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McPHAR GEOPHYSICS 

0 GENERAL NOTES ON 

VERTICAL- LOOP 

@ 
ELECTROMAGNETIC PROSPECTING 

I .  T H E O R Y  

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

the fo rm of donut-shaped shells. Fig. 1 shows a cross-section of one such 

shell. All flux lines pas s through the dipole axis a t  the centre and form 

approximate ellipses which have a length/width ratio of 1.3, 

When a magnetic dipole oscillates, an electric field i s  generated 

which i s  orthogonal to the magnetic flux lines. Thus electr ic  currents ,  

Q commonly called "eddy currents", a r e  induced in any sheet-like conductor 

which is penetrated by the alternating magnetic flux lines. The eddy currents 

fo rm large  circles in the conductor and in turn produce a secondary alternating 
C 

magnetic field which .opposes the primary inducing field. 

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

ductivity and magnetic permeability, the secondary electromagnetic field will 

be  strong enough to appreciably distort  the primary field. An instrument 

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

locate conductors. 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 . 





This method is used for reconnaissance only, on lines which a re  

widely-spaced or where there a r e  no lines a t  all (as  in the initial follow-up of 

airborne EM anomalies). The transmitter and receiver follow "in-linef1 

e 
along traverse lines which should be oriented at 45" to the suspected strike 

of the conductor. If the lines a re  exactly perpendicular, there will be little 

or no dip angle response over the zone. 

Depending on relative position of the instruments, the direction of 

travel 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 transmitter is  directly over the conductor, and in this case the dip 

angles a r e  positive. If the conductor were a t  135' to the strike instead 

of 45', the profile would be negative, since the dip angles would all be to 

the north. 

2) Broadside Method 
tl 

This method is commonly used for reconnaissance on a well-cut grid. 

The transmitter and receiver move in co-ordination down adjacent parallel 

lines. The typical response over a conductor is  shown in Fig. 3 .  Since all  

data sheets a re  drawn with west or south on the left, al l  bona fide anomalies 

(corresponding to '?lumpsr1 in the EM field) a re  indicated by "cross -oversft 

which go from positive on the left to negative on the right. A "reverse 
I 

cross-over" which i s  negative on the left and positive on the right does not 

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

which possibly lies between two conductors. 
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3)  Set-Up Method 
L 

This method i s  used for "detailing" or obtaining maximum information 

about a conductor. The transmitter is  positioned over the conductor axis and 

i s  oriented perpendicular to the receiver as i t  follows the traverse line across 

0 
the conductor. As shown in Fig. 3 ,  the dip angle anomaly i s  considerably 

broader than that for the broadside configuration. This is  because the trans- 

mitter stays above the conductor in a position of maximum electromagnetic 

coupling as the receiver makes the traverse. In the broadside method the 

transmitter is  maximum-coupled with the conductor in only one position, 

usually where the dip angle is near the point of cross-over. When the 

transmitter and receiver a r e  two stations away, the transmitter coupling 

with the conductor is very small 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 transmitter 

and conductor stays relatively constant throughout the receiver traverse. 

Thus the anomalous dip angle profile i s  broader and more characteristic 

of the dip and depth of the source. 

The same comments apply for the set-up method as  well as  the 

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

"Reverse" cross-overs may ar i se  between two conductors but do not them- 

selves indicate anomalies. 

As a further aid to interpretation, two frequencies a re  usually used 

during a vertical-loop survey. The response parameter of a conductor depends 

upon the frequency of the electromagnetic field as  well a s  i ts  conductivity, 

magnetic permeability, thickness and size (in relation to the coil separation). 
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Consequently, by varying the frequency, an estimate can be obtained of the 

d 

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

conductivity : 

0 1000 cps response Conductivity Typical Sources 
5000 cps response 

0.9 to 1.0 excellent massive sulphides, graphite 

0.7 to 0.9 good fracture -filling sulphides , 
graphitic schists 

0.4 to 0.7 moderate fault zones, shear zones, clay 
overburden, dis s eminated 
sulphides 

less  than 0.4 poor lake bottom s ediments , swamp 

Another estimate of conductivity can be obtained from the "width of null" 

of the operator 's measurements. Poor conductors have eddy currents which 

lag behind the inducing field. These eddy currents produce an "out-of-phase1' 

secondary field in a differsnt direction from the primary field at a time when 

the primary field is  zero. Thus there i s  na orientation of the receiving coil 

that will result  in a complete null of the incoming signal. The number of degrees 

the receiver must  be rotated through to obtain a noticeable increase in signal is 

called the "null1I and i s  an additional measure  of the response parameter o r  

conductivity . 

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

There i s  only one main source of e r ror  in vertical-loop dip angle 

measurements (aside f rom reading e r ro r s  when the signal i s  very weak, or 

when there is large out-of-phase response). On perfectly f l a u r o u n d  the 
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3, GEOLOGY- 

M o l t  d &e cloixm are underlain by granitic mcb cf ths Nicoh 

granitic batboll&. This batholith intrudes Uls Nicok volcanics on the 

weetern ride of the claim group. The yowagest rocks are &a K a d o p .  

group basalt. and aderlying sediments. agglomerate. and Nft located on 

th. eastern m d  south central aectioa of the claims. M o s t  of the srca is 

covered with persirtank werburdea, glacial till and drumlins. 

No mineral daposfts are knom to occur en or near the property. 
i 

The object of the present eloctrorrulgnetic survey W s  to explore geochemical 

Indications of copper. molybdennm and load-zinc-silver . 1 

3, P R O C E D U R E a  

The main grid over the claims ccnsiste of lines at 750' intervale. 

Eiactromagnetic mcasuranents wore carried out along these lines wing o 1 
McPhar REM Upit i;l the fn-be  configura.tion. Whcra anomalous bdicatiow 

woro encountered, intermediate lines were cut and traversed with the broodeido 

configuration. Both of thcse.cunfigurationa were umd only for Le Mtial detectlca 
I 

of conduckorrr. Further evaluation of the anomalies was carrled out by set-up 

vertical-loop surveys in the sreae of interest (sea the general notee preceding 

t h f ~  ~eport), 

4. P R E S E N T A T I O N  OF R E S U L T S  

The results of the reconnaissance in-line survey over the main grid 

are shown as "stacked profiles" on Dwgs. E3.f 4786-1 utd -2. 
/ 

The slectrcmagot;tic survey results a l c q  s5orter llner sra sho.;lm in 

sbihr.  form on $he f ~ U o w b g  fold-ontsr - , 1 

I 
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Method - Uncs Dwsz.Mo, 

0 In- Ling 72N n(s 5484-1 

Broadsids 5be5N, 52,5N, 49N 5484-2 

Set-Up 5b,5rJ, 52,524, 49N EM 5484-3 

Get-Up 55,534, 52,5FJ, 49N, 45N, 41,5N EM 5484-4 
37,5M, 34N, 30N, 26,SN, 22,5N, 
59.9N, 15N 

Broadside 30N, 26.5243, 22.5P.1, 19N, XSN, 11,5N A 4  5484-5 
1 

Skit-Up 30N, 26. SN, 22.5N, 19N, 15N, I1,SN EM 5484-6 

Broadside ?,S, 1 1 . 5 s  EM 5484-7 

In- Wjle j I .  3@ E M  5484-8 

Broadeide 3tS EM 5484-9 
2 

E3 rc~adeide 41,2SSi, 455, 48,75S, 52,s 
1 

EM 5484-10 1 
Set-Up 43.5, 48.75S Eh4 5484-11 

In- Line 0 EM 5484-12 

Brsadsfde 6 E M  5484-13 

h-Ljlne 3033 ~gbXlSi.684-f 4 

Broadside 26,%5E, 3033, 33.753 5484-1 5 

Get-Up 26,25@, 30E, 33,753 ESkA 5484-16 

Set-Wp 26,253, 3033, 33.753, 61,253 EM 5484-17 

X n - L p ~ a  60% Eax 5494-1 8 

Broadside 6QE 5484-19 

Broadsfda 67.5E EM 5484-20 

Al l  of these data sheets have a plan map scale of 1" x 200' and a profile 

B tale ~f I '( = 1 0 *. Anomafo*~s itndicadona have been judgad "cldefhitcrw, "probable" 

OX "pc3ssible1' md are marked accordingly with tYootbaUw rrynbolda. 
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The lhes are ohawn iar relation to the topographic features on 

b g .  Mi~rc. 3494 rt a scale of 1 = 1000(, 

5. D f E C U S S X O N  OF P - E S U L T S  

EWE* EM 4785 -1 : In- Line Survey:- Xorthr rn Grid 

None of the ansmalfaa are particularly strang and definite, However, 

.most af the re@-mnsea that are recog&abSe have been detzail@d[ with tho broadside 

or a&-up metlaads, The followLng ar t  anomnlous rerpodsar which have -been 

followed-up : 

Zone - J and Zone - K suggest a broad QF multiple coduclor pa~t ing  

'betweem 28E and 3$-@ from Lins 45N to Line 87.5N. Tha appsrent soxxductivity 

appears md~ttaf.~-to-gopP4. 

Zone PI-and Zons ----ye O are vary yr_$;ik, but they may i~Aicak-e two long psralfd 

caedactiv~ t r d s  . 
Cwg. 4786-2 : In-XJse Survey:- Sozthern G r i d  

n 

Xhors is only very faint Sn-be rcespxia e ovar Z m e  T, pssibly becsuas 

it lies nearly at right anglee to the survey h e r .  The hali-completed profile 

along Line 7.5s tz Cwg. I34 5484-7. however, sugges ta s relatively otrong 

6.0urce of moderate cmduct;ldby. 

Weak renponsea near 12+00L and 25+00E on Idne 7.5N and near 16+OOE 

and 32+00E w Line '7.5 have been selected as anomalies. The In- 

line travatae over &a ~ttosger rehiponas near 11 t00E oa Lba 305 has been 

repeated (ocs Dwg. EM 5484-83. In addition, &a weak a.nomaly near 1633 on 

Line 4% has beem detailed acd d l  bs dfscusaed $4 ssrrnsctioa with D w p .  

EM 5484-10 and -11, 
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Cwg, EM 5484-3. t In-Line Survey:- Line 72N 

Ms ancmaXuur response! was eacor~tered on this survey. 

. W e a k  ranomalles wars indicated on each Pfne, Tba low frequency reaawnsar 

waa almost Il;srQ, euggesthg p ~ o f  codu~tivityi nevartheless, the lines were detailed 

with the b et-ap methg.d. 

Dmg, EPA 5454-3 : S e t - u ~  Smpsyr - Line 56.5N, Lins 52.5N and 1,he 49N 

The low frequency response is slightly higher for the met~up survey, but 

%ha profileas are s W  rather vague and incoodwive. Th6! positions of ahs con- 

duetar axem axe slightly shifted from the results sf &e broadside aurvey, . This 

f e z ~ e ,  combined with the broad crossovers and poor lo= frequency rccsponae, 

saggetits that the two eoaes are caused by at, broad, £kt-lying, poor conductor 

such as a Oayer of conductive overburdenc 

Dwg. EM 5484-4 r Set-Up Survey:- Llno 5 5 . 5 3 ,  Line 52. SN, Line 49N, Line 45N. 
Line 41.5kj" Line 37,5N, Line 34N, IAns 3034, 
Idne 26,5?1, Line 22,5N, Line 19,5N, Line I 5M * UDIILII 

The brcxzd ~ ~ a l o u ~ l  reapass, the relatively sharp crossovers, the long 

strike length an$ the p a r  apparent canduc=t;ivity suggest that &reindicates  a 

fault or shear zone. Them i e  afeo etrnng response on Line 34N. Unfortunately, 

&;a profile was not c~n~pleeed  mgr the 5cana. 

The results over Z 3 q B J  on Line 34N and Line 30N are much lees con- 

clu.usive; however, the hall-profile on Line 22.5N suggests a s M l a r  long, dsep. 

poor sonductox each as a fault or @hat zone. 
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1 I 
Dwg, EM 5484-3 r Broadaide Susoayr- t ine 30N, tine 26, SN, Line 22,5rJ, 

I Line 19N, Line 1 5N, Lina 1 1.5s 
I 

I 
I 
I The low frequency reis pons e i s  relatively strong on L.ha 22.53 and 

suggest8 s probable condttceor A s  near 2-4-00E. The broadside, results coincide 

vet  Zcjne - R and indicate w singla, 
---_, --c--.-. 

Dwg, EM 4484-6 t Set-Up Suavayt- Lbe 3024, L h e  2&,5N, t h e  22, SN, 
193, Lf ne 1 5N, Line 1 1 , SN 

It appear6 that fie tranamittar artattom m-ay have b w m  positioned tao 

far to the e a s t  to astab good coupling with Zone R, Inste;sd, t&c set-up results 

appear to hwa defined a wak, &a;cond;;try tread - Zone - S, 1 
I 
E 

DWP, 5484-7 t Brosdsida Survey:- Line 7,5S, I h o  I 1,s 
I 

The atldy anomaLatlls response mco-atered ths survey suggests a 

poesfblo rnuderatis conductor IocataQ near 39E on Line 7. S. This hdicaibm 

coincideis with tihe very weak trend (ZOW T) suggested by the results of t l ~ a  
I 
I 

u. 

in-Eats survey cm Dwg, EM 4785-2, 

EM 5484-8 t 13-1 IPIB SU,PVO~:- Idine 3OS 

Sbcs the hi-Eaa sssponrae near 1 t+OOE ou Urze 305 in Cwg, LV 4786-2 

np?eixr& as if 10 could b v s  been caused By ~riantadaa error (the high and hvr 

f~cquerscy profiles are nearly ideatical), tho survey was rsgated.  The response 

is much a-r, but ra conductor 4 s  is sfdl suggested near 1 l+00E, 

Dwg. 5434-9 : Broadeirfz Survey:- LItne 3 s  

171e broadside aplrvey bra ecsafirmed Iha w w k  anomaly near l 1 +06E: 

a d  indicated another weak response near 16+ 90E. 



Dwg. EM 5484-10 r broadlside S m e y r -  Line 41.25S, Libje 44S, Line 48.75s. 
Lba 52.55 

indicats~ a poor. possibly flat-lying souree coinciding with 

a pond, It may bo cawed by canductiva overburden, The profiles over 

Zone V abs suggeot a weak, poor c~nduetor, possibly lying w i t h  the over- 

The resutts of the set-up survey tead to eonfirm the intetrprttzari~n 
i 
i 

of a poor, flat-kying conductor. No s b r p  crossoverrr indicating s tecplly- 

dipping, vein-type conductors were, r e v d d .  

Dwg. EX 5484-1 2 : In- L k e  Suwsyr - Lin-E: & L Ranch Anamalfi 

No ammalow rcepoaaat was observed oa, this Qraver8%. 

A w w k  resgon$e, ~ u g ~ e s t h g  a poor, psshbBy flat-lylin~ condasctrar 
-. 

was noted near 9+S(%E, 

Cwg. EM 5484-14 3 In-LL-tie S*srvey:- Line 30E 

A weak, poor c~ndwtor ~ugge~ l ted  near 72+OON. However, no 

indication of a coarductot. was given by the survey aPmg Line 72N (8W3 D w ~ *  

EM 5484-1) OVQP the same 'location, 

Pu*~ .  EM 5484-1 5 t Froadside Survey:- Line 26,252. Line 30E, Line 33.7 5E 

The braadaide survey ha% repredad two waak tonas and oae probable 

0 
i 

cozduc~rt a x i s  near 59+5ON ca Lirm 30E. Zone W may corrsl3:s ~ 4 t h  tZte weak I 
I 

@ 
am~alyindtcactdbytheb-linesurvey. . 



Dwg. EM 5484-16 r Set-Up Surveyr- L h e  26.25E. Line 30E. She 33,?5E 

. The resorlts are vague and tncoaclazetva but they may indicate a 

saduct3vs trend (Zone Y) at  45' ts the grid lines. 
. , 

Dwg, E&t 5484-17 r Set-Up Surveyr- Line 26.253, Line 30E, Line 33.?5B, 
Lina 37.9E. Line 45.255 

The anomaly near 49+50N on Line 33.75F: is the most deflnita 

encountered ia the survey. The profile is indicative of a steeply-dipping 

vefn and the apparent coaduct3vity is excellent. Two weakor reegom as t 
I 

occurrfrrg on Lina 39.  SE and Lfne d l ,  2 5E have been correlated with the I 
I - 

definite srnon~aly to f o m  ZOQO Z, 

Dwg. EM 5484-1 8 -1 9 : 13-Line and Broadside Surveys:- Line bOE ("33" AnornalyJ, - 

Both the in-line and broadaide surveys along LfPrts BOE failed to reveal 

any ar,omalous ras pme, 

_F)wa, EM 5484-20 

Three very weak, poorly-conducting sources were suggested bithe 

&iUTVByi 

4, S U M M A R Y  A N D  I t E C C A 4 M E N I 3 A T I O N S  

The vertical-loop alectromagaetic survey &a been valuable in economi- I 
1 
! 
i 

call7 outlining a number of anornabus zones on the property. Aowcvet, not one 

of the aihnomalfsrs hee& been c las~ed as l'defirrita", Evan the relatively rjtroxlg 

respuass w e r  Zgns 5 may possibly be cauocd by orientation error. Usually 

the rcaulta cl vertical-loop Eh.l r i l r a y a  are plotted at a scak oi I" = 20' in 

order to accommodate anomzlous reepriserrr of 40' OP more. There were few 
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dip anglee over J Q *  on this otrrveyt so Ole profiles were exparaded to ec eclllte 1 
of 1 = 1 0' to amplify dl small, weak trcodrs . i 

I 

TUe does not say &at there is no miraesslzation on the grid - just I 

I , 

that the vertical-loop staway has not outlfned a definite, coaclusiva drill I 
I 

I 

target. There are rnaay minaraf, deposits, of than ma~l~iv~t  sul?hides, 

which $aatcs not responded to elactrsrnagnatic prospecting methods (see Appendix). 

However, virmlbPy all near -surface, economic, barn-metal sdphide4 depcasfte 1 
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THE USE OF INDUCED POLARIZATION MEASUREMENTS 

TO LOCATE MASSIVE SULPHIDE MINERALIZATION 

i 
IN ENVIRONMENTS IN WHICH 

E.M.  METHODS FAIL 

I N T R O D U C T I O N  

The induced polarization method was initially developed for, 

and widely used in, the search f a r  disseminated sulphide mineralization. 

The method has been found to be of great use in this type of exploration. 

In recent years, it has been used in al l  of the mining a reas  of the world 

in which disseminated mineralization is of economic interest.  Many I 
zones of mineralization, some of which were "ore", have been located. 

- As geqphysicists gained more experience with the I P  method, 

their  understanding of the method and i ts  applicability increased. It 

became clear that the method could be used to locate and outline zones 

of massive (concentrated) sulphide mineralization. A great deal of 

controversy still exists concerning this point. In mas  sive sulphide 

zones the conductivity is very high; under these conditions it  i s  difficult 

to maintain polarization (store energy. ) 

I However, even the most massive sulphide mineralization is 

i not a single crystal. There a r e  many crystal faces; polarization takes 

# 
i place a t  an infinity of surfaces. Almost al l  sources contain dissemi- 

I 

Y nated, as well a s  massive, portions. It has been our experience that 

a l l  zones of massive mineralization give r ise  to recognizable IP 
6 
I 

i: 
f 

I 
1 
I 



very conductive, and a t  a shallow depth, the various electromagnetic 

techniques have been successfully applied. The line-mile cost of EM 

is usually l e s s  than that of IP; i t  i s  therefore frequently preferable. 

However, in recent years we have found that in  certain cases the IP 

method can be used to outline zones of massive mineralization that 

cannot be detected using EM techniques. 

T H E  I N D U C E D  P O L A R I Z A T I O N  M E A S U R E M E N T  

The electrochemical phenomena giving rise to the induced 

polarization effects used in exploration have been previously described 

(Hallof 1957; Madden & Marshall 1959. ) There a re  two well-known 

and widely appIie d measurement techniques used in exploration. 43 
(Seigel 1962; Wait 1959; Hallof 1960, 1961. ) It has been shown that 

the chargeability parameter (Ma) used in the "pulse-transient" type 
, 

survey i s  mathematically equivalent to the frequency effect parameter 

(Fe  ) usually recorded in the "variable frequency" type survey (Hallof 
a 

1964; Seigel 1959. ) 

Our field experience has confirmed that the chargeability 

and the frequency effect a re  exactly equivalent. Any differences that 

exist between the two measurement techniques have to  do with the 

necessary instrumentation and the electrode configurations that a re  

possible. In either measurement technique, i t  i s  possible to use one 

or more  derived parameters. 

i 
L 
$ 
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In our field work, we usually use the "dipole-dipole" 

electrode configuration shown in Figure 2. We find that this configura- Q r 
tion has definite advantages because of i ts  great flexibility; the rela- 

tively short wire lengths required in the field also speed the work. 

METHOD USED IN PLOTTING DIPOLE - DIPOLE 
INDUCED BOLARIZATION AND RESISTIVITY RESULTS 

-x- nx-x- 

I 2 6 7 8 9 4v5f STATIONS ON LINE X = ELECTRODE SPREAD LENGTH 
n = ELECTRODE SEPARATION 

n-4 P P P 
42-6.7 23-78 3.4-83 

n-3 P P P P 
1.2-56 23-67 34-78 43-69 APPARENT 

n-2 P P P P P RESISTIVITY 
I 

42-4.5 2.3-5,6 3.4-6.7 43-36 5.6-69 

n-I-  P P P P P P 
42-3,4 2,3-4,5 54-36 43-67 56-76 6,7-8,9 

/ KKKXK\ 8 ~ ;  
' x " 
n-I- M F M. F: M.F: M F M F M F 

42-3,4 23-43 3,465 4,5-67 5.6-7.8 67-8.9 

n -2 M F M.F: M F  M F M F 
42-43 23-56 3,4-6.7 45-78 APPARENT 

MF ME M F M.F: 
5'-89 METAL FACTOR 

n -3 
l.2-5.6 - 7  3.4-78 4.5-8,s 

n-4 M F M.F M.E 4 
42-67 2.3-76 3,4-a9 

FIG. 2 

The results a re  plotted in the two-dimensional, "pseudo- 

section'! manner shown in Figure 2. In this field proceduxe, measure- 

ments on the surface a re  made in a way that allows the effects of 

lateral  changes in the properties of the ground to be separated from 

the effects of vertical changes in the properties. Current i s  applied 

to  the ground a t  two points a distance (X) feet apart. The potentials 
8 

. . 

-<- c* 
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are measured a t  two other points (X)  feet apart, in line with the cur - 
0 . rentelectrodes. Thedistancebetweenthenearestcurrentandpoten- 

, tial electrodes i s  an integral number (n) times the basic distance (X). 

The measurements a re  made along a surveyed line, with 

. a constant distance (nX) between the nearest current and potential 

electrodes. ' In most surveys, several traverses a re  made with various 

I 

values of (n); i. e. (n) = 1, 2, 3, 4, etc. The kind of survey required 

(detailed or reconnaissance) decides the number of values of (n) used. 
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given survey must be carried out using the combined experience 

gained from field, model and theoretical investigations. The position Bb 
of the electrodes when anomalous values a r e  measured must be used 

in the interpretation. 

M A S S I V E  SULPHIDE Z O N E S  
T H A T  ,DO NOT GIVE EM A N O M A L I E S  

The various electromagnetic systems in use throughout 1 

the world were designed for the detection of zones of massive 
I 
I 
1 
I 

mineralization. Most massive sulphide mineralization i s  a good 

conductor; these zones give rise to definite EM anomalies. EM 

- 

techniques have been applied in many mining areas  and a great 

many orebodies have been located. 

However, in recent years our experience has shown that 0 
in some areas  there a r e  massive sulphide zones that cannot be de- 

tected using EM methods. In some cases this i s  very difficult to ex- 
I 

plain. It may be that, although massive, the sulphide particles a r e  i 
1 
1 

separated by insulating material and a r e  not interconnected to form 
I 
I 

a conductor. In these situations, the induced polarization method 

has been found to be of great use. 

In other cases, while the nlineralization may not be 

considered to be "massive", the percentage of sdphide preeent is 

substantial and wodd be expected to be sufficient to form a good 

conductor. In the "strata bound" lead-zinc deposits common in the 

limestone rocks of the mid-continent U. S.A. ,  the Pine Point Region 8 
of Canada and in Ireland, there i s  associated pyrite and/or marcasite. 
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There is always 10% to 15% metallic mineralization; there i s  often 

as much a s  25% to 35%. Numerous attempts have been made to detect 

these zones using EM methods. None of them have been successfd.  

COMPARISON O F  VERT!CAL LOOP E.M. RESULTS 

a E.M. METHODS -- ------ 7::: EL3 TX ON L-6 w 

AND 

I R RESULTS Tr AT 6 +OO W; 1 0 s  
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N 

\ / 
\ ' 
\ / 
A ZONE OF CONCENTRATED 

/ \ PYRITE, MARCASITE AND 

X EQUALS 2 0 0  FEET SPHALERITE. 
FIG. 3 

The results shown in Figure 3 a r e  typical for this type of 
I 

mineralization. The ore zone shown was located by a reconnaissance 

IP survey in the Upper Mississippi Valley Zinc-Lead District. The ore 

mineralization i s  concentrated pyrite -marcasite, with sphalerite. The 

zone i s  almost 2000 feet long. As suggested by the IP results (maxi- 

mum IP effect measured for n = I ) ,  the source is relatively shallow. 

When the ore zone had been outlined by drilling, a test  EhI 

*- 
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survey was carried out using the Vertical Loop EM method. The re- 

sults a r e  plotted in the upper portion of Figure 3; the transmitter was 6;  
800 feet from the receiver and the frequencies were 1000 cps and 

5000 cps. No significant EM anomaly was located. 

In other mining a reas, we have follnd that some ore zones 

can be detected using EM methods, while others cannot. This has 

I 
been particularly true in the New Brunswick Area of eastern Canada. 

It was in this area that the EM methods were first  used successfully 

in Canada in the mid-fifties. Many sulphide zones, some of which 

were ore, were located. 

In recent years, we have found more than a dozen zones of - 

massive mineralization, using IP, that were not detected by previous 

EM surveys. In some of these cases, the new zones of mineralization @) 
a r e  l e s s  than 1600 feet from apparently similar massive mineralization 

located in the period I954 - 1958 using EM. As is usual in 

New Brunswick, there i s  less  than 30 feet of overburden in each of 

these areas .  

The IP results shown in Figure 4 and Figure 5 located 

two of these zones; the EM results a r e  shown on the upper portion of i 

the drawings. The geologic situation i s  the same in both cases. The 

mineralization i s  located at  the contact between high resistivity, 

massive -pyroclastic rocks and lower resistivity argillites. The IP 

results indicate a shallow (anomalous for n = 1) source in Figure 4 

and a source at depth (maximum IP effect for n = 3 )  in Figure 5. 9 
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COMPARISON OF VERTICAL LOOP E.M. RESULTS 
E.M. METHODS 0-0 Tx A t  L- 190 W. 95 N 

-X h AT L - I66 I .  9 2 N ]  
5000  CPS 

AND 
DIP ANGLK 

I. f? RESULTS 
FROM x - s - r - i \ . . * - - - - - - ;  L-196 

..-2-..-x.---1 

NEWCASTLE AREA 

NEW BRUNSWICK, CANADA 1 
N-3 441 400 

N-2 

N- I -- 

LINE - 196 W (P12rIa 
e N  87N 88N 89N 90N 91N 92N 93N 94N 95N WN 97N - 

N-l 
(Mflo 

N -2 
2 2  w 3 5  

FREQUENCIES - 0.31 8 2.5 CPS N-3 

3'31X1 3z3\\\y@2 
lo\ 99 

n \ / 8 N 

\ ' 
\ / MASSIVE SULPHIDES 
H. 

/ \ 

X EQUALS 100 FEET 

In Figure 4, the 5000 cps Vertical Loop EM profiles 

- show a weak conductor axis at  the geologic contact. This feature 

has been traced for several miles across the property. The sulphide 

zone causing the IP anomaly i s  massive and it i s  2200 feet long; 

there i s  no recognizable EM anomaly from the mineralization. 

The results shown in Figure 5 a re  from two vertical 

field EM techniques. The sulphide zone i s  massive, but there i s  

no conductor indicated by either the Horizontal Loop or Turam EM 

data. Here the IP results indicate some depth to the top of the ? 
source (perhaps 75 feet) and the zone i s  1100 feet in length. I 

I 
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S U L P H I D E  Z O N E S  T O O  D E E P  
T O  B E  D E T E C T E D  B Y  E M  - 

As a sulphide zone i s  moved to greater and greater depth, 

the magntitude of the EM anomaly measured i s  reduced in magnitude. 

At some depth for the conductor, the anomalous effects cannot be 

distinguished from the normal "background" variations. This i s  the 

maximum depth of detection for the EM method and the particular 

conductor concerned. Our experience has shown that because of i ts  

greater discrimination, the IP method has a greater depth of detec- 

tion than EM methods. 

In Figure 6, there i s  a thickness of 180 feet of glacial 0 

I 
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overburden over the sulphide zone. The IP data was measured with 

an electrode interval of 200 feet, so  that the depth to the top of the 

source i s  about one unit: To the eas t  and west, the resistivity results 

show the presence of the porous, conductive overburden; the apparent 

resist ivi t ies increase, for the la rger  values of (n). A t  the conductor, 

1 the apparent resistivities do not increase with depth. 
I 

The IP anomaly i s  large in  magnitude and very definite. 

The depth to the top of the source i s  indicated by the fact that the 

maximum IP effects were measured for n = 4. The angle drill hole 

shown on the geologic section was spotted to test the source of the 

definite I P  anomaly. 
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The hole intersected a zone of massive sulphide minera- 

lizatiori within a fault zone. The increase in the basement resistivity 0: 
(n = 4) east  of the IP  anomaly i s  explained by the change in rock type. 

The IP anomaly had a length of almost 2000 feet;  after 1 
I 

the fir s t  hole was drilled an attempt was made to better evaluate the I 

source using EM. The Vertical Loop EM method was employed, 1 
i 

using 1000 cps and 5000 cps. Separations of 800 feet and 1200 feet 

between the transmitter and receiver were used; there were no inter- 

pretable EM anomalies. 
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In the example of the IP  anomaly shown in Figure 7, the 4?) 
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depth indicated to the top of the source i s  due to 220 feet of overlying 

overburden and Paleozoic limestone. The resistivity results show 

that there i s  no difference between the resistivity of the lime stone and 

that of the basement greenstones. 

As  in the previous example, the IP anomaly i s  large in 

magnitude and definite. The drill holes intersected massive minera- 

lization, with graphite; the zone i s  probably controlled by shearing. 

I t  i s  approximately 800 feet long. 

The Turam EM and Horizontal Loop EM results shown on 

Figure 7 were measured a s  part of previous reconnaissance surveys. 

The variations shown must be considered to be normal background; 

there i s  no EM anomaly that can be interpreted. 

G E O L O G I C  E W V I R O N M E N T S  T H A T  
C A U S E  E X T R A N E O U S  E M  A N O M A L I E S  

I 
The post-war successes and widespread use of the EM I 

methods were in Canada and, to a lesser  extent, in Sweden. In these 

temperate to arctic area's, there i s  little or no surface weathering. 

Zones of massive sulphide mineralization may be covered by glacial ? 

overburden, but they will extend to bedrock surface. - 

The rock types encountered in these areas, with a few 

exceptions, a r e  poor conductors of electricity. EM anomalies can 

be expected from massive mineralization, but there a re  almost no 

1 ;  other geologic features that can be expected to be good conductors. 

This situation i s  a definite advantage to the geophysicist interpreting 

EM data. 

1 
I 

-- - - 
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With the successes of the method in Canada, i ts  use was 

expanded into other areas. It was soon discovered that in other geo- 

\ 

logic environments and with other types of weathering, there were 

frequently other types of conductors that confused the EM results. 

These extraneous anomalies a re  due to ionic conductors. 

Zones of porosity within the rocks a r e  filled with ion-charged solu- 

tions. These zones of porosity may be due to oxidation and weather- 

ing, hydrothermal alteration, shearing and fracturing, etc . The high 

salinity solutions a re  created by the deep-weathering chemical r e -  
1 

actions. Our experience has shown that these conditions occur in 

all  a r id  and tropical areas.  
i 

There i s  one type of ionic conductor that is common even 

in temperate climztes. Alteration and shearing in basic and ultra- @ 

basic rocks frequently create 5 talc and serpentine minerals. The i 
I 

platey structure of these minerals gives rise to  many unbonded 

charges; very conductive layers of ad.sorbed ions form in the shears. 

These zones become excellent conductors that create EM anomalies. 

The IP and EM results shown in Figure b a r e  from a 

typical a rea  of ultra-basic rocks in northern Manitoba. The 1000 

cps Vertical Loop EM results show two conductors, depending upon 

the position of the transmitter. The two EM conductors correlate 

approximately with the edges of a broad, low resistivity zone within 

the ultra -basic rocks. 

4 
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Both of the EM conductors were tested by drilling before 

the IP survey was done. The western conductor i s  associated with a 

massive sdphide zone, at depth. The eastern conductor i s  due to a 

broad zone of intense shearing in the ultra-basic rocks. 

The IP results show a strong, definite IP anomaly centered 

a t  3t00W. The depth of overburden i s  indicated By the fact that the 

maximum apparent IP effects a re  measured for zt = 3. There a re  no 

anomalous IP effects correlating with the EM conductor a t  8t00E. As 

is most other ultra-basic areas,  the backgroundlp effects a re  high 

due to the presence of metzllic magnetite. 

-- --- - - -- - 
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The geologic evidence suggests that the zone of low re-  

sistivity is due to a broad zone of weak shearing. The major fault is 

loczted at  the eastern edge; the replacement sulphide zone i s  a t  the 

western edge of the zone of porosity. 

The EM responses from the two geologic features a re  

exactly similar; they both appeared to be important enough to war- , 

rant drill holes. The IP measurements clearly indicate the location, 

and importance, of the zone of massive sulphide minerali.zation. 

Many ionic conductors a r e  located in carrying out EM 

surveys in ar id  and semi-arid areas  such a s  Australia. Each shear 

zone and fault gives a response. 

The IP results shown in Figure 9 were detailled to 

evaluate a definite anomaly located during a reconnaissance survey in @ 
South Australia. A very strong anomaly i s  indicated; i t  i s  centered, 

at  depth, at 2 W  to 1 W. Later drilling confirmed the presence of an 

extensive zone of massive mineralization. The zone i s  several 

thousand feet long. The depth to the top of the source of the IP ano- 1 
maly i s  caused by the complete weathering (oxidation) of the minera- - 

lization to a depth of approximately 100 feet. 

It should be noted, that the lowest resistivity zone in 

the area  i s  indicated to be at  1+00E, at least 250 feet east of the 

center of the IP anomaly. A major fault zone, that can be observed 

to the north, i s  extrapolated to pass through this location. Our ex- 

perience elsewhere in this type of environment indicates that most 
@ 

fault zones a re  saturated with saline solutions; they usually give re- 
i 
1 
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sistivity lows and cause EM anomalies. 

This i s  confirmed by the 150 cps and 450 cps 334 results 

shown in the upper portion of Figure 9. The data shown was mea- 

sured, a s  a test, after the drilling was completed. With the trans- 

mitter in two positions, the low frequency EM results show a conduc- 

tor  a t  1+50E. 

There a r e  several sharp variations in the EM results to 

the west of the fault. These variations a r e  probably due to changes 
1 

in the salinity, or porosity, of the weathered layer. Some of them 

may be due to the massive mineralization at  depb, but they cannot 

be distinguished. The XM response from the fad* saturated with 
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saline solutions i s  greater than that from the massive sulphide zone. 

The same geologic situation encountered in semi-arid 

Australia usually occurs in a reas  of tropic weathering such as Cuba. 

t The deep weathering conditions create zones of porosity and ion- 

charged ground water. The interpretation of EM results from tropic 

I a r e a s  i s  usually conf(used by anomalies from ionic conductors. 
# >& 

The IP and EM results shown in Figure 10 a re  from a 

test  survey carried out over a known zone of massive pyrite in 
\ 

Pinar  del Rio Province, Cuba. 

The weathering i s  very deep in this area.  The rock 

types a r e  quartzites and slates; this difference in rock type results 
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I in an extremely uneven depth of weathering. The apparent resistivity 

a results show that the surface (n = 1 ) values a re  low and variable. 

The Vertical Loop EM results (1000 cps and 5000 cps) I 

show a conductor a t  each slate band. TE.e deep weathering creates 
6 

porous zones that a re  saturated during the rainy season. These 

I 

ionic conductors give EM anomalies that a re  just a s  definite a s  that 

from the sulphide zone at depth. 

I The IP results show a strong anomaly that correlates 

I with the pyrite zone. The ionic conductors give resistivity lows, but 

no IP effects. The IP data is much more discriminating than the 

i 
k EM results. 

i 
ICB C O N C L U S I O N S  

1 The electromagnetic method has been very successful in 

I 
i the exploration for massive sulphide deposits. Most zones of massive 
i 
1 sulphide mineralization a re  good conddctors of electricity; they give 
i 
I 
I EM anomalies with any technique used. 
r 

t However, experience in the las t  few years has shown that 

i there a re  some zones of massive sulphide mineralization that do not 

I 
- 

I give r ise  to EM anomalies. Even when these zones a re  known, when 

! 
the sources a re  shallow, they do not give recognizable EM anomalies. 

This type of massive mineralization can be detected using induced 

polarization measurements. 

k s with all geophysical methods, EM techniques have a 

limited depth of detection. The anomalies have lower magnitude a s  

t 
'i. ,**, - I*, 

*v  

Q?*iaa, 
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the source i s  deeper; a t  some depth the anomalous effects a r e  too 

weak to be distinguished from the background effects. We have Q 
numerous examples of field results that show the appreciably greater 

depth of detection of the induced polarization method. Zones of 

massive sulphide mineralization have been located using IP that 

were too deep to .give EM anomalies. 

In some geologic environments, the presence of ionic 1 
conductors that give EM anomalies will badly confuse EM results. i 

I 
Typical examples of ionic conductors a r e  shears in ultra-basic rocks 

and in areas  of deep weathering (tropic and arid. ) In these areas,  
I I 

i 
there will be EM anomalies from massive sulphide zones, if  the 1 

I 
I 

depth of oxidation i s  not too great; the interpretational difficulties I 

ar ise  in the separation of the two types of anomalies. Q. 

The IP effects used in field exploration a r e  due to electro- 

chemical phenomena a t  ionic conduction - electron conduction inter- 

faces. There a r e  no IP effects unless metallic minerals a r e  present. 

IF surveys in tropic and ar id  a reas  a r e  not confused by the presence 

of ionic conductors; anomalies a r e  obtained only from metallic con- - 

ductor s. 

In many areas, the search for massive sdphide minerali- 

zation can be effectively carried out using EM methods; the cost will 

be somewhat less  than if IP i s  used. However, the geophysicist 
1 

should always keep in mind that there a re  situations in which IP i s  

much more effective than EM in exploration for massive mineraliza- 

tion. 
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