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FUGRO AIRBORNE SURVEYS

Fugro Airborne Surveys was formed in early 2000 through the global merger of leading airborne
geophysical survey companies: Geoterrex-Dighem, High-Sense Geophysics, and Questor of
Canada; World Geoscience of Australia; Geodass and AOC of South Africa. Sial Geosciences of
Canada joined the Fugro Airborne group in early 2001; Spectra Exploration Geosciences followed
thereafter. In mid 2001, Fugro acquired Tesla 10 and Kevron in Australia, and certain activities of
Scintrex. Fugro also works with Lasa-Geomag located in Brazil, for surveys in South America. With
a staff of over 400, Fugro Airborne Surveys now operates from 12 offices worldwide.

Fugro Airborne Surveys is a professional services company specializing in low altitude remote
sensing technologies and collects, processes and interprets airborne geophysical data related to
the subsurface of the earth and the sea bed. The data and map products produced have been an
essential element of exploration programs for the mining and oil & gas industries for over 50 years.
Engineers, scientists and others with a need to map the earth’s subsurface geology use Fugro
Airborne Surveys for environmental and engineering solutions. From mapping kimberlite pipes and
oil and gas deposits to detecting water tables and unexploded ordnance, Fugro Airborne Surveys
designs systems dedicated to specific targets and survey needs. State of the art geophysical
systems and techniques ensure that clients receive the highest quality survey data and images.

Fugro Airborne Surveys acquires both time domain and frequency domain electromagnetic data as
well as, magnetic, radiometric and gravity data from a wide range of fixed wing (airplane) and
helicopter platforms. Depending on the geophysical mapping needs of the client, Fugro Airborne
Surveys can field airborne systems capable of collecting one or more of these types of data
concurrently. The company offers all data acquisition, processing, interpretation and final reporting
services for each survey.

Fugro Airborne Surveys is a founding member of IAGSA, the International Airborne Geophysics
Safety Association. Our quality management system has successfully achieved certification to the
international standard ISO 9001:2000 Quality Management Systems - Requirements
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SUMMARY

This report describes the logistics, data acquisition, processing and presentation of results of a
HELITEM® electromagnetic/magnetic survey flown from October 31 to November 02, 2011 for
Sandfire Resources NL comprised of two (2) blocks of transects located in the Yiyintyi area of the
Northern Territory of Australia. Total coverage of the survey block amounted to 327 km.

The purpose of the survey was to determine the existence and locations of bedrock conductors and
for better understanding of the subsurface geology within the survey areas. The EM data were
processed to produce images and profiles that are indicative of the conductive properties of the
survey areas. A GPS electronic navigation system ensured accurate positioning of the geophysical
data with respect to the base maps.

The survey data were processed and compiled in the Fugro Airborne Surveys Perth office. Maps and
data in digital format are provided with this report.

Respectfully submitted,

FUGRO AIRBORNE SURVEYS CORP.

Stephen Carter
Geophysicist

R2260_Sandfire
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Survey Operations

Location of the Survey Block

Figure 1 shows the location of the survey block in the Yiyintyi Area of the Northern Territory,
Australia. The base of operations was setup at Limmen Bight. Total coverage of the block amounted
to 327 line kilometres.

10km  30km  50km  70km

Figure 1. Survey Location.
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Table 1 lists coordinates of the corner points of the Eastern survey block.

Block Corners | X-UTM (E) Y-UTM (N)
2260 1 573560 8317825
East Block 2 575913 8312539
3 573560 8317825
4 575913 8312539

Table 1. Area Corners in UTM 53S, WGS84

Table 2 lists coordinates of the corner points of the Western survey block.

Block Corners | X-UTM (E) Y-UTM (N)
2260 1 559476 8309318
West Block 2 563111 8310226

3 559476 8309318
4 563111 8310226

Table 2. Area Corners in UTM 53S, WGS84
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System Information

Figure 2. HELITEM® System in Flight
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Figure 2 depicts the HELITEM® system in flight. The HELITEM® system is composed of a 51.9 m
cable to which is attached a receiver platform 22.4 m along the cable below the Helicopter, a
magnetometer attached to the transmitter loop 47 m below the helicopter in flight. The top of the
cable is attached to a helicopter and when in flight it drags to form a 25 degree angle from the
vertical. The real time navigation GPS antenna is on the tail boom of the helicopter, the barometric
altimeter, radar altimeter, video camera and data recorder are all installed in the helicopter. One
GPS antenna is attached near the centre of transmitter loop to give positional information of the
loop.

Aircraft and Geophysical On-Board Equipment

Aircraft: AS 350 B3 Helicopter

Operator: United Aero Helicopters

Registration: VH-ZHS

Survey Speed: 55 knots / 65 mph / 30 m/s

Magnetometer: Scintrex CS-3 cesium vapour, attached to transmitter loop,

sensitivity = 0.01 nT, sampling rate = 0.1 s, ambient range
20,000 to 100,000 nT. The general noise envelope was kept
below 0.5 nT. The nominal sensor height was ~35 m above

ground.
Electromagnetic system: HELITEM® 30 channel multicoil system
Transmitter: Vertical axis loop slung below helicopter

Loop area 708 m?
Number of turns 2
Nominal height above ground 35 m

Receiver: Multicoil system (X, Y and Z) with a final recording rate of 10
samples/second, for 30 channels of X, Y and Z component data.
The nominal height above ground was ~63 m.

Base frequency: 25 Hz
Pulse width: 4 ms
Pulse delay: 0.078 ms
Off-time: 15.977 ms
Point value: 9.77 Us
Transmitter Current: 1415 A
Dipole moment: 2x10°Am?2
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Times from start of cycle: Times after Tx turnoff:
Start Start End
time End Time | Midpoint | Width time Time Midpoint | Width
Gate | (ms) (ms) (ms) (ms) (ms) (ms) (ms) (ms)
0 0.078 0.234 0.156 | 0.156 | Ontime
1 0.234 1.494 0.864 | 1.260 | Ontime
2 1.494 2.764 2.129 | 1.270 | Ontime
3 2.764 4.023 3.394 | 1.260 | Ontime
4 4.160 4.180 4.170 | 0.020 | Offtime 4 0.137 0.156 0.146 | 0.020
5 4.180 4.209 4.194 | 0.029 | Offtime 5 0.156 0.186 0.171 | 0.029
6 4.209 4.248 4.229 | 0.039 | Offtime 6 0.186 0.225 0.205 | 0.039
7 4.248 4.287 4.268 | 0.039 | Offtime 7 0.225 0.264 0.244 | 0.039
8 4.287 4.336 4.312 | 0.049 | Offtime 8 0.264 0.313 0.288 | 0.049
9 4.336 4.395 4.365 | 0.059 | Offtime 9 0.313 0.371 0.342 | 0.059
10 4.395 4.473 4.434 | 0.078 | Offtime 10 0.371 0.449 0.410 | 0.078
11 4.473 4.561 4.517 | 0.088 | Offtime 11 0.449 0.537 0.493 | 0.088
12 4.561 4.658 4.609 | 0.098 | Offtime 12 0.537 0.635 0.586 | 0.098
13 4.658 4.785 4.722 | 0.127 | Offtime 13 0.635 0.762 0.698 | 0.127
14 4.785 4.941 4.863 | 0.156 | Offtime 14 0.762 0.918 0.840 | 0.156
15 4.941 5.127 5.034 | 0.186 | Offtime 15 0.918 1.104 1.011 | 0.186
16 5.127 5.352 5.239 | 0.225 | Offtime 16 1.104 1.328 1.216 | 0.225
17 5.352 5.625 5.488 | 0.273 | Offtime 17 1.328 1.602 1.465 | 0.273
18 5.625 5.947 5.786 | 0.322 | Offtime 18 1.602 1.924 1.763 | 0.322
19 5.947 6.348 6.147 | 0.400 | Offtime 19 1.924 2.324 2.124 | 0.400
20 6.348 6.816 6.582 | 0.469 | Offtime 20 2.324 2.793 2.559 | 0.469
21 6.816 7.393 7.104 | 0.576 | Offtime 21 2.793 3.369 3.081 | 0.576
22 7.393 8.086 7.739 | 0.693 | Offtime 22 3.369 4.063 3.716 | 0.693
23 8.086 8.926 8.506 | 0.840 | Offtime 23 4.063 4.902 4.482 | 0.840
24 8.926 9.932 9.429 | 1.006 | Offtime 24 4.902 5.908 5.405 | 1.006
25 9.932 11.152 10.542 | 1.221 | Offtime 25 5.908 7.129 6.519 | 1.221
26 | 11.152 12.627 11.890 | 1.475 | Offtime 26 7.129 8.604 7.866 | 1.475
27 | 12.627 14.395 13.511 | 1.768 | Offtime 27 8.604 | 10.371 9.487 | 1.768
28 | 14.395 16.543 15.469 | 2.148 | Offtime 28 10.371 12.520 11.445 | 2.148
29 | 16.543 20.000 18.271 | 3.457 | Offtime 29 12.520 15.977 14.248 | 3.457
Table 2. HELITEM® Gate positions
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HELITEM Waveforms
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Figure 7. HELITEM® System Waveforms

Fugro Airborne Surveys HeliDAS system.

Motorola MPX4115AP analog pressure sensor with a pressure
sensitivity of 150mV/kPa and a 10 Hz sample interval, mounted
in the helicopter.

Honeywell RT300 short pulse modulation 4.3 GHz, sensitivity
1 ft, range 0 to 2500 ft, 10 Hz recording interval mounted in the
helicopter.

Panasonic WVCD/32 Colour Video Camera

Novatel OEMV4/V, 0.5 sec recording interval. Antenna mounted
on the tail of the helicopter.

Novatel OEMV4/V, 0.5 sec recording interval. Antenna mounted
on the tail of the helicopter.
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Base Station Equipment

During the survey a base station GPS was set up at Limmen Bight to collect data to allow post
processing of the positional data for increased accuracy. The locations of the GPS base stations are
recorded in Table 3.

. WGS84 Latitude |WGS84 Longitude| Ellipsoidal Date Torn
SEE el N (deg-min-sec) (deg-min-sec) Height (m) NS ST Down
Primary Limmen Bight |15 1551.979884 S|135 30 07.219363 E 69.450 30-Oct-11 | 02-Nov-11

Table 3. GPS Base Station Location

The magnetic base stations were setup near the GPS base station to record diurnal data. The
magnetic base station location and base value are listed in Table 4.

. WGS84 Latitude |WGS84 Longitude| Base Level Date Torn
Status Location Name ; ) Date Setup
(deg-min-sec) (deg-min-sec) (nT) Down
Primary Limmen Bight | 151552.47556 S |135 30 08.337754 E 47,500 30-Oct-11 | 02-Nov-11
Table 4. Magnetic Base Station Location
GPS Novatel OEM4/V receiver system
Magnetometer Scintrex CS-3 cesium vapor sensor with timing provided by CFl Marconi GPS

receiver

2260 — Sandfire Resources NL
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Survey Specifications

Block Summary

Table 5 summarizes the survey specifications for the Eastern and Western blocks, including line
spacing and flight directions.

BLOCK LINES FLIGHT LINE MEASURED
FROM TO DIRECTION SPACING LINE km
1 10010 10240 SW-NE(11°) 150 m 143
East 19010 19040 SE-NW(101°) 1800 m 14
2 20010 20240 SE-NW(124°) 150 m 153
East 29010 29040 SW-NE(214°) 1500 m 17
TOTAL: 327

Table 5. Summary of Survey Specification

Survey Elevation

Optimum survey elevations for the helicopter and instrumentation during normal survey flying are:

Helicopter

HELITEM Receiver
Magnetometer
HELITEM Transmitter

83 metres
63 metres
35 metres
35 metres

Survey elevations will not deviate by more than 20% over a distance of 2 km from the contracted

elevation.

Survey elevation is defined as the measurement of the helicopter radar altimeter to the tallest
obstacle in the helicopter path. An obstacle is any structure or object which will impede the path of
the helicopter to the ground and is not limited to and includes tree canopy, towers and power lines.

Survey elevations may vary based on the pilot's judgement of safe flying conditions around man-
made structures or in rugged terrain.

2260 — Sandfire Resources NL
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Noise Levels

Electromagnetic Data

The noise envelopes of the EM data, as indicated on the raw traces of dB/dt & B field channel 30
shall not exceed the following tolerances continuously over a horizontal distance of 1000 meters
under normal survey conditions:

dB/dt X and Z < +/- 5 nT/s and B-Field X and Z < +/- 12.5 pT.
Spheric pulses may occur having strong peaks but narrow widths. The EM data are considered

acceptable when their occurrence is less than 10 spheric events exceeding the stated noise
specification per 100 samples continuously over a distance of 2,000 metres.

Airborne High Sensitivity Magnetometer

Magnetic total-field intensity data will be recorded on-board the aircraft as follows:
- Sample interval will be 0.1 second (10 samples/second)
- Magnetometer sensitivity will be 0.1 nT

Magnetometer noise level will not exceed +1.0 nT for a distance of 1 km or more.

Ground Base Station Magnetometer

Base station magnetometer information will be recorded digitally at 1.0 second intervals.

For acceptance of the magnetic data, non-linear variations in the magnetic diurnal should not
exceed 10 nT over a chord of 60 seconds.

Field Crew

The field crew for the survey were as follows:

Data Processor: Stephen Carter
Pilot: Steven Stanley
Electronics Operators: Matthew Higgs, Steven Rawlings
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Data Processing

Field

All digital data were verified for validity and continuity. The data from the aircraft and base station
were transferred to the field PC. Basic statistics were generated for each parameter recorded, these
included: the minimum, maximum, and mean values; the standard deviation; and any null values
located. Data were checked in the field by the FUGRO AIRBORNE SURVEYS field geophysicist for
adherence to the survey specifications as outlined in the survey specifications section. Any failure to
meet the survey specifications resulted in a re-flight of the line or portion of the line unless aircraft
safety was at risk or the client’s on site representative approved the data.

Flight Path Recovery

The quality of the GPS navigation was controlled on a daily basis by recovering the flight path of the
aircraft. The correction procedure used the raw ranges from the base station to create improved
models of clock error, atmospheric error and satellite orbit. These models are used to improve the
conversion of aircraft raw ranges to differentially corrected aircraft position.

To check the quality of the positional data the aircraft speed is calculated using the differentially
corrected X, y and z data. Any sharp changes in the speed are used to flag possible problems with
the positional data. Where speed jumps occur the data are inspected to determine the source of the
error. The erroneous data are deleted and splined if less than two seconds in length. If the error is
greater than two seconds the raw data are examined and if acceptable may be shifted and used to
replace the bad data. The gps z component is the most common source of error. When it shows
problems that cannot be corrected by recalculating the differential correction the barometric altimeter
is used as a guide to assist in making the appropriate correction.

Altitude Data

Radar altimeter data is de-spiked by applying a one and a half second median and smoothed using
a one and a half second Hanning filter. The data are then subtracted from the GPS elevation to
create a digital terrain model that is gridded and consulted in conjunction with profiles of the radar
altimeter and flight path video to detect any spurious points.

Barometric altimeter data is also smoothed with a 1.5 second Hanning filter.

Base Station Diurnal Magnetics

The raw diurnal data sampled at 1 Hz are imported into a database. The data are filtered with a 5
second median filter and then a 5 second Hanning filter to remove spikes and smooth short
wavelength variations. A nonlinear variation is then calculated and a flag channel is created to
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indicate where the variation exceeds the survey tolerance. Acceptable diurnal data are interpolated
to a 10 Hz sample rate and the local regional field value calculated from the average of the first
day’s diurnal data is removed to leave the diurnal variation. This diurnal variation is then ready to be
used in the processing of the airborne magnetic data.

Airborne Magnetics

Residual Magnetic Intensity (RMI)

The RMI data collected in flight were profiled on screen along with a fourth difference channel
calculated from the RMI. Spikes were removed manually where indicated by the fourth difference.
The de-spiked data were then corrected for lag by 21 samples. The diurnal variation was extracted
from the filtered ground station data was then removed from the de-spiked and lagged RMI. The
RMI is then tie line levelled, manually corrected and micro-levelled if necessary.

Calculated Vertical Gradient (CVG)

The first vertical derivative was calculated in the frequency domain from the final gridded RMI values
to enhance subtleties related to geological structures. A first vertical derivative was gridded back to
the database for display in the multi-parameter profiles.

Electromagnetics

dB/dt Data
Lag correction: 0 sample
Data correction: The X, Y and Z component data were re-processed from the raw stream to

produce the 30 raw channels at 10 samples per second.
The following processing steps were applied to the dB/dt data from all coil sets:

a) The data from channels 1 to 4 (on-time) and 5 to 30 (off-time) were corrected
for drift in flight form by passing a linear fitting along each channel between
the base level points selected where the pre- and post- flight background
checks were conducted when the system is out of ground effect, via a graphic
screen display;

b) Both the on-time and off-time data were corrected for the noise caused by the
receiver coil oscillation.

C) Spikes caused by spherics were corrected when necessary.

d) Noise filtering was done using an adaptive filter technique based on time
domain triangular operators. Using a second difference value to identify
changes in gradient along each channel, minimal filtering (21 points) is
applied over the peaks of the anomalies, ranging in set increments up to a
maximum amount of filtering in the resistive background areas (35 points for
both the X and the Z component data);
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e) The filtered X, Y and Z component data were then levelled in flight form for
any residual and nonlinear drift that was not adequately corrected during the
drift correction.

f) Line based levelling is rarely needed but is applied if necessary.
B-field Data

The processing steps for the B-field data are exactly the same as those for the dB/dt data.

Coil Oscillation Correction

The electromagnetic receiver sensor of the HELITEM® is housed in a platform container which is
slung below the helicopter using a cable and attached to the transmitter loop through a network of
cables. The platform design reduces the rotations of the receiver coils in flight as well as improves
the stability of the receiver-transmitter geometry. However sudden changes in airspeed of the
aircraft, strong variable crosswinds, or other turbulence can still result in sudden moves of the
platftorm. This can cause the induction sensors inside the platform to rotate about their mean
orientation. The rotation is most marked when the air is particularly turbulent. The changes in
orientation result in variable coupling of the induction coils to the primary and secondary fields. For
example, if the sensor that is normally aligned to measure the x-axis response pitches upward, it will
be measuring a response that will include a mixture of the X and Z component responses. The
effect of coil oscillation on the data increases as the signal from the ground (conductivity) increases
and may not be noticeable when flying over areas which are generally resistive.

Using the changes in the coupling of the primary field, it is possible to estimate the pitch, roll and
yaw of the receiver sensors. Only the pitch, which affects mainly the X and Z components, was
considered for correction. The nominal pitch can be computed using the ideal system geometry. The
pitch angles during flight are estimated and corrected to this nominal value, removing the effects
caused by the deviation of the receiver sensor from its nominal position.

For the present datasets the data from all 30 channels of dB/dt and B-Field parameters have been
corrected for coil oscillation.

Conductivity Depth Transforms (CDTs)

Conductivity Depth Transforms were generated from the dB/dt Z component using EMFlow by Fugro
Airborne Surveys Perth office.

EMFlow was developed within the CRC-AMET through AMIRA research projects (Macnae et al,
1998, Stolz and Macnae, 1998). The software has been commercialised by Encom Technology Pty
Ltd.

Conductivity values were calculated to a depth of 700m below surface at each point, using a depth
increment of 5m and a conductivity range of 0.05-1000 mS/m.
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Appendix A
Helicopter Airborne Electromagnetic Systems
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HELICOPTER AIRBORNE ELECTROMAGNETIC SYSTEMS

General

The operation of a helicopter time-domain electromagnetic system (EM) involves the measurement
of decaying secondary electromagnetic fields induced in the ground by a series of short current
pulses generated from a towed transmitter. Variations in the decay characteristics of the secondary
field (sampled and displayed as windows) are analyzed and interpreted to provide information about
the subsurface geology.

A number of factors combine to give the helicopter platforms good signal-to-noise ratio, depth of
penetration and excellent resolution: 1) the principle of sampling the induced secondary field in the
absence of the primary field (during the “off-time”), 2) the large dipole moment 3) the low flying
height of the system and spatial proximity of the transmitter and receiver. Such a system is also
relatively insensitive to noise due to air turbulence. However, sampling in the “on-time” can also
result in excellent sensitivity for mapping very resistive features and very conductive geologic
features (Annan et al, 1991, Geophysics v.61, p. 93-99).

Methodology

The Fugro time-domain helicopter electromagnetic system (HELITEM®) uses a high-speed digital
EM receiver. The primary electromagnetic pulses are created by a series of discontinuous
sinusoidal current pulses fed into a two-turn transmitting loop towed below the helicopter. The base
frequency rate is selectable, with 25, 30, 75 and 90 currently being available. The length of the
pulse can be tailored to suit the targets. Standard pulse widths available are 2.0 and 4.0 ms. The
available off-time can be selected to be as great as 16 ms. The dipole moment depends on the
pulse width and base frequency used on the survey. The specific dipole moment, waveform and
gate settings for this survey are given in the main body of the report.

The receiver sensor is a three-axis (X, y & z) induction coil set housed in a platform suspended on
the tow cable below the helicopter and above the transmitter. The tow cable is non-magnetic to
reduce noise levels. The tow cable is 51.9 m long. The receiver is 26.7 m above and 12.9 m ahead
of the transmitter in flight.

For each primary pulse a secondary magnetic field is produced by decaying eddy currents in the
ground. These in turn induce a voltage in the receiver coils, which is the electromagnetic response.
Good conductors decay slowly, poorer conductors more rapidly.

Operations, which are carried out in the receiver, are:

1. Primary-field removal: In addition to measuring the secondary response from the ground, the
receiver sensor coils also measure the primary response from the transmitter. During flight,
the receiver sensor position and orientation changes slightly, and this has a very strong effect
on the magnitude of the total response (primary plus secondary) measured at the receiver
coils. The variable primary field response is distracting because it is unrelated to the ground
response. The primary field can be measured by flying at an altitude such that no ground
response is measurable. These calibration signals are used to define the shape of the
primary waveform. By definition this primary field includes the response of the current in the
transmitter loop plus the response of any slowly decaying eddy currents induced in the
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helicopter. We assume that the shape of the primary will not change as the receiver sensor
position changes, but that the amplitude will vary. The primary-field-removal procedure
involves solving for the amplitude of the primary field in the measured response and removing
this from the total response to leave a secondary response. Note that this procedure
removes any (“in-phase”) response from the ground which has the same shape as the
primary field.

2. Digital Stacking: Stacking is carried out to reduce the effect of broadband noise in the data.

3. Windowing of data: The digital receiver samples the secondary and primary electromagnetic
field at 2048 points per EM pulse and windows the signal in up to 30 time gates whose
centres and widths are software selectable and which may be placed anywhere within or
outside the transmitter pulse. This flexibility offers the advantage of arranging the gates to
suit the goals of a particular survey, ensuring that the signal is appropriately sampled through
its entire dynamic range.

4. Primary Field: The primary field at the receiver sensor is measured for each stack and
recorded as a separate data channel to assess the variation in coupling between the
transmitter and the receiver sensor induced by changes in system geometry.

One of the major roles of the digital receiver is to provide diagnostic information on system functions
and to allow for identification of noise events, such as sferics, which may be selectively removed
from the EM signal. The high digital sampling rate yields maximum resolution of the secondary field.

System Hardware
The airborne EM system consists of the helicopter, the on-board hardware, and the software
packages controlling the hardware.

Transmitter System

The transmitter system drives high-current pulses of an appropriate shape and duration through the
coils towed below the helicopter.

System Timing Clock

This subsystem provides appropriate timing signals to the transmitter, and also to the analog-to-
digital converter, in order to produce output pulses and capture the ground response. All systems
are synchronized to GPS time.

Platform Systems

A three-axis induction coil sensor is mounted inside a platform on the tow cable. The platform is
connected to the transmitter loop through a network of cables to ensure a more robust and better
stability of the transmitter-receiver geometry. A magnetometer sensor is attached to the transmitter
loop near its centre.
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Appendix B
Airborne Transient EM Interpretation
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Interpretation of transient electromagnetic data

Introduction

The basis of the transient electromagnetic (EM) geophysical surveying technique relies on the
premise that changes in the primary EM field produced in the transmitting loop will result in eddy
currents being generated in any conductors in the ground. The eddy currents then decay to
produce a secondary EM field which may be sensed in the receiver coil.

The HELITEM® airborne transient (or time-domain) EM system incorporates a high-speed digital
receiver which records the secondary field response with a high degree of accuracy. Most often the
earth’s total magnetic field is recorded concurrently.

Although the approach to interpretation varies from one survey to another depending on the type of
data presentation, objectives and local conditions, the following generalizations may provide the
reader with some helpful background information.

The main purpose of the interpretation is to determine the probable origin of the responses detected
during the survey and to suggest recommendations for further exploration. This is possible through
an objective analysis of all characteristics of the different types of responses and associated
magnetic anomalies, if any. If possible the airborne results are compared to other available data.
Certitude is seldom reached, but a high probability is achieved in identifying the causes in most
cases. One of the most difficult problems is usually the differentiation between surface conductor
responses and bedrock conductor responses.

Types of Conductors

Bedrock Conductors

The different types of bedrock conductors normally encountered are the following:

1. Graphites. Graphitic horizons (including a large variety of carbonaceous rocks) occur in
sedimentary formations of the Precambrian as well as in volcanic tuffs, often concentrated in
shear zones. They correspond generally to long, multiple conductors lying in parallel bands.
They have no magnetic expression unless associated with pyrrhotite or magnetite. Their
conductivity is variable but generally high.

2. Massive sulphides. Massive sulphide deposits usually manifest themselves as short conductors
of high conductivity, often with a coincident magnetic anomaly. Some massive sulphides,
however, are not magnetic, others are not very conductive (discontinuous mineralization or
sphalerite), and some may be located among formational conductors so that one must not be
too rigid in applying the selection criteria.

In addition, there are syngenetic sulphides whose conductive pattern may be similar to that of
graphitic horizons but these are generally not as prevalent as graphites.

3. Magnetite and some serpentinized ultrabasics. These rocks are conductive and very magnetic.

4. Manganese oxides. This mineralization may give rise to a weak EM response.
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Surficial Conductors

1. Beds of clay and alluvium, some swamps, and brackish ground water are usually poorly
conductive to moderately conductive.

2. Lateritic formations, residual soils and the weathered layer of the bedrock may cause surface
anomalous zones, the conductivity of which is generally low to medium but can occasionally be
high. Their presence is often related to the underlying bedrock.

Cultural Conductors (Man-Made)

3. Power lines. These frequently, but not always, produce a conductive type of response. In the
case when the radiated field is not removed by the power line comb filter, the anomalous
response can exhibit phase changes between different windows. In the case of current induced
by the EM system in a grounded wire, or steel pylon, the anomaly may look very much like a
bedrock conductor.

4. Grounded fences or pipelines. These will invariably produce responses much like a bedrock
conductor. Whenever they cannot be identified positively, a ground check is recommended.

5. General culture. Other localized sources such as certain buildings, bridges, irrigation systems,
tailings ponds etc., may produce EM anomalies. Their instances, however, are rare and often
they can be identified on the visual path recovery system.

Analysis of the Conductors

The rate of decay of a conductor is generally indicative of the conductivity of the anomalous
material. However, the decay rate alone is not generally a decisive criterion in the analysis of a
conductor. In particular, one should note:

its shape and size,

all local variations of characteristics within a conductive zone,
any associated geophysical parameter (e.g. magnetism),

the geological environment,

the structural context, and

the pattern of surrounding conductors.

The first objective of the interpretation is to classify each conductive zone according to one of the
three categories which best defines its probable origin. The categories are cultural, surficial and
bedrock. A second objective is to assign to each zone a priority rating as to its potential as an
economic prospect.

Bedrock Conductors

This category comprises those anomalies which cannot be classified according to the criteria
established for cultural and surficial responses. It is difficult to assign a universal set of values
which typify bedrock conductivity because any individual zone or anomaly might exhibit some, but
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not all, of these values and still be a bedrock conductor. The following criteria are considered
indicative of a bedrock conductor:

1. An intermediate to high conductivity identified by a response with slow decay, with an
anomalous response present in the later windows.

2. For vertical conductors, the anomaly should be narrow, relatively symmetrical, with two well-
defined z-component peaks and a null between the peaks.

3. If the conductor is thin, the response characteristics varies as a function of depth and dips. If the
conductor is wider, the responses might look more similar to the sphere responses.

4. A small to intermediate amplitude. Large amplitudes are normally associated with surficial
conductors. The amplitude varies according to the depth of the source.

5. A degree of continuity of the EM characteristics across several lines.

6. An associated magnetic response of similar dimensions. One should note, however, that those
magnetic rocks which weather to produce a conductive upper layer will possess this magnetic
association. In the absence of one or more of the characteristics defined in 1, 2, 3, 4 and 5, the
related magnetic response cannot be considered significant.

Most obvious bedrock conductors occur in long, relatively monotonous, sometimes multiple zones
following formational strike. Graphitic material is usually the most probable source. Massive
syngenetic sulphides extending for many kilometres are known in nature but, in general, they are
not common. Long formational structures associated with a strong magnetic expression may be
indicative of banded iron formations.

In summary, a bedrock conductor reflecting the presence of a massive sulphide would normally
exhibit the following characteristics:

a high conductivity,

an appropriate anomaly shape,

a small to intermediate amplitude,

an isolated setting,

a short strike length (in general, not exceeding one kilometre), and
preferably, with a localized magnetic anomaly of matching dimensions.

Surficial Conductors

This term is used for geological conductors in the overburden, either glacial or residual in origin, and
in the weathered layer of the bedrock. Most surficial conductors are probably caused by clay
minerals. In some environments the presence of salts will contribute to the conductivity. Other
possible electrolytic conductors are residual soils, swamps, brackish ground water and alluvium
such as lake or river-bottom deposits, flood plains and estuaries.

Normally, most surficial materials have low to intermediate conductivity so they are not easily
mistaken for highly conductive bedrock features. Also, many of them are wide and their anomaly
shapes are typical of broad horizontal sheets.
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When surficial conductivity is high it is usually still possible to distinguish between a horizontal plate
(more likely to be surficial material) and a vertical body (more likely to be a bedrock source) thanks
to the characteristic shapes of the two anomalies and the differences in the x-component responses.

One of the more ambiguous situations as to the true source of the response is when surface
conductivity is related to bedrock lithology as for example, surface alteration of an underlying
bedrock unit. At times, it is also difficult to distinguish between a weak conductor within the bedrock
(e.g. near-massive sulphides) and a surficial source.

In the search for massive sulphides or other bedrock targets, surficial conductivity is generally
considered as interference but there are situations where the interpretation of surficial-type
conductors is the primary goal. When soils, weathered or altered products are conductive, and in-
situ, the responses are a very useful aid to geologic mapping. Shears and faults are often identified
by weak, usually narrow, anomalies.

Analysis of surficial conductivity can be used in the exploration for such features as lignite deposits,
kimberlites, paleochannels and ground water. In coastal or arid areas, surficial responses may
serve to define the limits of fresh, brackish and salty water.

Cultural Conductors

The majority of cultural anomalies occur along roads and are accompanied by a response on the
power line monitor. This monitor is set to 50 or 60 Hz, depending on the local power grid. In some
cases, the current induced in the power line results in anomalies which could be mistaken for
bedrock responses. There are also some power lines which have no response whatsoever.

The power line monitor, of course, is of great assistance in identifying cultural anomalies of this type.
It is important to note, however, that geological conductors in the vicinity of power lines may exhibit
a weak response on the monitor because of current induction via the earth.

Fences, pipelines, communication lines, railways and other man-made conductors can give rise to
responses, the strength of which will depend on the grounding of these objects.

Another facet of this analysis is the line-to-line comparison of anomaly character along suspected
man-made conductors. In general, the amplitude, the rate of decay, and the anomaly width should
not vary a great deal along any one conductor, except for the change in amplitude related to terrain
clearance variation. A marked departure from the average response character along any given
feature gives rise to the possibility of a second conductor.

In most cases a visual examination of the site will suffice to verify the presence of a man-made
conductor. If a second conductor is suspected the ground check is more difficult to accomplish.
The object would be to determine if there is (i) a change in the man-made construction, (ii) a
difference in the grounding conditions, (iii) a second cultural source, or (iv) if there is, indeed, a
geological conductor in addition to the known man-made source.

The selection of targets from within extensive (formational) belts is much more difficult than in the
case of isolated conductors. Local variations in the EM characteristics, such as in the amplitude,
decay, shape etc., can be used as evidence for a relatively localized occurrence. Changes in the
character of the EM responses, however, may be simply reflecting differences in the conductive
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formations themselves rather than indicating the presence of massive sulphides and, for this reason,
the degree of confidence is reduced.

Another useful guide for identifying localized variations within formational conductors is to examine
the magnetic data in map or image form. Further study of the magnetic data can reveal the
presence of faults, contacts, and other features which, in turn, help define areas of potential
economic interest.

Finally, once ground investigations begin, it must be remembered that the continual comparison of
ground knowledge to the airborne information is an essential step in maximizing the usefulness of
the airborne EM data.
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Appendix C
Data Archive Description
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Data Archive Description:

# of CD-R: 1
Archive Date: Dec 2011

This archive contains data of an airborne geophysical survey conducted by FUGRO AIRBORNE
SURVEYS CORP for Sandfire Resources NL from October 31, 2011 to November 02, 2011 in the
Yiyintyi area in the Northern Territory of Australia.

Job # 2260

This archive comprises files in 2 directories and in the root directory:

disclaimer.txt
Databases\
2260_1 East_Final.GDB - Data archive in Geosoft GDB format
2260 2 West Final.GDB - Data archive in Geosoft GDB format
Database_Header.txt - Summary of line data archive
Report\
R2260_Sandfire.DOC - Logistics Report
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Database Header Information
Project # : 2260
Type of Survey: Fugro HELITEM Survey
Client: Sandfire Resources NL
Area: East and West Blocks, Yiyintyi Area, Northern Territory, Australia
*kkkkkkkkkkkkhkkhkkkkhkkkkkkkkhkkkkhkkhkkkhkkkhkkhkkkkhkkkhkkkhkkkhkkhkkhkkkkkkhkkkhkkkhkkkhkkkkkkhkkkhkkhkkkhkkkhkkkkhkkkhkkx
Survey Data Format
# Channel Time Units Description

1 x_heli_wgs84 01 m helicopter easting WGS84 (UTM Zone 53S)

2y heli_wgs84 01 m helicopter northing WGS84 (UTM Zone 53S)

3 x_heli_gda94 01 m helicopter easting GDA94 (MGA Zone 53S)

4y heli_gda94 01 m helicopter northing GDA94 (MGA Zone 53S)

5 fid 0.1 fiducial increment

6 latitude_heli_wgs84 0.1 degrees helicopter latitude WGS 84

7 longitude_heli_wgs84 0.1 degrees helicopter longitude WGS 84

8 x_tx_wgs84 01 m transmitter loop easting WGS84 (UTM Zone 53S)

9y tx_wgsd4 01 m transmitter loop northing WGS84 (UTM Zone 53S)
10 x_tx_gda94 01 m transmitter loop easting GDA94 (MGA Zone 53S)

11y tx _gda94 01 m transmitter loop northing GDA94 (MGA Zone 53S)

12 latitude_tx_wgs84 0.1 degrees transmitter loop latitude WGS 84

13 longitude_tx_wgs84 0.1 degrees transmitter loop longitude WGS 84

14 flight 0.1 flight number

15 date 0.1 flight date (yyyymmadd)

16 altrad 01 m height above surface from radar altimeter

17 tx_alt 01 m transmitter height above surface

18 gpsz_heli 01 m helicopter height (Ellipsoidal)

19 gpsz_tx 01 m transmitter height (Ellipsoidal)

20 dtm 0.1 m digital terrain model (Ellipsoidal)

21 x_db_raw 0.1 nT/s dB/dt X component channels 1 - 30 - unfiltered

22y db_raw 0.1 nT/s dB/dt Y component channels 1 - 30 - unfiltered

23 Z db_raw 0.1 nT/s dB/dt Z component channels 1 - 30 - unfiltered

24 x_bf_raw 0.1 pT B field X component channels 1 - 30 - unfiltered

25y bf raw 0.1 pT B field Y component channels 1 - 30 - unfiltered

26 Z_bf_raw 0.1 pT B field Z component channels 1 - 30 — unfiltered

27 x_db_filt 0.1 nT/s dB/dt X component channels 1 - 30 - filtered/levelled
28y db filt 0.1 nT/s dB/dt Y component channels 1 - 30 - filtered/levelled
29 Z db_filt 0.1 nT/s dB/dt Z component channels 1 - 30 - filtered/levelled
30 x_Dbf _filt 0.1 pT B field X component channels 1 - 30 - filtered/levelled
31y bf filt 0.1 pT B field Y component channels 1 - 30 - filtered/levelled
32 Z_bf _filt 0.1 pT B field Z component channels 1 - 30 - filtered/levelled
33 x_db filt F 0.1 nT/s/m dB/dt Fraser Filtered X component channels 1 — 30
34 x_Dbf_filt_F 0.1 pT/m B Field Fraser Filtered X component channels 1 — 30
35 Powerline 0.1 uv power line monitor channel

36 tx_current 01 A transmitter peak current

37 DC_dBdt_700m 0.1 mS/m  EMFlow CDT array at 5m intervals (up to 700m) dB/dt Z
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Datum WGS84
Spheroid WGS84
Projection UTM

Central meridian 135 East (53S)
False easting 500000

False northing 0

Scale factor 0.9996
Northern parallel N/A

Base parallel N/A

Issue Date:

By Whom: Fugro Airborne Surveys Pty Ltd.
Unit 3, 435 Scarborough Beach Road, Osborne Park, WA, 6017
Phone:+61 8 9273 6400
Fax: +61 8 9723 6466
Website www.fugroairborne.com.au

If you have any problems with this archive please contact

Processing Manager

Fugro Airborne Surveys Pty Ltd.

Unit 3, 435 Scarborough Beach Road, Osborne Park, WA, 6017
Phone:+61 8 9273 6400

Fax: +61 8 9723 6466

Website www.fugroairborne.com.au
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Appendix D
LIST OF PERSONNEL

The following personnel were involved in the acquisition, processing, and presentation of data,
relating to the HELITEM® airborne geophysical survey carried out for Sandfire Resources NL.

Richard Butterfield Project manager (FASP)
Matthew Higgs Equipment operator (FASP)
Steven Rawlings Equipment operator (FASP)
Steven Stanley Pilot (United Aero Helicopters)
Stephen Carter Processing Geophysicist (FASP)

All personnel are employees of Fugro Airborne Surveys, except for the pilots who are employees of
United Aero Helicopters.
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