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1. Introduction 
The airborne survey contract was awarded through a Request for Proposal and Contractor Selection 
process. The system and contractor selected for the survey area were judged on many criteria, including 
the following: 

• applicability of the proposed system to the local geology and potential deposit types 
• aircraft capabilities and safety plan 
• experience with similar surveys 
• QA/QC plan 
• capacity to acquire the data and prepare final products in the allotted time 
• price-performance 

2. Survey Location and Specifications 
2.1. SURVEY LOCATION 
The Smooth Rock Falls survey area is located within the eastern Quetico and western Opatica subprovinces, 
both of which form part of the Archean Superior Province. The survey location is shown in Figure 1. 

 

Figure 1.  The location of the Smooth Rock Falls airborne geophysical survey, overlain on bedrock geology from Ontario 
Geological Survey (2011), is shown by the black outline. 
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The western half of the Smooth Rock Falls survey area is underlain by rocks of the Quetico 
Subprovince, whereas the eastern part lies in the Opatica Subprovince. The boundary between the 2 
subprovinces is marked by the northward extension of the Kapuskasing Structural Zone. Both the Quetico 
and Opatica subprovinces comprise primarily metasedimentary rocks (see Figure 1). These rocks consist 
mainly of turbiditic wacke and pelite metamorphosed to schist, paragneiss and migmatite. The area also 
contains abundant S-type granites and pegmatites derived from the anatexis of sedimentary rocks. Mafic 
and intermediate metavolcanic rocks are widely distributed across the survey area but are not aerially 
extensive. A large carbonatite complex, prominently expressed in the existing aeromagnetic coverage, is 
located approximately 50 km northeast of Kapuskasing. The regional strike ranges from east to east-
northeast. The recently discovered Albany Graphite deposit is located in the northwest part of the survey 
area. The regional geology is described in greater detail by Williams (1991). 

2.2. SURVEY SPECIFICATIONS 
The Smooth Rock Falls survey areas specifications and tolerances are as follows. 

a) Traverse-line spacing and direction 

• flight-line spacing is 200 m 
• flight-line direction 0 
• maximum deviation from the nominal traverse line location could not exceed 50 m over a distance 

greater than 2000 m 
• minimum separation between 2 adjacent lines could be no smaller than 250 m or larger than 350 m. 

b) Control-line spacing and direction 
• control-line direction 90° 
• at regular 2000 m intervals, perpendicular to the flight-line direction 
• along each survey boundary (if not parallel with the flight-line direction) 
• maximum deviation from the nominal control line location could not exceed 50 m over a distance 

greater than 2000 m. 

c) Terrain clearance of the magnetometers 
• nominal terrain clearance is 100 m and will be consistent with safety of aircraft and crew 
• altitude tolerance limited to ±15 m, except in areas of severe topography 
• altitude tolerance limited to ±10 m at flight-line–control-line intersections except in areas of severe 

topography 

d) Aircraft speed 
• nominal aircraft speed is 67 m/sec 
• aircraft speed tolerance limited to ±10.0 m/sec, except in areas of severe topography. 

e) Magnetic diurnal variation 
• could not exceed a maximum deviation of 3.0 nT peak-to-peak over a long chord equivalent to 1 

minute. 

f) Magnetometer noise envelope 
• in-flight noise envelope could not exceed 0.1 nT, for straight and level flight 
• base station noise envelope could not exceed 0.1 nT 
• Reflights and turns 
• all reflights of flight-line segments intersected at least 2 control lines 
• all turns at the end of flight lines or control lines took place beyond the survey or block boundaries. 
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3. Aircraft, Equipment and Personnel 
Three aircraft were used to perform this survey, one from Terraquest Ltd., covering approximately two-
thirds of the survey area, and 2 aircraft from Sander Geophysics Limited, covering approximately one-
third of the survey area. Specifications are outlined below and in Figure 2. 

3.1. AIRCRAFT 
Operator: Terraquest Ltd.  
Registration: C-GXKS 
Type: Piper Navajo PA-31-325 
Average Survey Speed: 67.5 m/s 

3.2. PRIMARY GEOPHYSICAL EQUIPMENT 

3.2.1. MAGNETOMETERS 
Three Scintrex non-oriented (strap down), optically pumped cesium vapour, split –beam sensors were 
used with a sensitivity = 0.005 nT, ambient range 20 000 to 100 000 nT, sampling rate = 0.1 second, and 
the general noise envelope kept below 0.1 nT. The Scintrex magnetometers were configured as 2 wing 
tips and a tail as follows: Left Wing CS-3 (s/n 604164), Right Wing CS-L (s/n 11007034) and Tail CS-2 
(s/n 921203). The transverse sensor separation was 14.6 metres and a longitudinal separation of 9.2 m. 
The nominal sensor heights were approximately100 m above ground. 

3.2.2. SPECTROMETER 
Radiation Solutions Inc. RSX-500 (s/n’s 5587, 5588) with 33.6 litres (2048 cubic inches) of main 
(downward) NaI crystal detectors and 8.4 litres (512 cubic inches) of upward looking detectors. The 
entire 256 channel spectra were recorded with a sample rate of 1 second. 

3.2.3. DIGITAL ACQUISITION 
RMS Instruments Ltd DAARC 500 (s/n 801994) includes magnetic processing and compensation, and 
recorded data from all airborne equipment (analog and serial) to create a comprehensive database; data 
were displayed on monitors on rack-console and in the cockpit for user selected data profiles of all 
equipment; data were recorded on hard drive and USB for data output/transfer. 

3.2.4. FLUXGATE MAGNETOMETER 
Billingsley Magnetics Tri-axial fluxgate magnetometer TMF100-LN:  axial alignment +/- 1 degree, 
sensitivity 100 microvolts/nanotesla. 

3.2.5. BAROMETRIC ALTIMETER 
Honeywell PPT0020AWN2VA-C:  sensitivity 1 foot, 0.1 sec. recording interval. 

3.2.6. RADAR ALTIMETER 
King KRA-10A:  (s/n 071-1114-00) accuracy 5%, sensitivity 1 foot, range 20 to 2500 feet, 0.1 sec 
recording interval. 
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3.2.7. CAMERA 
Allied Vision Technologies: Prosilica GT(GT2450C) (s/n 02-2609A-07276) digital video camera,  
2448 × 4050 resolution, GPS time and location overlay; records on Tough Book Laptop. 

3.2.8. ELECTRONIC NAVIGATION 
AgNav Inc.: Gui/LiNav P151 (s/n 15160602) geophysical survey navigation system used line and drape 
mode from DEM; coupled with Trimble GPS receiver Ag132 (s/n 224002776) 14 channel, L1L2, 1 sec 
recording interval, enhanced by real-time correction by Omnistar broadcast services with a resolution of 
0.00001 degree and an accuracy of less than ±5 m. 

3.3. UNSOLICITED EQUIPMENT 
GPS Systems: Three spare kinematic grade GPS receivers recording raw ephemeris data: Wing Tips – 
Hemisphere Ltd. Eclipse R330 GNSS Left (s/n 1209-159341-0011) and Right (s/n 1209-159341-0002), 
Tail Novatel Propak V3 (s/n 107408). These data were not routinely used on this survey.  

3.4. BASE STATION EQUIPMENT 

3.4.1. MAGNETOMETER 
A Scintrex CS-3 (s/n 311046) single cell caesium vapour, located in a magnetically quiet area, measuring 
the total intensity of the earth's magnetic field in units of 0.01 nT at intervals of 0.1 sec, within a noise 
envelope of 0.1 nT.  

 
Figure 2.  Geophysical sensor geometry on the C-GXKS. 
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3.4.2. GPS RECEIVER 
Novatel Propak V3 (s/n NAP09170007) is a L1L2 kinematic grade measuring all GPS channels and raw 
pseudo-range data for up to 12 satellites. 

3.5. PERSONNEL (TERRAQUEST LTD.) 
Captains: Serguey Salnicov 
 Dan Barrington 
 Rick Smith 
Electronics Technician/Operator:  Nick Bain, Serguey Salnicov 
Aircraft Maintenance Engineer: Mitch Gravel (Sky Wrench Services Ltd., Cochrane) 
Geophysicists: Allen Duffy 
 France Belley-Biswas 
Project Manager:  General project management was the responsibility of Charles

 Barrie, Terraquest Ltd. in Markham, Ontario. 

3.6. AIRCRAFT 

3.7. OPERATOR: SANDER GEOPHYSICS LIMITED 
Registration: C-GSGW 
Type: Cessna 208B 
Mean Survey Speed: 65 to 85 m/s 

3.8. EQUIPMENT 

3.8.1. MAGNETOMETER: GEOMETRICS G-822A 
The magnetometers are non-oriented (strap-down) optically-pumped cesium split-beam sensors with a 
sensitivity of 0.005 nT, a range of 20 000 to 100 000 nT and noise of less than 0.0005 nT. The airborne 
sensor was mounted in a fibreglass stinger extending from the tail of the aircraft. The system included 2 
additional sensors, housed in each wingtip pod. Total magnetic field measurements were recorded at 
160 Hz in the aircraft, and then later down sampled to 10 Hz in the processing. The transverse separation 
of the wing tip magnetic sensors was 19.03 m and the longitudinal separation was 12.0 m. 

3.8.2. SPECTROMETER: EXPLORANIUM GR-820 
The spectrometer consists of 33.6 L (2048 cubic inches) of main (downward) NaI crystal detectors and 
8.4 L (512 cubic inches) of upward looking detectors. The entire 256 channel spectra were recorded with 
a sample rate of 1 second. 

3.8.3. DIGITAL ACQUISITION: SANDER GEOPHYSICS DATA ACQUISITION 
SYSTEM (SGDAS) 
The SGDAS is the latest version of airborne navigation and data acquisition computers developed by 
SGL. It is the data gathering core for all the different types of survey data. The computer incorporates a 
magnetometer coupler, an altimeter analog to digital converter and a NovAtel GPS multi-frequency 
receiver (see “GNSS and GPS Receivers” for the details) which automatically provides the UTC time 
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base for the recorded data. The system acquires the different data streams from the sensors and receives 
and processes GPS signals from the GPS antenna. Navigation information from the navigation side of the 
computer guides the pilots along the pre-planned flight path in all 3 dimensions. Profiles of the incoming 
data are displayed in real-time to the pilots for continuous monitoring. The data are recorded in database 
format on redundant solid-state data storage modules. 

3.8.4. BAROMETRIC ALTIMETER: SENSOTEC DIGITAL BAROMETRIC PRESSURE 
SENSOR 
The barometric pressure sensor measures static pressure to an accuracy of ± 4 m and resolution of 2 m 
over a range up to 9,144 m above sea level. The barometric altimeter data is sampled at 10 Hz. 

3.8.5. RADAR ALTIMETER: BENDIX/KING KRA-10A 
The Bendix-King has a resolution of 0.5 m, an accuracy of 5%, a range of 6 to 760 m, and a 10 Hz data 
rate. This system is employed as a backup system and not actively employed for survey guidance or data 
processing. 

3.8.6. TRT ERT 530A DIGITAL RADAR ALTIMETER 
The TRT uses radio wave echoing to determine the height above ground. It will generally “see through” 
foliage. The TRT radar altimeter has a resolution of 0.5 m, an accuracy of 1%, a range of 1 to 2440 m and 
a 10 Hz data rate. 

3.8.7. LASER ALTIMETER: SGLAS-P - RIEGL LD90-31K-HIP LASER 
RANGEFINDER 
The Riegl laser altimeter uses a single optical laser beam to measure distance to the ground. It is effective 
over water and is eye safe. This profilometer has a range of 1500 m, a resolution of 0.01 m with an 
accuracy of 5 cm and a 3.3 Hz data rate. 

3.8.8. DIGITAL IMAGING SYSTEM: SGDIS - DATA TOYS E580 BULLET 
CAMERA 
The Digital Imaging System is mounted in the floor of the aircraft and oriented to look vertically below 
while in flight. The system automatically records the position, time (fiducials), line and flight number on 
the video. The data are stored, by flight line, in avi format, viewable by any commercial media player. 

3.8.9. GPS RECEIVER: NOVATEL OEMV-3 RECEIVER BOARD 
The NovAtel OEMV-3, multi-frequency GNSS (Global Navigation Satellite System) receiver is 
configurable up to 72 channels with the tracking of GPS (L1, L2, L5), GLONASS (L1, L2), SBAS, and 
L-band satellites and signals. It provides averaged position and raw range information of all satellites in 
view. GNSS positional data are recorded at 10 Hz. 

3.9. AIRCRAFT 

3.10. OPERATOR: SANDER GEOPHYSICS LIMITED 
Registration: C-GSGV 
Type: Cessna 208B 
Mean Survey Speed: 65 to 85 m/s 
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3.11. EQUIPMENT 

3.11.1. MAGNETOMETER: GEOMETRICS G-822A 
The magnetometers are non-oriented (strap-down) optically-pumped cesium split-beam sensors with a 
sensitivity of 0.005 nT, a range of 20 000 to 100 000 nT and noise of less than 0.0005 nT. The airborne 
sensor was mounted in a fibreglass stinger extending from the tail of the aircraft. The system included 2 
additional sensors, housed in each wingtip pod. Total magnetic field measurements were recorded at 
160 Hz in the aircraft, and then later down sampled to 10 Hz in the processing. The transverse separation 
of the wing tip magnetic sensors was 19.03 m and the longitudinal separation was 12.0 m. 

3.11.2. SPECTROMETER: RADIATION SOLUTIONS RS-501 WITH CRYSTAL 
DETECTOR PACKS RSX-5 
The Radiation Solutions spectrometer system includes an Advanced Digital Spectrometer (ADS) for each 
crystal providing real-time signal processing and analysis, and allowing automatic gain control for 
individual crystals using the natural thorium peak, and multi-channel recording and analysis. The system 
utilizes a NaI(Tl) detector volume of 33.6 L (2048 cubic inches) of main (downward) NaI crystal 
detectors and 8.4 L (512 cubic inches) of upward looking detectors. Data were recorded in 1024 channel 
spectral mode and windowed data mode at an interval of 1 Hz. 

3.11.3. DIGITAL ACQUISITION: SANDER GEOPHYSICS DATA ACQUISITION 
SYSTEM (SGDAS) 
The SGDAS is the latest version of airborne navigation and data acquisition computers developed by 
SGL. It is the data gathering core for all the different types of survey data. The computer incorporates a 
magnetometer coupler, an altimeter analog to digital converter and a NovAtel GPS multi-frequency 
receiver (see “GNSS and GPS Receivers” for the details) which automatically provides the UTC time 
base for the recorded data. The system acquires the different data streams from the sensors and receives 
and processes GPS signals from the GPS antenna. Navigation information from the navigation side of the 
computer guides the pilots along the pre-planned flight path in all 3 dimensions. Profiles of the incoming 
data are displayed in real-time to the pilots for continuous monitoring. The data are recorded in database 
format on redundant solid-state data storage modules. 

3.11.4. BAROMETRIC ALTIMETER: SENSOTEC DIGITAL BAROMETRIC 
PRESSURE SENSOR 
The barometric pressure sensor measures static pressure to an accuracy of ± 4 m and resolution of 2 m 
over a range up to 9144 m above sea level. The barometric altimeter data is sampled at 10 Hz. 

3.11.5. RADAR ALTIMETER: BENDIX/KING KRA-10A 
The Bendix-King has a resolution of 0.5 m, an accuracy of 5%, a range of 6 to 760 m, and a 10 Hz data 
rate. This system is employed as a backup system and not actively employed for survey guidance or data 
processing. 

3.11.6. TRT ERT 530A DIGITAL RADAR ALTIMETER 
The TRT uses radio wave echoing to determine the height above ground. It will generally “see through” 
foliage. The TRT radar altimeter has a resolution of 0.5 m, an accuracy of 1%, a range of 1 to 2440 m and 
a 10 Hz data rate. 
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3.11.7. LASER ALTIMETER: SGLAS-P - RIEGL LD90-31K-HIP LASER 
RANGEFINDER 
The Riegl laser altimeter uses a single optical laser beam to measure distance to the ground. It is effective 
over water and is eye safe. This profilometer has a range of 1500 m, a resolution of 0.01 m with an 
accuracy of 5 cm and a 3.3 Hz data rate. 

3.11.8. DIGITAL IMAGING SYSTEM: SGDIS - DATA TOYS E580 BULLET 
CAMERA 
The Digital Imaging System is mounted in the floor of the aircraft and oriented to look vertically below 
while in flight. The system automatically records the position, time (fiducials), line and flight number on 
the video. The data are stored, by flight line, in avi format, viewable by any commercial media player. 

3.11.9. GPS RECEIVER: NOVATEL OEMV-3 RECEIVER BOARD 
The NovAtel OEMV-3, multi-frequency GNSS (Global Navigation Satellite System) receiver is 
configurable up to 72 channels with the tracking of GPS (L1, L2, L5), GLONASS (L1, L2), SBAS, and 
L-band satellites and signals. It provides averaged position and raw range information of all satellites in 
view. GNSS positional data are recorded at 10 Hz. 

3.12. BASE STATION EQUIPMENT 

3.13. MAGNETOMETER: GEOMETRICS G-822A 
The magnetometer is a non-oriented (strap-down) optically-pumped cesium split-beam sensor with a 
sensitivity of 0.005 nT, a range of 20 000 to 100 000 nT and noise of less than 0.0005 nT. Total magnetic 
field measurements are provided at 10 Hz. 

3.13.1. GPS RECEIVER: NOVATEL OEM4 RECEIVER BOARD 
The NovAtel dual frequency NovAtel OEM4 measures all GPS channels, for up to 12 satellites. GNSS 
positional data are provided at 10 Hz. 

3.14. PERSONNEL (BOTH SGL AIRCRAFT) 
Captains: Randall Forwell 
 Laura Johnstone 
 Kevin Michaud 
 Tomo Nishimura 
Co-Pilots: Bret Curtis 
 Karlo Pavlicevic 
 Jeremy Anderson 
 Nikhal Behl 
Aircraft Maintenance Engineer: Scott Peterson 
 Darren McBeth 
Field Data Analysts: Keith Wells 
 Nick Sevenhuysen 
Field Crew Chief: Adam Jones 
 Eric Seme 
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Project Manager:  General project management was the responsibility of  
 Al Pritchard, Sander Geophysics Ltd. of Ottawa, Ontario. 

4. Data Acquisition 
4.1. ACQUISITION SUMMARY 
Terraquest Ltd. was selected by the MNDM to perform the Smooth Rock Falls areas horizontal magnetic 
gradient and gamma-ray survey near Cochrane, Ontario. 

The principal geophysical sensors were 3 high-sensitivity cesium vapour magnetometers and a 
gamma-ray spectrometer linked to 42 L (33.6 L downward-looking and 8.4 L upward-looking) of sodium 
iodide detectors. Ancillary equipment included a GPS navigation system with GPS base station, a colour 
video tracking camera, temperature and pressure sensors, radar altimeters and a magnetometer/GPS base 
station. 

Terraquest Ltd. utilized one of its aircraft, registration C-GXKS, for approximately 51 018 line-
kilometres (including perimeter lines) of this survey, from August to November 2015 and based its 
operations out of Cochrane, Ontario. In order to complete the survey within the required time period, 
Terraquest subcontracted approximately 25 052 line kilometres to Sander Geophysics Ltd; this portion 
was flown in late September and early October with 2 aircraft, registrations C-GSGW and C-GSGV, from 
a base of operations in Kapuskasing, Ontario. 

The survey area, referred to as Smooth Rock Falls, was flown with traverse lines oriented N0°S, and 
perpendicular control lines. The traverse-line spacing was 200 m, whereas the control-line spacing was 
2000 m. Additional tie lines were flown along the off-angle survey borders. Total trimmed survey 
coverage was 75 634 line-kilometres. 

The Terraquest Ltd. aircraft (C-GXKS) and airborne crew first mobilized to Cochrane, Ontario (the 
base of operations) on August 16, 2015. This was followed by several days of setup, safety briefings, 
calibrations, weather and 1 day scheduled maintenance. Data acquisition began August 22, 2015 and 
continued until November 15, 2015. 

Two base stations (combined high sensitivity magnetometer and GPS) were set up at Cochrane 
airport in a security area, well away from cultural interference. The exact locations were Mag1 at 49° 
6.31′N and 81° 0.488′W, Mag2 at 49° 6.306′N and 81° 0.481′W, and both at an elevation of 263.2 m 
above the geoid (WGS84 ellipsoid). The GPS antennas were within 10 m of the Mag base sensors. 

Terraquest Ltd. C-GXKS Statistics: 

Survey dates: August 16 to November 15, 2015 
Total km flown: 51 018 
Total flying hours: 319:59:24 (hours:minutes:seconds) 
Production hours: 242:26:26 (hours:minutes:seconds) 
Number of production days: 44.5 days 
Number of production flights: 96 flights 
Bad weather days: 32 days 
Magnetic diurnal days: 0 days 
Testing and calibration: 1.0 days 
Equipment breakdown: 3.0 days 
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Aircraft maintenance: 10.5 days 
Average production per flight:   531 km 
Average production per hour:   210 km 
Average per production day: 1146 km 

The weather was excellent up until Oct 12th; out of 37 production days, 28 days (76%) had 2 flights 
per day. After Oct 12th, out of 21 survey days only 5 days (24%) had 2 flights per day. During the next 
32 days, 17 days were full weather days and 9 half days were curtailed by weather. 

Sander Geophysics Limited Combined C-GSGV and C-GSGW Statistics: 

• The Sander Geophysics Ltd. aircraft (C-GSGV and C-GSGW) were already in the Kapuskasing area, 
having just completed an adjacent survey to the west (MNDM Geophysical Data Set (GDS) 1081). 
The aircraft and calibrations were already approved by MNDM for that survey. 

• Two base stations (high sensitivity magnetometer and GPS) were set up at the Kapuskasing airport in a 
secure area, well away from cultural interferences. The exact locations are shown in the following table. 

 Latitude Longitude Height (Above Wgs84 Ellipsoid) 
Gps Station 1 49° 25′ 00.28718"  N 82°  28'  10.02360" W 189.78 
Mag Base Station 3 49° 25′ 01.18891"  N 82°  28'  04.29315" W 189.81 
Gps Station 2 49° 25′ 00.35597"  N 82°  28'  10.61546" W 189.76 
Mag Base Station 4 49° 25′ 00.42504"  N 82°  28'  02.31423" W 189.83 

Survey dates: September 24 to October 11, 2015 
Total km flown: 25 051.5 km 
Total flying hours: 139:33:36 (hours:minutes:seconds) 
Production hours: 122:07:00 (hours:minutes:seconds) 
Number of production flights: 27 flights  
Number of production days: 12.5 days 
Bad weather days: 4 days 
Magnetic diurnal days: 0 days 
Testing and calibration: 0 days 
Equipment breakdown: 0 days 
Aircraft maintenance: 1.5 days 
Average production per flight: 928 km 
Average production per hour: 205 km 
Average per total production day: 2004 km 
Average per aircraft production day: 1002 km 

4.2. PRESURVEY TESTS AND CALIBRATIONS 
The following tests and calibrations were performed prior to the commencement of the survey: 

• Magnetometer Figure of Merit (FOM) check 
• Magnetometer Heading (cloverleaf) check (Morewood) 
• Magnetometer Lag 
• Altimeter Calibration 
• GPS Electronic Navigation 
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• Stationary Magnetometer Sensors’ Comparison Test 
• Stationary Aircraft GPS Position Test 
• Gamma-Ray Spectrometer Pad Calibration 
• Gamma-Ray Spectrometer Cosmic Calibration 
• Gamma-Ray Spectrometer Dynamic Test Range (Breckenridge) 

Both radiometric packs were sent to the manufacturer (Radiation Solutions Inc.) prior to installation 
for pad calibration and calculation of the Compton coefficients. The altitude attenuation and sensitivity 
calibration was flown over the Geological Survey of Canada (GSC)–approved Breckenridge calibration 
range. The heading test was flown over the Morewood magnetic observatory site near Ottawa before 
commencement of data collection. Once onsite, the presurvey calibrations and flights were flown and 
approved in the field, as part of the start-up procedures. Details of these tests and their results are given in 
the Appendix. 

All digital data were verified for validity and continuity. The data from the aircraft and base station 
were transferred to the field computer’s hard disk. Two additional data copies were written to external 
hard disks. Basic statistics were generated for each parameter recorded. These included the minimum, 
maximum and mean values, the standard deviation and any null values located. Editing of all recorded 
parameters for spikes or datum shifts was done, followed by final data verification via an interactive 
graphics screen with on-screen editing and interpolation routines. 

Terraquest’s satellite navigation system with real-time correction by Omnistar was used to ferry to 
the survey site and to survey along each line. Sander Geophysics used a NovAtel OEMV-3, multi-
frequency GNSS (Global Navigation Satellite System) receiver. Co-ordinates for the survey blocks were 
supplied by MNDM and were used to establish the survey boundaries and the flight lines. Any other 
aircraft operating in the area were notified about the location of the survey blocks and flying height for 
safety reasons. 

The accuracy of the flight path guidance system of Terraquest is variable; depending on the number 
and condition of satellites employed. The raw GPS accuracy was for the most part better than 10 m. Real-
time correction using the broadcast services improves the accuracy to about 3 m or less. 

A digital colour camera on the Terraquest Limited aircraft recorded the flight path as a series of still 
images which can be streamed together in a video-like fashion.  The individual images are also keyed to 
the database for convenient geophysical reference. 

A video camera on the Sander geophysics limited aircraft recorded the ground image in avi format 
along the flight path. The field operator reviewed the flight path after each survey flight for continuity. 

Checking all data for adherence to specifications was carried out in the office by an experienced 
Terraquest Ltd. geophysicist. 

5. Data Compilation and Processing 
5.1. PERSONNEL 
The following personnel were involved in the compilation of data and creation of the final products: 

Project Manager: Charles Barrie 
Processing Manager:  Allen Duffy 
Geophysicist: France Belley-Biswas 
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5.2. BASE MAPS 
Base maps of the survey area were supplied by the Ontario Ministry of Northern Development and Mines. 

5.2.1. PROJECT DESCRIPTION 
Datum: North American Datum 1983 (NAD83) 
Local Datum: (4 m) Canada 
Ellipsoid: Geodetic Reference System 1980 (GRS 80) 
Projection: UTM (Zone 17N)  
Central Meridian: 81°W 
False Northing: 0 m 
False Easting: 500 000 m 
Scale Factor: 0.9996 

5.3. PROCESSING OF THE POSITIONAL AND ALTITUDE DATA 
5.3.1. PRE-PROCESSING OF THE POSITIONAL DATA (GPS) 
The raw GPS data from both the aircraft and base station were recovered as binary files. The latitudes, 
longitudes and altitudes were converted from the WGS84 spheroid to the local map projection and datum 
(NAD83) in both geographic (decimal degree) and UTM (metre) co-ordinates. A point to point speed 
calculation was then done from the final X, Y co-ordinates and reviewed as part of the quality control. 
The flight data were then cut back to the proper survey line limits and a preliminary plot of the actual 
flight path was done and compared to the planned flight path to verify the navigation. 

Terraquest used real time differential correction provided by Omnistar, which improved the accuracy 
of the GPS co-ordinates from 10 m to 3 m or less. Real time differential correction did not work properly 
during flight 491. Post flight differential processing was thus applied on the tail GPS sensor to calculate 
new coordinates for that flight. The latitudes, longitudes and altitudes were then converted from the 
WGS84 spheroid to the local map projection and datum (NAD83) in both geographic (decimal degree) 
and UTM (metre) co-ordinates. A point to point speed calculation was then done from the final X, Y co-
ordinates and reviewed as part of the quality control. The flight data were finally cut back to the proper 
survey line limits and a preliminary plot of the actual flight path was done and compared to the planned 
flight path to verify the navigation. 

Sander Geophysics determined the accurate locations of the GPS antenna through Precise Point 
Positioning (PPP). Positions were recalculated using the algorithm developed by Natural Resources 
Canada (NRCAN) (http://webapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php); adapted to run under 
SGL's suite of software. Precise satellite orbit and clock data files were obtained from the International 
GPS Service. This technique provides a final receiver location with an accuracy of better than 5 cm. 

5.3.2. PROCESSING OF THE POSITIONAL DATA 
The positional data, which includes the radar altimeter and the real-time corrected GPS elevation values 
were checked and corrected for spikes. The raw radar altimeter data were converted to metres using the 
calibrations determined from the altimeter flight test. The filtered radar altimeter data were also lagged to 
account for system parallax. Terraquest’s raw radar altimeter data for flight 425, and for L6450:483 were  

http://webapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php
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Figure 3.  Sander Geophysics positional data flowchart (Precise Point Positioning). 
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Figure 4.  Sander Geophysics positional data flowchart (DGPS).  
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inconsistent and thus reconstructed from the GPS elevation and the SRTM data. Following this, a digital 
elevation model (DEM) was computed by subtracting the radar altimeter values from the differentially 
corrected GPS elevation values. Following a QC inspection, Sander Geophysics DEM data was shifted up 
by 13.66 m to match Terraquest’s data set. The resulting DEM channel was gridded and microlevelled via 
a 2-D procedure. The microlevel corrections were then brought back into the database to create the final 
levelled DEM channel. 

5.4. PROCESSING OF THE MAGNETIC DATA 
5.4.1. PROCESSING OF BASE STATION DATA 

The magnetic diurnal data was recorded in 2 separate locations. Terraquest’s side of the block was 
monitored by station 1 and 2, at Cochrane airport. Sander Geophysics’ side of the survey was monitored 
by station 3 and 4, at Kapuskasing airport. The recorded magnetic diurnal data were converted from text 
documents to TBL files and imported into the magnetic databases flight by flight, using GPS UTC time 
synchronization. The data were then checked and cleaned of any magnetic cultural interferences or 
system errors. Edited spikes were interpolated across using an Akima spline. Pulses of 0.3s on base 
station 1 were filtered using a 31 point Hanning filter.  The mean diurnal value for the Kapuskasing base 
station was calculated to be 56425.511 nT, while the Cochrane base station was 56,289.929 nT. The mean 
diurnal values were subtracted from the diurnal variations before correcting the tail magnetic sensor data.  

5.4.2. PROCESSING OF MAGNETIC DATA 
The compensated magnetic data were checked and corrected for any spikes and gaps on the screen using a 
graphic profile display, and interpolated across with an Akima spline. The compensated magnetic field 
data were then adjusted for system lag. Following this, the long wavelength component of the diurnal was 
subtracted from the data as a pre-levelling step on the tail sensor. 

The final levelling process was applied to the data from the tail sensor. This consists of calculating 
the positions of the control points (intersections of lines and tie lines), calculating the magnetic 
differences at the control points and applying a series of levelling corrections (combination of movements 
and compensations) to reduce the misclosures to zero. A new grid of the values was then created and 
checked for residual errors. Any gross errors detected were corrected in the profile database and the 
levelling process repeated. 

The International Geomagnetic Reference Field (IGRF) was then calculated from the 2015 model 
year extrapolated to 2015.75 (October 1, 2015) at the mean survey elevation of 358.6 m  ASL and 
removed from the corrected values. 

The GSC levelling process was then applied to the levelled and IGRF-corrected residual magnetic 
field (see “Geological Survey of Canada Data Levellingˮ section). This channel was then gridded using 
the minimum curvature algorithm and a cell size of 40 m, to prepare the grid of residual magnetic field. 

5.4.3. PROCESSING OF MEASURED MAGNETIC GRADIENTS 
Terraquest solves the spatial mathematical relationship of the 3 total fields measurements (left, right and 
tail) by using the accurate location of the 3 magnetic sensors in space to directly calculate the transverse 
and longitudinal gradients with respect to grid north at each point along the survey line. 

Both gradients were then median-levelled to remove bias; there were no further corrections. 
Following this, the transverse and longitudinal gradients were gridded using the minimum curvature 
algorithm and a cell size of 40 m. 
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The measured transverse and longitudinal gradients provide an improved rendition of the shorter 
wavelengths in magnetic field than the residual magnetic field measured by the tail sensor alone. This is 
because the direction and amplitude of the field’s total horizontal gradient can be determined using the 2 
measured gradients, providing information regarding the behaviour of the magnetic field in between 
traverse lines. Thus, it is useful to incorporate the gradient data in the preparation of the residual magnetic 
field grid.  The resulting product is the gradient-enhanced residual magnetic field grid.  The tie line 
levelled magnetic field data were used as the input to the gradient-enhanced gridding process. 

5.4.4. GEOLOGICAL SURVEY OF CANADA DATA LEVELLING 
In 1989, as part of the requirements for the contract with the Ontario Geological Survey to compile and 
level all existing Geological Survey of Canada (GSC) aeromagnetic data (flown prior to 1989) in Ontario, 
Paterson, Grant and Watson Limited developed a robust method to level the magnetic data of various base 
levels to a common datum provided by the GSC as 812.8 m grids. The essential theoretical aspects of the 
levelling methodology were fully discussed in Gupta et al. (1989) and Reford et al. (1990). The method 
was later applied to the remainder of the GSC data across Canada and the high-resolution airborne 
magnetic and electromagnetic surveys flown by the OGS (Ontario Geological Survey 1996). It has since 
been applied to all newly acquired OGS aeromagnetic surveys. 

a) Terminology 

Master grid: 
refers to the 200 m Ontario magnetic grid compiled and levelled to the 812.8 m 
magnetic datum from the GSC 

GSC levelling: 
the process of levelling profile data to a master grid, first applied to GSC data 

Intrasurvey levelling or microlevelling: 
refers to the removal of residual line noise described earlier in this chapter; the 
wavelengths of the noise removed are usually shorter than tie-line spacing 

Intersurvey levelling or GSC levelling: 
refers to the level adjustments applied to a block of data; the adjustments are the long 
wavelength (in the order of tens of kilometres) differences with respect to a common 
datum, in this case, the 200 m Ontario master grid, which was derived from all pre-
1989 GSC magnetic data and adjusted, in turn, by the 812.8 m GSC Canada-wide grid 

b) The GSC Levelling Methodology 

The GSC levelling methodology is described below, using the OGS-flown Vickers survey as an 
example. 

Several data processing procedures are assumed to be applied to the survey data prior to 
levelling, such as microlevelling, IGRF calculation and removal. The final levelled data are 
gridded at 1/5 of the line spacing. If a survey was flown as several distinct blocks with different 
flight directions, then each block is treated as an independent survey. 
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The steps in the GSC levelling process are as follows: 

1. Create an upward continuation of the survey grid to 305 m. 

Almost all recent surveys (1990 and later) to be compiled were flown at a nominal terrain 
clearance of 100 m or less. The first step in the levelling method is to upward continue the survey 
grid to 305 m, the nominal terrain clearance of the Ontario Master grid (Figure 5). 

The grid cell size for the survey grids is set at 100 m. Since the wavelengths of level corrections 
will be greater than 10 to 15 km, working with 100 m or even 200 m grids at this stage will not 
affect the integrity of the levelling method. Only at the very end, when the level corrections are 
imported into the databases, will the level correction grids be regridded to 1/5 of line spacing. 

The unlevelled 100 m grid is extended by at least 2 grid cells beyond the actual survey boundary, 
so that in the subsequent processing, all data points are covered. 

2. Create a difference grid between the survey grid and the Ontario Master grid. 

The difference between the upward-continued survey grid and the Ontario Master grid, regridded 
at 100 m, is computed (Figure 6). The short wavelengths represent the higher resolution of the 
survey grid. The long wavelengths represent the level difference between the 2 grids. 

3. Rotate difference grid so that flight-line direction is parallel with grid column or row, if necessary. 

4. Apply the first pass of a nonlinear filter (Naudy and Dreyer 1968) of wavelength on the order of 
15 to 20 km along the flight-line direction. Reapply the same nonlinear filter across the flight-line 
direction. 

5. Apply the second pass of a nonlinear filter of wavelength on the order of 2000 to 5000 m along 
the flight-line direction. Reapply the same nonlinear filter across the flight-line direction. 

6. Rotate the filtered grid back to its original (true) orientation (Figure 7). 

7. Apply a low-pass filter to the nonlinear filtered grid. 
Streaks may remain in the nonlinear filtered grid, mostly caused by edge effects. They must be 
removed by a frequency-domain, low-pass filter with the wavelengths in the order of 12 km 
(Figure 8). 

8. Regrid to 1/5 line spacing and import level corrections into database. 

9. Subtract the level correction channel from the unlevelled channel to obtain the level corrected 
channel.  

10. Make final grid using the gridding algorithm of choice with grid cell size at 1/5 of line spacing. 

c) Survey Specific Parameters 

The following GSC levelling parameters were used in the Thunder Bay survey: 

• Upward continuation distance: 205 m 
• First pass nonlinear filter length: 10 000 m 
• Second pass nonlinear filter length: 2 500 m 
• Low-pass filter cut-off wavelength: 12 500 m 
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Figure 5.  Ontario Master aeromagnetic grid (Ontario Geological Survey 1999).  The outline for the sample data set to be 
levelled, using the Vickers survey area as the example, is shown. 
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Figure 6.  Difference grid (difference between survey grid and master grid), using the Vickers survey as the example. 

 

Figure 7.  Difference grid after application of nonlinear filtering and rotation, using the Vickers survey as the example. 
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Figure 8.  Level correction grid, using the Vickers survey as the example. 
 

5.4.5. FINAL MAGNETIC FIELD AND SECOND VERTICAL DERIVATIVE GRIDS 
After GSC levelling was applied to the residual magnetic field channel, both the residual magnetic field 
and the GSC levelled grids were gradient-enhanced. The corresponding magnetic grids were calculated 
from the final reprocessed profiles using a bidirectional minimum curvature algorithm (Briggs 1974). The 
accuracy standard for gridding is such that the grid values fit the profile data to within 0.001 nT for 
99.99% of the profile data points, for 100 iterations (or 0.00001 nT/m for the horizontal gradient data). 
The average gridding error is well below 0.1 nT. 

Minimum curvature gridding provides the smoothest possible grid surface that also honours the 
profile line data.  However, sometimes this can cause narrow linear anomalies cutting across flight lines 
to appear as a series of isolated spots. This effect is minimized in the gradient-enhanced GSC levelled 
magnetic grid, and as a result it was used for the map products. 

Both the final levelled gradient-enhanced grids of the residual magnetic field values and the GSC 
levelled magnetic field values were then used as input to create the second vertical derivative grids. The 
latter grid was presented on the second vertical derivative maps due to its superior rendition of the 
magnetic anomalies. The calculation was done in the frequency domain with the transfer function of the 
second vertical derivative. 

5.4.6. CALCULATION OF THE KEATING COEFFICIENTS 
Possible kimberlite targets were identified from analytic signal of the residual magnetic intensity data, 
based on the identification of roughly circular anomalies. This procedure was automated by using a 
known pattern recognition technique (Keating 1995), which consists of computing, over a moving 
window, a first-order regression between a vertical cylinder model anomaly and the gridded magnetic 
data.  Only the results where the absolute value of the correlation coefficient is above a threshold of 75% 
were retained. On the magnetic maps, the results are depicted as circular symbols, scaled to reflect the 
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correlation value. The most favourable targets are those that exhibit a cluster of high-amplitude solutions. 
Correlation coefficients with a negative value correspond to reversely magnetized sources. 

The cylinder model parameters are as follows: 

Cylinder diameter: 100 m 
Cylinder length: infinite 
Overburden thickness:  22 (average) 
Magnetic inclination: 74.142° N 
Magnetic declination: -11.026° W 
Window size: 20 × 20 cells (800 m × 800 m) 
Magnetization scale factor: 100 
Model window grid cell size: 40 m  

The resulting magnetic response is shown in Figure 9. 

 

Figure 9.  Vertical cylinder anomaly model used for Keating correlation.  Top of cylinder outlined in red.  On the Smooth Rock 
Falls survey the grid cell interval is 40 m. 

It is important to be aware that other magnetic sources may correlate well with the vertical cylinder 
model, whereas some kimberlite pipes of irregular geometry may not. The user should study the magnetic 
anomaly that corresponds with the Keating symbols, to determine whether it does resemble a kimberlite 
pipe signature, reflects some other type of source or even noise in the data e.g., boudinage (beading) 
effect of the minimum curvature gridding. All available geological information should be incorporated in 
kimberlite pipe target selection. 
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5.5. PROCESSING OF RADIOMETRIC DATA 
Raw radiometric data were processed in close adherence to recommended procedures as outlined in 
relevant International Atomic Energy Agency technical reports (International Atomic Energy Agency 
1991). Prior to application, radiometric ROIs (“Range of Interest”:  Total Count, Potassium, Uranium and 
Thorium) were re-extracted after pre-processing raw 256 channel spectral data using the NASVD 
technique (Hovgaard and Grasty 1997) as implemented by the Praga-IIITM radiometric add-on package to 
the Geosoft Oasis MontajTM Radiometric Processing System. 

5.5.1. SPECTRAL PRE-PROCESSING: NASVD 
An effective way of ameliorating any effects of decreased signal-to-noise ratio is to reduce the natural 
Poisson noise component by application of modern principal component analysis techniques - NASVD 
(Noise Adjustment by Singular Value Decomposition) being a particularly effective technique. In this 
process, the measured 256 channel gamma ray spectra are analyzed en masse, producing a set of 256 
distinct "principal components" which can be recombined to produce very accurate representations of the 
original spectral measurements. Given consistent recording of the gamma-ray spectra, the actual "signal" 
part is concentrated in the first few principal components with the remaining higher order components 
largely concerned with noise. By reconstructing the original spectra using only these initial components 
(for example, in this project components 0 - 4 were used in the spectral reconstruction), statistical 
measurement noise is largely suppressed. ROIs (Total Count, Potassium, Uranium and Thorium) are then 
extracted from the noise reduced spectra. 

The following figures display the first few principal components resulting from spectral 
decomposition of data acquired by the Terraquest C-GXKS aircraft, shown in Figure 10. 

Components 0 – 4 were selected for spectral reconstruction. Similarly, Components 0-4 were selected for 
spectral data acquired by the Sander C-GSGV system (Radiation Solutions spectrometer) and 
Components 0-5 for the Sander’s C-SGW system (Exploranium GR820 spectrometer), Figure 11. 

ROIs (TC, K, U and Th) were extracted from the resulting noise-reduced spectral using the following 
energy window definitions: 

Window(“ROI”) Energy Range (keV) Channel Range 
Total Count 410 2810 034 234 
Potassium 1370 1570 114 131 
Uranium 1660 1860 138 155 
Thorium 2410 2810 201 234 
Cosmic 3000 ∞ 255  

(Overall channel number range is indexed 0 - 255) 

All radiometric raw channels were background corrected from overwater background line segments, 
flown preflight and postflight, in the field for quality control. 

The processing methodology was as described in the IAEA Airborne Gamma Ray Spectrometer 
Surveying Report (International Atomic Energy Agency 1991). In this case, no energy calibration or dead-
time correction was done as the dead time is typically much less than 0.1% with the Radiation Solutions 
Inc. system. 

5.5.2. LIVE-TIME CORRECTION 
Modern Gamma-Ray spectrometers no longer suffer significant measurement dead-time due to limitations 
in detection/analysis hardware and do not require any adjustment. However, the Sander C-GSGW aircraft 
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was outfitted with an older Exploranium GR820 spectrometer which required adjustment for instrument 
dead-time. A simple adjustment based on the measured dead time was applied to each ROI acquired by 
aircraft C-SGW (TC, K, U, Th, COS and Uup): 

t
n

N =  

where,  N   = the corrected count rate in each channel ; 
n  = the raw count recorded in each second;  
t   = the recorded live time (fraction of a second). 

5.5.3. LAG CORRECTION 
A lag factor of 0.5 seconds was applied to each individual radiometric data point to centre the one second 
accumulated ROI measurement at its positional X,Y coordinate.  

 

Figure 10.  The first 4 principal components resulting from spectral decomposition of data acquired by the Terraquest C-GXKS 
aircraft. 
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Figure 11.  Following few principal components resulting from spectral decomposition of data acquired by the Terraquest C- 
aircraft GXKS. 

5.5.4. PROCESSING PARAMETERS, COEFFICIENTS AND FACTORS: SUMMARY 
TABLE 
Each individual link in the radiometric data reduction chain requires specific parameters (coefficients and 
factors) which are determined during specialised calibration procedures. These calibration procedures are 
presented in greater detail within the appendixes attached to this report, however the following table 
summarizes all the pertinent data for each aircraft participating in the survey. The information presented 
in this table is designed to be cross-referenced with the subsequent individual correction step discussions 
following this section. 

 ITEM 
AIRCRAFT 

C-GXKS C-GSGW C-GSGV 
COSMIC aTC 50.14 32.73 32.00 
 aK 8.07 11.92 11.50 
 aU 1.43 0.15 0.00 
 aTH -2.67 0.00 0.00 
 aUup 0.55 0.00 0.00 
 bTC 1.1354 0.6792 0.8100 
 bK 0.0645 0.0417 0.0500 
 bU 0.0535 0.0227 0.0272 
 bTH 0.0673 0.0377 0.0521 
 bUup 0.0136 0.0075 0.0090 
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 ITEM 
AIRCRAFT 

C-GXKS C-GSGW C-GSGV 
BKG aTC 16.5357 13.0365 15.0105 
 aK 0.8652 0.8511 0.7710 
 aTH 0.0616 0.0313 0.0240 
 aUup 0.2547 0.2350 0.2801 
 bTC 6.56 5.22 25.58 
 bK 0.68 0.96 0.00 
 bTH 0.76 0.23 0.32 
 bUup -.1334 0.05 0.02 
     
SKYSHINE a1 0.0729 0.0398 0.0378 
 a2 0.0307 0.0109 0.0257 
     
COMPTON ALPHA 0.2840 0.2504 0.2835 
 BETA 0.4090 0.3925 0.4248 
 GAMMA 0.7650 0.7193 0.7722 
 A 0.0450 0.0458 0.0454 
     
ATTENUATION TC -0.007207 -0.006956 -0.006928 
 K -0.009093 -0.008500 -0.008403 
 U -0.008265 -0.005367 -0.005305 
 TH -0.006666 -0.006558 -0.006406 
     
SENSITIVITY TC 29.82 22.5254 23.8112 
 K 88.41 72.02 65.46 
 U 7.03 6.31 6.44 
 TH 4.98 4.29 4.26 

5.5.5. COSMIC BACKGROUND CORRECTIONS 
Radiation in the 3 to 6 MeV range, the cosmic channel, is attributed to non-Earth sources and can be 
considered as a background source unrelated to geological signal. As such, it can be measured 
independently and used to remove the cosmic component in lower energy windows. 

The Cosmic and fixed aircraft components of the overall background level of radiation may be 
calculated using coefficients experimentally determined during a specific calibration in which the linear 
relationship between gamma ray radiation measured in the >3.0 MeV range and down-scattered radiation 
appearing in the lower energy ROIs is defined. Remaining background levels in the resulting corrected 
count rates will only be influenced by the variable, atmospheric Radon component. 

The resulting correction applied is algorithmically expressed as: 

𝑁𝑟𝑜𝑖 = (𝑏𝑟𝑜𝑖 ∗ 𝐶) + 𝑎𝑟𝑜𝑖 
where, 

Nroi  = ROI specific subtractive cosmic correction 
broi = ROI specific cosmic stripping ratio 
C  = counts in cosmic window (3 to 6 MeV); 
aroi  = ROI specific aircraft background  

The cosmic stripping ratios and aircraft backgrounds for each aircraft determined from the various 
cosmic calibration flights are listed in Section 5.5.4. 
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5.5.6. RADON BACKGROUND CORRECTIONS 
Radon concentrations vary from flight to flight and are affected by time, weather and topography. A 

variety of methods can be used to model and remove this background. The upward detector, which is 
mostly shielded from geologic signal by being centred above 4 downward detectors, is used to estimate 
the contribution of atmospheric radon into the downward uranium channel, Ur, and high level test line 
data are used to determine the ratio between this response in the uranium window and contributions 
appearing in the other ROIs (TC, K and Th). 

After cosmic and aircraft background corrections have been applied, the signal detected at high level 
(1800-2000 feet terrain clearance, at which level geologic-sourced radiation contributions have been 
effectively reduced to zero by attenuation) is solely due to atmospheric radon. High level “backgrounds” 
(HLBKG) were flown at the beginning and end of every flight (unless prevented by low cloud ceilings) to 
collect data with a variety of ambient radon concentrations. 

These data were averaged and analyzed to solve the following equations by linear regressions: 

𝑢𝑟 = 𝑎𝑈 ∗ 𝑈𝑟 + 𝑏𝑈 
𝐾𝑟 = 𝑎𝐾 ∗ 𝑈𝑟 + 𝑏𝐾 
𝑇ℎ𝑟 = 𝑎𝑇ℎ ∗ 𝑈𝑟 + 𝑏𝑇ℎ 
𝑇𝐶𝑟 = 𝑎𝑇𝐶 ∗ 𝑈𝑟 + 𝑏𝑇𝐶 

where, 
ur = the radon component in the upward U window; 
Kr , Ur , Thr , TCr= the radon components in the various windows of the downward detectors  
  (where K = potassium; U = uranium; Th = thorium; TC = total count); 
aroi = ROI specific (TC,K,U,Th) slope from linear regression analysis of  HLBKG data 
broi = ROI specific  intercept from linear regression analysis of HLBKG data  

The experimentally determined aroi and broi factors for each aircraft are listed in Section 5.5.4 and 
further documented in the report Appendices. 

The radon contribution to the downward uranium window, Ur, can be determined from 
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where, 
u = count rate in the upward uranium window; 
U , Th = count rates in the uranium and thorium windows; 
aU = ratio of upward uranium counts to downward uranium counts in the overwater data; 
aTh = ratio of thorium counts to downward uranium counts in the overwater data; 
bU , bTh = the small non-zero background in the uranium and thorium channels after removal of 

cosmic and aircraft backgrounds; 
a1 , a2 = coefficients that relate counts in the downward uranium and thorium channels to counts in 

the upward uranium channels.  

The a1 and a2 coefficients (variously referred to as “Skyshine Coefficients” or “Ground Component 
Factors”) are determined from the survey data using the method outlined in “Airborne Gamma Ray 
Spectrometer Surveying”, Technical Reports Series No.323, International Atomic Energy Agency, 
Vienna, 1991”. Briefly, the signal measured in the upward uranium window is made up of a contribution 
from atmospheric radon and a geologic component due to radioactive sources in the ground.  
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This component (ug) has a linear relationship with the downward uranium (Ug) and thorium (Thg) 
given by 

gTh*agU*agu 21 +=  

Values of ug, Ug and Thg are found by analyzing the differences in count rates in each window for 
adjacent sections of survey lines. Differences between count rates are found at some interval, m, in the 
upward and downward uranium and thorium channels. Where the overall radioactivity was decreasing, as 
evidenced by the difference in the total count window, the sign of the differences was reversed. 

)( mnUnUgU +−=  

)( mnThnThgTh +−=  

)( mnunugu +−=  

The differences then are accumulated over the entire survey to determine the calibration factors for 
upward uranium to downward uranium and thorium for sources in the ground by solving the simultaneous 
linear equations: 

∑=∑+∑ )()()( gU*gugTh*gU*agU*a 2
2

1  
and 

∑=∑+∑ )()()( gTh*gugTh*agTh*gU*a 2
21  

where the summation is carried out over all (n) points in the database.  

The resulting a1 and a2 coefficients are listed for each aircraft in Section 5.5.4. 

5.5.7. SPECTRAL STRIPPING CORRECTIONS 
The spectra of the potassium, uranium and thorium series overlap. Because of this, each spectral window 
contains counts from each of the other windows. This can be corrected by “stripping” the data using 
coefficients derived by obtaining measurements over concrete pads with known radioelement 
concentrations. Each crystal pack was calibrated prior to the survey with Geological Survey of Canada 
certified calibration test pads (Grasty and Hovgaard 1996). The resulting calibration data analysis 
produces a series of Stripping Factors, namely: 

FACTOR SYMBOL DESCRIPTION 

ALPHA α Thorium -> Uranium 

BETA β Thorium -> Potassium 

GAMMA γ Uranium -> Potassium 

A a Uranium -> Thorium backscatter 
B b Potassium -> Thorium backscatter 
G g Potassium - > Uranium backscatter 

These coefficients are then applied to the data as follows to determine stripped count rates: 

)()(1
)1()()(

αγββγγ
αγββαγ

−−−−−
−+−+−

=
BGAG

AnAnn
k kuth

Strip  
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where, 
nth , nk , nu  = radon corrected count rates. 

The Compton Stripping Factors are listed for each aircraft in Section 5.5.4 – note that the backscatter 
factors “b” and “g” were set to zero in the correction process. 

5.5.8. CALCULATION OF EFFECTIVE HEIGHT 
The height of the detectors must be corrected to standard temperature and pressure (STP) height to 
account for the attenuating properties of changes in air density on count rates. This effective height, hSTP, 
is calculated from the formula below: 

ℎ𝑆𝑇𝑃 = ℎ ∗ �
273.15

 𝑇 + 273.15 
� ∗ �

𝑃
 1013.25 

� 

where, 
h = the observed height above ground level (AGL) in metres; 
T = temperature in degrees Celsius; 
P = barometric pressure in millibars. 

5.5.9. HEIGHT ATTENUATION CORRECTION AND CONVERSION TO 
RADIOELEMENT CONCENTRATIONS 

The aircraft was flown over the Geological Survey of Canada–approved Breckenridge Dynamic 
Calibration range, located near Ottawa, Ontario, to determine the system sensitivities and height 
attenuation coefficients. These parameters are installation specific and relate to the detector crystal packs 
used, the aircraft and the location of the equipment within the aircraft. A calibrated ground spectrometer 
was used to provide ground truth measurements along the test range while the aircraft was flying passes at 
several altitudes. The airborne data were background corrected using background measurements acquired 
by flying over nearby water at the same height. Data were then Compton corrected and used to calculate 
exponential altitude attenuation coefficients and, subsequently, height specific sensitivity factors as 
defined by the ratios of airborne counts to ground truth assay values. 

The test range determined altitude attenuation coefficients and sensitivity factors are listed for each 
aircraft in Section 5.5.4 . 

The survey data in each ROI were first reduced to the observed count rate at standard temperature 
and pressure (STP) height and then scaled by the sensitivity to determine the final ground concentration, 
C, using the following equation 

S

h)μ(Hen
C 0

−−
=  

where, 

n0 = stripped count rate; 
e = Euler’s constant 



Report on the Smooth Rock Falls Area, Airborne Geophysical Survey 

Geophysical Data Set 1082 p.29 

µ = window attenuation coefficient; 
H = nominal survey terrain clearance; 
h = standard temperature and pressure (STP) height above ground of observation; 
S = sensitivity  

5.5.10. FILTERING OF THE COSMIC AND UPWARD URANIUM CHANNELS 
Variations in the cosmic channel are of long wavelength and usually attributed to changes in altitude or 
atmospheric conditions. A 35 point Hanning filter was applied to the cosmic channel to allow for a 
smooth correction, free of statistical noise in the process described in section 5.5.2. Similarly, the upward 
uranium channel, used in the correction of atmospheric radon, is highly susceptible to statistical noise due 
to generally low count rates. A 101 point low-pass filter was applied to the upward-looking uranium channel. 

5.5.11. SCALING AND MICROLEVELLING 
Each aircraft was processed individually. Data acquired by C-GXKS (Terraquest) was processed using 
correction parameters determined during calibration procedures presented, in detail, in the appendices to 
this report. Data acquired by the 2 Sander aircraft (C-GSGW and C-GSGV) were processed using 
correction parameters provided by the sub-contractor as a simple list. After completion of formal data 
reduction, there existed a mismatch between the 2 data sets (Sander and Terraquest) which was assumed 
to be related to differing estimations of system sensitivity. Due to the high degree of confidence in the 
calibration of the Terraquest aircraft, data from the Sander aircraft were scaled accordingly to match the 
Terraquest data set. The scaling factors are summarised in the following table.  

AIRCRAFT Total Count Potassium Uranium Thorium 
C-GSGW 0.725 0.700 0.750 0.750 
C-GSGV 0.775 0.725 0.790 0.880 

Remaining background variations, not fully accounted for by the formal correction process and 
subsequent data equalisation, were removed by micro-levelling. The process involves the use of 
directional filtering to isolate features parallel to the flight line direction and assessed to be unrelated to 
geology. The subsequent correction is limited in absolute amplitude to avoid over-correction. Micro-
levelling corrections were limited to +/- 1.5 nGy/hr (Total Count), +/- 0.04% (Potassium), +/- 0.24 ppm 
(Uranium), and +/- 0.20 ppm (Thorium). 

5.5.12. CALCULATION OF THE POTASSIUM/THORIUM RATIO 
To reduce undesirable statistically-related noise in low activity areas, the Thorium and Potassium 
channels were first treated with a 5 sec low-pass filter prior to ratio calculation. The Potassium/Thorium 
ratio was then calculated at points where both Potassium and Thorium exceeded a low “cut-off” value: for 
Potassium 0.02 % and Thorium 0.05 ppm eTh. The K/Th ratio was set to 0.0 at points where the low cut-
off criteria were not met. 

5.5.13. DATA GRIDDING 
Grids were created using a minimum curvature algorithm to produce a two-dimensional grid equally 
sampled in the x and y directions. The algorithm interpolates a smooth grid by iteratively solving a set of 
difference equations minimizing the total second horizontal derivative while attempting to honour the 
input data (Briggs 1974). The final grids of the radiometric data were created with a 40 m grid cell size. 

5.5.14. GENERATION OF THE TERNARY RADIOELEMENT IMAGE 
The ternary image was produced by scaling the distribution of potassium, thorium and uranium against 
red, green and blue, respectively. In this case, the data were processed using the GSC S-Tergen utility, 
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which normalizes the data and applies an optimum colour distribution. The algorithm used is as described 
in Broome et al. (1987). 

In this process individual radioelement grid points were normalised using a modified radioelement 
sum (K + U + Th/4) followed by histogram equalisation. Brighter areas display zones of higher count 
levels and tend to outline unit boundaries and structure. The gamma-ray spectrometer response represents 
radioactivity emanating from the upper 30 cm of the earth's surface. The surface concentrations are 
influenced by varying amounts of outcrop, overburden, vegetation cover, soil moisture and surface water. 

6. Final Products 
The following products were delivered to the MNDM. 

a) Profile Databases 
Databases, in both Geosoft® gdb and ASCII format, of the following, were provided: 

• Magnetic line data archive 
• Radiometric line data archive 
• Radiometric line data array archive 
• Keating coefficient archive 

b) Gridded Data 
Grids, in both Geosoft® grd and gxf formats, gridded from co-ordinates in UTM Zone 17N, 
NAD83, of the following data: 

• digital elevation model 
• residual magnetic field from the tail sensor 
• second vertical derivative of the residual magnetic field from the tail sensor 
• GSC-levelled, gradient-enhanced residual magnetic field 
• calculated second vertical derivative of the GSC-levelled gradient-enhanced residual 

magnetic field 
• measured lateral horizontal gradient 
• measured longitudinal horizontal gradient 
• total air-absorbed dose rate 
• percent potassium 
• equivalent uranium 
• equivalent thorium 
• percent potassium / equivalent thorium ratio 

c) Project Report 
• Provided in portable document format (pdf) 

d) Flight Videos 
• The digitally recorded video from each survey flight are provided in a compressed binary 

format on a hard drive. 

e) Maps 
Digital 1:50 000 scale maps (NAD83 UTM Zone 17N) in Geosoft® MAP format, with a 
topographic layer, of the following:   
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• colour-filled contours of gradient-enhanced residual magnetic field and flight lines  
(with the following tile names and layout, where “m828xx” indicates OGS Map 828xx): 

 
• shaded colour of the second vertical derivative of the gradient-enhanced residual magnetic 

intensity with Keating coefficients (with the following tile names and layout, where 
“m828xx” indicates OGS Map 828xx): 
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• histogram-equalized ternary red, green and blue radioelement image with inset images of 
percent potassium, equivalent uranium, equivalent thorium and dose rate (with the 
following tile names and layout, where “m828xx” indicates OGS Map 828xx): 

 

The digital map files are not provided as part of the published Geophysical Data Set. 

f) Vector Files 
• flight path 
• GSC-levelled residual magnetic field contours 
• Keating anomalies 

g) Geotiff images 
• GSC-levelled residual magnetic field 
• calculated second vertical derivative of the residual magnetic field 
• potassium concentration 
• total count concentration 
• potassium concentration 
• equivalent thorium concentration 
• equivalent uranium concentration 
• ternary radioelement image 
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7. Quality Assurance and Quality Control 
Quality assurance and quality control (QA/QC) were undertaken by the survey contractor Terraquest Ltd. 
and PGW, as well as MNDM. Stringent QA/QC is emphasized throughout the project so that the optimal 
geological signal is measured, archived and presented. 

7.1. SURVEY CONTRACTOR 
Important checks are required during the data acquisition stage to ensure that the data quality is kept 
within the survey specifications. The following lists, in detail, the standard data quality checks that were 
performed by Terraquest Ltd. during the course of the survey. 

7.1.1. TESTS AND CALIBRATIONS 
The full results of the tests and calibrations described below can be found in Appendix A. 

a) Compensation Figure of Merit 
Aircraft movements induce spurious magnetic fields, which are removed from the magnetic data 
by the compensator. The efficiency of this removal can be evaluated by conducting a test called a 
Figure of Merit (FOM). The aircraft flies a series of 3 manoeuvres of ±10° rolls, ±5° pitches and 
±5° yaws in each of the traverse- and control-line directions in a magnetically quiet zone (low 
magnetic gradient). The peak-to-peak amplitudes of the responses obtained on the magnetometer 
compensated channel are determined for each of the 3 manoeuvre types and for each of the 4 
directions. The 12 values are then summed giving the Figure of Merit. 

Compensation figure of merit test was performed by the aircraft both prior to commencement and 
after completion of the survey.  

In all calibrations performed by the aircraft, the resultant figures of merit for the tail and wing-tip 
sensors were below the specified threshold of 1.5 nT. 

b) Heading Test 
To verify system accuracy and acceptable heading error, a heading test was performed over the 
GSC magnetic observatory at Morewood, Ontario, prior to commencement of the survey. The 
aircraft performed 2 passes in each cardinal direction directly over the observatory and the 
aircraft measured total field was compared against the observatory data. 

For the calibration performed the calculated heading errors were minimal and the absolute 
accuracies were within the contract threshold of 10 nT. 

c) Lag Tests 
To verify the magnetic system latency, the survey aircraft conducted lag tests. These tests involve 
flying multiple passes over a known magnetic feature and comparing the position of the observed 
magnetic peaks with the known position of the target. 

Both prior to commencement and after completion of the survey, C-GSGV, and C-GSGW flew 
this test over a bridge near Ottawa. For aircraft C-GXKS Terraquest used the on-site repeat test 
line in reciprocal directions.   

The calculated system latencies from these tests were determined to be consistent between the 
pre- and post- survey values and were consistent with previous tests performed by this aircraft. 
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d) Radar Altimeter Calibration 
The radar altimeter calibration and verification were performed by acquiring altitude data from 
several passes of increasing altitude, over Gatineau airport runway for C-GSGV, and C-GSGW.  
For C-GXKS Terraquest flew the on-site runaway at Cochrane and extended the line out over 
Lillabelle Lake to obtain land-water interface. The radar altimeter of the aircraft was confirmed to 
have a linear relationship with and within acceptable range of the GPS height. 

e) Cosmic Calibration 
High-altitude cosmic calibration flight was performed by the aircraft prior to the survey. In this 
test, the aircraft climbed from 1500 m to 3500 m in increments of 500 m and accumulated 
approximately 10 minutes of data at each altitude. The resultant data determined the linear 
relationship between counts in the cosmic window and each region of interest window. 

f) Radiometric Test Range 
The aircraft performed a calibration flight over Breckenridge radiometric test range near Ottawa, 
Ontario, to determine the radiometric system sensitivities and altitude attenuation factors. The 
aircraft repeated a 10 km test line and an adjacent over-water line (for background corrections) at 
altitudes of 60 to 240 m in 30 m increments. 

Simultaneously, actual ground concentrations were measured by a ground crew equipped with a 
calibrated hand-held Exploranium™ GR-230 spectrometer. At 8 predetermined stations along the 
survey test line, four 120-second sample accumulations were acquired, each approximately 15 m 
apart. The processed measurements are then averaged giving the ground concentrations in each 
window for the test line. 

g) Radiometric Pad Test 
To determine the stripping ratios of each detector, the Sander Geophysics calibrations were done 
in the CGG hangar using calibrated Geological Survey of Canada pads. Four concrete pads, 3 
embedded with the ROI radioelements and one “bare” pad for background corrections, were 
placed beneath detector packs installed in the aircraft. Data were then accumulated for 
approximately 30 minutes. The averaged count rates can then be used to compute the 6 stripping 
ratios for each spectrometer. 

The Terraquest calibrations were done by the manufacturer (Radiation Solutions Inc.) in 
Mississauga to obtain the Compton coefficients.   

7.1.2. DAILY QUALITY CONTROL 
a) Navigation Data 

• The differentially corrected GPS flight track was recovered and matched against the 
theoretical flight path to ensure that any deviations are within the specifications (i.e. 
deviations not greater than 50 m from the nominal line spacing over a 2 km distance). 

• All altimeter data were checked for consistency and deviations in terrain clearance were 
monitored closely. The survey was flown in a smooth drape fashion maintaining a nominal 
terrain clearance of 100 metres, whenever possible. A digital elevation trace, calculated from 
the radar altimeter and the GPS elevation values, was also generated to further control the 
quality of the altimeter data. 

• The synchronicity of the GPS time and the acquired time of the geophysical data was 
checked by matching the recorded time fields. 

• A final check on the navigation data was done by computing the point-to-point speed from 
the corrected UTM X and Y values. The computed values should be free of erratic behaviour 
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showing a nominal ground speed of between 65 m/s and 85 m/s with point-to-point 
variations not exceeding ± 10 m/s.  

b) Magnetic Data 
• The diurnal variation was examined for any deviations that exceed the specified 3 nT peak-

to-peak over a 60 second chord. Data were re-acquired when this condition was exceeded, 
with any re-flown line segment crossing a minimum of two control lines. A further quality 
control on the diurnal variation was to examine the data for any man-made disturbances. 
When noted, these artifacts were graphically removed by a polynomial interpolation so that 
they are not introduced into the final data when the diurnal values are subtracted from the 
recorded airborne data. 

• The integrity of the airborne magnetometer data was checked through statistical analysis and 
graphically viewed in profile form to ensure that there were no gaps and that the noise 
specifications were met. 

• A fourth difference editing routine was applied to the raw data to locate and correct any 
small steps and/or spikes in the data. 

• Any effects of filtering applied to the data were examined by displaying, in profile form, the 
final processed results against the original raw data, via a graphic screen.  This was done to 
ensure that any noise filtering applied has not compromised the resolution of the geological 
signal. 

• Ongoing gridding and imaging of the data was also done to control the overall quality of the 
magnetic data. 

c) Radiometric Data 
• Ongoing gridding and imaging of the data was also done to control the overall quality of the 

magnetic data. 
• Onsite, weather conditions were continuously monitored to ensure that no radiometric 

survey took place within 4 hours after measurable precipitation or 12 hours after heavy 
precipitation. 

• Prior to each survey flight, the field crew performed 2 system verification tests. The results 
of these system verification tests are plotted in Appendix A. 

• Source Tests: While the aircraft sat stationary, a 232Th source was placed in a cradle and 
attached to the aircraft beneath the spectrometer detector pack and data were collected for 2 
minutes. The sample was then removed and data were again collected for 2 minutes for 
background determination. The results analyzed and plotted to ensure consistent sensitivities 
throughout the survey. 

• System Resolution Test: A 232Th source was used determine the full width–half amplitude 
(FWHM) of the 2615 keV photopeak, expressed as a percentage, as a measure of system 
performance. In all tests performed, FWHM of the photopeak remained well below the 
contract specified threshold of 7%. 

• Before and after each radiometric survey flight, a repeat line was flown as an additional 
measure of system consistency throughout the survey as well as consistency between 
aircraft. 

• During a survey flight, the flight crew is presented with a diagnostic display of the 
radiometric acquisition system showing a combined spectra and status of each detector 
crystal. In the event of anomalous system state or error, a visual alert is displayed. 

• Post flight, the radiometric data were viewed in profile format. The data were checked for 
any gaps, erroneous detector crystal states or stabilization errors. Any records that show an 
error in detector state were removed and scheduled for reflight if needed. Rough background 
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correction estimates were removed from the ROI channels and the data were displayed in 
grid format to check for coherence. 

7.1.3. NEAR-FINAL FIELD PRODUCTS  
Near-final products of the profile and gridded magnetic and radiometric data were made available to the 
QA/QC Geophysicist during visits to the survey site, for review and approval, prior to demobilization. 

7.1.4. QUALITY CONTROL IN THE OFFICE 
a) Review of preliminary processed data 

The general results of the preliminary processing were reviewed in the profile database by 
producing a multichannel stacked display of the data (raw and processed) for every line, using a 
graphic viewing tool. The magnetic and altimeter data were checked for spikes and residual noise. 

b) Review of the final processed data 
The results of the field levelling of the magnetics were reviewed, using imaging and shadowing 
techniques. Any residual errors noted were corrected and the final microlevelling re-applied to the 
profile data. 

c) Creation of first and second vertical derivative 
The first and second vertical derivatives were created from the final gridded values of the total 
field magnetic data and checked for any residual errors using imaging and shadowing techniques. 

7.1.5. INTERIM PRODUCTS 
Archive files containing the raw and interim processed profile data and the gridded data were provided to 
the QA/QC Geophysicist for review and approval. 

Following approval of the interim data, the 1:50 000 maps were created and verified for registration, 
labelling, dropping weights, general surround information, etc. The corresponding digital files were 
provided to the QA/QC Data Manager for review and approval. 

7.2. QA/QC GEOPHYSICIST 
The QA/QC Geophysicist received data on a regular basis throughout the data acquisition, focusing 
initially on the data acquisition procedures, base station monitoring and instrument calibration. As data 
were collected, they were reviewed for adherence to the survey specifications and completeness. Any 
problems encountered during data acquisition were discussed and resolved. 

The QA/QC checks included the following: 

a) Navigation Data 
• appropriate location of the GPS base station 
• flight line and control line separations are maintained, and deviations along lines are 

minimized 
• verify synchronicity of GPS navigation and flight video 
• all boundary control lines are properly located 
• terrain clearance specifications are maintained 
• aircraft speed remained within the satisfactory range 
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• area flown covers the entire specified survey area 
• real-time corrected GPS data does not suffer from satellite induced shifts or dropouts 
• GPS height and radar/laser altimeter data are able to produce an image quality DEM 
• GPS and geophysical data acquisition systems are properly synchronized 
• GPS data are adequately sampled. 

b) Magnetic Data 
• appropriate location of the magnetic base station, and adequate sampling of the diurnal 

variations 
• heading error and lag tests are satisfactory 
• magnetometer noise levels are within specifications 
• magnetic diurnal variations remain within specifications 
• magnetometer drift is minimal once diurnal and IGRF corrections are applied 
• spikes and/or drop-outs are minimal to non-existent in the raw data 
• filtering of the profile data is minimal to non-existent 
• preliminary levelling produces image-quality grids of residual magnetic field and higher 

order products (e.g., second vertical derivative) 

c) Radiometric data 
• consistency between daily test lines 
• consistency between daily fixed source and static background measurements 
• shifts in radioelement concentrations between flights 
• precipitation limitations are observed 
• the energy resolution is confirmed daily with 232Th and, using the 2615 keV photopeak of 

232Th, a total system resolution better than 7% is maintained 

The QA/QC Geophysicist reviewed interim and final digital and map products throughout the data 
compilation phase, to ensure that noise was minimized and that the products adhered to the QA/QC 
specifications. This typically resulted in several iterations before all digital products were considered 
satisfactory. Considerable effort was devoted to specifying the data formats and verifying that the data 
adhered to these formats. 

7.3. MINISTRY OF NORTHERN DEVELOPMENT AND MINES 
MNDM prepared all of the base map and map surround information required for the hard copy maps. This 
ensured consistency and completeness for all of the geophysical map products. The base map was 
constructed from digital files of the 1:50 00 NTS map sheet series. 

MNDM worked with the QA/QC Geophysicist to ensure that the digital files adhered to the specified 
ASCII and binary file formats, that the file names and channel names were consistent, and that all 
required data were delivered on schedule. The map products were carefully reviewed in digital and hard 
copy form to ensure legibility and completeness. 

MNDM and the QA/QC geophysicist provided the magnetic profile and gridded data guidelines for 
CGG as part of the GSC levelling process. 
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APPENDIX A.  Summaries of Daily Operations 
AIRCRAFT: C-GXKS 
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AIRCRAFT: C-GSGV and C-GSGW Radar Altimeter Calibration 

 

 

Job # B436_SGL

C-GSGV C-GSGW

REP001 24-Sep-15 Kapuskasing, Ontario Production flights for 
both aircraft

SGV4002 SGW3002 7:22:00 7:22:00 6:00:00 6:00:00 1199.40 1199.40 4.79% 1.0 1.0

REP002 25-Sep-15 Kapuskasing, Ontario Production flights for 
both aircraft

SGV4003 SGW3003 12:08:00 19:30:00 10:36:00 16:36:00 2294.80 3494.20 13.95% 2.0 2.0

REP003 26-Sep-15 Kapuskasing, Ontario Production flights for 
both aircraft

SGV4004 SGW3004 10:11:58 29:41:58 8:51:00 25:27:00 1975.80 5470.00 21.84% 3.0 3.0

REP004 27-Sep-15 Kapuskasing, Ontario C-GSGV attempted a 
flight but returned early 

due to high winds

SGV4005 1:49:50 31:31:48 1:04:00 26:31:00 203.50 5673.50 22.65% 3.0 1.0 4.0

REP005 28-Sep-15 Kapuskasing, Ontario Production flight for one 
aircraft

SGW3005 1:55:48 33:27:36 1:13:00 27:44:00 253.60 5927.10 23.66% 3.0 2.0 5.0

REP006 29-Sep-15 Kapuskasing, Ontario Production flights for 
both aircraft

SGV4006 SGW3006 11:58:00 45:25:36 10:24:00 38:08:00 2382.40 8309.50 33.17% 4.0 2.0 6.0

REP007 30-Sep-15 Kapuskasing, Ontario Production flights for 
both aircraft

SGV4007 SGW3007 11:42:00 57:07:36 10:33:00 48:41:00 2293.20 10602.70 42.32% 5.0 2.0 7.0

REP008 01-Oct-15 Kapuskasing, Ontario Production flight for both 
aircraft

SGV4008 SGW3008 11:38:00 68:45:36 10:34:00 59:15:00 2182.30 12785.00 51.03% 6.0 2.0 8.0

REP009 02-Oct-15 Kapuskasing, Ontario Production flights for 
both aircraft

SGV4009 SGW3009 12:08:00 80:53:36 11:04:00 70:19:00 2436.80 15221.80 60.76% 7.0 2.0 9.0

REP010 03-Oct-15 Kapuskasing, Ontario Production flight for both 
aircraft

SGV4010 SGW3010 10:49:00 91:42:36 9:50:00 80:09:00 1971.10 17192.90 68.63% 8.0 2.0 10.0

REP011 04-Oct-15 Kapuskasing, Ontario SGV on maintenance 
Production flight SGW

SGW3011 5:52:00 97:34:36 5:20:00 85:29:00 1154.60 18347.50 73.24% 8.5 2.0 0.5 11.0

REP012 05-Oct-15 Kapuskasing, Ontario SGV on maintenance 
Production flight SGW

SGW3012 6:05:00 103:39:36 5:26:00 90:55:00 1285.20 19632.70 78.37% 9.0 2.0 1.0 12.0

REP013 06-Oct-15 Kapuskasing, Ontario Production flight for both 
aircraft

SGV4011 3:26:00 107:05:36 3:00:00 93:55:00 665.60 20298.30 81.03% 9.5 2.0 1.5 13.0

REP014 07-Oct-15 Kapuskasing, Ontario Magnetic diurnal 
unsettled

SGV4012 SGW3013 11:01:00 118:06:36 10:03:00 103:58:00 1153.30 21451.60 85.63% 10.5 2.0 1.5 14.0

REP015 08-Oct-15 Kapuskasing, Ontario Magnetic diurnal 
unsettled

SGV4013 SGW3014 10:04:00 128:10:36 8:38:00 112:36:00 1636.00 23087.60 46.00 46.00 92.16% 11.5 2.0 1.5 15.0

Setup
 and

Calibrations Mobilization Hiatus Total
%Complete

Survey Weather Maintenance Equipment

Survey Hours

MNDM Cochrane, OntarioMain Base of Operations:
Flight Hours Day ClassificationProduction Kilometers

Name : Quetico

Location Activity
Flight Numbers

TERRAQUEST LTD. Daily Operations Field Report Summary

REPORT 
NUMBER DATE

Day Total Day Total Day Total Reflight Day RefligthtTotal
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APPENDIX B.  Tests and Calibrations Result 
1. TIME OFFSET (LAG) 

Time offset (lag) is determined by flying perpendicular to a magnetic feature in opposing directions. A 
total of four passes was flown. Lag is then calculated based on distance between magnetic anomaly peaks 
(opposing directions) and speed. Data are then lagged by this amount of time to confirm that the magnetic 
anomaly peaks are lined up. 
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2. RADAR ALTIMETER CALIBRATION 

The radar altimeter was calibrated by acquiring altitude data ground reference data plus eight passes over 
the runway at Cochrane airport; these lines were extended out across Lillabelle Lake to include the land-
water interface. The radar data should show a linear relationship with the GPS height. A regression was 
used to determine the linear equation that converts the radar data from its measured form in millivolts to 
meters above terrain. This calibration was done twice, once at the beginning and once at the end of the 
survey. 
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3. MAGNETOMETER FIGURE OF MERIT TEST 

Aircraft movements induce spurious magnetic fields, which are removed from the magnetic data by the 
compensator. The efficiency of this removal can be evaluated by conducting a test called a Figure of 
Merit (F.O.M.). The aircraft flies a series of three manoeuvres of ± 10o rolls, ± 5o pitches and ± 5o yaws in 
each of the traverse and control line directions in a magnetically quiet zone (low magnetic gradient). The 
peak-to-peak amplitudes of the responses obtained on the magnetometer compensated channel are 
determined for each of the 3 manoeuvre types and for each of the four directions. The 12 values are then 
summed giving the Figure of Merit. This F.O.M. must be less than 1.5 nT for all sensors (wingtips and 
tail) or corrective action must be taken to minimize these spurious magnetic fields on the survey aircraft.  
The F.O.M. is determined at the beginning of the survey and repeated monthly or if a major change in 
aircraft or magnetometer equipment has occurred. Terraquest did three, one at the beginning, middle and 
end of the survey as follows. 
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4. MAGNETOMETER CALIBRATION 

The calibration of the magnetometer was carried out at the Morewood test site established by the 
Geological Survey of Canada near Ottawa. Aeromagnetic survey system calibration is flown in a 
“cloverleaf” pattern. This pattern allows the airplane to fly 2 passes in all 4 directions (N, S, E, W) while 
crossing over a single intersection point. For each pass (at the intersection point), magnetic data are 
recorded for both the airplane and on the ground (Morewood, Ontario). These data are then used to 
determine error values on each magnetometer for each direction as well as heading error effects. 
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5. RADIOMETRIC: COSMIC / AIRCRAFT CALIBRATION 

Cosmic / Aircraft calibration is performed by flying a stack at high altitude. Cosmic Coefficients are 
determined from the slope while aircraft background values are determined from the y-intercept of the 
resulting graphs. 

 



Report on the Smooth Rock Falls Area, Airborne Geophysical Survey 

Geophysical Data Set 1082 p.50 
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6. RADIOMETRIC: HIGH LEVEL BACKGROUND ANALYSIS 
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Uranium:Potassium 

 

Uranium:Total Count 
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Uranium:Thorium 

 

Uranium:Uranium-Up 
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7. RADIOMETRIC: COMPTON – PAD CALIBRATION 
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8. . RADIOMETRIC: ALTITUDE ATTENUATION 
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9. RADIOMETRIC: SENSITIVITY FACTORS  
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10. RADIOMETRIC: PROGRESSIVE QUALITY CONTROL  

Repetitive tests throughout the survey period are performed to ensure the consistency of equipment 
performance including resolution checks, sample checks and repeat line test.  

RESOLUTION CHECKS – Detector Packs 
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SAMPLE CHECKS 

 



Report on the Smooth Rock Falls Area, Airborne Geophysical Survey 

Geophysical Data Set 1082 p.64 
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REPEAT TEST LINE 
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APPENDIX C.  Archive Definitions 
Geophysical Data Set 1082 is derived from surveys using a magnetic horizontal gradiometry and gamma-
ray spectrometric systems mounted on fixed-wing platforms and carried out by Terraquest Ltd. 

1. ARCHIVE LAYOUT 

The files for the Smooth Rock Falls Geophysical Survey are archived on 2 DVD-ROMs and sold as 
separate products, as outlined below: 

Type of Data Magnetic and Gamma-Ray Spectrometric 
Format Grid and Profile Data (DVD+R) 
ASCII Geophysical Data Set (GDS) 1082a 
Geosoft® Binary Geophysical Data Set (GDS) 1082b 

The content of the ASCII and Geosoft® binary file types are identical. They are provided in both 
forms to suit the user’s available software. The survey data are divided as follows. 

Geophysical Data Set 1082a (DVD) 

a) ASCII (.gxf) grids 
• digital elevation model 
• residual magnetic field 
• first vertical derivative of the residual magnetic field 
• second vertical derivative of the residual magnetic field 
• “GSC levelled” gradient-enhanced residual magnetic field 
• first vertical derivative of the “GSC levelled” gradient-enhanced residual magnetic field 
• second vertical derivative of the “GSC levelled” gradient-enhanced residual magnetic field 
• measured lateral (across line) horizontal magnetic gradient 
• measured longitudinal (along line) horizontal magnetic gradient 
• reconstructed residual magnetic field 
• total air absorbed dose rate  
• percent potassium 
• equivalent thorium 
• equivalent uranium 
• percent potassium ratio / equivalent thorium  

b) Vector (.dxf) files 
• flight path 
• residual field magnetic contours 
• Keating coefficients 

c) GeoTIFF seamless map images 
•  “GSC levelled” gradient-enhanced residual magnetic field with planimetric base 
• shaded second vertical derivative of the “GSC levelled” gradient-enhanced residual 

magnetic field with planimetric base 
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• total count grid with planimetric base 
• potassium grid with planimetric base 
• thorium grid with planimetric base 
• uranium grid with planimetric base 
• ternary image with planimetric base 

d) ASCII (.xyz) data 
• profile database of magnetic data (10 Hz sampling) in ASCII XYZ format 
• profile database of gamma-ray spectrometric data (1 Hz sampling) in ASCII XYZ format 
• profile database of gamma-ray spectrometric data array (1 Hz sampling) in ASCII XYZ 

format 
• database of Keating coefficients in ASCII CSV (comma-separated values) format 

e) Geosoft® (.map) map files 
• colour-filled contours of gradient-enhanced residual magnetic intensity with flight lines 
• shaded colour of the second vertical derivative of the gradient-enhanced residual magnetic 

intensity with Keating coefficients 
• histogram-equalized ternary red-green-blue radioelement image with inset images of percent 

potassium, equivalent uranium, equivalent thorium and dose rate and flight line 

f) Survey report in portable document format (.pdf) 

Geophysical Data Set 1082b  (DVD) 

a) Geosoft® binary (.grd) grids 
• digital elevation model 
• total magnetic field 
• first vertical derivative of the total magnetic field 
• second vertical derivative of the total magnetic field 
• “GSC levelled” gradient-enhanced total magnetic field 
• first vertical derivative of the “GSC levelled” gradient-enhanced total magnetic field 
• second vertical derivative of the “GSC levelled” gradient-enhanced total magnetic field 
• measured lateral (across line) horizontal magnetic gradient 
• measured longitudinal (along line) horizontal magnetic gradient 
• reconstructed total magnetic field 
• total air absorbed dose rate  
• potassium 
• equivalent thorium  
• equivalent uranium  
• percent potassium ratio / equivalent thorium 

b) Vector (.dxf) files 
• flight path 
• total field magnetic contours 
• Keating coefficients 
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c) GeoTIFF seamless map images 
• “GSC levelled” gradient-enhanced total magnetic field with planimetric base 
• shaded second vertical derivative of the “GSC levelled” gradient-enhanced total magnetic 

field with planimetric base 
• Total count grid with planimetric base 
• potassium grid with planimetric base 
• thorium grid with planimetric base 
• uranium grid with planimetric base 
• ternary image with planimetric base 

d) Geosoft® (.gdb) binary data 
• profile database of magnetic data (10 Hz sampling) in Geosoft® GDB format 
• profile database of gamma-ray spectrometric data (1 Hz sampling) in Geosoft® GDB format 
• profile database of gamma-ray spectrometric data array (1 Hz sampling) in Geosoft® GDB 

format 
• Keating coefficients in Geosoft® GDB format 

e) Survey report in portable document format (.pdf) 

2. CO-ORDINATE SYSTEMS 

The profile data are provided in 2 co-ordinate systems: 

• Universal Transverse Mercator (UTM) projection, Zone 17N, NAD83 datum, Canada local datum 
• latitude/longitude co-ordinates, NAD83, Canada local datum 

The gridded data are provided in 1 co-ordinate systems: 

• Universal Transverse Mercator (UTM) projection, Zone 17N, NAD83 datum, Canada local datum 

3. LINE NUMBERING 

The line numbering convention for survey data provided in GDS 1082 is as follows: 
• Line numbers are 5 digits with the last digit indicating part or revision number  
• i.e. Line 10010 is the first line of the survey followed by line 10020; should line 10010 be in 2 parts 

the first is 10010 and the second is 10011. Should line 10020 have been reflown, it will be in the 
database as line 10021. 

• The same convention is used for the labelling of the control lines. In the Geosoft® OASIS montaj 
binary database, survey lines are designated with a leading character “L” and control lines are 
designated with a leading character “T”. 

4. DATA FILES 

The survey data files are provided as follows: 

SRMAG.gdb Geosoft® Oasis montaj™ uncompressed binary database file of the magnetic 
data, sampled at 10 Hz 

SRMAG.xyz  ASCII file of the magnetic data, sampled at 10 Hz 
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SRSPEC.gdb Geosoft® Oasis montaj™ uncompressed binary database file of the gamma-
ray spectrometric data, sampled at 1 Hz 

SRSPEC.xyz ASCII file of the gamma-ray spectrometric data, sampled at 1 Hz 
SRSPEC256.gdb Geosoft® Oasis montaj™ uncompressed binary database file of the gamma-

ray spectrometric data array, sampled at 1 Hz 
SRSPEC256.xyz ASCII file of the gamma-ray spectrometric data array, sampled at 1 Hz 
SRKC.gdb Geosoft® Oasis montaj™ uncompressed binary database file of the Keating 

coefficients 
SRKC.csv ASCII file of the Keating coefficients 

The contents of SRMAG.xyz/gdb (both file types contain the same set of data channels) are summarized 
as follows: 

Channel Name Description Units 
x_nad83 easting in UTM co-ordinates using NAD83 datum metres 
y_nad83 northing in UTM co-ordinates using NAD83 datum metres 

x_nad83_win 
easting in UTM co-ordinates using NAD83 datum trimmed to survey 

extents metres 

y_nad83_win 
northing in UTM co-ordinates using NAD83 datum trimmed to survey 

extents metres 
lon_nad83 longitude using NAD83 datum decimal degrees 
lat_nad83 latitude using NAD83 datum decimal degrees 
radar_final corrected radar altimeter metres above terrain 

dem digital elevation model metres above sea level 
fiducial fiducial seconds 
aircraft Aircraft identifier  
flight flight number  

line_number full flight line number (flight line and part numbers)  
line flight line number  

time_utc UTC time seconds 
time_local local time seconds after midnight 

date local date YYYY/MM/DD 
height_mag magnetometer height metres above sea level 

mag_base1_raw raw magnetic base station 1 data nanoteslas 
mag_base2_raw raw magnetic base station 2 data nanoteslas 
mag_base3_raw raw magnetic base station 3 data nanoteslas 
mag_base4_raw raw magnetic base station 4 data nanoteslas 
mag_base_final corrected magnetic base station data nanoteslas 

fluxgate_x X-component field from the compensation fluxgate magnetometer nanoteslas 
fluxgate_y Y-component field from the compensation fluxgate magnetometer nanoteslas 

fluxgate_z Z-component field from the compensation fluxgate magnetometer nanoteslas 
mag_raw_left raw magnetic field from left wingtip sensor nanoteslas 

mag_comp_left compensated magnetic field from left wingtip sensor nanoteslas 
Mag_edited_left edited compensated magnetic field from left wingtip sensor nanoteslas 
mag_raw_right raw magnetic field from right wingtip sensor nanoteslas 

mag_comp_right compensated magnetic field from right wingtip sensor nanoteslas 
mag_edited_right edited compensated magnetic field from right wingtip sensor nanoteslas 

mag_raw_tail raw magnetic field from tail sensor nanoteslas 
mag_comp_tail compensated magnetic field from tail sensor nanoteslas 
mag_edited_tail edited compensated magnetic field from tail sensor nanoteslas 

igrf local IGRF field nanoteslas 
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Channel Name Description Units 
mag_lev_tail levelled magnetic field from tail sensor nanoteslas 

mag_final_tail microlevelled magnetic field from tail sensor nanoteslas 
mag_gsclevel_tail GSC levelled magnetic field from tail sensor nanoteslas 

mag_grad_lat_raw 
raw lateral horizontal magnetic gradient  

(from wingtip sensors) nanoteslas/metre 

mag_grad_lat_final 
levelled lateral horizontal magnetic gradient  

(from wingtip sensors) nanoteslas/metre 
mag_grad_lon_raw raw longitudinal horizontal magnetic gradient nanoteslas/metre 
mag_grad_lon_final levelled longitudinal horizontal magnetic gradient nanoteslas/metre 

The contents of SRSPEC.xyz/.gdb (both file types contain the same set of data channels) are summarized 
as follows: 

Channel Name Description Units 
x_nad83 easting in UTM co-ordinates using NAD83 datum metres 
y_nad83 northing in UTM co-ordinates using NAD83 datum metres 

x_nad83_win 
easting in UTM co-ordinates using NAD83 datum trimmed to survey 

extents metres 

y_nad83_win 
northing in UTM co-ordinates using NAD83 datum trimmed to survey 

extents metres 
lon_nad83 longitude using NAD83 datum decimal degrees 
lat_nad83 latitude using NAD83 datum decimal degrees 

aircraft Aircraft identifier  
radar corrected radar altimeter metres above terrain 

baro_press barometric pressure millibars 
air_temp outside air temperature degrees Celsius 
fiducial fiducial seconds 
aircraft Aircraft identifier  
flight flight number  
line flight line number  

time_utc UTC time seconds 
date local date YYYY/MM/DD 

height_rad gamma-ray spectrometer height at STP metres above terrain 
live_time gamma-ray spectrometer live time milliseconds 

Cosmic_Raw raw cosmic window counts per second 
Uranium_Up_raw raw upward-looking uranium window counts per second 
TotalCount_Raw windowed total count counts per second 
Potassium_Raw windowed potassium counts per second 
Uranium_Raw windowed uranium counts per second 
Thorium_Raw windowed thorium counts per second 

TotalCount_NAS windowed total count (NASVD enhanced) counts per second 
Potassium_NAS windowed potassium (NASVD enhanced) counts per second 
Uranium_NAS windowed uranium (NASVD enhanced) counts per second 
Thorium_NAS windowed thorium (NASVD enhanced) counts per second 

TotalCount_Final microlevelled total air absorbed dose rate nanograys per hour 
Potassium_Final microlevelled potassium percent 
eUranium_Final microlevelled equivalent uranium parts per million 
eThorium_Final microlevelled equivalent thorium parts per million 

k_over_th ratio of potassium over equivalent thorium percent over  
parts per million 
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The contents of SRSPEC256.xyz/.gdb (both file types contain the same set of data channels) are 
summarized as follows: 

Channel Name Description Units 
x_nad83 easting in UTM co-ordinates using NAD83 datum metres 
y_nad83 northing in UTM co-ordinates using NAD83 datum metres 

x_nad83_win 
easting in UTM co-ordinates using NAD83 datum trimmed to survey 

extents metres 

y_nad83_win 
northing in UTM co-ordinates using NAD83 datum trimmed to survey 

extents metres 
lon_nad83 longitude using NAD83 datum decimal degrees 
lat_nad83 latitude using NAD83 datum decimal degrees 
fiducial fiducial seconds 
flight flight number  
line flight line number  

time_utc UTC time seconds 
date local date YYYY/MM/DD 

spectrum_down_raw raw 256-channel gamma-ray down spectrum (array channel) counts per second 
spectrum_up_raw raw 256-channel gamma-ray up spectrum (array channel) counts per second 

spectrum_down_nas NASVD 256-channel gamma-ray down spectrum (array channel) counts per second 

The contents of SRKC.csv/.gdb (both file types contain the same set of data channels) are summarized as 
follows: 

Channel Name Description Units 
x_nad83 easting in UTM co-ordinates using NAD83 datum metres 
y_nad83 northing in UTM co-ordinates using NAD83 datum metres 

lon_nad83 longitude using NAD83 datum decimal degrees 
lat_nad83 latitude using NAD83 datum decimal degrees 
corr_coeff correlation coefficient percent 
pos_coeff positive correlation coefficient percent 
neg_coeff negative correlation coefficient percent 

norm_error standard error normalized to amplitude percent 
amplitude peak-to-peak anomaly amplitude within window nanoteslas 
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5. GRID FILES 

The gridded data are provided in 2 formats: 
• *.gxf Geosoft® uncompressed ASCII grid exchange format (revision 3.0) 
• *.grd Geosoft® Oasis montaj™ uncompressed binary grid file 

All grids are NAD83 UTM Zone 17N, co-ordinates with a grid cell size of 40 m × 40 m and are 
summarized as follows: 

• SRDEM83.gxf/.grd digital elevation model 
• SRMAG83.gxf/.grd residual magnetic field 
• SR1VD83.gxf/.grd first vertical derivative of the residual magnetic field 
• SR2VD83.gxf/.grd second vertical derivative of the residual magnetic field 
• SRGMAGGSC83.gxf/.grd “GSC levelled” gradient-enhanced residual magnetic field 
• SRG1VDMAGGSC83.gxf/.grd first vertical derivative of the “GSC levelled” gradient-

enhanced residual magnetic field 
• SRG2VDMAGGSC83.gxf/.grd second vertical derivative of the “GSC levelled” gradient-

enhanced residual magnetic field 
• SRLAG83.gxf/.grd measured lateral (across line) horizontal magnetic gradient 
• SRLOG83.gxf/.grd measured longitudinal (along line) horizontal magnetic 

gradient 
• SRRTF83.gxf/.grd reconstructed residual magnetic field 
• SRTC83.gxf/.grd total air absorbed dose rate  
• SRK83.gxf/.grd percent potassium 
• SRTH83.gxf/.grd equivalent thorium 
• SRU83.gxf/.grd equivalent uranium 
• SRKTHRATIO83.gxf/.grd percent potassium / equivalent thorium ratio  

6. GEOREFERENCED IMAGE FILES 

Geographically referenced colour images, incorporating a base map, are provided in GeoTIFF format for 
use in GIS applications: 

• SRGMAGGSC83.TIF “GSC levelled” gradient-enhanced residual magnetic field grid + 
planimetric base 

• SRG2VDMAGGSC83.TIF shaded second vertical derivative of the “GSC levelled” gradient-
enhanced residual magnetic field grid + planimetric base 

• SRTC83.TIF Total count grid + planimetric base 
• SRK83.TIF Potassium grid + planimetric base 
• SRU83.TIF Uranium grid + planimetric base 
• SRTH83.TIF Thorium grid + planimetric base 
• SRTERN83.TIF potassium, thorium, uranium ternary image + planimetric base 
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7. VECTOR FILES 

Vector line work from the maps is provided in DXF (v.12) ASCII format using the following naming convention: 

• SRPATH83.DXF flight path 
• SRKC83.DXF Keating coefficients 
• SRMAG83.DXF magnetic contours 

The layers within the DXF files correspond to the various object types found therein and have intuitive 
names. 
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