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McPHAR GEOPHYSICS 

V 

GENERAL NOTES ON 

VERTICAL- LOOP 

ELECTROMAGNETIC PROSPECTING 

1.  T H E O R Y  

The field lines about a magnetic dipole (e .  g. ba r  magnet) follow 

the f o r m  of donut-shaped shells.  F i g .  1 shows a cross-sect ion of one such 

shell. All f l u x  lines pass through the dipole axis a t  the centre  and form 

approximate ellipses which have a length/width ra t io  of 1 .3 .  

When a magnetic dipole oscil lates,  an electric field i s  generated 

which is orthogonal to the magnetic flux l ines.  Thus electr ic  cur ren ts ,  

commonly called "eddy currents" ,  a r e  induced in any sheet-l ike conductor 

which is penetrated by the alternating magnetic flux l ines.  The eddy cur ren ts  

form la rge  c i rc les  in the conductor and in turn  produce a secondary alternating 

magnetic field which opposes the pr imary  inducing field. 

If the conducting sheet  i s  relatively la rge  and thick, with high con- 

ductivity and magnetic permeability, the secondary electromagnetic field will 

be  strong enough to appreciably dis tor t  the pr imary  field. 

capable of measuring the spatial  distortions in  the field can thus be  used to 

locate conductors. 

An instrument 

One possible coil configuration is shown in  Fig. 2. 

2. F I E L D  P R O C E D U R E S  

There  a r e  three  common field procedures which a r e  used in con- 

ventional vertical-loop prospecting . 
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Equipotentials satisfy x 2  = c(x2 + y2)3 

Flux lines satisfy x = f  (ky% -y2)'/2 and - dx - - o a t y = + d x  
dY 
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' 1 )  In-Line Method 

This method is used for  reconnaissance only, on lines which a r e  - 
widely-spaced o r  where there  a r e  no l ines a t  a l l  ( a s  in the initial follow-up of 

a i rborne  E,M anomaI.ies*) . The t ransmi t te r  and receiver  follow l'in-1inel1 
I 

along t r ave r se  lines which should be oriented a t  45"  to the suspected s t r ike 

of the,conductor.  If the lines a r e  exactly perpendicular, there  wi l l  be l i t t le 

o r  no dip angle response over the zone. 

Depending on relative position of the instruments ,  the direction of 

t rave l  and the strike of the conductor, the in-line anomaly can be either 

positive or  negative. As shown in Fig. 3 ,  the peak response occurs  when 

the t ransmit ter  is direct ly  over the conductor, and in this case  the dip 

angles a re  positive. 

of 45", the profile would be  negative, since the dip angles would a l l  be to 

If the conductor were  a t  1 3 5 "  to the s t r ike  instead 

the north. 

2 )  Broadside Method 

This m'ethod is comnionly used for reconnaissance on a well-cut grid.  

The t ransmi t te r  and receiver  move i n  co-ordination down adjacent paral le l  

l ines.  Since a l l  The typical response over a conductor is shown in  Fig.  3 .  

data sheets  a r e  drawn with west o r  south on the left,  all bona fide anomalies 

(corresponding to "bumps" in the EM field) a r e  indicated by "cross-overs"  

which go f rom positive on the left to negative on the right. A "reverse  

. cross-over"  which is negative on the left and positive on the right does not 

indicate an  anomaly. Instead it corresponds to a "valley" in  the EM field 

which possibly l ies between two conductors. 

. . . .. . . .  - .  .. . -. .. . . . . - -  
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3 )  Set-Up Method 

This method is used for "detailing" or  obtaining maximum information 

about a conductor. 

is  oriented perpendicular to  the receiver  a s  it follows the t r ave r se  line across  

the conductor. As  shown in Fig. 3 ,  the dip angle anomaly is  considerably 

broader  than that for the broadside configuration. 

mi t te r  stays above the conductor in a position of maximum electromagnetic 

coupling a s  the receive.r makes the t raverse .  

t ransmit ter  is  maximurn-coupled with the conductor in only one position, 

usually where the dip angle is  near  the point of c ros s  -over.  

t ransmi t te r  and receiver  a r e  two stations away, the t ransmi t te r  coupling 

with the conductor is  very  smal l  and the dip angle response negligible; thus 

there  is often only one strong anomalous reading on each side of the zone. 

Conversely, with the set-up method, the coupling between the t ransmit ter  

and conductor s tays  relatively constant throughout the receiver traverse. 

Thus the anomalous dip angle profile i s  broader  and m o r e  character is t ic  

of the dip and depth of the source.  

The t ransmit ter  is positioned over the conductor axis and 

This i s  because the t r ans -  

In the broadside method the 

When the 

The same  comments apply for the set-up method a s  well a s  the 

broadside method on the interpretation of "true" and "reverse"  c ross -overs .  

"Reverse" c ross -overs  m a y  a r i s e  between two conductors but do not them- 

selves indicate anomalies. 

As a fur ther  aid to interpretation, two frequencies a r e  usually used 

during a vertical-loop survey. 

upon the frequency of the electromagnetic field as well as its conductivity, 

magnetic permeability, thickness and s ize  ( in  relation to  the coil  separation).  

The response parameter  of a conductor depends 

P I  

. .. 
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Consequently, by varying the frequency, an est imate  can be obtained of the 

other parameters .  The following is a "rule of thumb" guide for  estimating 

conductivity: 

1000 ,cps res.ponse Conductivity 
5'000' cps response 

0 .9  to 1 .0  excellent 

0 .7  to 0 .9  good 

0.4 to 0 .7  

l e s s  than 0 . 4  

mod e rat e 

poor 

Typical Sources 

mass ive  sulphides , graphite 

fracture-fi l l ing sulphides , 
graphitic schis ts  

fault zones,  shea r  zones,  clay 
overburden, disseminated 
sulphides 

lake bottom sediments , swamp 

Another es t imate  of conductivity can be  obtained f rom the "width of null" 

of the operator 's  measurements .  

lag behind the inducing field. 

secondary field in a different direction f r o m  the pr imary  field at a time when 

the p r imary  field i s  zero.  

Poor conductors have eddy cur ren ts  which 

These eddy cur ren ts  produce an "out-of-phase" 

Thus there  i s  no orientation of the receiving coil  

that  wi l l  r e su l t  in a complete null of the incoming signal. 

the rece iver  m u s t  be  rotated through to obtain a rioticeable increase  in signal is  

called the fhu l l ' l  and i s  an  additional m e a s u r e  of the response parameter  o r  

The number of degrees  

I 

conductivity . 

3 .  O R I E N T ~ A T I O N  E R R O R  

There  is only one ma in  source  of e r r o r  in vertical-loop dip angle 

measurements  (as ide  f rom reading e r r o r s  when the signal is ve ry  weak, or  

when there  is l a rge  out-of-phase response) .  On perfectly flat  ground'the 
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t ransmi t te r  axis does not have to  be kept absolutely perpendicular to  the 

direction to the rece iver .  The dipole field is horizontal  when both coils a r e  

in  the s a m e  plane. However, when the survey is i n  rough topography and 

the receiving coil is above or below the t r ansmi t t e r ,  any depar ture  of the 

transmitt ing coil  f rom the perpendicular direction to the receiver  will resu l t  

in  a fictitious anomalous dip angle. Fig. 4 shows the dip angles to be  expected 

f rom various orientation e r r o r s  and elevation differences. 

a misorientation of 1 5  degrees  and an elevation difference of 10  degrees  wi l l  

result in a dip angle reading of 9 degrees .  

It can be seen that 

Since few conductors have excellent conductivity, orientation e r r o r s  

m a y  be  suspected when the anomalous measurements  a r e  the same for  both 

frequencies.  
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conductivity is moderate on Line 1 18W end Line 1 1 OW 

Zone D 

Zone D extendas from Line IlOW, where it ipI uncertain, to Line 

102W. where it i8 again uncertain, TAe apparent conductivity ie goad. 

An ieolated strong anomaly on Line 102W at 38t50 South reflects 

pi conductor with taxcdsplont conductivity which has no strike length to &e 

west but which might polaeiblg extend eeatwar8; it ita difficult to interpret 
- 

the In-line B U W ~ Y  at thie point OP Line3 98W. 

4, COMC LUSIQNS A N D  R E C O M M E N D A T I O N S  

A very otrong, shallow conductor of poor conductivity wap~ located 

by a M c P b r  In-line electromagnetic survey, then subsequently confinned 

using tb %mt-up” method. The survey grid W%IJ then detailed using the 

broadside EM method and the Zone A conductor tnma extended. Three 

ac7tc%ithi&&l eone@ were indterprleted from the results of the ~ U I V % ~ .  
LlJ 

Zone A and Zone 33 should both be ternrted on L b e  118W, The 

following drill hole locationa are rsuggestedr 

Zone A ZL 45O hole, drilled south from 38 South to test the conductor 

-der 394-50 South, 

Zone 8 a 4So hole drilled piouth from 42+75 South to reach the conductor 

43t2S South, 

If the ses~ullta, of the drilling are encouraging, the meet interesting 

EM gaamaliee should be checked by (UI hduced Polarimtion and Resistivity 

~urvaty to better locate cad d d h e  the B Q U ~ C ~  or ~ourceilt ab the anomalies, 

It ehould be noted that dfa~~enninatd minerdieartion con be located by IF but 

not by EM. 
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