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GENERAL NOTES O'N 

AIRBORNE MAGNETIC 

AND 

KEM AIRBORNE ELECTROMAGNETIC 

SYSTEMS 

A .  E Q U I P M E N T  

The proton precession magnetometer and KEM electromagnetic system 

a r e  the pr imary  instruments employed in this a i rborne magnetic and electro- 

magnetic survey. 

an intervalometer-fiducial numbering system and a light beam recorder .  

Ancillary equipment consists of an  a l t imeter ,  a f rame camera ,  

1 )  Proton  Magnetometer 

A Varian 4937A airborne proton precession magnetometer i s  used to  

record the variations in the ear th 's  total magnetic field. 

The proton f r ee  precession magnetometer operates on the principle of 

nuclear magnetic resonance to produce a measurement  of the ear th 's  total  

magnetic intensity, i .e.  , the scalar magnitude of the ambient field. 

proton magnetometer sensor ,  a uniform magnetic field is created by passing 

a few amperes  of cur ren t  through a coil about a small volume of proton-rich 

(hydrogen nuclei) hydrocarbon fluid such as kerosene. The spinning protons 

ac t  as smal l  magnetic dipoles and align themselves with the applied field. 

When the field is removed, the protons p recess  in phase about the direction 

of the ear th ' s  field at a ra te  proportional to the total magnetic intensity. This 

ra te ,  o r  La rmor  precession frequency, is de-termined by the value of the 

gyromagnetic ratio of the proton (23.4874 gammas p e r  Hz) which is an atomic 

constant known to an  accuracy of 7.5 par t s  pe r  million. 

frequency is independent of the direction of the spins with respect to the ear th ' s  

In the 

The precession 
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field; only the signal amplitude var ies ,  being maximum when the spins a r e  

normal,  and zero  when they a r e  parallel  to the direction of the ear th 's  magnetic 

field. 

The precession signal is induced by the motion of the precessing 

protons in the same coil used for polarizing the sample. Thermal  agitiation 

causes the signal to  decay in a few seconds f rom its peak value of a few tens 

of micro-volts.  The frequency of the precession signal, as determined by 

the gyromagnetic ra t io ,  is approximately 0.04 Hz p e r  gamma, o r  between 

1250 and 3400 Hz, corresponding to  an approximate range of 3 0 , 0 0 0  to 8 0 , 0 0 0  

gammas in the ear th 's  magnetic field. 

This instrument has a sensitivity of one gamma when pulsed at one 

second intervals. 

the absolute value of the ear th 's  magnetic field and is a lmost  completely f r ee  

of drift o r  variations due to  temperature  o r  environmental changes. 

The proton magnetometer has  the advantage of reading 

2 )  Kilocycle Electromagnetic System 

Electromagnetic prospecting i s  based on the measurement  of fields 

induced in buried conductive bodies by a pr imary  alternating electromagnetic 

field, 

The McPhar airborne KEM (Kilocycle Electromagnetic) system employs 

the V L F  radio stations operating in the 1 5  t o  30 kilohertz frequency band as a 

source of pr imary  field. 

radiation is  trapped in the earth-ionosphere waveguide and has  an approximately 

horizontal magnetic field vector of a lmost  constant amplitide. 

will dis tor t  this horizontal field and often change the amplitude of the received 

signal. 

field in degrees ,  as well as the relative field strength and may be regarded as 

a vertical  loop sys tem with the t ransmi t te r  located at infinity. 

character is t ics  such as geometry and depth can be estimated f r o m  the amplitude 

and shape of the dip angle and field strength profiles. 

At large distances,  f rom these t r ansmi t t e r s ,  the 

A conductor 

The McPhar  KEM sys tem measures  continuously the dip of the resultant 

Conductor 



- 3 -  

B. D A T A  R E C O R D I N G  & C O M P I L A T I O N  

A light-beam recorder employing a photo-sensitive paper is used to 

High- sensitivity galvanometers give almost instantaneous record the data. 

response to the incoming signals and the recorder time lag is essentially zero. 

The recorder normally employed i s  the 14 channel Honeywell Visicorder. 

With the actual flight record oriented s o  that the fiducial numbers 

increase from left to right, the 5. 7 inch t race width has been divided by 15 

major grid lines with zero at the bottom and 15 at  the top. 

divisions a r e  in turn divided by five division lines which appear as  lighter 

lines on the chart. 

a r e  identified as  follows: 

These major 

Except where noted on the individual records,  the t races  

1 ) Magnetometer 

The magnitude of the earth's total magnetic field is recorded on both 

a fine scale (0  t o  200 gammas) and a coarse scale ( 0  to 2000 gammas). 

scale is  adjusted to provide a full scale deflection of ten major units on the 

recording chart. 

usually centred on grid Line 3. 

positions can be checked from the flight calibrations. Since the value of the 

earth 's  magnetic field is a five digit number, the operator records the value 

of the f i rs t  two digits on the flight report. 

Each 

The position of the fine and coarse scale zero lines a r e  

The exact zero and full scale deflection 

2 )  KEM System 

The dip angle t race  and relative field strength a r e  recorded continuously 

on the analogue s t r ip  chart. 

deflection (crossover) in the dip angle t race and a noticeable increase in the 

amplitude of the relative field strength normally indicates a conductor. 

A positive increase followed by a negative 

The zero degree field angle t race is usually centred on grid Line 5 while 

the relative field strength is recorded below the dip angle trace.  

, 
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111) Fiducials 

Fiducials a r e  indicated by vertical  lines appearing at the bottom 

of the chart. 

every tenth fiducial. Each fiducial marking corresponds with a camera  f rame , 

s o  that the tracking film can be correlated with the data recorded on the chart. 

These l ines a r e  interpreted by a reversed  marke r  to indicate 

IV) Altimeter 

The trace appearing ac ross  the upper portion of the chart  is a monitor 

of t e r r a in  clearance. The al t imeter  scale is non-linear. A calibration scale  

fo r  this t race  is recorded for  each flight. 

C. D A T A  P R E S E N T A T I O N  

1)  Magnetometer Results 

The magnetic data a r e  presented in contour form. The contours 

represent  lines of equal intensity of the ear th 's  magnetic field. 

interval of 20  gammas has been used where the gradient of the ear th 's  

magnetic field permi ts .  

A contour 

2 )  KEM Results 

The le t te rs  "A", c l B f c  and "C"  a r e  generally used t o  indicate the 

An "A" category anomaly would shape of the recorded dip angle t race .  

indicate a distinct crossover  with a relatively high peak to  peak amplitude, 

whereas a ltBlf category anomaly indicates a l e s s e r  response such as that 

expected f rom a source at depth. 

may be questionable, i.e. possibly due to  swamps,  conductive lake bottom 

sediments,  cultural noise, o r  topographic effects. The peak to  peak amplitude 

of the dip angle t r ace  is recorded. 

amount of deflection that represents  1 degree) the amplitude indicated on the 

final map is always in degrees.  

The 'lC" category anomalies a r e  those that 

Regardless of the sensitivity ( i o e .  the 
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