exact)
| — formula (approximation) | — formula (approximation)
0 1 1 1 0 1 1 1
0 10 20 30 40 0 10 20 30 40
PHASE (mRad) PHASE (mRad)

Phase vs. PFE for various pulse lengths and presuming standard Halverson-Wait
spectral parameters (r-value = 1.0 and k-value = 0.2).
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Phase vs. Chargeability (full decay)

Phase vs. Chargeability (last 1/2 decay)

lllustration of the proportional relationship between phase (mrad) and
chargeability (mV/V) for various charge/decay averaging windows
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J.6  DCIP2D INVERSION

An excellent overview and introduction to both the theory and use of inversions in geophysics is
available on the University of British Columbia (UBC) website (Oldenburg et al., 1998).

The DCIP2D inversion algorithms are developed by UBC-Geophysical Inversion Facility.

Mathematically, inversion is the process of fitting the observed data to a model through minimizing
a function. The choice of which function to minimize ultimately defines the inversion model. In the
inversion algorithm developed by UBC, this function is:

= = i FF i
T I s = i
e e " i

3.

The function to be minimized consists of a function, (I)d, that minimizes the data misfit, and a
function (I)m that finds a “smooth” model. Beta, the regularization parameter, represents a relative
weighting between fitting the data and smoothing the model.

Clearly, the data misfit function must be defined in more detail. One approach might be

N .F;[}n]_d‘ioiw “

‘75d=z

i1\ &;

I

This function defines the data misfit as the sum of the individual misfits squared (L2 norm),
normalized by the errors associated with each data point. It is the least-squares definition of the
data misfit.

The model misfit function must also be defined in more detail. One of the most flexible definitions is
the one used by UBC

¢ (mm)=a, I(n:—;wro)zdw(;a,j B(L;:%) dl‘-'-a’z_[ (’G#j%) dv
a C

vl Vo o vo

In this definition there are three components to the “model norm” (or “smoothness” constraint, or
“regularization”), each of which contains an a constant (a., o, o,) that are commonly referred to as
“alpha parameters”, and a fourth variable m, that refers to the starting or reference model — either a
half-space or geophysical constraint — that also has a profound influence on the model-misfit.

The three “alpha” parameters represent a relative weighting of each component:

e the first component is simply an overall difference between the model and a “target”
model;

e the second component is a horizontal smoothness;

e the third component is a vertical smoothness.
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J.7  APPARENT RESISTIVITY OF UNIFORM HALF SPACE

From p.636, Telford et al. 1976, the apparent resistivity p, is given as:

where Gy is the geometric factor defined as:

1 1) (1 1
G, =|———|-| ———

noon B 1

14 the distance between current electrode P1 and potential electrode C1;
1, the distance between current electrode P1 and potential electrode C2;
13 the distance between current electrode P2 and potential electrode C1;

14 the distance between current electrode P2 and potential electrode C2;

J.8 DC INVERSION USING A SYNTHETIC MODEL

A synthetic resistivity model and its apparent resistivity pseudo section based on Titan-24
configuration are shown here. The model consists of a background of 1,000 ohm-m and a vertical
dyke of 1 ohm-m. The synthetic DC data, V,’s, are computed using UBC’s 2D forward modeling tool
DCIPF2D

Resistivity Model

T am 100
£ 31.62

g 663 10
a 4 1
3162

984 l 1
6870 7420 7970 8520 8070 9620 10170 Chm - m

X (m)

1,000 ohm-m background and 1 ohm-m vertical conductor

DC Resistivity Pseudo Section
Titan-24 pole-dipole with 500m current extensions

A synthetic model and its apparent resistivity pseudo section

The inverted resistivity model and the convergence curves are displayed below.
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Resistivity Model
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Inversion model, convergence curves and inversion statistics

J.9  IP INVERSIONS

For IP inversions, the apparent chargeability n is computed by carrying out two DC resistivity
forward modeling with conductivity distributions c(x;,z) and (1-n)o(x;,z) (Oldenburg and Li, 1994),
where (x;, z;) specifies the location in a 2D mesh.

The conductivity distributions used in IP inversions can be the inverted DC model or a half space of
uniform conductivity. The IP inversion, generated through the use of a half space, is called the
“NullCon” or “HSref” IP model
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K INTRODUCTION TO THE MAGNETOTELLURIC METHOD

K.1 INTRODUCTION

The magnetotelluric (MT) method utilizes time-variations in the Earth’s natural electric (E) and
magnetic (H) fields to image the resistivity of the subsurface structure. The natural electromagnetic
(EM) signals are assumed to be of plane-wave source over the frequency range with which the MT
surveys are usually carried out. The plane-wave source is simpler to model compared with the
complex transmitter geometries and signals used in the other EM methods. It makes the MT
responses easier to understand and interpret with respect to the subsurface resistivity variations.

The E and H fields are measured over a broad range of frequencies. Typically, the frequencies can
range from above 10 kHz to below 0.001Hz. Considering the conductivity of the Earth’s materials and
the frequency range over which the MT data are measured, the EM fields propagate in a diffusive
regime. High frequency signals are attenuated more rapidly in the subsurface. Therefore, high
frequency data are indicative of shallow resistivity structure while low frequency data are indicative
of deep resistivity structure.

At frequencies below 1Hz the EM signal source is due to oscillations of the Earth’s ionosphere as it
interacts with the solar wind. At frequencies above 1Hz the signal source is due to worldwide
lightning activities. There is a lack of natural signal around 1Hz, often referred to as the “hole”.
Modern 24-bit recording hardware and signal processing techniques, however, have largely
eliminated the data quality degradations that have been traditionally seen around the 1Hz signal
hole.

Between about 8Hz and 300Hz the signal from worldwide lightning activity propagates in a
“resonant” cavity (the resistive atmosphere) between the conductive ionosphere and the conductive
Earth’s surface. Above 3 kHz the signal propagates as a ground wave. Between 300Hz and 3 kHz
there is a “dead-band” where the signal does not propagate well. Despite hardware and signal
processing improvements this dead-band remains problematic. When signal (atmospheric activity) is
present within several hundreds of miles of the survey area the data quality improves. When no
signal is being generated in the vicinity of the survey area the data quality is poor.

Source Bands

Dead
Band

10,000 1000 100 (4] | 0.1 001 0001

Frequency in Hz

SHALLOW
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K.2 IMEASUREMENTS

Both the electric and magnetic fields are measured at each site. The measured field strengths
depend on the ionosphere and lightning activities and are essentially of random nature. While the E
and H field strengths are random the ratio of these two fields depends on the frequency and the
subsurface resistivity structure. For a homogeneous and a 1D earth resistivity structures, the
magnetic field is perpendicular to the electric field. However, it is possible for a complex subsurface
resistivity structure to rotate the fields. Therefore, full tensor data, including two perpendicular
electric and two perpendicular magnetic fields, are usually measured.

In the field surveys, the electric and magnetic fields are measured as a function of time. The electric
field is measured using two orthogonal grounded dipoles. The magnetic field is also measured using
induction coils parallel to the electric dipoles.

Sample Time Series

+Hx: 0568
Yde: 21.36 mY
Vpp: &1.24 myY
LHy O84S

Vdo: -32.50 mV
Vw: &4 16 my

+Ex:01835
Vdc: 221 mvy

VEp: 158,48 my
+Ey:0144

Vde: 48.52 mV
Vpp: 175 .54 mY

K.3 DATA PROCESSING

Extracting the subsurface resistivity structure from the measured magnetic and electric fields is a
multi-step process. First, time series are transformed into frequency domain and sophisticated
processing techniques are used to estimate the MT impedance tensor from the electric and
magnetic fields. The impedance tensor is then used to calculate the apparent resistivity and phase
data. In interpretation stage, inversion techniques are used to invert the apparent resistivity and
phase data in to the subsurface true resistivity image. Finally, the resistivity image must be
interpreted in terms of geologic units.

In time series processing, the measured magnetic and electric fields are Fourier transformed into the
frequency domain. Calibration curves are applied to the measured fields to remove the acquisition
system response. The Fourier coefficients represent the amplitude and phase of the electric and
magnetic fields as a function of frequency.
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Processing and Interpretation Flow
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Resistivity

2-D Model

A variety of complex signal processing techniques are used to minimize noise and bias in the
estimation of geophysical parameters from the measured fields. The approaches include:

e Spatial isolation of noise. A remote reference magnetic station is used to separate
signal from local noise in the magnetic field data;

e Coherency sieves to find coherent signal. First the local and remote magnetic field
measurements are compared and coherent signal are kept. Then the local magnetic and
electric fields are compared for coherency;

e Frequency isolation of noise. Long Fourier transforms are used to provide extremely
sharp isolation of noise in frequency;

e Time isolation of noise. Short Fourier transforms are used to remove noise that is
isolated in time (noise spikes, or noise that is randomly turning off and on);

e Robust statistics that minimize biasing effects of a few isolated measurements.

The geophysical parameters are estimated after the processing is completed. In frequency domain,
the ratio between the two measured components (E and H) is called electrical impedance (Z) and is
defined as |Z | = | E/H | . The primary geophysical parameters are usually represented as plots of the
apparent resistivity versus frequency and the phase versus frequency. The impedance values are
used to calculate apparent resistivity and phase data as follows:

p,(Qm) = L|Z|2 and ¢ =arg(2)
HUD

The apparent resistivity is a function of the frequency. The apparent resistivity can be considered as
a volumetric weighted average of the resistivity and thickness of the rocks being sampled.
Consequently, it is a smoothly varying function of the frequency. It can be shown theoretically that
on a log-log plot of the apparent resistivity vs. frequency the curve cannot exceed a slope of +/- 45
degrees for a layered earth model. For a homogenous half-space or a one-dimensional (1D) earth
the phase is related to the apparent resistivity through the Hilbert transform. This association does
not exist for the 2D and the 3D earth models.

K.4  INTERPRETATION

Plots of apparent resistivity and phase data versus frequency in a log-log scale are a conventional
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way of looking at the data before interpretation. If the survey involves several MT sites located along
a line pseudo-sections of the apparent resistivities and phases in both components provides a first
impression of the resistivity variation of the subsurface along the survey line.

The depth of penetration of the EM signal depends on the frequency of the data and the resistivity
of the subsurface. The depth at which the signal amplitude attenuates to 37% (1/e) of its initial value
is called the electromagnetic skin depth (8) and is defined as:

Somy = |—2— = 503 [@
oo A

where 8 (m) is the skin depth, p the magnetic permeability, o (S/m) the conductivity (1/resistivity), ®
the angular frequency (=2xf), f (Hz) the frequency, and p (2m) the resistivity (1/conductivity)

The skin depth concept provides an estimation of the maximum depth of investigation of the MT
data.

The following plots illustrate example of the apparent resistivity curves for two MT sites as well as
the apparent resistivity cross-sections along a MT line over a simple geological model.
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Interpretation of the MT data is performed using the maps of true resistivity of the subsurface.
Inversion algorithms in one-dimension (1D), two-dimension (2D), and three-dimension (3D) are used
to invert the apparent resistivity and phase data in to the maps of true resistivity of the subsurface.
A simple layered subsurface structure generally can adequately be reproduced using the 1D
inversion. In the case of more complex 2D or 3D structures, the MT response will be affected by
lateral variations in resistivity. Consequently, a 2D or 3D inversion algorithm is required to allow the
lateral resistivity variations.

In 1D earth assumption, off-diagonal elements of the impedance tensor are equal and of opposite
signs and the diagonal elements are zero. The 1D inversion of the MT data produces a resistivity-
depth profile for each MT site. The results represent a first order approximation of the resistivity
variations with depth using a layered-earth model.

If there are lateral variations in the resistivity of the subsurface along one direction only
(perpendicular to the strike) then a 2D inversion and interpretation is required. In this case, for a
data rotated to the strike direction, off-diagonal elements of the impedance tensor are of opposite
signs but not equal and the diagonal elements are zero. Because the electrical conductivity is
constant along the strike direction (for example x-direction) all derivatives with respect to x will be
zero. Therefore, Maxwell’s equations are simplified and can be separated into two distinct modes
so-called Transverse Electric (TE) and Transverse Magnetic (TM). The TE-mode represents the
condition where the electric field is parallel to the strike direction while the TM-mode represents the
condition where the magnetic field is parallel to the strike direction.

A cross-section of the true resistivity variations perpendicular to the assumed strike direction is
created in the 2D inversion and is used in interpretation. For more complex geological structures a
3D inversion is essential to adequately describe the resistivity variation of the subsurface. In this
case, none of the elements in the impedance tensor are equal or zero.

One of the factors that can affect the multi-dimensional MT data and interpretation is “static shift”.
The apparent resistivity curves can be biased (shifted up or down) by lateral resistivity contrasts with
dimensions smaller than the minimum wavelength of the EM fields. These small features cannot be
resolved by the MT data and they introduce a DC shift on the log-log apparent resistivity plots. This
effect can be recognized by examining the sounding resistivity curves from the neighbouring MT
sites and most be treated before the interpretation. Note that there are no static shift effects in the
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phase data.
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