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1. INTRODUCTION 

Sander Geophysics Limited (SGL) conducted a high-definition aero- 
gravity survey for Husky Energy Inc. in the Keele River Foothills/Plain Area 
of the Northwest Territories. Figure 1 shows the geographical position of the 
survey area. The survey was flown fiom October 15,2006 to December 18, 
2006. The total size of the surrey was 1 1,391 line kilometres. A total of 34 
production flights with one outing of reflights were performed using a 
Euracopter AS-3 5 0 B3, registration C-GSGH. The swvey operations were 
conducted from Tulita Airport (CZFN). 

The traverse lines were flown at 600 m spacing and oriented at 45'. 
The control lines were at 2.4 km spacing and oriented at 135'. The survey 
wtu flown at a height of 150 m above the minimum drape surface which was 
designed W g  into account the digital temin model and the performance 
of the aircraft at that altitude. The target ground speed was 70 knots with an 
dlowed maximum of 90 knots. 



2. LOGISTICS & SUMMARY 

The Keele Sunomit Block is situated in the West Central part of the 
Northwest Territories. It lies just west of the Mackenzie River, between Tate 
Lake and Redstone River. The survey block defines an area that extends 
roughly 20 to 30 km around the 2005 Husky project survey area. (See survey 
location map Figafre I). The Canyon Ranges are located in the west of the 
block md oriented mainly NW-SE. This portion of the block is quite rugged 
with hbights of roughly 200 to 1200 metres above sea level. The south- 
eastem section is c ~ a c t ~ d  by the Mackenzie River Valley which ranges 
Erom 50 to 100 metres above sea level. There are two main rivers; Keele 
River in the center and Redstone River crossing the survey block in an east- 
west fwhion. There are also a few small glacial lakes scattered throughout 
the bl& 

The survey block is located within the perimeter defined by the 
following ~ 0 3 ) r b t e s  in Table 1 : 



3. SAFETY, HEALTH & ENVIRONMENT 

Mr. Bob Raina & Mrs. Jenica Von Kuster of Northern Envirosearch Ltd., 
monitored the application of all environmental regulations on the program. 

Morning safety meetings were conducted. Any incidents were recorded and 
reported on the weekly activity reports (see section 7) which were sent to the 
NEB. 



L 4. CONTRACTORS 

Gravity Surveying - Sander Geophysical Limited 
Fuel / Fuel Sloops - Norman Wells Petroleum 
Communications - Aurora Technologies 
Security - Red Dog Mountain Contracting 
Quality Control - ELS Consulting 
NorthWTight - Scheduled Flights to Tulita 
Blue Berry B&B - Accornmodations 

_ - . , .I. 'I. .. . ~ -' . - - . . -~ - 



Sander Geophysical conducted the airborne gravity surveying using their 
proprietary gravimeter. The surveying was done using the Eurocopter AS 
350 I33 C-GSGH which is modified to house all the surveying equipment. 
Sander averaged 450kmlday and encountered 5 weather days. 

, Total Kilometers Surveyed 
Number of Surveying Days 
Kilometers Recorded per Day 
Days Lost Due to Weather 
Days Lost Due to Equipment 
Failure 

9297 
31 days excluding weather day 
450 
5 day 
none 



6. RECORDING PARAMETERS 

The traverse lines were flown at 600 m spacing and oriented at 450 and 
control lines at 2.4 km spacing and oriented at 1350. The survey was flown at 
a height of 150 m above the minimum drape surface (a smooth flyable 
surface that has taken into account the adjacent digital terrain model around 
any givm point and the desired performance of the aircraft at that altitude). 
The survey flying speed was 70 knots indicated air speed. 

Geagraphical Coordinates in WGS-84 

The following parameters were recorded during the course of the survey: 
Aircraft altitude measured by the barometric altimeter at intervals of 

0.25 seconds; 
Terrain clearance provided by the radar altimeter at intervals of 0.25 

seconds; 
Terrain clearance provided by the laser altimeter at intervals of 0.01 

seconds; 
Airborne GPS positional data: (altitude, longitude, height, time, and raw 

range from each satellite being tracked) recorded at intervals of 0.1 seconds; 
Ground based GPS positional data: (latitude, longitude, height, time, and 

raw range from each satellite being tracked) recorded at intervals of 0.1 
seconds; 

Gravimeter data recorded with a 128 Hz sampling rate. 

Survey Line Specifications 

Survey lines were flown with the following specifications: 



errain Clearance 

survey was flown wing a pre-planned drape surface designed to guide 
ft over the topography in a consistent manner as close to minimum 

e drape surface was prepared using digital elevation 
data fkom Canadian Digital Elevation Data 
obase. ca/geobase/en/data/cded 1. htrnl) sampled at 3 arcseconds 

90 m) and supplemented by a 25 m LIDAR grid supplied by 
ally covered the block. The DEM included an extension 

boundary to allow the aircraft to achieve the drape 
clearance before coming on line. The grid was smoothed using a climb and 

Wnautical mile. This rate was chosen to create a gentle 
system and is below the maximum climbing and 
es of the survey aircraft. The minimum terrain 

added to the drape surface. 

. . I .  8 '  



7. RECORDING PRODUCTION SUMMARY 
S C t ~ Y ~ s m c x f  1YI1(WsritofOclDba91h~OcoDbar15dl,2006) 
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10. GRAVITY PROCESSING 

Gravity Data 

Gravity data are recorded at 128 Hz. Accelerations are filtered and 
decimated to match GPS measurements using specially designed filters to 
avoid biasing the data. Gravity is calculated by subtracting the GPS derived 
aircraft accelerations from the inertial accelerations. In survey flying, 
accelerations in an aircraft can reach 0.1 G, equivalent to 100,000 mGal. 
Data processing must extract gravity data from this very noisy environment. 
This is achieved by modeling the movements of the aircraft in flight by 
extremely accurate GPS measurement. The calculated gravity is corrected 
for the Ei)tvos effect and normal gravity and the sample interval is reduced 
to 2 Hz. These operations are all performed by SGL's proprietary 
GRAVGPS software. 

The following standard corrections were applied to the gravity data to 
calculate the Bouguer anomaly data: 

a) Eotvas correction, g~c)tvbs = -VX 2cos@/[(r + h)cos@] - 2 
0.000072921 15cos4Wx) - vy d(r + h), where @ is the latitude of the aircraft, 
vx and vy are the velocities of the aircraft in the x (north) and y (east) 
direction, r is the Earth's radius at the latilde @, and h is the altitude of the 
plane above the GRS-80; 
b) N o d  gravity, g = 9.7803267714(1+ 0.00193 185 138639sin2@)/ d(1- 
O.O0669437999013sim@), where @ is the latitude of the aircraft; 
c) Free air correction, gfa= -0.3086h, where h is height of the aircraft in 
meters; 
d) Bouguer, gsb = 2 v p h  = 0.041925ph, where y is the Universal Gravity 
constant, p is density for this project (2.3, and 2.67 g/cm3), and h is height of 
the ground below the aircraft in meters; 
e) Curvature of the earth, gec = 1.464 h - 0.3533 h2 + 0.000045 h3, where h is 
height of the ground in kilometers; 
f) Terrain, gt. See below for a description of the terrain correction technique; 
g) Static correction, ~ S C ,  based on static ground recordings and repeat lines; 
h) Level correction, gic , based on line intersections. 

Thus Bouguer anomaly = G - gfa - gsb - gec + gt - ~ S C  - g l ~  , where G is the 
calculated gravity adjusted for Eotviis effect and normal gravity. 



d , a'?-, 
Terrain Corrections 

Tmain corrections were computed using terrain derived by joining the high- 
pesolution LIDAR grid supplied by Husky, the computed terrain fiom the 
merged radar and laser altimeter data, and Canadian Digital Elevation Data 
grids (h~://www.geobase.ca/geobase/en/data/cdedl .html) for coverage 
outside the survey area up to 160 km from the survey block for accurate 
regional corrections. Terrain corrections were computed using software 
developed for SGL by the University of Calgary Geomatics department. The 
algorithm calculates te- corrections using 2D FFT methods with a 
constant density. The terrain and Bouguer corrections were calculated using 
densities of 2.3 g!cm, and 2.67 g ~ c m .  Paper maps were created using the 
m e  densities. 

Leveling and Gridding 
The gravimetric data were levelled to compensate for instrument variations 
in two steps. A single constant shift determined fiom ground static 
recordings was applied on a flight-byflight basis. Control line intersection 
statistics were then used to calculate shifts for individual lines. The AIRGrav 
system is very stable so the control line leveling adjustments are small, 
typically witkin +/-0.5 mGal. 

Grids of the free air and Bouguer anomaly were generated by filtering 
the line data to remove high frequency noise, gridding using minimum 
curvature algorithm and filtering using a 2-d FFT based grid filter. Grids 
were created with both a shorter 1500 m halfwavelength filter (0% pass at 
1125 m, 100% pass at 2250 m) and a longer 2000 m halfwavelength filter 
(0% pass at 1500 m, 100% pass at 3000 m). The First Vertical Derivatives 
of the Terrain Corrected Bouguer Gravity grids were calculated for 
verification of the terrain correction and levelling. 

A gravity processing flowchart is presented below 





11. GRAVITY INTERPRETATION 

The 2006 airborne gravity program was an add-on to the 2005. We see the 
continuation of a number of features fkom 2005 as well as a couple new 
ones. Feature A (Fig. 2) is the eastward extension of the Keele arch seen on 
the 2005 program. There appears to be a NE-SW oriented shiR in the arch 
best seen on Figure 3, which creates a step in the gravity. This step appears 
to line up with the North end of the Red Dog anticline (feature B, Fig. 2) 
with the line of connection (line A', Fig. 3) being paralleled by the Keele 
River. This may indicate an old basement faultllineament which has effected 
subsequent structuring. Feature E (Fig 2) is the Mackay Range outcrop and 
subsurface fault trend shown by E' (Fig. 3). It is interesting to note that the 
Mackay fault terminates exactly at the basement lineament A'. This suggests 
that the A' lineament forms a structural break between the areas on either 
side of it. The NW area of the gravity shows a very low density which 
corresponds with the known basin (two Cs, Fig 2). This basin has a thick 
Cretaceous section in it as well as the remains of the Tertiary Summit Creek 
formation. Feature D (Fig. 2) is the Gambil Mountains which run sub- 
perpendicular to the Mackenzie Mountains in this area. The consistent shape 
of the two Basins (C) across the Gambil gravity anomaly may suggest very 
late movement on the Gambil fault. In other words the basin was already 
formed then the Gambil fault thrusted the rocks in the core of the basin to 
surface. 
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Figure 4 (Flightpath) 



Gravity to Seismic 
Carrelation 



Gravity to Seismic Correlation 

The seismic section below shows a seismic section at the south end of the survey area (feature B.) The purple horizon that 
weaves across the middle of the section is a scaled version of the 3* order polynomial residual. The gravity has a clear match to 
the structure across the line, following the highs and lows. Additional sections are included in paper and on the DVD that cross 
the basin E-W at several points from North to South. 




