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LIST OF MAPS 

AREA SHEET NO. DESCRIPTION 

A 1 of 2 High Resolution Aeromagnetic 
Total Field Survey 

A 2 of 2 High Resolution Aeromagnetic 
Total Field Survey 

A 1 of 2 High Resolution Aeromagnetic 
Vertical Gradient Survey 

A 2 of 2 High Resolution Aeromagnetic 
Vertical Gradient Survey 

A 1 of 2 V.L.F. Total Field Contours 

A 2 of 2 V.L.F. Total Field Contours 

A 1 of 2 V.L.F. Quadrature Contours 

A 2 of 2 V.L.F. Quadrature Contours 

B 1 of i High Resolution Aeromagnetic 
Total Field Survey 

B 1 of 1 High Resolution Aeromagnetic 
Vertical Gradient Survey 

B 1 of 1 V.L.F. Total Field Contours 

B 1 of 1 V.L.F. Quadrature Contours 

C 1 of 1 High Resolution Aeromagnetic 
Total Field Survey 

C 1 of 1 High Resolution Aeromagnetic 
Vertical Gradient Survey 

C 1 of 1 V.L.F. Total Field Contours 

C 1 of 1 V.L.F. Quadrature Contours 



INTRODUCTION 

This report details the operations of a fixed-wing airborne 

vertical gradient magnetometer and VLF E.M. survey flown for 

Geocanex Ltd. (G.L.). The systems used were optically pumped 

helium magnetometer sensors and a Totem 2A VLF system. The 

standard specifications for these systems are outlined in section 

3b. 

The survey was commissioned by Mr. Harry Hodge of G.L. on 

April 7, 1986. Philip Salib, Geophysicist for Questor, supervised 

the data compilation through to the completion of the project in 

June, 1986. 

The survey objective is the detection and accurate location 

of magnetic features which relate to and add to the geological 

perspective in this area, as well as any structures and 

conductivity patterns which could have a positive influence on 

polymetallic mineral exploration. 

The primary survey area consists of 1,438 kilometres of 

traverse and control lines. These were flown between the dates of 

April 3, 1986 and April 9, 1986 using Pickle Lake as the survey 

operations base. 



PROJECT LOCATION 

The survey area lies within the Province of Ontario, 

approximately 80 kilometres southwest of Pickle Lake. The area is 

located between latitudes 51° 12' and 51° 30' and longitudes 

90° 59' and 90°30' (figure 1). Map sheet Lake St. George 

(N.T.S. 52 O) includes the survey site. 
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SURVEY OPERATIONS 

Survey Personnel . 

The survey crew was made up of experienced Questor 

employees: 

Pilot/Captain of Aircraft - Fred Clarke 

Navigator - William Smith 

Technician - Dave Dudley 

Aircraft Engineer - Martyn Boyle 

The flight path recovery, data compilation and drafting was 

carried out by Questor at its Mississauga, Ontario office. The 

magnetic and VLF electromagnetic processing was carried out using 

Questor software and computer drafted. 

Harry Hodge, of G.L. was the technical authority for the 

project. A preliminary compilation of results was presented to 

G.L. after the completion of the field data acquisition. 

Instruments 

A Trislander, C-GOXZ, equipped with the following 

instruments was used for the survey: 

1. the Questor aeromagnetic gradiometer system employing 

optically-pumped helium sensors; 

2. a vertically oriented 35 mm. continuous strip/frame camera, 

intervalometer and fiducial system; 

3. an IFG Data Acquisition system with a 9 track tape drive; 

4. an RMS GR33 Analogue Recorder; 



5. a Honeywell Radar Altimeter APN 171 (V); 

6. a Marconi Doppler navigational system; 

7. a Totem 2A VLF system. 

A Geometrics G-826 Base Magnetometer located at Pickle Lake 

was used to monitor the diurnal magnetic changes. 

The aeromagnetic gradiometer specifications are as follows: 

a) sensor separation - 3.09 metres; 

b) magnetometer sensitivity - 0.0089 nanoTeslas; 

c) sampling interval - 0.5 seconds. 

The Herz Totem 2A VLF E.M. Receiver measured the field 

strength of the total field and the vertical component of the 

quadrature of VLF Stations {Cutler, Maine) and NSS (Annapolis, 

Maryland), and was recorded to a sensitivity of 1% of the total 

field. 

3c. Production 

The flight line spacing over the block was 200 metres. 

Table 1 summarizes the kilometres flown during the survey 

operation. 
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Table 1 

Line Kilometres Flown 
Block Traverse Control Line Total 

A 653.0 52.0 705.0 

B 662.0 25.0 687.0 

c 42.0 4.0 46.0 

Total 1,357.0 81.0 1,438.0 

The survey was completed in 11 production flights. No days " 

were lost during the survey due to weather or magnetic storms. 

Products 

The following list are the products delivered by Questor to 

Geocanex Ltd. with four copies of the report: , 

1. four unscreened master photo mosaic, scale 1:20,000; 

2. four sheets of contours of the magnetic total field on a photo 

mylar base map, scale 1:20,000; 

3. four sheets of contours of the vertical gradient on a photo 

mylar base map, scale 1:20,000; 

4. four sheets of contours of the VLF total field on clear 

overlays, scale 1:20,000; 

5. four sheets of contours of the horizontal derivative of the VLF 

quadrature on clear overlays, scale 1:20,000; 

6. two colour plots of the total field, scale 1:50,000; 

7. two colour plots of the vertical gradient, scale 1:50,000 ; 

8. all data including 35 mm. film, flight, logs and analogue 

records. 
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3c. Survey Procedure 

During Lhe survey, the aircraft maintained a terrain 

clearance as close to 90 metres as possible. In areas of 

substantial topographic relief and large population, the aircraft 

height may exceed 90 metres for safety reasons. Navigation was 

accomplished with the aid of photomosaic flight strips and visual 

recognition. The crew also had the use of a Marconi Doppler 

electronic navigation system to complement the visual navigation. 

When the traverse line spacing exceeded twice the normal spacing 

interval over a 3.0 kilometre distance, the gap is ncrmally filled 

with in appropriately spaced fill-in line at a later date. 

The details of each production flight are documented on the 

flight logs by the equipment technician. Thr >gs include the 

survey times, line numbers and fiducial intervals, as well as a 

record of equipment irregularities and atmospheric conditions. One 

may refer to these logs in order to relate the flight path film to 

the geophysical data. 

During the course of the survey the following data were 

recorded: 

1. total field magnetics from both sensors at a scale compatible 

with conditions; 

2. magnetic gradient at a scale compatible with conditions; 

3. total field VLF from two transmitting stations {if adequate 

signal strength is available); 

4. quadrature VLF from two transmitting stations (if adequate 

signal strength is available); 
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5. a record of ^he ground terrain clearance as provided by radar 

altimeter? 

6. time markers impressed synchronously on the photographic and 

geophysical records to facilitate accurate positioning on 

photomosaics; 

7. a photographic record of the terrain passing below the 

aircraft as obtained from a 35 mm. camera; 

8. a fourth difference trace to measure the noise envelope of the 

magnetic gradient; 

9. ground base station magnetometer data. 

Magnetic Diurnal 

Diurnal variations in the earth's magnetic field had been 

recorded to an accuracy of + 1 nT using a base station equipped 

with a Geometrics G-826 Proton Precession Magnetometer. It was 

monitored continuously during the day for severe diurnal changes 

(magnetic storms). A variation of 10 nT over a 5 minute time 

period was considered to be a magnetic storm. During such an 

event, the survey would normally have been discontinued or 

postponed and the survey data would have been scrubbed. 

The base station magnetometer was set up at Pickle Lake 

where there was an absence of any cultural effects. 



3g. VLF E.M. 

Two VLF transmitting stations were used for this survey. 

These were NAA (Cutler, Maine) transmitting at a frequency of 

24.0 KHz and NSS (Annapolis, Maryland) transmitting at a 

frequency 21.4 KHz. The data for both stations were recorded but 

only the NAA data were contoured. The data of Block A, lines 

10100, 10110, 10120, 10130 and 11100, and of Block B, lines 

20105, 20157, 20430 and 20520 were not used in contouripg the VLF 

since the NAA station was off the air and the NSS data were only 

recorded. 
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DATA COMPILATION 

Data Recovery 

The flight path of the aircraft is recorded by a strip 

camera on black and white, 125AS.S 35mm. film which is exposed 

continuously during flight at a rate of 5 mm/sec. The apperture 

setting on the camera can be manually adjusted by the operator 

during flight, assuring the proper exposure of the film. The 

camera is fitted with a wide angle 18 mm. lens. Fiducial numbers 

are imprinted on the film, marked onto the analogue records and 

recorded digitally at the same instant. 

Flight line headings are flown in a race track pattern in 

which the line direction reverses every 10th line for 10 lines 

(i.e. 10 !•'••>.?.--. r,u north and 10 lines due south and so on). The 

naviu.)t;-i :'cf'?ro"c»!i <.:r J flight strips at a scale of 1:20,000 

wn-i'': ULC iT>ude from the ca„ „• p-aps. The eq ipment operator enters 

the fli'Mir d'-tails information into the oigii'jl data system which 

v̂i.i Accorded and verified (reari-afior-wi itei . "he information 

includes line number, time, fiducial r;.nge and other pertinent 

flight information. This information is compared to the film, 

analogue records and the magnetic basv station r̂ * -ding at the 

completion of the si;r"py flight. 

The film and ail records Tir<- developed, edited and checked 

at the completion of each flight. Recovery of the flight track 

ir. carried out by comparing tne negative of t he 35mm. film to the 

topographic features of the h^se :. jp. Coincident features are 

picked and plotted on e-^ct cop J?" of tl'.e stthle mosaic base m;-r> 

'.:ch the final results are dratted, 



® 
These procedures are performed on the survey site daily by 

the data technician so that the data quality and progress may be 

measured objectively. Reflights for covering navigational gaps 

and other deficiencies were flown at the end of the survey. 

4b. Flight Path Processing 

Accurate positioning of the aircraft flight track was 

accomplished by manually picking two points per line. These 

points were then digitized and transformed to a local ground 

metre co-ordinate system. The digital doppler data was then 

fitted to the manual recovery and points every 25 fiducials or 

12.5 seconds were extracted to complete the flight path. This 

flight path was then 'speed checked' by a computer programme to 

detect any possible errors. 

The flight path plots have the manual recovery points 

marked as dots and interpolated tick marks every 50 fiducials, 

with numbers plotted every 100 fiducials. 

4c. Total Magnetic Field Processing 

Ouestor uses a combined automatic and manual process. The 

tjaverse/control line intersections were determined by a computer 

•r .^ramme and tabulated in a master levelling file as fiducials 

c..:.H \-y positions. The two total field values for each inter

section, along with the altimeter values and local gradients, 

were extracted from the data base. The total field differences 

'..\::-.•>'• calculated and a tabulated printout was generated. 

The intersection differences were then analyzed manually 
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and adjustments were made to the control lines by entering the 

appropriate values in the levelling file. A graphical printout 

of the adjusted intersection differences was produced and 

analyzed. Once the levelling adjustments were finalized, they 

were applied to the profile data in the data base as sloping 

datums between intersections along the traverse lines. 

The levelled total magnetic field data were then gridded 

and contoured. The contour intervals are 10, 50, 250 and 1,000 

gammas. 

Gradient Processing 

There is a variable datum shift in the measured gradient 

due to a heading effect which is difficult to exactly compensate 

for. This shift is usually less than 1 gamma between the two 

magnetometres. Questor has dsveloped a unique computer method 

for removing this shift on a line-by-line basis without 

distorting the high frequencies or removing any of the low 

frequency information. In this process the high pass gradient is 

compared with the gradient on a record-by-recoro basis to 

determine the level shift for each line. This level shift is 

then removed from the gradient data. 

A second correction is applied to remove any horizontal 

gradient component in the measured gradient data resulting from 

pitching of the aircraft. The horizontal gradient was calculated 

from the total field measured from one of the sensors and the 

speed of the aircraft. The vertical gradient is then the 

measured gradient minus the horizontal gradient divided by the 
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sensor separation and the sine of the pitch angle. 

The corrected gradient is then gridded *nd contoured as 

two separate plots with positive value on one plot and negatives 

on another. The final maps are a base with positive contors in 

black and negative contours in white. The contour intervals are 

.025, 0.1, 0.5, 2.5 and 10 gammas/metre. 

4e. VLF E.M. Processing 

The VLF total field data has to be corrected for the drift 

of the strength of the transmitted VLF signal. This is achieved 

by calculating the mean every 200 data points and removing this 

as sloping datum. 

The vertical quadrature component was filtered to produce 

a smoothed estimate of the horizontal derivative. This procedure 

centres the anomalies over conductors and removes any drift. 

The VLF data were then gridded and contoured. The contour 

intervals for the total field are 2, 10 and 50% and for the 

quadrature are 0.02, 0.1 and 0.5% per metre. 
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INTERPRETATION! AND RECOMMENDATIONS 

Vertical Gradient/Total Field Magnetic 

The vertical gradient data is based on the difference in 

the measurement of total field between the two high sensitivity 

helium sensors. As a result of this process, the data is free 

from any magnetic diurnal activity (magnetic storms). Another 

advantage of the data in a contour form, is the relationship of 

the crossover points or zero level with geological contacts. 

These are described as being very accurate correlations for most 

steeply dipping or vertical geological bodies. When the 

lithology is somewhat shallow dipping or flat lying, then the 

zero levels are not coincident with the contacts but rather the 

latter are located down the flank (towards the negative peak). 

Depth estimates are much more accurate when using the 

vertical gradient data as opposed to the total field. Structural 

information, such as fault zones, are more accurately defined 

with the vertical gradient data. The offsets are much more 

sharper. 

The total field magnetic data was obtained utilizing the 

lower sensor on the aircraft. The strike of the geology is 

roughly northwest-southeast with some features striking 

northeast-southwest. High intensity magnetic features prevail in 

the southwest corner or of Block A. To the northwest, east and 

northeast of Block B another high intensity magnetic feature 

predominates as well as the southwest corner of Block C. Othar 

local magnetic features may be due to plugs of basic rocks or 

possibly sulphide iron formation. 
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Magnetic features displaying reasonable intensity 

responses are clearly defined on the vertical gradient nap. The 

major features are noticeably clearer but note the subtle 

vertical gradient anomalies. These are not clear on the total 

field map at all. There is no question of the high sensitivity, 

resolution and clarity of the vertical gradient map over the 

total field map. In areas of low magnetic intensity most 

vertical gradient responses are probably related to alteration 

zones within the felsic intrusives. 

It is suggested that with additional available geological 

and geophysical information, a very accurate geological 

perspective of the survey area, with the aid of this vertical 

gradient magnetic map, could be conceivably derived. 

VLF E.M. 

The VLF survey in the Muskeg Lake area revealed the 

precence of some long striking conductive bands that does not 

follow the glaciation trend but they coincide with the area 

magnetic trend in the survey blocks. The location of the axes of 

the conductive bands are determined by analysis of the total VLF-

E.M. contours where the conductor position is located at the peak 

response along each line separately. 

A quantitative estimate of the conductivity from VLF E.M. 

data cannot be reliably made, due to the strong influence of 

conductivity effects of related overburden and host rocks. 
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Generally, the VLF method is sensitive to conductive 

materials such as clay, and as a result, anomalies are commonly 

produced by lake bottom sediments and low swampy ground. In the 

meantime, the presence of such features does not guarantee that 

the conductor within the sandstone is less conductive relative to 

those conductors located on higher ground. The topographic effect 

may be recognized on the VLF data and would be expected to 

produce an anomaly characteristic of a poor conductor in a 

nonconductive ground. 

In the survey area (Block A, B and C), the conductors 

follow a main northwest-southeast trend. An east-west trend was 

also recognized for Block A, and northeast-southwest conductors 

were recorded as well for Block C. Some short striking 

conductors were also recorded in the survey blocks. 

In summary, the VLF is considered to be a sensitive method 

for the poor quality geologic conductors such as clays, some 

overburden and shear z^nes that need not be mineralized but 

contain some clay/silts or dissolved salts. This method can be 

used to identify the different conductors, while in the meantime, 

it cannot differentiate directly between an overburden conductor 

and a weak bedrock one. 

Respectfully submitted, 

QUESTOR SURVEYS LIMITED, 

Philip Salib, 
Geophysicist. 
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Aircraft Characteristics under survey conditions: 
Cruising speed 115 knots 
Range 5.5 hours 
Aviation fuel Avgas 100 
Gas consumption 45 gallons/hr. 
Oil consumption 2 quarts/hr. 

Engine hours remaining before overhaul: 
Left 1300 
Right 1800 
Centre 2000 

Ouestor's aircraft fleet includes two Skyvans, a DC-3 and a 

leased Bell 205A, all equipped with INPUT electromagnetic 

systems and proton magnetometers. 
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APPENDIX B 

EQUIPMENT 

Aeromagnetic System; 

Questor developed a vertical gradiometer system consisting of 

two optically pumped helium magnetometers contained in two 

rigidly mounted booms spaced three metres apart on either the 

nose or tail structures of the aircraft depending on the model. 

Questor aircraft have undergone extensive structural and 

electrical modification to minimize magnetic interference at the 

sensor locations. They have been used extensively in 

aeromagnetic gradiometer and high sensitivity total field 

aeromagnetic surveys and have proved to produce very good 

magnetic data. A sample of a gradiometer survey analogue is 

shown in figure B-l. 

Airborne Magnetometers 

Two identical Arco-Sinclair-Questor optically pumped helium 

magnetometers have an ambient range of 20,000 to 100,000 gammas. 

In the gradiometer configuration, the ambient range of vertical 

gradient measurement is in excess of +; 100 gammas/metre. 

The sensitivity of the instrument is 1/112 of a gamma or 0.0089 

gamma which has been achieved through improvement in the sensor 

and the depumping tracking loop. 
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In addition to its high Larmor frequency, the He magnetometer s 

relative freedom from orientation error is an attractive 

feature. Orientation is not required in higher latitudes and 

only single plane orientation is required in lower latitudes. 

Hisorientation up to 45 degrees does not cause any appreciable 

degradation of signal. 

The required radio frequency for the excitation of the lamp and 

cell is generated by a small transistorized transmitter located 

near the sensor. 

The generated signal travels' via a multiconductor cable to the 

electronic console in the aircraft cabin. The depumping 

frequency is supplied via the same cable to the sensor. 

Since the depumping frequency is a measure of field strength, i 

can be processed in several ways. Built-in electronic counters 

make the Questor magnetometers completely self-contained. The 

frequency can be extracted in BCD form as the raw Larmor 

frequency or converted to magnetic field units and recorded on 

data acquisition system. 

Generally, a more flexible method is used, in which the Larmor 

frequency is fed directly to special counters in the IFG Data 

System and scaling to any desired value, and conversion to 

analogue is performed through software operation. 
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The vertical gradient of the total magnetic field is measured at 

a sensitivity of 0.003 gammas/metre. Magnetometer readings and 

all other survey parameters are recorded at a 0.5 second sample 

rate. With an average survey speed of 120 knots, this 

corresponds to a sampling interval along the. ground of 

approximately 30 metres. 

Equipment required for the system; 

Electro optical detector assembly; 

Magnetometer elecrtronics console; 

RF Exciter; 

Frequency measuring device (data system) 

For a general description of the magneLometer see Figure B-2. 

The magnetometer consists of eight major components: 

1. an electro-optical detector head assembly (hereafter 

referred to as the detector); 

2. signal amplifier; 

3. phase detector and integrator; 

4. voltage controlled oscillator 

5. frequency counter; 

6. sweep generator; 

7. RF power source; 

8. ignition circuit. 
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The first four components comprise the resonance tracking servo 

loop. 

Detector: 

The detector (Figure B-3) operates on the principle of optical 

pumping of helium as described by Franken and Colegrove (Phys. 

Rev, 119,680 (1980)). It consists of a helium spectral emission 

lamp, a helium-filled absorption cell, an infrared detector, an 

optical system, and a source of RF energy to excite the lamp and 

absorption cell. 

Operation of the detector is dependent upon the ability of 

helium spectral omission radiation to orient the electron spins 

of the triplet metastable helium atoms. The orientation is then 

destroyed by the application of an electromagnetic field, the 

frequency of which is given by 

f0 - fl Ho 

where f is in Hz, Ho is in gammas, and g is t><* gyronv-.gnetic 

ratio of the helium atom. For helium, g_ 
2TT 

is 28.02356 Hz per gamma. 

Orientation of the electron spins may be better understood by 

referring to Figure B-4 which shows the helium energy levels of 

interest in the magnetometer. In the presence of a weak 

magnetic field, each energy level is split into various 
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sublevels. Transitions between 2 p and 2 S levels can occur 

only between certain sublevels. Atoms in the absorption cell 

are excited to the 2 S level by applying a weak RF electric 

field. In this weak magnetic field, 2 S level is split into 

three Zeeman sublevels. These sublevels correspond to electron 

spin orientations parallel, anti-parallel, or perpendicular to 

the magnetic field. In the absence of pumping radiation, the 

3 
excitation to the 2 P levels and the subsequent return to the 

2 S level are entirely random. The population of each sublevel 

of the 2 S level is therefore approximately equal. 

The application of pumping radiation from a bright helium 

spectral lamp increases the probability of transitions between 

certain sublevels. If the pumping radiation is circularly 

polarized, the transition probability is further limited to 

fewer sublevels. In other words, circularly polarized pumping 

radiation pumps the atoms into P sublevels which decay to a 

particular S sublevel; for example, the M = +1 sublevels. 

Optical pumping creates population unbalances in the three 

sublevels and therefore, a spin system orientation. Application 

ot =*n electromagnetic field of the proper frequency and 

perpendicular to the steady field, destroys the spin orientation 

and increases the light absorbing ability of the absorption 

cell. 

This change in the light-absorbing characteristics of the helium 
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sample allows the construction of a sensitive magnetometer. 

Magnetic Compensation: 

Active compensation of each magnetometer are accomplished by 

employing two CAE Industries Ltd., AN/ASA-65 9 Term 

Compensators. These are used in conjunction with a CAE 

Compensation Group Adapter which greatly simplifies compensation 

procedures, reduces compensation time and allows the quality of 

compensation to be easily kept to high standards. The 

compensating currents in the compensator's output coils are 

displayed on six analogue metres and are constantly monitored by 

the technician to ensure proper operation. 

Airborne Magnetometers Summary 

Airborne Arco-sinclair-questor Helium Magnetometers 

Serial Numbers 1981-2, 104-1982 

Readout - digital 

Larmor frequency to data system 

Range - 20,000 to 100,000 gammas 

Sample rate - 0.5 seconds 

Placement - Inboard 

Quantity - two 
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APPENDIX C 

VLF E.M. System 

A Herz Totem IIA, two channel VLF E.M. receiver is used to 

provide VLF E.M. information. The VLF sensor coils are mounted 

inboard, in the tail boom of the Trislander. Total field and 

quadrature field strengths of both the line and ortho VLF 

stations were recorded to a sensitivity of 0.1% of the total 

field. 

Totem 2A VLF Electromagnetic Airborne System 

The Totem-2A measures basically the same parameters and shares 

the same package configuration as the well established Totem-lA. 

The Totein-2A employs state of art digital and linear integrated 

circuits to implement the functions of crystal controlled phase 

locked loop frequency synthesizers, dual S-equency heterodyne « 

conversion and proprietary time domain sampling vector 

computation techniques. 

Features : 

The principal parameters measured are the change in total field 

and the vertical quadrature field. Parameters also available 

are the total field gradient (from sensors in two locations) and 

the horizontal quadrature field. The quadrature polarity is 
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defined by the direction of flight relative to the field. The 

total and quadrature magnitudes are insensitive to sensor 

orientation in pitch, roll and yaw. 

One obvious advantage of dual frequency operation is that 

primary sources can be selected to ensure good coupling with 

conductors of any orientation. Potential uses of the gradient 

mode are enhanced interline contouring and delineation of 

multiple conductors with horizontal and vertical gradient, 

respectively. 

Primary source: 

Parameters measured: 

Frequency range: 

Sensitivity range: 

VLF signal bandpass: 

Adjacent channel 
rejection 

Magnetic field component radiated 

from VLF radio transmitters {one or 

two simultaneously); 

Total field, vertical quadrature, 

horizontal quadrature, gradient; 

15kHz to 25.0kHz front panel 

selectable for each channel in 100Hz 

steps; 

130uV m to lOOmV m at 20kHZ , 3dB down 

at 14kHz and 24kHz; 

-3dB at +80Hx, 4% variation at +50Hz 

300 to 800Hz = 20 to 32dB, 800 to 

1500Hz = 32 to 40dB, >1500Hz >40dB 

(for >2% noise envelope); 
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Out of band rejection: 

Output span: 

Output filter: 

Trternal noise: 

Sferics filter: 

Electric field rejection: 

Controls: 

Displays: 

Inputs: 

Outputs: 

lOkHZ to 2.5kHz - 5xl0~4A m to 5 x 

10-1A m <2.5kHz rising at 12dB octave 

30kHz to 60kHz = 5 x 10_4A ra to 8 x 

10 A m >60kHz rising at 6dB octave 

(for no overload condition); 

+ 100% = + 1.0V 

Time constant 1 sec for 0 to 50% or 

10% to 90%, noise bandwidth 0.3 Hz 

(second order LP); 

1.3uV m rms (ambient noise will 

exceed this) 

Reduces noise contribution of impulse 

interference; 

<0.5% error for 20 m tow cable; 

Power switch, frequency selector 

switches (line and ortho) levels 

controls (line and ortho), metre 

switch (total quad) sferics filter 

swi ten; 

Metres (line and ortho), sferics 

light, overload light 

Power, 23 to 32 Vdc fused 0.5 Amp. 

Signal, Sensor upper, Sensor lower; 

Total, quad, gradient, multiplexed 

(line and ortho), audio monitor, 

stereo line and ortho; 
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I 

I 
I 
I 
I 
a 
i 

Dimensions and weight: Console 19" rack mounted, 4.5 cm high 

x 34 cm deep, 3.8 kg. Sensor and 

pre-amplifier assembly 15 cm dia. and 

46 cm long 1.5 kg. 

I 
1 
I 
s 
I 
a 

Airborne VLF E.M. Receivers 

Manufacturer 

Model 

ial Numbers 

Displays 

Resolution 

Herz 

- Totem IIA 

- 1203310 and 190411 

analogue to data system 

continuous analogue - approximately 0.1% of 

total field 
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VLF Station Information Summary 

Call Letters Station Name & Location 

NAA Cutler, Maine, USA 
44 39'N 67 17.W 

NLK Seattle, Washington, USA 
48 12'N 122 55'W 

NSS Annapolis, MD, USA 
38 59'N 76 27'W 

NPM Lualualei, Hawaii 
21 2b'N 158 09'W 

NWC Holt, Australia 
21 49'S 114 10'E 

NDT Yosami, Japan 
34 58'N 137 01*E 

GBP. Rugby, England 
52 22'N 1 ll'W 

FUO Bordeaux, France 
44 55»N 00 48'W 

UMS Moscow, USSR 
55 49'N 37 18'E 
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U.S. Navy VLF Weekly Maintenance Schedule 

NDT (17.4 kHz) 2300 to 0900 UT first Thursday-Freiday of month 

2300 to 0700 UT all other Thursday-Fridays 

NAA {24.0 kHz) 1200 to 2000 UT/testing 2000 co 2200 UT each 

Monday. If holiday falls on Monday, maintenance 

will be performed on preceding Friday. 

NSS (21.4 kHz) 1200 to 2000 UT/testing 2000 to 2200 UT each 

Tuesday 

NWC (22.3 kHz) 0000 to 0800 UT each Monday 

NPM (23.4 kHz) 1800 to 0400 UT last Wednesday-Thursday of month 

1800 to 0200 UT all other Wednesday-Thursdays 

NLK (24.8 kHz) 1600 to 2400 UT each Thursday 

During daylight saving time, 1500 to 2300 UT 

each Thursday 

C-6 



APPENDIX D 

POSITIONING AND ASSISTNG INSTRUMENTS 

Altimeters 

A Honeywell APN-171, zero to 5,000 foot Radar Altimeter is used 

to provide height above terrain information. The height is 

recorded to an interval of one foot. 

A Rosemount 1241M282 Barometric Altitude Transducer is used to 

measure pressure altitude above sea level at an interval of one 

foot. 

Electronic Navigation System 

The Marconi APN-208/CMA-708/C Doppler Radar is used as the 

electronic navigation system. 

The system consists of three major components: 

the transceiver antenna unit; 

the signal data converter; 

the cockpit display unit. 

The CMA708/C is of solid-state design and fully operational 7 

seconds after "turn-on". A sophisticated self-test does a 

comprehensive overall performance evaluation for a high level of 

operational confidence prior to takeoff. The design of the 

system optimizes low speed performance in the ground speed 

envelope that survey aircraft ooerate in. 
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Up to 70 nonvolatile waypoints can be stored and rapid updating 

of position is possible in several forms and are pilot 

selectable. 

Three grid formats: 

longitude and latitude; 

worldwide alphanumeric UTM; 

arbitrary grid. 

Positional, as well as attitude information is available for 

digital recording. Ground speed information is utilized to 

control the chart speed of the RMS Recorder, where also the 

cross-track is recorded in analogue form. 

Signals representing cross-track, offset distance to go, track 

error angle, and deviation from survey altitude are combined in 

a pilot's steering indicator, permitting the pilot to extract 

all information require; ^o fly a survey line from a single 

instrument. 

Heading information to the Doppler is provided by a Sperry C-12 

Gyro Compass. Attitude information, required to refine 

positional calculations is obtained from a Collins Vertical 

Reference Gyro. 

The CMA708/C is a fifth generation system and represents 

state-of-the-art Doppler Radar at this time. 

D-2 



The Doppler provides precise steering information to the pilots 

as well as Along Track and Cross Track information to be 

recorded. Its accuracy is better than _+ 45 metres. 

The Doppler ground speed information is used to control the 

analogue recording chart speed proportionately at a scale of 

1:33,000 (3 cm. of chart for 1 kilometre of ground coverage). 

This provides analogue charts which were independant of ground 

speed and wind variations. It also controls the proportionate 

speed of the tracking camera to simplify path recovery. This 

helps to simplify path recovery. 

Flight Path Camera 

A Carl Mark 8 35 mm. strip camera with electronically generated 

LED fiducial is employed as the tracking camera. The film speed 

is chosen to provide easy recognition of ground features. 

Data Acquisition System 

For acquisition of the survey data, the IFG Company Data I 

system is provided. This very flexible system based on a DEC 

11/23 microcomputer provides reliable read-after-write tape 

verification, onboard processing of recorded data, and a 

flexible interface with the RMS GR33 Chart Recorder. 

Survey data are stored on reel-to-reel 9 track digital tapes. A 

9 track digital tape deck which has been modified and 
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extensively tested to produce minimum magnetic interference to 

the magnetometers during tape movement is used. 

Full read-after-write verification is provided by the Data I. 

If a block of data is written incorrectly, numerous retries are 

performed. If, finally, the data cannot be properly recorded, 

the Data I shuts down and notifies the technician. No missing 

data can go unnoticed. 
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Summary of the Digital Data Recorded 

(airborne data recorded every 0.5 seconds) 

1. Mag total field upper sensor; 

2. Mag total field lower sensor; 

3. Vertical magnetic gradient; 

4. Fourth difference - upper sensor; 

5. Fourth difference - lower sensor; 

6. Fourth difference - vertical gradient; 

7. VLF E.M. line total field; 

8. VLF E.M. line quadrature; 

9. VLF E.M. ortho total field; 

10. VLF E.M. ortho quadrature; 

11. Radar altitude; 

12. Barometric altitude; 

13. Doppler long track; 

14. Doppler cross track; 

15. Loran-C latitude; 

16. Loran-C longitude; 

17. Aircraft heading; 

18. Aircraft roll angle; 

19. Aircraft pitch angle; 

20. Time; 

21. Fiducials. 
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Header Records (recorded every 12 data records) 

1. Project number; 

2. Aircraft registration; 

3. Date; 

4. Flight number; 

5. Area number; 

6. Line number; 

7. Line segment number; 

8. Line direction. 

Analogue Chart Recorder 

In flight analogue records are produced on an RMS Instruments 

GR33 Chart Recorder. The GR33 along with IFG Data I provides 

complete "in field" flexibility of which parameters are 

displayed along with what sensitivities and chart positions 

are used for each parameter. This allows modification of the 

analogue display under varying geologic conditions to provide 

the best visual presentation. 
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Analogue Traces Presented to Technician 

1. Magnetic total field - high sensitivity (upper); 

2. Magnetic total field - high sensitivity (lower); 

3. Magnetic total field - low sensitivity (upper); 

4. Magnetic total field - low sensitivity (lower); 

5. Magnetic total field fourth difference (upper); 

6. Magnetic total field fourth difference (lower); 

7. Vertical gradient (coarse); 

8. Vertical gradient (fine); 

9. Vertical gradient fourth difference; 

10. Radar altitude; 

11. Barometric altitude; 

12. VLF E.M. line total field; 

13. VLF E.M. line-quadrature; 

14. VLF E.M. Ortho total field? 

15. VLF E.M. Ortho-quadrature; 

16. Dopfc ~er cross track; 

17. Aircraft roll angle (if desired). 

Other information contained on chart: 

1. Time, date; 

2. Fiducials; 

3. Line number; 

4. Project number; 

5. Flight number; 
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SUMMARY OF THE ASSISTING INSTRUMENTS 

Airborne Data Acquisiti- Systems ; 

Manufacturer - IFG Company 

Model - Data I 

Serial Numbers - 3889, 280151 

I 
I Airborne Analogue Chart Recorders: 

Manufacturer - RMS Instruments Ltd. 

Model - GR33-1 

Serial Numbers - 8203020, 8209033 

Positioning Camera; 

Manufacturer - Carl-Questor 

Model - MK8 

Serial Number - 1978-1 

Continuous sf.-ip, Doppler speed controlled, electronically 

generated LED Fiducials 
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Compass 

Manufacturer - Sperry 

Model - CI 2 

Serial Numbers - 8252001, 2852 

Outputs - Synchro to Doppler 

Pilot's compass indicator 

Analogue to data system 

Altimeters: 

Manufacturer - Honeywell 

Model - APN 171 0-5,000 feet 

Serial Number - 7-A544 

Outputs - Pilot's indicator 

Analogue to data system 

Manufacturer - Rosemount 

Model - 1241M282 

Serial Number ~ 188 

Outputs - Analogue to data system 

- 0-10,000 feet 
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