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Abstr;)ct 

/ 

DimensionaJ analysis ls applied to the electromagnetic 

oroblem of a sheet-like conductor of finite dimensions and 

- conductivity in order to reduce the nurnber of 'variable 
.. 

parameters associated with the secondary electromagnetic 

field. Through model work the rpla ti ons among these 

parameters arp lnvestigated with'horizontal loop EM system~ 

by varying the thickness, depth, depth extent, conductivity 

and dip angle, to make a set of master curves for interpretation 

of field results 

, In order to establish the usefulness of these master 

curves, field data from several areas in Saskatchewan and 
• '1 

Quebec were interpreted by this method and the results compared 

" to those obtained from standard characteristic curves. The 
/' 

method i~ also apulieà to the results from three other surveys. 

ù 

, 



e. 

". 

, 

Interpretation of the Horizontal loop EM • -
Survey with Multiple Separation 

, by 

Kwang-Kook Kim B,Se. in Eng. ' 

.. 
o 

A thesis submitted to the Faculty of 
Grauate Studies and Research in partial 
fulfilment of the requirements for the 
degree of Master of Science. 

Department of Mlning 
and Metalurgical Engineering, 
McGill University, 
Montreal, quebec, Canada 

June, 1913 
" 

Kwang-kook Kim 1974 
1 



\ , 

Acknowledgements 

r 

l am indebted to sorne fellow gradua te students 

who answered my questions, and this thesis reflects 

strongly the $ugges~ions made by them. In particular, 

l wish to acknowledge the financial support made by the 

National Research Council of Canada, during the period 
r 

Septemb~r, 1971 to April, 1973. The author is gratefuL 

to Dr. W. M. Telford who led me by endless suggestion 

and discussion to make this thesis. l thank T - R Yu 

and Russell Parrott who prepared the experi.ental , 

equipment and gav~ helpful suggerstions for the experiMental 

work. l express my thanks to my wife, Chung-Ja, and 
o 

my daughter, Grase, for encouragement and patience for 
fi. 

my work. l wieh my wife could have the degree which ie 

sought by this thesie : 



-

,-

/1 

f 

'" 

l 
Table of Contents 

Chapter 1'. c' Introduction 

Chapter 2. 

Chapter Jj~ 

Dimension8~ Ana1ysis Qn EM 
'Respônse over Tabu1ar Dipping . 
Boq.y 

EM Response over Thin Sheet of 
Infini te Conducti vi·ty , 
1 

C'hapter 4. 'Model Work 

1. Introdoctioh 
• Î 

2. Discussion of the Resu1ts ~ 

" -, 

(" --'" / 

A~ ~seudo ~ectio~s of In-phase Response 

1) Variation of Depth Extent 

2) 'Varia tl-on of Conducti vi ty 

3). Variation"'o,f Depth c). ."" ' 

4~Variation of Thi~knes~ 
B. ctions Qf Out-of-phase Response 

1) Variatio. of D~th Extent 

2.3.4) Variation of Conductivlty, 
Depth and Thickness 

C. Pseudo Sections of Magnitude 

Chaptel' 5. Preparation of CharacteristiC 
Curves • 

1. 6= 9(f • The Effect of d on H(l/s)' - s/l 

2. 6: 90· • The Effect of 0' on H(l/s)' - s/l 

J. ,- 90· , The Effect of t on H(l/s)' - fil/1 
{ 

1 
1 

5 

11 

25 

25 

27 

'28 

28 

JO 

JO 

JO 

J1 

Ji 

32 

J2 

40 . 

40 

47 

48 

'" 

.; 

... ' 

-.; 
>, 



e, 

1 • 

" 

. ) .... ~ 

'-, 4. (J = 90 • The Effect of 1 on H(l/s)- - s/l 

5. The Effect of 8 on H(l/s)- - s/l 

Chapter 6. Field Work 

1. Introduc tion 

2. Geophvsical Surveys 

~A. Hicks Island, Saskatchewan 

1) Location and General Geology 

2) Geophysica1 Results 

a) Claim "'Line 

b) L-30S 

B. Uranium Valley, Saskatchewan 

1) Location and General Geo1ogy 

2) Geophvsical Results 

C. Demera Creek, Ouebec 

1) Introduction 

2) Geonhvsical Results 

'~ Chapter 7. Application of the Method to Other 
Resul ta 

1. Gavendish, Onta~io 

2. tângse1e Ore, Sweden 

J. Kedtrask Pyrite Ùrebody, Sweden 

Chapter 8.( Conclusion 

Appendix A. Ca1culation of F(s,d) at Various 
Depths 

50 

51 

63 '" . 

63- .... -r. 

64 1/ 64 

64 

65 

69 

79 

89 
" 

89 

89 

97 

97 

99 

108 

108 

112 

116 

121 

127 



ü 

/ 

Appendix B. ·Ca1culation of H(l/s)' - sil 
Various dl1 

at 

Appendix C. Vertical 

Appendix D. Vertical 
phase 

Appendix E. Vertical 

Bib1iography 

-. 

o 

Pseudo 

P-seudo 

Pseudo 

..,., 
" 

Sections 
.. A 

Sections 

Sections 

,- ... \ -

of In-phase 

of Out-of' 

of Magnitude 

( 

135 

145 

158 

171 

184 



5, 

Table of Illustrations 

. 
The Horizontal Loop Survey System 

. ~ 
6 Fig. 1. 

~ .. 2. 

4. 

The Electrièal Current Pattern in 
the Thin Plate 

F in terms of s at VariouB Depths 

H(l/st - s/l Curves from Equation(26) 

12 

21 

23 

5. Schema~ic of equiprnent for Madel Work 26 

6. Data Representation in Vertical Pseudo 
Sections 27 

7. Vertical Pseudo Section of Magnitude 
from Experiments (1) 34 

8. Vertical Pseudo Section of Magnitude 
,from Exueriments (II) 35 

9. Vertical Pseudo Section of Magnitude 
from Experiments (III) 36 

10. Vertical Pseudo Section of Magnitude 
from Expe~imenta(IV) 37 

11. Vertical Pseudo Section of Magnitude t 

12. 

1) .. 

14. 

from Experimenta (V) 38 

Vertical Pseudo Section of Magnitude 
from Experiments (VI) 

H( l/s)' - sil Curves for e = 90' from 
Experimenta (1) 

H( +/s)' - sil Curves for (J. 90' from 
Experimenta (II) 

39 

41 

42 

15. H(l/s)' - sIl Curves for fJ- 90'from 
Experimenta (III) 43 

16. H( l/s)' - sil Curves for "1& 90' trom 
Experiments (IV) 44 



('\ 
~ - .. 

.. 
e~ ~~ 

\ 

Fig. 17. H(l/s)' - sil Curves for 6= 90· from 
Experimenta (V) 45 ,<J' 

18. H(l/s)' - _s/l Curves for 8= 90~ from , 
Experimente (VI) 46 

0 
19. Electromagnetic Phenomenon in the 

Plate 48 .. 

20. Electromagnetic Phenomenon in the 
Conductor COil '" 49 

21. The Effect 'of. l on H(l/s)' - sil Curve 51 
", 

" 

22. H(l/s)~ - sil Cur've~, for fi = 60· from 
Experiments (1) " . 53 

23. H (lis)' - sil Curve'8 for ,,'!I:I ,60· from " 
Experimente (II) 54 

24. H{l/s)'- sil Curves for 8= 60· from 
Experimenta (Ill) 55 

25. H(l/s)' - sil Curves for ,,= 60: from 
Experiments (IV) 56 0 

26. H(l/sf - s/l Curves for 6= 60· from 
EXperimenta (V) 57 

27. H (l/s)1 - sil éurves for s = 30· from 
Experimenta (1) 58 

28. Hil/s)J - sil Curves for 8= 3<1 from 
E periments (II) 59 

H (lis)' - sil Curves 
1 

29. for e .. 3<f from 
Experimenta (III) 60" 

30. H(l/s t - s/l Curves 
Experimenta (IV) 

for 6= 3e! frQm 
61 

31. H(1/s1 - ail Curves for ,- 30· from 
Experimenta (V) 62 

)2. Location Map of Hicks Island 66 

33. Geological Map of Hicks Island 67 



• 

• 

• a 

Fig. 34. Location of Survey Line 

~ Horizontal Loop Profiles of 
icks Island (1) 

68 

70 

/ 

36. Vertic Pseudo Section of 
Hicks Isl (1) 

37. H/ss_ 

38. Hori7ontal Loop Profiles 
L-30S (Hicks' Island) (1) 

39, Horizontal Loop Profiles of 
L-30S (Hicks Island) (II) 

40. Horizontal Lo6p Profiles of 
1-30S (Hicks Island) (III) 

(1) 72 

82 

83 

41. Vertical Pseudo Section of ~ 
,Hicks Island (II) 84 

42. ,H/ss - s Curves of Hicks Island ~I) 8~ 
[~ 

43. 'Location Map of Uranium Valley 90 

44. Geological Map of Uranium Valley 91 

45. Horizontal Loop Profiles Qf 
Uranium Valley 93 

46. Vertical Pseudo Section of 
Uranium Valley 94 

47. His· - s Curve at Ur~nium Valley ,~ 95 

48. Result of Drill Hole D.D.H. No.5 
(Uranium Valley) 96 

49. Location of the Su~v~y Area 
(Demers Creek) ~'.~ "-;, 98 

50. Plan Map and Geology (De~ers Creek) 100' 

, 51. Horizontal Loop Profiles of 
Demers Creek (1) 101 

52. Horizontal Loop Profiles of 
Demers Creek (II) 102 

\ .. 



0 • \ . ~ 

1 • 
0 

Fig. 53. Vertical Pseudo Section of. 
Demers Creek .. 103 

54. His· - s~urves of Demers Cree k fi. 105 
c' . /" 

,:) 55. Horizontal Loop Prof]-lès, 
Cavendish Twp. Ont. 110 

" " 
56. Vertical Pseudo ~ection of Cavendish 111 

0 

.~ 

57. His' - s Curve of Cavendish , 111 

58. H~rizontal Loop Profiles of (fi) .. 
Langsele Ore 114 

D 

Section' 'of 59. Vertical Pseudo 
L~ngseli Orel. '115 

60. H/s'- - 0 s Curve of Langsele Ore 115 
"<l 

61. Horizontal Loop Pro-files of 

" 
Kedtra.sk Pyri te r 118 

• ~~~ . , 
6'è..~ Ve'rtical Pseudo Section of Kedtrask 119 , 

63. HIs' - s Curve of KedtrAsk 119 ~ 

• , 
AppenGlix en Vertical' Pseudo Sections6c:>f In-phase 145 

Ve:ti'cal \seud~ 
, 

D. Sections of Out-of-
phase _ 158 

\ 
E. Vertical Pse\4do Sections of 

Magnitude 171 

" ~JO 
'. 

• 



... 

• 

c, 

List of Table! 
o 

Appendix A. Calculation of F at Various Depths 127 

/ B. . Calculation of H(l!s)' for sil at 
Various dll' 

(, 
'., 

";J, 

. -. 

o 

" . 

.. . 

lJS 

o 

o 

.. 



<} 

o 

• 

Chapter 1. Introduction 

In min,ral exploration, geophysical prospecting has played 

f an important role in explainlng subsurface structure, so that 
:_- ,) 

a geophysicist may establish ~~tailed plans of the next step 

, of the survey procedure. 13 Uslng certain of the electromagnetic 

(EN.) prospecting techniques, one may obtain sorne idea of the 

electrical and geometrlcal parameters, such as conduct'vity, 

location, dip-angle, etc. Therefore, many geophysiclsts have 

attacked this problem. 
'. 

Looking into EM Interpretation theo~y, it ls obviously 

very difficult to perform theoretical or numerical derivations 
t" 

of the electromagnetic response in the case in which we have 

finite conductivity. In fact, analytical solutions may be 

obtained for only a few simple geometries where the conductivity 

is infinite. These includel 

1) Sphere (cyllnder) in AC and dipole field, 

2) Horizontal thin sheet ln AC and dipole field, 

J) Infinite half space in ACvand dipole field, 

4) Half plane in dipole field. 

See, for example, Wait(1951, 1954. 1955, 1956), Slichter & 
" Knopoff(1959), Grant & West(1965). Ward(196?). Wesley(1958) 

" has published an approximate solution for the case of a vertical-

ly di~ing dyke. Grant & West(1965) obtained solutions using 

,. 
1 
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Green's functions in the problem which had been dealt ~ith 
" 

by Wesley. 

On the other hand, because of the complexity involved in 

deriving numerical solutions for typical field conditions, 

sorne people, such as Hedstrom 2'l.nd Parasnis(1959), and Paterson 

(1961) have approached the electromagnetic problem with model 

studies. Strangway(1966) conducted a series of mog~l experi­

ments aB an aid to the Interpretation of the horizontal loop 

E.M. survey, showing resultB similar to Parasnis(1959). A6ain 

Parasnis(1971) issued a cautionary note, based on sorne full 

scale data of multi-frequency, multi-separation methods in 
• 

E.M. surveys, again~t the blind use of vector diagrams and 

also discussed the extent of the extra information and interpret­

ation aid provided by such surveys. 

In different manner, Koefoed and Kegge(1~69) calculated 
" 

the electrical current pattern on a thin sheet using the 

development by Wesley(1958), and Koefoed and Struyk(1969) 

determined the electrical current distribution by measuring 

the tangential campan.nt of the magnetic ~eld strength very 

close to the metal plate that slmulated the vertical conductive 

dyke. 

J 

, , 



-J-

By considering the conductor to be equivalent to a cotl 

one can obtain Sorne important and useful parameters. such as 

the relation of in-phase and out-of-phase component of the 

secondary magnetic field to the response parameter ~ = 4>L/R, 

for analysis of the KM response. 

,> 

For the present study, the author has investigated the 

electromag,netic response of the horizontal loop EM system 

using a thin plRte with variable dip-angle. depth. conductivity. 

denth extent and separation. applying dimensional analysis 

to the results of model work to calcùlate new factors. such as 

ra....... t/2. dl!. s/...t and e under consideration in electromagnetic 

surveys. The relations between the new factors have been 

compared with field results to get more inform8tion than from 

conventional Interpretation. The results of dimensional 

analysis with rive parameters as deacribed have been studied 

through numerical analysis)by which mutual and self-inductances 

among three coils, say, transmitter, receiver and a conducting 

co il have been obtained. The conductor~is simulated by an 

elliptical coil. In order to reduce the number of parameters. 

the conductor ia assumed to be very thin, haxing initially 

infinite conductivlty and vertical attitude so that one May 

have sorne idea about the relation of the rive parameters. 
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Following the numerical analysis, model work has been 

c~rried out to determine the size of conductor and its 

conductivity by considering the relations between the new 

factors from the mo~el experiments. In addition, by plotting 

the data in vertical pseudo section as in the method developed 

by ~allof for dinole-dipole l.P. surveys, we may obtain 

the location and estimate the dip angle o~· the target dlrectly. 

.. 
" 

i 

• 
. '" 

! 
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Dimensi~~al Analysls of Electromagnetic Response 
ovèr the Tabular Dipping Body 

1 
In Canada, we have a large Precambrian area which is 

composed of igneous ànd meta-sedimentary rocks. In this 

geology, many mineraI deposits are due to hyd~thermal 

processes, since the geological age is very great and in 

that oeriod many complicated geologicRl rnovements have changed 

the structure i~ various ways. Thua, cavity filling and 

replacement by. economic mineraIs have frequently occurred 
JI 

in dyke or sheet structures. This type of mineraI deposlt 

18 ~ommonly associated with intrusion of igneouB rocks and 

wi th- faul ting of geologi.~,al f.()rmations. In prospecting for 
". --... 

the Mineral deposit. the problem ls to de termine the electrical 

properties of the conductor as weIl as information about its 

structure. 

Suppose we carry out a horizontal loop E.M. traveEse over 

a dyke or sheet conductor shown in Fig. 1. In ,the horizontal 

loop EM survey, the transmittèr (Tx) produces a prlmary 
" 

eleotromagnetic field whioh induces currents in the conductor 

and we measure the seoondary 'EM field produced by the induced 
" "0 

currents, as a fraction of the primary transmitted field, at 

the receiver (Rx). The secondary EN field, H(r) , depends upon 

the electrical and geometrical properties of the conductor, 

.. 

l '. , 
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___ ~ ________ Î1_--4t~~-_-_-~_-_-__ S~ ____ ~~l~A~.~ ____ ~ __ ----surtace 

T .... 
11 

d 

m=m2gnetic dipole 
moment of Tx 

Ci). 2Jrf - source frequency ~ o.conductivity of 
conductor 

A-magnetic permeability 
of conductor 

Fig. 1. The horizontal loop survey system 

as well as the geometry of the survey system. Now we have a .' formula in terms of the variables described in Pige l, which 

expresses the secondary field, Hna~ 

••••••••••••• ( 1) 

The primary field of the transmitter at the receiver is 

obtained from the expression for the magnetic field of a small 

loop (Grant and West, 1965) as followsl 

H(P)c . - •••••• •••••• (2) 

where 1- current in the transmi~ter -

\ 

/ 
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a = radius ~ the transmitter coil 
2 m • xIa, magnetic dipole moment of Tx., as 

in Fig. 1. 

Therefore we have the ratio of HS ) to H(') for the survey , 

system. 

H -_ Hf'MJH(t) 1:1 _ 411 s' J(J L" , ..J 4 a ) 1 .~ . .u ..... , ,,,,.,A,v._ 
"" 

(J) 

Let us investigate the secondary electomagnetic
U 

field 

measured by the reoeiver, employing dimensional analysie. 

Wri ting down the variables rela ted to H'1l wi th dimensional 

formulae in terms of the Giorgi unit system(Duncan, 195J), 

we have 

H(I) • MT-fQ-'L& 

J • 1 L 0 

0- r! TM-'L-1 

A.l • MLQ-z 

,.., 1 T- ' 

8 • L 

t 1 L 

d 1 L 

& 1 dimensionless 

m 1 MI1 T·'Q·' 

" , 
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where M • unit of mass 

L iii uni t of length 

T = unit of time 

Q = unit of electrical charge. 

From equation(l) we now have 

HIS'. const (Rr (o-fJA'IQ' s· dJ t 4tm". fc.) ••• (4) 

which leads ~o the dimensional relation 

MT"Q-'Q l!' (Q"TM""_L.-t ). (ML...Q-a)t' (ï"')~(1_)' (L)·(L .. )"Cf'U.-T"'''''' l' .... (~) 
where "ê" denotes that the two sides are 

equ.l dimensionally. 

The indicial equations are 

(L) o a 0( - ." + r .. e + $ +1l+3.a. 

(Q) -1 :II 2' ,... ar -.( 
(6) 

(T) -t • , - S -'", 

(M) t .... , +"+A 

Ass~ming that '. e., and' arè known, we have finally 

(1a) 

(7b) 

1 

"-

. 
~) . 
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(7c) 

(7d) 

Substitute the above values into equation(4), and we 

where S,e,S,~ are arbitrary values. 

Since H'" = const. rn/s' • the measured value 

H(I) ~., , f fi ,! 1. 'l f 
H. - • c:...t. -or (.to-;I&w) t-J. ) (-J r () CI) 

H~) J. ' J 

Because the value of the indices are arbitrary. equation(9) 

becomes 

Rearranging this equation we have 

H li)'· l (fo»k). o/.J , ~/J. 1/1 1 e) (11) 

• 

Now we have an unknown tunction whose variables are 

l~~. s/l. d/l. t/l and,'. The dimensional analysis has reduced 

the number of variables related to ~)from nine to tive and all 
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the new variables are dimensionless. The use of ~e 

depth extent of the sheet, as a sealing factor~llows 

naturally from equations(7) and (8), because from equation(7) 

t = ! 2' -1 - 5 - , - ) 

:: (lIt (1/1 t( 1/1 f (1/1. 1l< 1/1') 

and it i$ substituted into equation(4). Furthermore, 

although it is a dimension which we cannot measure directly, 

it is not a critical parameter. that iS,changes in the 

magnitude of 1 do not affect the system response partieularly. 

With the usual measuring system, ~ obtain the value 
{ 

of H as a complex number corresponding to the real or 

in-phase component and imaginary or out-of-phase component. 

In the dimensional analysis, we consider the magnitude of H 

or [(in-phasef + (Out-of-PhasetJ~. in which both components 

appear. 

" 

o 
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Chapter 3. Electr~agnetic Response of Thin 
Sheet of Infinite Conductivity 

. We will now consider the problem in terms of a simplified 

model. The dimensional analysis reduced thé number of variables 

considerably. However, in order to determine the function 

f(I).~:".1" '/J. d.JJ. .1/.1.. e) in equation(11) it is necesàary 

to reduce the five variables still further by fixing sorne of 

them. 

Il 

Suppose we have a very thin vertical sheet conductor, of 

semi-infinite dimensions and Infinite conductivity, whose 

geometry ia shown in Fig. 2. Here we have maximum coupling 

between the EM system and the conductor, which is Midway 

betwe~n the transmitter and the receiver. The electrical 

current pattern, induced by the primary field from the trans­

mitter. has an elliptical shape on the face of the sheet, the 

upper and lower edges of the ellipse being at distances of ___ 

1 s/8 and s/2, respectively, below the top of the sheet. (Koefoed~~ 
& Kegge, 1968) This pattern is shown in Fig. 2. 

Now we may consider the secondary electromagnetic field 

from a Ioop conductor formed by the concentration of the induced 

currents, in terme of mu tuaI inductance and self inductance. 
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8---_~-...I 

....... --8/2 --... 
-----.--------------~~--------~~~----~------x 

• 'l'x 

Fig. 2. The ele~~rical current pattern in the thin plate 

The response with t~ situation shown by Fig. 2 is as 

follows.(Grant & West, 1965) 

~ M., M,a ( C(. + .(f( ) (12) .-
e~") M •• ~ 1 + -.. 

~ where ~r= the secondary electtome~ivé·force at. 1 
D 

the receiver, due to the conductor loop, 

C."a the primary electrornotive force at the 

receiver. due to the transrnitter loop, 
~ 

M.. . the mutual inductance between the trans-

mi tter and the conductor coil that 

ia, the conducting sheet, 
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" 

Mta.. the mutual inductan~e between the 

conduçtor coil and the receiver, 

M •• - the mutual inductance between the 

transmitter and the receiver, 

L = the self inductance of the conductor' 

coil, 

R = the resistance of the conductor 

coil, 
a 

~- the angular frequency of the trans-

mitter 

and ot = '-'L/R. ~; .. 

We have assumed ~hat the magnetic permeability of the 

conductor, ..u= ~.=c4"'JC1crT henry/m, that is, the value in 

free space. 
, 

To solve equation(l2), we must determine the mutual 
r- '" inductances D'etween tne tnre~ co Ils and tne self inductance 

of the elllpt~cal coll which simulat~ the conductor. The 

calculation of Mc ls not diff'icul t ,sinee the transmi tter and 

reci ver coil. are goplanllt'j-anq .... sèparated by a distance much 

larger than their radi!, whiol\ are genert.lly equal. ',The 

value Is 

. ;. 
where a = r~dius of each coil. 

" .. 

(1) 
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For more complex geometry the exact expression for 

mutual inductance la given by the Neumann formula 

M.l!!ll a 41 
~ ùr Tl y 

where we have two coile shawn below. 

coli l 1 l'" coil 2 

... en. 

U-' ~ CJ 

Generally the integration must be don. numeric~lly. 

As an appro~mation we.use 'the following relation 

1 i L~ .. f M---- D.dB 
- l 1 . 

; .. 
where f c flux linlHng two coile. 

.. 
l == fPurrent in coil 1, .. 
B c ma~etic'induction in coil 

f,l 

S • area of, the coil 2. 

2. 

" .. 
, We assume that B May be approxtmated-by Be, the axial 

value at the center of coil.2. Then we have 

\ 
Q 

~J 

o 

) 

1 
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(14) 

The magnetic induction due to the transmitter at the center 

of the conductor loop can be derived from t~e expression 

( 15) 

when the coordinate system ia as follows 
~. 

z 

-. J 
.... -"" ~ 

y 

'f . · 
, ,1 

'.} 
x 

1 

Then, the magnet1c J induétion B., is . 
, " 

c 

(16) 

When .. the maf...netic flux t., la compute.d, only the x component 

of the magnetic induction ls c.onsidered/ (Bince the aheet la 

vertica~. as below, 
• 

. , 

, ) 
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!., 3 -2 

= 
) (17) 

Then, the mutual inductance Mo., between the conductor 

coil and the transmitter becomes 

M., - ~ ..u.1I CI • (18) 

In arder to compute the mutual inductance between the 

cùnductor and the receiver, the magnetic induction at the receiv-

er has to be calculated as follows 

.. 
6, •• 

(19 ) 

where Il = current induced in the conductor coil. 

'. 

As before, the magnetic flux linking the conductor loop 

.1 with the receiver ls given by 
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Therefore, the mutual inductance between the conductor 

loop and the receiver is 

M - C) ~ s' (CIl ... ,*3) u. - - -7r..u. 4 .-.,.;~_---:..:.-.:...--

I~A [(C(+~~t + Cf-t]-Y:, 
(20) 

To calculate the self inductance of the conductor 

IOop, we use a formuler from Grover(1946) whlch ls suitable 

for any plane figure 

where t = perimeter of the loop, 

S :a: area of the loop, 
---~-

r = cross section radius of the loop, 

f = constant, related to the geometry. 

For the ellipse. assumlng that f =,t/2. where t ls the 

sheet thlckness, and converting to MKS unite, thie expression 

becomes 

The term in the bracket i8 only approximately a constant. 

We have assumed t to be small and constant, while e May vary 

in practice by no more than a factor of 4 or 5. Under these 

conditions we can write 

L ~ ka. ( 21') 

The error 1s about t15_ 

, ',-
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Thereforej using aIl these approximations, the geometrical 

factor of the res~onse when the surve~ system straddles the 

sheet conductor, becomes 
• 1 

(22) 

The approximation for the mutua~ inductance in equation(14) 

should be investigated to check its accuracy by comparision 

with known results for a éimple geometry. Suppose we have 

two circular colIs in the configuration below 

a-.J 

-
The exact' expression. u$ing a series of Legendre polynomials. - , 

i s gi ven by ( Grover, 1946,1 

M. aOOJ " • .,.~~. l+ t f! (cel') P~ (~) 'P~ (Ulct.) ... T(t."f,(-.,,;(~w.c.) 

l ' 



~ . 
'c ~or the same geometry, the approximation is . ~ . /., 

;:., " :--,.,1 
"- .. 

_ M.l1q Jmn 
Mc - -yr- (m + n ) 

For example, when m = 10, n = 1 

~ = 0.95 

and when m = n = 10 

:c = 1.25 

Thus the approximation for calculating M 

good. 
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is reasonably 

With regard to the value of L used in equation(21), 

it has been shown that the approximation is reasonably good 

within the range of the parameters 8 and t. Consequently, 

equation(22) depends entirely upon the function 
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F(s,d) c (23) 

which is shown in Fig. 3. where F(s,d) ia given in terms 

of s for various depths d. (For detaila aea Appendix A) 

Fig. J shows that the funct&on F(s.d), which controls the 

geometrical factor G of the response, initially increases with 

the transmitter - receiver separation and reaches a certain 

asymptotic value for large s, and that F(e,d) varies inversely 

with the value of d. 

Recalling that the anomaly due ta the conducwr coll is .. 
.. ~' a_ t1e. M" ( rè' + i' fi. ) ê:J M-.&L. 1 ... e(a 

, 

:1 ~ 4~" M. .',d ... zt st (oc':t i .. ) (24) 1C"'x ... [(f)a+(d+~tr ,+ ,,& 

from equations(12) and (22), we can proceed a little 

further to make comparison wtt~ the result of the dimensional 

analysis. If we assume the conductor has an Infinite conduct­

ivity, the real part ot (è ... 'fil ) 
1'" .ca : 

pârt 

e'" -te') 

18 zero. Therefore ~he factor 

ls a function of sand d so that 

ls 1 and the imaginerY 

= 1. Then, 
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we have (25) 

where corresponds to H in equation(11). 

-Comparing equation(25) with equation(ll) both express the 

physical phenomena but equation(25) was obtained with a , 

thin vertical sheet of infini te conductivity ( e- 90·, 
\ 

t/l -.. O. .l-f1'Mf4I - -- ) • Therefore. equa tion( 11) und.er 

these conditions becomes 

(26) 

On the other hand, e~uation(26) May be derived from 

equation(25) by multiplying both sides by (l/s)'. In 

order to illustrate equation(26) we have plotted H(l/st vs. 

s/l for a range of values of d/l, as shown in Fig. 4, using 

the curves of F{s,d) vs. s with various values of d and assuming 

tnat aIl the conditions required sa far are simulated. 

The curves show that ~{l/sf decreases with increasing 

d/~ as would be expected. When d/l 18 zero, the relation 

appears practically linear for the range plotted. Por dll 

bigger than 0.02, the curves aIl have maxima which are loc~ted 

approximately where· s/l Q d/l that is, the maxima move 



H(l/s! 

1~ 

10' 

10 

Pige 4. 

,1 

.' 

d/l-O.O 
O. 1 

!o.~ 

0.03 

. , 
--.,-.1 ~._ ... 1 

H(l/.' - s/l CUries :t11011 equation(26) . 
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towards increasing s/~ with increasing d/l. Then, the shape 

and axial location of the curve provide sorne information 

about d/l, from which d May be estimated. It should be 

kept in mind that the survey system straddles the sheet, 

that ls, the response ia maximum. 

, j 

. 
7-, 

-, -
-.,,! 

- . '" -, 

,. 

, ~ .. ,} 

1 
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Chapter 4. Model Work 

1. Introduction 

In addition to the data from the dimensional analysis 

and its application to the case of a very thin vertical 

sheet of infini te conductivity and of serni-infinite dimensiohs, 

model work has been carried out for the purpose of applying 

this information to a more realistic type of conductor in 

field conditions. 

The modèl work employs conductors such as ~luminum, copper, 
, , 

stainless steel and lead sheets, of various dimensions and 

dip-angles. Since the samples are non-magnetic we assume 

throughout that .u =..u. • 

Two sets of instruments were em~loyed for measyrement, 

the one being an early model horizontal loop EM system 

recèiver manufactureed by Huntec Ltd., Toronto, the other 

constructed by Russell Parrott in the Geophysi_cal Laboratory, 

McGill University. 
1 

Considering the former model unit, the transmitter and 

Teceiver ~oils have thè fOllowing specifications, 
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effective r(\di us of co il = !ft 

radius of wire =0.006 tt 

No. of turn~ of wire = 2'(00. 

. For the latter, the specifications are 

effective rRdius of coil = 1. .. (cored by ferrite) 4 

radius of wire = 0.006" 

No. of turns of wire = 1600. 

The t~smitter was excited at ~76,HZ. by a H~wlettf 

Packard Audio Oscillator which produce 0.1 - 0.15 amperes 

in the transmltter coil at 4 - 6 volts. 

Ose. 
~----~Receiver compens 

tor console 
~---~ 

Step down 
transformer 

Tx coU Rx coil--

Pige 5 Schematic of equipment for model work , 

Pige 5 shows a Bchematic of the model equipment. In the 

second arrangement, the above setup was modified by adding 

• 
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.. 
a band paee filter to a homemade receiver amplifier and using 

small(t" radius) transmitter and receiver coils with ferrite 

cores in order to obt?in essentially the same sensitivity, 

despite the s~er dimensions. Otherwise, it ie similar to 
'0 

Fig. 5. With these instruments, the model horizontal loop EM 

system measured in-phase and out- of-phase components of the 

secondary field. 

2. Discussion of the results 

The résults obtained with various model plates indicate 

~\ the effect of varying s/l, t/l. d/l, 8 and 0- (and hence the 

dimensionless parameter l~""c.) ) and made i t possible to 

calculate H(-,/,f. In addition. s was varied directly to 

pro duce pseudo vertical s,ctions, as shown in Fig. 6. 

U 
1 S 

_-t 

l l IX ,. RII~ 
. - - - _L s 

%, 
._ _ _ _ __l 

" 

., 
• plotting poin~ 

Fog. 6 lata-representation in vertlcal~ps8udo section 
~ 

1 
.~ 

,,' 
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The representation of the data in-·vertical pseudo section 

. shows th'e dependence of system response on x (dis'tance of 

transmitter-receiver midpoint from origin directly above the 

top of the conductor ') and s, as the geo~etry and conductivity ~ 

of the conductor are varied. Several suites of these curves 

are included in Appendices ,C, D and E. Model measurements 

were made with sheets of Cu, Al, Pb by varying thickness, 

depth, depth extent and dip-angle. In-phase (Appendix C) and 

quadrature (Appendix D) values were obtained for four s val~s 

-6", 9", 12", ",15"- by expanding the transmi tter-receiver 

spacing symmetrically about successive stations on the x-axis. 

Total field resul ta are shown in Appendix E. Note that in the" 

diagrams of the appendic~s the vertical scales are twice the 
' .. ~ 

horizontal. A discussion ofothese resulta follows. 
" 

A. First we plot the in-phase component of the secondary 

..• 

, 1 
field. (See Appendix Cr The characteristics of the 

vertical pseudo-sections, with one particular parameter ... 

,ivaried and 

\ ng. 

11/ 

the others fixed, are descriped in the fol10w-

1). Variation of depth extent (Cu sheet;) , 

For (J. 90·, as the value of 1 decreases in steps froID 24-
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to 2", [the peak in-phase response decreases, from 35 ~ to 

1.5 ~. as one might expect. However. the position of the 

peak varies in a rather p&culiar fashlon. For l • 24", 

18" and 12", it ls located at depths of 6", 4t" ~nd J" 

respecti vely. 
i' 

But for 1 = 10" the peak drops to a depth 

of 6" and again moves up as l is decrèased further, until 

It ls at 3" for l = 6". Again the peak moves dpwn to 4t" 

for l - 5" and rlses to 3" at 1 = 2". (Presumably in the 

last case the magnitude might be larger if it was possible 

to use a smaller value of s.) Thus the proper transmitter-
. 

receiver separation to produce maximum response ls controlled 

to sorne degree by the depth extent of the conductor. In , 

addition, we see that for sheet conducrors of large depth 

extent the induced current p~ttern is fentered at a fairly 

constant position in the aheet. ab6~: ~/5 of it~ depth extent 
,.' , 

below the top. But for conductors~of limited depth extent, 

the current ia Induced at a much greater depth relative to 

the sheet dimension. 

There is very little dlfference between ~he resulta 

for 8 = 60° and fJ· 90·. When 8 = 30·. however, there are 

two maxima, except for l ~ 18". The larger ls locat~d 

slightly up dip and the amaller down dip, both at depth. 

Thus the contours have the appear&nce of two conductors 
• 

/ 
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dipping in opposite directions and converging near surface ,­

at the correct location of the top of the conductor, the . ) 

one with the shallower attitude being the correct dip 

direction. 

2). Variation of conductivity 

Two conductors, aluminum and lead sheets with the 

samè dimensions, are compared. The peak values are larger 

for the better conductor(aluminum) and are located at 

shallower depthsJ the contours for lead appear more 
. 

diffuse. For 8= )0° the double peaks are not present as 

in the case (1) for the copper sheets. 

J). Variation of depth 

Increasing the depth of burial of an aluminum she~t 

decreases the maximum ~esponse and moves it down, as might 
, 

be expected, except for 8· JO·, where the peak decreases in 

magnitude but remains at 4;". Again there ls no evidence 

of two maxima at shallow dip. 

4). Variation of thicknes8 

Two alumlnum sheets, 0.026" and 0.090" thick wlth 
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other dimensions identieal, were used. Clearly there is 

very lit~iê-aiTferenee between these results, sinee both are 

essentially thin sheets. However, the thicker one appears 

to have a mild second maximum at depth for e = 90· and 60· 1 

this is not apparent where 9 = JO·. 

B. Quadrature or out-of-phase pseudo depth plots are 
, 0 

shown in Appendix D. There are sorne fundamental differences 

in the results compared to the i~-phase data. 

1). Variation of depth extent 

~ = 90·. Although the peak response falls 0rf with 

decreasing depth extent, the overall change is mueh smaller, 

8.5 % to 5.5 %. and possibly not uniform. althou~h this 

ls not clear for such smal1 variations. For l = 24", 18" 

and 12", the location of the peak moves up, but remains at 

)" for smaller values of 1. As a result, the ratio of 

in-phase to quadrature response, used as an indicator of 

relative conductivity in horizontal loop interpretation, 
1 

varies in a rather complicated way. ,In general one May 

say that this ratio decreases with l, but it also varies 

directly with s. the transmitter-receiver spactng, unless 

lES, _hen it decreases again. The plots for dipping sheets 

\, 
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are similar to those in Appendix Cf showin~ a double peak 

developing for shallow dip angles and decreasing l values. 

, 
2,3.4). Variation of conductivity, depth and thickness 

Similar remarks apply here as in A. Clearly the 

ratios of in-phase to quadrature are larger for 

aluminum than for lead. 

c. Pseudo secti~ns of magnitude, that is l{ in-phase t· 
~ + (quadrature )a) • are shown in Appendix E. slnce this 

is the quantity that ls used to develop the characteristic 

curves described in the next chapter. 

From the vertical pseudo sections it Is possible to 

locate the conductor, to determine the dip direction and 

possibly something of the depth extent. The horizontal 

loop technique is not particularly sensitive to dip, so 

an estimate of the actual dip angle is difficult. 

Presumably conductor thickness May also be estimated but 

no thick sheet was tested. 

Using the in-phase and quadrature sections of' 

Appendices C and D we can also get sorne idea of the relative 
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r , , 
cond'Uctivity. Although a single traverse with fixed s value 

would be sufficient to give a ratio of RE/lM for this 

purpose, li is interesting to note that~here ia a large 

variation in this ratio with s. For sheets of great depth , 
extent RE/lM increaaes with SI if the transmitter-receiver . 1 

spacing i9 larger than about 21, it decreases. 
c 

Figures 7 - 12 are a representative sample of the 

collection in the appendlx. Here the total field values 

have been plotted in pseudo section for sheets of Cu, Al 

and stainless steel, using s values of 6", 7.5", 9" and 

10.5" • 

" 
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Chapter 5. Preparation of chara~bistic Curves 

We now proceed to develop characteristic curves for the 

horizontal loop EM system, using the results of ~~e dimensional 

analysis from chapter 2. and the model measurements with multiple 

transmitter-receiver spacing in chapter 4. These curves have 

been prepared from the data obtained when the EM system ls 

located with Its midpolnt directly over -the top of the conductor. 

The values of H(l/sf are plotted against sil on log-log paper 
1 

for variations in d/l. <UA",j&. t/l and 9. A discussion of the . 

curves follows. 

1. e .. 9cJ. The effect of d on H(l/sf vs. sil 

/ / 
These curves are shown in Figures 13 - 18. From the 

results of the dimensional analysi~ 

HCrs)' - c.o.1. r <%[1 J for a particular value of d/l, if 

we fix the values of O'..&a.kl..t" , t/l and e • 

This function,H(l/sf. in general. May he of a quasratic 

~?rm on the log-log paper. but in any case the shape of the curves 
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varies in the sarne fashion as those in Fig. 4. The 

magnitude of H(l/st is decreàsed and the rate of change 

in H(l/st with s/l is also decreased as d (or d/l. 

provide'd 1 is constant) ls increased up to a certain 

value of ~/l. Beyond this value of d/l. the slope has 

both positive and negatlve signs. 'that is. the value of 

H(l/st reaches a maximum and th en decreases for larger 

values of sil. 

The effect of 0- on H(l/s)' - s/l 

,In order to consider the effect of a on the curve 

H(l/st - sil. the dimensjonles,.; parametera..uwt is related 

to the penetration distance in electromagnetic theory. 

The so-called skin depth -- that Is. ~he distance for 

which the EM field is reduced to l/e of Its original 

amplitude -- ia defined as 

,-' 2 
S-l~ 

o 

(27) 

The skin-depth effect controls the concentration of 

the induced current in the conductor along the imagined .. 
coil. From Fig. 19. when the magnetic induction B 

-encounters the sheet as shown. the electrlc field E is 
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~(infinite strike length) 

of EM energy 

t 

Fig. 19 Electromagnetic phenomenon in the plate 

( 

tangent to the coil. and the propagation of electromagnetic 

e~ergy i8 in aIl direction radially from the coil. Thus if 

the skin depth is very small in the direction of propagation, 

the, curren~ density'along the coil'ls very high. For a 

larger skin depth the current would he distributed over 

a wider region. When Figs. 14A and:16C, which are identical 

in aIl the parameters excpt for~, are cornpared, we find 

that the values of H(l/sf for the sarne sil are decreased 

and the rate of change is decreased as the conductivity ia 

decreased, because the Induced current la distributed over 

wide~ range. These curves are for Al and· stainless steel 

sheets of the sarne dimensions. 

). The effect of t on the curve H(l/sf - sil 
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When the effect of t ls considered, the propagation 

of the secondary electromagnetic wave in the direction 

parallel to the thickness 'ls significant. Let us conaider 

Fig. 20 where the loop represents the induced current in 

the sheet conductor and its thickneaa ls ln the x direction. 

~-+------------_x 

y 

fI 

Fig. 20 Electromannetlc phenomenon in the conductor coil 

In the diagram B la the seconOary magne tic field whoae 
, ). 

direction determines the co il orieritat-ion. In thia case, 

the energy propagation Is ln all directions around the 

aectional area of the loop. Of aIl the directions of 

propagation, only the x component la affected by the thicknes8 

t. 

Thua, we would expect that the aecondary field at the 

receiver would varY in some fashion with thickneas of the 
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conductor. That this ia indeed the case May be seen by 

comparing Fige. 1)0 with 14A, for Al sheets and Figs. 16B 

and 160 for etainless steel sheete. In both examples only 

the thicknees has been variedtby a factor of 5, other 

parameters remaining constant. The H values in;reaae 

with t, although the increase ie not proportional to t 

and It Is larger for the stainless steel sheets (~2.2) 

than for the aluminum (~1.2). This i9 to be expected. 

since the attenuation ia larger in the aluminum. However, 

no quantitative relation between t and H aeems possible. 

4-. The effect of 1 on H(l/st - sil. 8 III 90 • 

From equation(27), it has been 
! 

shown that the factor 

~~1~ is a function of 1 and G. In considering only the 
,I 

l effect, by use of Fig. 19, the EM phenomenon ts concentrated 

within a certain area of the plate conductor. The depth extent 

of the conductor is related to the area which is'energized 

by the magnetic field from the transmitter, unless l ia 

considerably larger than the transmitt~r-receiver spacing. 

Consider the curves in Figs. 17B and 170 which show 

the effect of varying l on H(l/st - sil, when the value 

, , 
" 

" 
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of t/l is a1ight1y changed by aporooriete variation of 1 for Pb 

sheeta. The results demonstrate that the change of 1 la 

equivalent to sliding along the curve shown below. 

H(l/a 

s/l 

Fig. 21 The effect of 1 on the H(l/a) - a/~ curve 

If 1 is increaaed or sil ia decreased, the part of 

the curve marked "b" la moved to "att.for fixed values 

of o-.u&c>J" The latter is maintain-ed constant by sui table 

variation of ct • 

,1 
ù 5'. The effect of 6 on H(l/s)' - s/l 

A collection of curves for 8 = 60· and )0 0 la shown 

in Figs. 22 - J1. As the dip angle decreases fr~m the 
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vertical atti tude th~ value of H(l/af la increaaed and 

the rate of the change Is a1so increas~d. For large values 

of ~~wja and small d/l, the curves are almost Identical to 

their equi valent for 8 = 90·. as can be seen by comparing 

Figs. 13B. C. 14A with 22B, C.23A and 27B, C, 28A. This 

Is to be expected because of the insensitivity of the 
Iv 

horizontal loop system to dip angle. For srnaller values 

of C1".u.IÙJ" and larger d/l, however, the differencea are 

qui te distinct. 

The problem of selecting the dip angle of the sheet 

conductor, in order to use the oroper characteristic curve. 

is not as difficult in this method as it ia with the 

conventional sets of characteristic curves, since pseudo 

depth dections provide a more reliable estimate than a . 

single profile. 
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Chapter 6. Field Work 

1. Introduction 

From the model work, we have found that the contours in 

the vertical pseudo section have distinguishable characteristics 

from which sorne information can be obt~ined about the geometry 

of the conducto~ for exàmple. location and dip,and that depth, 
, J 

depth extent, thickness and conductivity May be found from the 

char2cteristic curves. 

The field results wère obtained in 1970 and 1972 at four 

areas in Saskatchewan and Quebec, and have been used for 

investig~ting how the characteristic curves from the model 

work are applied to interp~et?tion of the horizontal loop 

BR . survey with multiple separatinn. In 1970 the author was 

emploved by Donald Fisher & Associates as a geophysicist 

conducting various EM surveys in Saskatchewan. MUltiple 

separation horizontal loop E. was done at three locations, 

two on Hicks Islând and one at Uranium Valley, in the La 

Ronge area north of Saskatoon, where geological mapping 

and a self potential survey had previously been carrie4 out. 

In 1972, a similar type of g. survey was made ne~r Demers 

Creek in Ham Township, one hundred mil~s northeast of Montreal. 

, , , 
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r During the 1970 work in Saskatchewan, the ~M field units 
'" 

employed were the Geonics EM 17 and McPhar VHEM, while the 

Demers Creek survey was made with the McPhar VHEM equipment. 

The EM 17 transmi tter ls excl ted at 1600, Hz. while the VHEM 

uses two frequencies, 2400 Hz and 600 Hz. 
1 

The results of the horizontal loop EM survey with multiple 

separation were analyzed by Dlottlng the \'ertical pseudo sections 

and matching the ch~rncteristic curves obt'ined from model 

work. This technique, ta be described later in detail, offers 

~ore informati1on about geometrical properties of the conductor 

and less ambigulty than conventional interptetAtion techniques. 

A compatiso~ of the results obt~ined with the two interpretation 

methode (and 'with othp.r data available at the same sites) shows 

reasonable agree~ent. 

2. Geophysical surveys 

A. Hicks Island 

~ t) Location and general geology 

Hicks Island is bounded ~y lati tude 55 degrees 44 minutes 

and 55 degrees 46 minutes notth and by longitude 105 degrees 
1 

..... -
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54 minutes and 105 degrees 55 minutes west, and is approxima~ei~ 

60 miles northwest of the village of La Ronbe, Saskatchewan 

(Fig. )2). This area is readily acessible from the Churchill 

River, upon which a float-equipped aircraft may land. 

1 

The consolidated rocks in this region are of Precambrian 

age and composed of intrusive and/or plutonic rocks in the 

western nart and metasomatized and ~igmatic rocks in the 

eastern part. The intrusive and/or plutonic rocks are "mainly 

composed of "Eastern Granitic Rocks" which are, -in general, 

medium to coarse grained equigranular and either lack foliation 

or have a weak, irrebular foliation, composed wainly of biotite-

quartz-diorite, while the metasomatic and migmatic rocks occur 

as migmatite which is considered to be derived from ~arnet-

cordierite-biotite rocks. (Fig. JJ) 

2) Geophysical results 

In this area, two survey lines, the first a claim line 

crossed by L-)5S, the second being L-)OS, were 'selected as 

test traverse lines, since trenching had been previously 

carried out nearby to find mineralized rocks. The EM 17 was 

used on the claim line and VHEM unit on L-)OS.(See Fig. )4) 

1 
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Scale 1 1 4~ 000,000 

Fig. 32. Location map of Hlcks I~land ... 
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155· ~5' 1 

E2!lter:l greLi tic rocks (probably Huè.~o ian); ec:uigrfl.~~~:a::,; 
~~nly crey cr~nodiorite ~~d biotite quartz diorite, ~~ 
p8rt q~artz wo~zcnite. 

P~rn~yro~la~~ic potassiu~ feldsnar ~ciss-augen p'neiss­
t".i$;:;,~·.;i te cd.::.?1,.cx, 'Proba~ly è.e:-i ved :1cunly fro::l hornble~d!.c 
and biotitic roc:': s. 
l'lifr:é'ti te d eri ved meinl~' fra:: ho:-nblenc!e and horTJb~enè.~­
bioti te roc~ s. 

r:li~ ~ti te ceri vcà froi'J 6arr.et-bioti te an~d garnet-cord1eri te­
biotite rOCKS. P 

mi~matite dcrived ~ainly fro~ biotitic rocks. 

ST·:::-0T,S 

F 'ULT S···,,~ ZO"~ (";)O"'~"IO" D~""-"1:'T'I 'P?:)O··I'l'T'" IScU ...... j) 1\ , :,r .. l1.h ~ •• ;. Jo ;'j l... e' -~t 1~"....,...J, J\ À\'~ : h .t". \. ."J ,.~ 

sCmS':'OSITY :.::!> C:;:;tSSOSITI (I;',Cr~I;;:::J, VZ:t'i'ICAL) 

;·jI::3.tlALIZA?IC:l: P'tRI,Tt; 

Scala 

(1:: -:LI:~ED, r.o:nZO;~TAL) 
IJ 

1" = 1.6 mile 

Fig. J). Geological map of Hicks Island 
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a) Claim line 

The horizontal loop EM eurvey was carried out at c011-

separations of 100' and 200' with station inter-val of~'100~ 

JUld the profila:,s are shown in Fig. 35." The data are also 

displayed in vertical pseudo sections in Fig. J6~ The 

contours show two anomalies, one at 3E,- the other at 7E. 

The former appears to dip to~the east (actually SE), while 
# 

the latter appears to be,almost vertical, when the trend of 

the contours is indicated. 

Since only two transmitter-receiver separations have 

been used; the vertical pseudo section ia hardly complete 
. 

enough for the present type of,interpretation, however, an 

attempt has been made, by. drawing curves on tbg-log pape~, 

to indica te the relation between H/s' and s, and by rratching ~ 
them to the model curves for H( l/s t - sIl. Th~se .are shown \ 

in Fig. 37. First an estimate of 1 18 obtained, which is 

equivalent tO the inverse of the horizontal displecement and 

to the cube root of t~e vertical displacement. If ~he l 
IJ 

values are not approximately equal, the matchin~ ehould be 
l , , 

adj'usted to minimize the differ~nce""between them. 

Having obtained l, it is pos~1ble to estimate ~ and d, 
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from the v8lueq of ~~~J& and d/l, on the appropria te model 

durve. Finally, th~ value of t may be estimated from the 

characteristic curve, provided the field curve matches it 

reasonably wéll. 

ù 
The interpretation technique i8 carried out in the 

following steps" First. :the curves of 1;he relation H4st~~ts 

\ 
\ 

are plotted as meptioned above, putting the midpoint of the 

separations at thp assu~d location of the suspected c'onductor 
) 

to nroduce th.e. two curves.' labelled "A" and,' "B", in Fig. 37. 

For anomaly "A", the fip.ld curve ls matched to the 
l' 

fOllowing curves to ~timate l values from the horizont8l 

and vertical displâceme~ts. la and Iv. respectively. 
" 

Qu..,.t t/l dll sIl HO/st s"'1l . ,His· 1'''11 l"CfIJ 

142,000 0.OO2b 0.02 0.23 (:6 lt 10· 100 3.6 x 10·1' 4)6 '416 
~ 

b.06 â.26 1',000 100 3.6 Il 10·' 384 302 
:'1> 

80,.0~0 0,.00)5 0.0) 0.3 780 1 Op--- r-,. 6 ,Je 1()' JJJ 278 
" 

" 
0.08 0.3 500 100 3.6)( 1~ '3) 240' 

0.14 0.35 220 100 '3.6 " 10·r )98 IBr 
50,500 0.001 '0.03 0.27 970 100 3.6)c. 1<"& 370 

~~ . 
0.08 0.31 360 ,100 3~6 Il 10"" 322 21 . 

" , 

~40 1 
0.14 0.4) , 140 100 ).6Itlcr' 2)2 
, , 

1 

0.6 ).6 x 10 .... rt67 0.19 44 100 107 

\ . , , 
" 

, 

. , } 

" 1 l 

. ,- ' ~, , 

v 

. 

1 
1 

l , 

\ 

1 

~ 

, 

. 

" 

. 
~ 
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'e· 

, f 

~ .. t/l d/l s/l ,'H(l/s J s(1tl His' 

50,500 0.005 0.14 0.4 170 100 ).6 )( 10.' 

c 0.19 0.45 100 100 ).6 JC 10·~ 

24,600 0.006) 0.05 0.5 170 100 ). 6 ~ 1 cr' 

,;1 

0',15 0.7 45 100 ).6 ~ 10"'6 

0.25 0.9 20 100- ).6 Il 10·' 

20,000 0.007 0.05 ô.57 150 1100 ).6 " 10·.5 

.' 0.16 0.13 35 ~oo 3.6 " 10"" 

8,850 0.001 0.08 0.8' 22 ~OO ).6 " la""' . 
3.6 x la·' 7,150 0.001 0.0) ~,25 62 ~oo . 

" 0.08 O.) 22 ~oo ).6 " UT' 
~ 

6,160 0.0126 0.3 0,8 14 ~oo 3.6 x 10.4 

0.5 0.8 10 1Ln0 3.6 • 10-::$ 

l~ 0.7 ' 0.85 5.5 ~.6 Il la·" . ) (The above m9del curves are for D = 60 ) 

-74-

l,,,,, IvUti 

250 168 

222 141 

200 168 . 
14) ,107 

111 82 

175 162 

1)7 99 

125 85 

400 120 

)J) 85 
-

125 73 

125 6j 

118 54 . 

From the above list,' it appears that, fo~ the suite of 

c~ves availRhle, th~ best fit of the ~ie~rve 18 obtained 

with that of Fig. 24A, which iS,specified by. 

c:w.1AJ)." = 20. 000, t/l = 0.007, d/l = 0 .05 and 8 = 60· • 

_ e 

The calculatect value of 1 from the horizontBl 

displacement la 
Q • 

't. ... ,1 l 

while the calculated value of 1 from ,thè vertical displacement 

.' , " 

\ . . 

\ 

, "'{ 

. , 
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( 

i9 
~ IJ~= [150/( ).6 ~ 10"I)J = 162 (ft), 

, Ô -

so that the difference between l~ and Iv i8 a minimum, for 

othe curves which appear to match reasonably weIl. However, 

this match does not give the same value of 1 for both 

displacements. In order to have the ~ame value of l, the 
, 

model curve should hRve hi~her values of" H (~/s')' than those 

in Fig. 24A. This dpuarture of H(l/st Is assumed to be "-JI -• due to the 'differenc~ of t. Therefore, the matched value of 

sil ~av be assumed to be a good value, sinee s/l is not 

affecte~ by t. From the va:-1u.e of s/l or the hori z,ontal 

displacement, we have found 1 = 175' or 53 m. Since the valu~~' 

of t/l should be h~gher than O. P07 due to t'e fact -thA.t the\ 

value of H(l/st ~hould be 1,95 at s/l :: 0.57. when H/s' is 

3.6 Il 10.5 • S = 100' 1 in ordér to have the sarne value of l , 

-(1 = ~75'), the rpsults of the interpretatiQn on t~e anomal y A 

are. 1=175', 0"= 760 rnhos/m, t>1.2 ft, d =:: 9 t't. 

o 

As for ,t, it iR expecten to be almost five times the· 

above value, from the fact that H(1/s)' should be 1.25 times 

the matched value and a relatlvely good conductor la indicated 
'!> 

from Fig. 35. Yrom the model work, when we vary the thickness 

of a ~ood cond~ctor (aluminum) by a faètor of'five. the value' .. 
of H{l/s)' changes Qy 1.2, while a poorer conductor (stain1ess .. 

\ 

f 
.' 

1 1 :r' 
, " 

) 
1 

.. 

" 

<\ 

" 



• 

' .. 

-76-

l ' 

'steel) changes H(l/sf by a factor of 2.2 for the sarne 

change of thickneRs. Then, t ~ 6 ft and ot ~ 1370 mhos. 

From the verticRl pse~do section in Fig. )6. ;J' 8 is 

estimated to be about 70· • 

"1:.-

F1nally, the intprpretRtion of the anomply A is as 

fotlowsl 

1 = 175', (t = 760 mhos/m" \ 't 

and ~t = 1,)70 mhos. 

6 ft, d = 9 ft, 8:i= 70· 

o 

From the two profiles in Fig. 35, the one at 100 ft 

senaration and the other at 200 ft seoaration, it is oossible 
. 

~o get two results from anomaly A by the conventional 

interpretation technique in which 
• .,--.1 

of Strangway are emnloyed. ( 
• < 1 

1 
;( 

the characteristic curves, 

For 100' separation, 9 may not be defined, because 

the right hand side~shoulder of anomaly 8 not, only due to 

fi 18 aS8umed to 

J 

the anomal y. huit a180 to aT}o'l"a 1 yB. 

be 60· • ,sinee the assumed dip angle to the esti~ted 
~~-~~ ..... 

one frori!' the vertical, PB~UdO •. · section, O'.AAWst = 53 a~d d ~ 0.198, 

o _ 

, ' ' 

r 

'b 

) -

C) 
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because Re).. = -)6%, lm).,.... = -8 %. Theil d ~ 19 ft and 

ot = 129 mhos. If the thickness t is Rssumed ta be the 

difference between the separ~tion of zeros in the profile 

and the separBtion Qf coils (p 556, Grant~ West, 1965), 

t :; JO ft 50 that ()'? 14 mhos/m. 

For 200' separation, 8may not be deflned for the same 

reason as above. l'Ihen' is' assumed to be 60·, ~~ = 33 ., 
,J , ' 

and d «O.ls, because Re) .. = -60 %, lm)... = -26~. Then, 

d «20 ft and O't = 46 mhos. Usina the séime method as for 

100' seo ara t ion, t =l= "60 ft and 0' = 2.6 mhos/m. ' 

ç 

From the above two results, the averages are. 

d « 20 ft,' ot :;: R~ mhos, t ~ 45 ft and 0' =:: 8 mhos/m., 

Comoaring tne rpsults obtained by the conventional' 

i nterpretati.on 'IIi th those using the t)'resent technique, .8 ia . ~ 

~ot weIl defined by the former meth~d, but'by the 'latter _ 

methodi sorne ,estimate mav be ~ade from vertical pseudo section. 
" 

There are large differences in the values of ott t and d, 

since the conventional method 6ive~ larger values of t and 
~ , 

• d, but s'TIall,er value of O't than th~ p~esent method. Therefore, 

the convent i onal method indicates that the c')nduétor is of 

" 

l 
, . 

i.' 

b 

,. 
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ra ther low conriuc ti vi èv and iR con~ i.tierably wider (t '5;: 45 ft), 
" ~. 

while the method described in thls thesis shows the cohductor 

ls of goo~ conductivity and th!n. 

For anonalv B, when the technique described in this 

thesi~ i8 ~orlied in ~~e Rp.~e fashion A~ for anornR1y A, the 

~ resul ts are; 

1 = 9)' ft, 0':;: 780 l'Ilhos/m, d == 25 ft, t ~ 11 ft and 

~t = ~.60o mhos. 9 is esti~ated from the vertical pseu~o 

section to be ab0'1t 80· • 

From the horizont91 profilès. 'may not be defined for 

the s~me reason as for anomalv A, that the 1eft hand side 

~houlder of the anomaly B ~s not'only due t~ t~e anomaly B 
l. , 

but algo the anomaly A. Using the ch~r?cteristié curvog of 

Strangwav, for 100' senRration, Q:Al..,st = 20 and d < O.ls. 

. , 
, ) 

Then, ot· = 53 rohos. d (10 ft, t ~140' and' ct =:: 1 mho/m • 

. 
and for 100'. sep~ration, r~ ~.,.,t = 25 and d «.O.ls. so t'rjat· 

ot = 33 m'ho,S J, d (20 ft. t :!;: 60 ft and 0= 2 ~hos/m. 
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t = 100',90 that (1= 1 mho/m. 

C~m'O~ring thPRe resul ts ~i W tho~e at t'le top of page 

-78, there are aiso large differences in the values of O"t, t 

and rl in the two results, thRt indicate th~ ~Rme characteristics 

as for anomaly A in 0", ~t and t. However, the d value appears 
-

lar~er in the present mEfthon J than in 'the convent ional one 

for this anomaly~ 

When we consider the mineralization exposed in the 

trench (TR-2-70) a t 600E ,,( Fig. -;Z), we find tha t r 

8 = 60
0 

- 700'~ d ::! 5 - 6 ft'r~= 2 - 3 ft wi th massive 9ulphide 

mineralization of pyrite an pyrhotite (50 - 60 %). The 

~ethod described i~ t~is thesig gives bettêr values of t 

but 'd i s too large. 

In addition, S.P. ariomalies are not c0incident with 

the locations indicated ~v thp vHrtical pseudo section (Fig. 3~) 

but one of the S; P. anomalles (600E) coincides wi th the trench. 
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i 
The results on this llne were obt~ined with the 

VHEM uni ~, and COi l-separat ions 100 t, 200 t'and )00 t. and 
" " ' 

the data are displayed in the horizontal pr~files 

of Figs. 38 - 40. Again, the data are plotted in 

vertical pseudo section in Fig. 41. Two anomalies làbelled 

"A" and "B" apoear at 560w and 100W in Fig. 41, while the 

location; of the peaks of EM 'anomalies vary from 

separation tq separation. Furthermore, the dip angles apoear 

~o be steen in Fig.41. The ano~aly A is assumed to be composed 

of two adiacent conductors, loc~ted at 600w a~d 500W, 

resnect;ively. 

'.-" 

Applvin.:, the smne tee mique as descri,bed in the" 

preceding, we hpve obtained the following resultsl Ref. Fig. 41 

and Fig. 42. 

Anomaly 1 0-, ... ,., d t ql \-"') e 

A - 1 
1'" 
330' 110 20' , 5" 170 70· 

0 

A - 2 120' 270 40' J' 290 90· 
< 

B 50' 860 40' 10' 260() 70· 

However, t~e anomalies A-1 and'A-2~are not in~ependent 

, but affeoted by each other. Then •. the Interpretation tOf the 

1 1 
1 

\ \ J 
, f 

\ \ 
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anomalies i8 likely to be different from the case in which 

the conductors are far apart. 

An attempt W8S m8de to combine anomalies A-1 and A-2 

as indicated bv the center hatched line in Fig. 41. Then, 

the following rpsults Rre ontained by aver8ging the two 

.. anomalies 1 

1 = 2)0 ft, Q =:: 190 mhos/m, d 

O't = 230 mhos and 9::= 80 • 
r 
\ 

JO ft, t . 4 ft, 

Using the ,conventional characteristic curves of 
1 

Stra Fwav with the horizontal profiles for anomaly A, 4 is 

assu f~ t0 be 90·, because it i8 not defined bv the conventional 

met~ r due ta compléxities of the curves in the horizontal 

p~of'~es, while the verticRl pseudo section estimates 6 = 90°, 

and the othor nRr~~eters are found as followsl 

s(ft) f(Mt) Re).. Im~ 
\ 
b.t dHt) ot ... ",,> t(ft) 0'(""-.) 

100 2400 -60% -32% 15 «10 26 10 5 
600 .-68 -28 20 e10 140 10 50 

, 

~3 200 2400 -80 -28 C20 <46 120 (1 
600 -68 -24 JO (20 105 thin 

-1-

)00 240@ -84 -44 ~53 «JO ( Jl thin . --. ~ (..' " 

600 -92 -28 ~5J «)0' <12J 40 :, i:t.:O ' 
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In making the above table, sorne values of o-.AL~ , and 

aIl d are not well defined, because the values of Re)__ and 

lm) ... fall beyond the sC81es of the characteristic curves. 

Thus, the values of ~t are not well defined. Although sorne 

of them'are estimated, the vari8tion of the ~t values with 

frequencv i9 large. Also. the variation of t values with 
~ 

senaration is large. Furthermore. the v;üues of 0" are very 

low, slnëe the ratios of(Re/lm).." are generally smFlll. 

Taking an average of six calcul~tions from tne a love 

list two freouencies at each of three spacin6s -- one 

obtains as followingsr 

d «20 ft, O't < 79 rnhos, t!:=)O ft, so the t () (<.9 mhos/m. 

'1 

For anomalv B, the conventional characteri~tic curves 

show the following rpsults. 8 ia assumed to be 60· from the 

vertical pseudo section, hecause the dip angle may not be 

defined from the profiles due to complexity of the shoulder ~ 

of the anomaly. 

a cft> fUir) Re)_ lm) ... 0-.. .,.0 d<h) ot(.1ot) t(ft) O"C-'-'/,.) 

100 2400 -52% -48% ( 5 (10 <10 20 <2 
600 -40 -32 10 <10 70 thin 

200 2400 -68 -48 <15 <20 <13 30 
600 \ -60 -40 <53 <20 <185 20 <30 

300 2400 -?4 -56 <15 <30 <10 60 < 1 
600 -92 -48 <15 <30 <35 30 <4 
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"-

and d are ve ry ~~e anoMQly A, "O"t estim~tes of ....... ..,.t 
crude, bec~ the v8lues of Re ~ and lm)_. are plotted 

bevond the SC8~~ th8 characteristic curves. Therefore, 
',,-

the table shows that the values of ~t. t Bnd ~ are not weIl 

defined. 

Taking an average of six calculations for anomaly B 
'. 

in the sarne fashi~~ as shown for anomaly At 

d « 20 ft, O't <.52 mhos and t ~ )0 ft, 50 th~t <:t < 6 mhos/ni;~ 

For both anomalies, A and B, co~p8rinb these results 

with the ones from t~le matching method, the former results 

gives smaller values in d, ot and&~ but larger value in t 

than the latter ones. Thus, the conventional method indicates 
(] 

a conductor of poor conductivity and large width near the 

surface, while the method described in this thesis shows a 

very thin conductor of reasonably good conductivity which is 

buried at a denth 61.'40 ft. 

Two S.P. anomalies are located at 620W and 150W, 

respectively. These locations are almost coincident with 

EM anomalies as indicated on the vertical pseudo section» 

The S.P. anomaly at 620W corresponded to anomaly A-l 

but the anomaly A-2 does not show up in the S.P. survey. 
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B. UrRnium Valley (Nemeiben Lake) 

1) Location and general geology 

The survey area is located at coordinates 55 degrees 

20 minutes north and 105 degrees 2) minutes west, nor~h of 

Nemeiben Lake, saskatchewan. This area is 20 miles northeast 
r 

of La Ronge and readily accessible from the air-base ~here. 

(Fig. 4J) 

The survev area ie ma~nl y c"omposed of coarse-grained 

feldspathic quartz-biotite gneiss, probably derived from 

.the sediments and volcanic rocks of the 'Ilekusko group in 

which garnet cornmonly oceurs. These gneisses are ligh~grey 

~o black and for the most part oceur in alternate bands of 

fine grained (usually dark) and coarser grained (light) 

materials. (Fig. 44) 

2) Geoohysical results 

1 
~ . 

'~ The results measured by EM 17 with four coil separations 

• , 
, . 

/ . 

f 



e 

~ .... 
gq 
• 
~ 
\M 
• 

b 
() 

1» 
c+-.... 
0 ::s 

'11 
Il 

"d en 
0 Q 
Mt .-.... 
c::: • '1 g .... ... 
s: 
El -
< ~ .. 0 .... 0 .... • • 0 
'< 0 

0 

~....c'~'Ç 1.:':,'__:A Œ&di ~w~,..~_~,.... ~ 

. 1~20' 
4 .. \ ~ " 

• 
( .... , 

1. 

" ~ .. --~. II:: .. - =:::eL; 41 de as; "'II' ~ ~ f ...... :'~ "'~'f ... ' ••• ,,=<... ~ .. ~_~_~ __ ~_~ _____ _ 

." 

73P 

At 
"" 

• 1 
--'5510 

1 

1 

1 
\0 
o 
r 

1 
1 
1 

1 

[, 

._-------------........ "" .. ............-.. 



r? 
1 
1 

! 
1 

1 

1 

1 " .. \ 

-91-

Scale 

1" • 6.4 miles 
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-
Diorite, gfhbr~, PJ~~enite, ~eridotite 

• , P-~a~itic &r~~ite, g~a~i~e, syenite, g~~~oèiorite,èior1te. 
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~n the traverRe line 28S are represented in the profiles 
, 

of Fig. 45 and vertical Dseudo sections of Fig. 46, which 
. 

reveal three anomalies, at 200E, 400E and 900E. The first 

two, however. are very weak. The strong anomaly at 900E 

is analyzed in Fig. 47 in the sarne fashion a~ the previous 

areas. 

Considering the vertical pseudo section, the dip 

angle of thp sUBpected conductor i8 nearlv vertical. By 

------means of the rnatching rnethod mentioned previously, the 

final results of Interpretation are as follows. 

} 

1 =\: ))0 ft, d !;: 50 ft, <r:r 18 rnhos/m, t 

and e:;. 80· • 

10 ft, O't 55 rnhos 

The relative conductivities estimated from the r~tios 
, 

of in-phase to out-of-phase amplitudes for three coi-

senarRtions are listed below, 

s 

200 ft 

)00 ft 

400 ft 

, 
( 

Relative conductivity 

0.45 

0.6) " 

0.46 
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r) 

\ 

" 
Clearly. the ratios show that the suspected conductor is of 

~ 
.. 

low conductivity. (J. 

/ 

11 

With the.c~nventional interpretRtion technique which 

was used before, the following result~ are cbtained, 

• 

, f(Hz) s(ft) d(ft) O'.A,uust <tt(rnhos) tl1}~ ) O'{"-;.) 
(} 

1600 200 20 . 1.5 2.0 160 0.04 

)00 30 3.0 3 • .0 200 0.05 

400 40 3.0 2.0 thin 

The average value of t bv the conventional metho'd 

is about 120 ft, while the new meth~d gives t = 10 ft. 

Cornpared to the resulta obtained by drilling, the latter value 
, 

of t is reasonable. According to the,resulta of the drill-
6 

hole (Fig. 48), a disaeminated mineraliz~tion~of chalcopyrite 
"'" f' 

and nyri te' la èncountered at a depth of 120 A'-;.-and of "'about 

10 ft thickneaR. 

700E 900E l100E 

~ 

\ disseminated conductor 
''':- \ (pyri te an.à chalcopyri te) 

"Fig, 48. Result of drill hole D.D.H. No. 5 

n , t., 
. , 

1 

c, 
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(, 

c. DemEtrs Creek 

l,'" (~ 

1) Introduction o 

The survey area is loeated on the boundary between 

Ham Township and Wolfe Township, Quebe~ .nd its geographic 
~. 

coordinates are 71°J~ W longitude and 45°55'N latitude. 

~ig. 49). , , 

Previous work on the area included a geological survey 

and 9 drill holes bV œrovseo Mines Ltd. in 1952. In that 

year, Koulomzine Geoffroy & Co. eondueted magnetic and S.P. 

surveys for the same company. In 1964, Sullico Mines Ltd. 

carried out EM and magnetie surveys and in 1971, Jorex 

Syndicates made EM, geological and geochemical surveys. 

It Is report~d that during the Ameriean Civil War, an 

open pit operation for copper had been conducted at the place 

where Demers Creek flows now, north ~ong the creek from the 

eurvey area. However, there la no specifie reeord of that mine 

operation. Due to this fac~ several companies have tried to 

delineate copper bearing ~epôsi~B in this vicinity. 

According to available geological reports, thls area 

ie underlain mainly by Bennett" ~histe of Cambrian age, which 

are compoeed of chlorite and Berieite schists. (Fig. 50) 

'. 
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Between the chlorite and the sericite schists, there are 

carbonate bands and dolomite, in which quartz veins and 

quartzite are interbedded. Such replacement might cont?in 

some chalco~yrite and bornite mineralization. In the schists, 

too, there is sorne interbedding of quartz and quartzite. It 

may be assu~ed th8t ~etamorphic-dynamic action haB occurred 

by intrusinn of peridotite or andesite which is the bedrock 

of this area. 

Geophysic~l surveys, done earlter, showed E~ anomalies 

at the contact between the ~chists and the carbonate or dolo~ite, 

and in the schists. The magnetic anomalies are produced 

by magnetites in the chlorite schist. A geochemical survey 

failed to outline significant cooper anomalies. The drilling 

results, who se locations Rre shown in Fig. 50, however, 

indicated pyrite in the graphite schist and chalcopyrite and, 

bornite in the dolomite. 

j 

2) GeophVsical results 

The results from L - 2E and L - 4~are displayed in 

Fig. 51 and Fig. 52 in profile form and the vertical pseudo 

sections are re~roduced in Fig. 53. The data in the vertical 

pseudo 8ections'are again analyzed by drawing the characteristic 
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curve~ for H/s··and s, shown in Fig. 54. 

In the horizontal profiles, the anomaly on L - 2E is 

not distinguishable And it is probably caused by topography 
~ 

and conductirig overburden, although it would be attractive 

to assume th8t it correlated with the nei5hboring anomely on 

L - 4E. However, the anomly in L - 2E provides only one 

point in the characteristic curve H/s·- 8 which can Qe 

" matched with any of the characteristic curves from model 

work and indicates small value of QU~J&. Therefore, the anomaly 

8eems to be caused by either an extremely poor conductor 

or a very small one. 

On L - 4E, the anomal y may be matched to a characteristic 

curve to give the followingl 

l ~ 160 ft, ~= 550 mhos/m, t = 10 ft, d . 20 ft, ~t = 18)0 mhos 

and 6 = 90·. 

In order to compare the above results with those 

obtained from the conventional technique. the dat~ in the 

horizontal profile of L - 4E are interpreted, using a phasor 

diagram for' = 90·, since the posi ti ve parts in the hori zontal 

profiles show a steep dip angle. The results are as followsl 

• 

1 

1 
1 , 
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results are as followsl 

f(Hz) s (ft) 8 d(ft) (1.A4tO~t crl< __ ) t(ft) 0'" "",cMf",.) 

600 100 N "1). 

200 90' <20 3.0 1 50 0.07 

300 N.I) <)0 4.0 1 60 0.06 

Taking an average fr0m the above list, 

d (.25 ft, t:; 55 ft, ot = 1 mhos, 0" =: 0.06 mhos/m and 

e = 90
0 

• 

Comnaring the results of the two methods, it is found 

th~t there are reasonable agreement in the values of d and 

8 but there are large dlfferences in thp values of t and ~ , 

th~t the new method gives larger conductivity and smaller 

thic1mess,as usual, while the c'lnventional method shows 

negligible conductivity and iarge thickness. Consequently 

the conventional method indicates extremely small values of 

0- t. com.par~d wi th the value from the new method. 

For reference, the results from D.D.H. No.l, located 

in Fig. 50, carried out by Troysco Mines Ltd. in 1952 showed 

chalconyrite and bornite mineralization, ln small 
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o 

sections from 2)' to 145' along the hole, which Is inclined~~ 
, ,~? 

45 degrees as indicated in the diagram. """t'- . 

" 
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Chapter 7. Application of the Method to Other Results 

r---.-: So far, the characteristic curves fr~he model work 
/ 

have been apolied to the field ré-~ul ts obtained by t~e author. 

In order to confirm the feasibility of the technique, it has 

also been annlied to ~M data from Cavendish, Ont~rio, Langsele 

and Kedtr~sk in Sweden. These results are described in the 

following. 

1. Cavendish Township, Ontario 
.' ' 

The results ~re a part of a case history which had 

been prepared by the staff of McPhar Geophyqics Ltd. for the 

Canadian Centennial Conference on Mining and Groundw~ter 

Geophysics, 1967. 
o 

-;!f v 

The test site is located in Cavendish Township, south 

of Gooderham,'Ontario and apnroximRtely 100 miles northea~t 

of Toronto. 

. 
The geologv has been taken from the Ontario Department 

.of ~ines, Map No. 195?b. According to this map the. grid 

area is underlain by Precambrian sediments consisting c~iefly 
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of crys alline limeRtones. The geologic trend is NNE and 

available dips are 60 to 65 degrees to the southeast, but 
• 

no detailed subqurface information i8 available. Unfortunately, 

the area has not been thoroughly tested by drilling but one 

short vertical hole (i.e. about 50 ft) located near St. Croix 

Creek i8 reported to have intersected heavy sulphide mineral-

ization. 

The horjzontAl loop EM survey, which was operAted 

at 600 Hz and three coil senarations, 100', 200' and )00', 

produced the profiles which are shown in Fig. 55. From 

this data, the vertical pseudo section can be drawn as 

shown in Fig. 56, calcul~ting the ma6nitude Qf the anomalous 

secondary field at t~e rpceivpr. 

as before to the vertical pseudQ 

.... ."., 
J 1 

Applying the same{method 
Il, 

section, t"e characteristic \. ) 

curve His' - s i8 produced ln Fig. 57, giving the fqllowingl 

1 ~ )10 ft, ()" ~ )400 mhos/m, t ~ 1 ft, d =: 6 ft and 
Il 

o-t = 1100 mhos. eis roughly 70· from the vertical pseudo 

section. 

Ac"cording to the conventional interpretation ~Sing 

the q.haracteristic çurve for il = 6rf (Bince the dip angle 

Is not defined from the horizontal profiles because of 
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incomplete ~houlders on the anomaly, eut the vertical pseudo 
l-' 

section shows a dip angle close to 60·). th~ following results 
o 

are obtain~dl 

f(Hz) 84ft) d(ft) <tJWâ ot(mhos t(ft) O(~} 

600 

J 

, 

1 

1 
1 

100 

200 

JOO 

12 50 

24 50 

<JO 40 

350 70 16 
« 

180 70 8 

90 80 4 

Ta*ing an average from"the above list. 
! 

0':: 8 rnhos/m, ft, d < 2~ ft and at = 170 mhos. 

1 
---~ se resul ts wJ th those 9' page 109, the 

\ 
con v-en t i onal etation gives larger values of d and ~. 

but ,much small 0" and ot than the present type of 
, 

interpretatloQ. as before. 

-"', 

1 

ri 
1 

.. 

\ 
2,. 

\ 

\ 
\ 

\ 
\ 

\ 
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u 

Llngsele Ore, Sweden 
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This work w~s pone by D. S. Para~ni~ (1971). Although 

general geologic81 information about thts or~ body is not 

available, the geophysical r8sults at hand provise a 

comparison wlth th~ method in this thesis. 

" 

Profiles for four tr~nsmi\ter-receiver separations 

are shown in Fig. 58, the vertical -ps~udo section and the 

field characteristic curve HIa- - sare displayed in Fige. 

59 Jnd 60. Using the present type of Interpretation, values 

~f- yarious parameters are as belowl 

1 = 40 m, 

and e~ 90· • 

ct = 135 mhos/m, t - 5 m, d 15 m r::tt 675 l'lhos 

" According, to Par~sni c;' interorptation and the thickness 

estimation as before, the various narameters 8re as below. 

The average dip angle of this ore ls reported to be 50· -in the 

direction as shown in Figs. 58 and 59. 

f(Hz) s(m) Re}.. lm) ... d(m) O't(mhos) t(m) o-(rnhos/m) 

3600 60 -)9 ~ -8.9" 10.2 24.4 thin 

40 -2) -8 10.4 25.0 10 2.5 

)0 -15.; -6.7 10.2 26.4 5 5.3 
, 

20 -5.5 -0.5 
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Taking an average from the above list to co~pare the 

values of ~, t, d and qt, 

~ = 3.9 mhos/m, t = 5 m, d = 10.3 m and ~t = 25.) mhos. 

The values of ~ and ~t of these results are, as usual, much 

smaller than those fro~ the ureRent type of interpretation, but 

the rest of the narameters, t and d show reasonable agreement 

with th~ latter method. Even though there is little difference 

in t -t,ci twep.n the two types of interpreta tian, the conducti vi ty 

from Parasnis' internrptation ts smaller than the one from 

the present interpretation. 

). Kedtrâsk pyrite orebody. Sweden 
() 

Like the Llngsele ~rpbody, no geographical information 

ls avail~ble but sorne geological and geophysical information 

provided by ParAsnis (1966) allows a cornparison to be made 

with the results obt~ined by the nresent method. 

According to Parasnis, the ore zone in quartzite has ~. 
< 

a strike-length of about 1.5 Km, an average width of some 
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45 m and the predominant conducting mineral iB pyrite. The 

grade is fairly low acrOBB the entire width of the zone 

except within a 5 m thick lens on the footwall side, where 

the pyrite content ls 90 high that only the lens produces 

the EM anomaly. 

Profiles anrl vertical pseudo section are shown in 

Figs 61 and 62. The His' - s curve obtained from the 

latter anpears in Fig. 63. Using the nresent technique 

the fOllowing results are ohtained, 

1 = 170 rn, 0-= 180 rnhos/m, t . 0.5 m, d !; 3 rn, O't =:: 90 rnhos 

and (J = 70·S. 

InterprEtting 'the resul ts in Fig. 61 by the c'lnventional 

method i the following rpsults are obtainedl 

f(Hz) !sem) 9 d(m) O'l4wst crt (rnhos) t(m) o(rnhos/m) 

3600 20 7 6.0 10 8 1.3 

30 80' S 7 12.0 14 thin 

40 60' S 7 25 22 5 4.4 

60 90' S 6 )0 18 2.5 7 

Average 80' S 7 16 4 4 



e 
~ 

10" 

° 
-10% 

10% 

0 

-10% 

10% 

0 

-20% 

40% 

0 

-40% 

Coil sep. 20m 

Coil sep. 30m 

Co il sep. 40m 

Coil sep. 60m 

0 

Frequencyl 3600 Hz 

in-phase 

.,.....,. r--
\/ 

, 

out-of-phase 

-118-

.. 

'" 

200mS B.H. 

Fig. 61. Horizontal Loop Profiles of KedtrAsk Pyrite 

, , 

; 
./ 



-119-

e 
50mS 100mS 

~ 

~ 10 
~u 

15 ," , 1&.8 , Ill.' ~ 70.8 z.~ ç" 
~ . -:. 

1lU 29- '~2f ,. ~7.S 20 

======- " />. 

)0 2'.2 
~ .. ~ 

II./J.a ~!Jo~ Ill. /2·S 

Siz .. 
,>- suggested dip -._-

Fig. 62. Vertical pseudo section of KedtrAsk 

., 

His' Parameters of matched curve, 

o-..u",J& _ IJI.:1..HO 

~ • 0.00 j& 

" 
d/1 • o.oz 

10-' '\ 8 • ,fi' 

\ 
\ .< 

10-" 
10 100 (s m) 

Pige 6). His - • curve of KedtrAsk 
l 

\) 



-120-

Comparing the two sets of results of page 117, the seme 

discrepancies show up as before, since the present interpretation 

gives larger values of ~ and ot, but smaller values of t and 
, 

d than the conventional method. 

; t 
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Chapter B. Conclusion 

When we consider the E~ re~ponse frorn a very thin 

p18te with finite eonducti"ity and finite dimfnsions, it 

is impossible at present to solve the general partial 

differential equption whieh express the eleetroMagnetic 

phennmena, beeadse of the eomplex boundRTY conditions. 

Thp dimensional analysie of this problem waR e8rried out/to 
~ 

reduce the ~anv orisinal parameters to five new ones. 

In order to investi6ate the result oÎ the dimensional 

analvsis, the geometrical,factor was calculated for horizontal 

loop EM respon~e over a thin conduetor with Infinite 

conduetiyity, strike length and depth extent. The seDar~tion 

between the transmitter and the reeeiver was varied to 

nroduee a set of curves H(l/sf - sil with vRrving d/s. 

Extending these results further to the more general 

case of fini te conduetlvity, the unknown funet10n of the new 

parameters was determined from model measurements to find 

the effect of thp new para~eters on th~> curves which express 
• 

the relation between H(l/st and sil. 

As a result of model measure~ents, various sets of the 
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curves H(l/s? - s/l were produced which could be used to 

interoret fi~ld ~psults from several selected areas, using 

the hori7ontal-loop EM system with multi-sep8ration of 

tran~mitter and receiver. 

It w~s then possible to calculate the depth, thickness, 

conouctivity ann. the depth extent of the suspected conductor. 

In addition, the~dip angle ana location of the conductor 

could be estim8ted by plot tint; the verticaf pseudo section. 

A summary of the Interpretation results is tabulated 

below. 

Interpreta- \ Anomaly tion 9 d ott_et> O'(.III .. ~ t 1 

Anornaly A of Thesis 
Claim line, method 70' 9' 1370 760 6' 175' 
Hicks Island 

#1 ~ 
Convent-
ional . 
rnethod <20 88 8 45' 

Anomaly B of Thesis . 
Claim line, method 80· 25' 2600 780 11' 8)' 
Hicks Island 

#2 
Conven. 

method <15' 43 1 100' 

Anomaly A of Thesis 
L - JOS, method q 80· 30' 4)0 190 4' 230' 
Hicks Island. 

#J 
Conven. 

method <20 ' <79 <9 30' 
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Anomaly 
Interpreta-
tion 8 d 0-1( .... ) 0'(""'''' t l 

Anomaly B of Thesis 
L - 30S, method 
Hicks ISland 

70· 40' 2600 860 10' 50' 

#4 Conven. 
method «20 • <52 <6 30' 

L - 28 S, Thesis 
Uranium Val. method 80· 50' 55 18 10' 330' '" 

#5 Conven. JO' 2.3 0.05 120' 
, 

L - 4E, Thesis ~ -
Demers Creek method 90· 20' 1830 550 10' 160' 

-
#6 Conven. 

method 90· 25 • 1 0.06 55' 4 

L - C, Thesis 
Cavendish method 70· 6' 1100 3400 1 ' 310' 

#7 
Conven. 

method 22' 170 8 73' 
Langsele Thesis 

method 90· 15m 675 135 5m 40m 

#8 
Conven. 

method 10m 2-5 5 5m 
Kedtrtlsk Thesis 

method 70· 3m 90 lAO 0.5m 170m 

#9 
Conven. 

method 80· 7m 16 4 4m 

As shown on the above table, the dip angles are not 

defined for the conventional method of Interpretation, be~ause 

the hori7ontal profile~ do not show simple shoulders of the 

• 

J 
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r~} 

anomlies in most cases. However, when the crmventional 

method defines '~,n a few examples, i t shows re8sonable 

agreement wi th , obtalned by the new method, t;lS shown Îln 

the Demers Creek and the Kedtr~sk orebody. The ~ values 

are estimRted by drawing"trends of the contours'in the 

vertical pseudo sections, al th'ough there is considerable 

ambiguity in drawing the trends. 

, 
Considering the denth estimates, d, there is reasonable 

agreement between the two interpretation techniques in 

five of the nine examnles (#1,.5, 6, 8, 9), although the 

.'"~\ conventional characteristic curv€s generally produce smaller 

d values, with t~e exception of CavendiRh Township. 

Estimate of thi~kness t by the new technique produces 

much ~maller values than dSU8l1Y" obtained. except in the 
o 

case of the Llngsele zohe. This is u'ndoubtedly due to the 

fact that no thick sheets were used in the model work, in which 

the large~t value of t corresponded to about 2 ft., Conversely, 

the ~ values are aIl !~r too large because of the hig~' 

conductivities bf the model sheets. The large differences 
, J 

between ~t determined by the two interpretation methods could 
" 

probably be modified to sorne extent by additional model 

measurements with thicker sh~ts'and ~eets of lower 
" 
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. 
conduct~vity (stainless steel, graphite). However, it ls 

• 1 

unlikely th~t the ~ values obtained by th~ two schemes would 

ever agreé -- except in the case of very thin mineralized 

zones -- since the dimensions of t obt~üned from horlz.ontfll 

loop profiles ls generally t09 large. 

In the eqtima'tion of all the parameters. <:r. d, t and 

l the selection of the best m~tched curve from the characteristic 

curves obt8ined by the model work can be made by calcul8ting 

the l, at:d lv and picking the curve wl th tne minimum difference 

between them, even thçugh there are" Many curves, which May 

match reaRonably welle 

r, 

( ... , 
In general, comnared to cpnventi,~pal horl zontal loop 

interpret8tion techniques, the new method has two distinct, 

advantages. First, it 18 possible ta de termine the depth 

extent of the conductor and second the thickness and 

conducttvity of the sheet are obtained separately rather than 

the c~ventional conductivity- thickness product. In addition, 

the li! of several ~ransrni tter-recei ver spacings and resul tant 

pseudcFdepth plot permi t a better estimate of dip angle than 

horizontal profiles. 
------ ~-----

On the other hand, in speaking about the characteristic 

,. 

\ 
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, -.. 

curves H(l/S)- - sil. since they are specified by O'.IIItJl , t/l 

andn d/l , which are more than two original factors, one 

model curve can cover a lot of different cases in the values 

ofa, l, d and' t. ffowever, in order to have a complete 

~uite of characteristic curves, it would be required to do 

sorne mo~e measurements, wlth variption of the parameters. : 

< , 
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Appendix A 

Calculation of F at various depths 
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APPENL>IX A 
" 

ta THE VALU~'; OF FS 

C 5 FS 
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-,') • a 
l' 

200.000 tr~.229 .. 
0.0 ,,:.<\ j 0 0.0 a a I~J.229 

" . 
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1 0.0 :>00.000 19.z.29 

:1 
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~i , 
" 

..,.--. . 
0.0 AOO.OOO 19.229 

.t. 
~ 
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1 
0.0 lOOO.OOO 19.229 

~ , r-< 
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....... 

t;:' 
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~ .. 
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r-
.;; 

L 11,) • 00 0 500.000 1 B. 143 
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~ 

t 
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10. 0') a dCO.OOO ld.570 

l'J. 000 900.000 18.646 

<. la .00 a 1000.000 18.707 

\ r 
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Appendix il 

ca:lculation of H(l/st for sil a:t varlous d/l 
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Appendix C 

Vertical pseudo sections of in-phase 
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Appendix D / 

Vertical pseudo section of out-of-phase 
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