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McPHAR GEOPHYSICS 

REPORT ON THE 

INDUCED POLARIZATION 

AND RESISTIVITY SURVEY 

OF THE 

KOVAL PROJECT, CALEY LAKE AREA, 

PATRICIA MINING DIVISION, ONTARIO 

FOR 

LONG LAC MINERAL EXPLORATION LTD. 

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

As requested by Mr. D. G. Sheehan, exploration manager for 

Long Lac Mineral Exploration L td . , we have carr ied out a combined 

Induced Polarization and Resistivity survey of the Company's Koval 

Proper ty . The property is situated in northwestern Ontario, about 25 

miles southwest of Pickle Lake and is accessible by light a i rc ra f t . 

According to information provided by the Company, the immediate 

a rea is underlain pr imar i ly by Precambrian felsic volcanics with minor 

sediments . These formations have a general northeast str ike and ver t ica l 

or sub-ver t ica l dip. 

The property is of in teres t because of the presence of gold-sulphide 

and antimony showings. The present survey was intended to locate and 

delimit the various sulphide zones in order to guide future dri l l ing. 
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2 . P R E S E N T A T I O N O F R E S U L T S 

The induced po la r i za t ion and r e s i s t i v i t y r e s u l t s a r e shown on 

the following da ta p lo ts in the m a n n e r d e s c r i b e d in the n o t e s p r e c e d i n g 

th i s r e p o r t . 

Line E l e c t r o d e I n t e r v a l s Dwg. No . 

6 2 E 200 feet I P 6266-1 

58E 200 feet I P 6266-2 

54E 200 fee t I P 6266-3 

50E 200 feet I P 6266-4 

46E 200 feet I P 6266-5 

42E 200 feet I P 6266-6 

38E 200 feet I P 6266-7 

36E 200 feet I P 6 2 6 6 - 8 

34E 200 feet I P 6266-9 

32E 200 feet I P 6266-10 

30E 200 feet I P 6266-11 

28E 200 feet I P 6266-12 

26E 200 feet I P 6266-13 

24E 200 feet I P 6266-14 

22E 200 feet I P 6266-1 5 

20E 200 feet I P 6266-16 

18E 200 feet I P 6266-17 

8E 200 feet I P 6266-18 

t'.E 200 feet I P 6266-19 

•IE 200 feet I P 6266-20 
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Line E l e c t r o d e I n t e r v a l s Dwg. No . 

2E 200 feet I P 6266-21 

0 200 fee t I P 6266-22 

2W 200 fee t I P 6266-23 

4W 200 fee t I P 6266-24 

6W 200 fee t I P 6266-25 

8W 200 fee t I P 6266-26 

10W 200 fee t I P 6266-27 

12W 200 f ee t I P 6266 -28 

14W 200 fee t I P 6266-29 

16W 200 fee t I P 6266-30 

18W 200 fee t I P 6266-31 

20W 200 feet I P 6266-32 

22W 200 fee t I P 6266-33 

24W 200 fee t I P 6266 -34 

26W 200 fee t I P 6266-3 5 

28W 200 feet I P C 6 6 - 3 6 

30W 200 fee t I P 6266-37 

34W 200 feet I P 6266 -38 

36W 200 fee t I P 6266-39 

3 8W 200 fee t I P 6266-40 

40W 200 feet I P 6266-41 

^2W 200 fee t I P 6266-42 

200 fee t I P 6266-43 
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Line E l e c t r o d e I n t e r v a l s Dwg. No . 

46W 200 feet I P 6266-44 

48W 200 fee t I P 6266-45 

50W 200 fee t I P 6266-46 

Also enc lo sed with t h i s r e p o r t is Dwg. I . P . P . 5046, a plan m a p of 

the Koval P r o j e c t Gr id a t a s c a l e of 1 " = 2 0 0 ' . The def in i te , p r o b a b l e and 

poss ib le Induced P o l a r i z a t i o n a n o m a l i e s a r e ind ica ted by b a r s , in the 

m a n n e r shown on the l egend , on th i s plan m a p as wel l a s on the da ta p l o t s . 

T h e s e b a r s r e p r e s e n t the s u r f a c e p ro j ec t i on of the a n o m a l o u s zones a s 

i n t e r p r e t e d f r o m the loca t ion of the t r a n s m i t t e r and r e c e i v e r e l e c t r o d e s 

when the a n o m a l o u s va lues w e r e m e a s u r e d . 

Since the Induced P o l a r i z a t i o n m e a s u r e m e n t i s e s s e n t i a l l y an 

ave rag ing p r o c e s s , a s a r e a l l po ten t ia l m e t h o d s , it is f r equen t ly difficult 

to exac t ly pinpoint the s o u r c e of an a n o m a l y . C e r t a i n l y , ne a n o m a l y can 

be loca ted with m o r e a c c u r a c y than the e l e c t r o d e i n t e r v a l length; i . e . 

when us ing 2 0 0 ' e l e c t r o d e i n t e r v a l s the posi t ion of a n a r r o w sulphide body 

can only be d e t e r m i n e d to lie be tween two s ta t ions 200* a p a r t . In o r d e r to 

def ini te ly l o c a t e , and fully e v a l u a t e , a n a r r o w , sha l low s o u r c e i t i s n e c e s ­

s a r y to u s e s h o r t e r e l e c t r o d e i n t e r v a l s . In o r d e r to l oca t e s o u r c e s a t s o m e 

dep th , l a r g e r e l e c t r o d e i n t e r v a l s m u s t be u s e d , with a c o r r e s p o n d i n g i n c r e a s e 

in the u n c e r t a i n t i e s of l o c a t i o n . T h e r e f o r e , while the c e n t r e of the ind ica t ed 

a n o m a l y p robab ly c o r r e s p o n d s f a i r ly wel l with s o u r c e , the length of the 

ind ica ted a n o m a l y along the l ine should not be taken to r e p r e s e n t the e x a c t 

edqes of the a n o m a l o u s m a t e r i a l . 
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The topography and geological information shown on Dwg. I. P . P . 

5046 has been taken from maps made available by the staff o ' Long Lac 

Mineral Exploration Ltd. 

3. D I S C U S S I O N O F R E S U L T S 

The geophysical survey has shown the presence of numerous 

anomalies; most of these can be correlated into zones varying in length 

from a few hundred feet to over a mi le . Each zone is described separately 

below. 

Zone A 

Zone A occurs in the extreme eas te rn part of the grid and has 

been traced from Line 46E to Line 62E, sti l l open to the eas t . On most 

l ines , the anomaly consists cf a narrow concentrated source within a 

broad zone of weaker mineral izat ion. The source appears to be shallow 

on Line 54E ( i . e . less than 200 feet deep) and steeply dipping. 

The IP anomaly cor re la tes with a magnetic high of about 600 

gammas relief from Line 48E to Line 56E. The only outcrops in this 

a rea occur on Line 50E and there is no indication of previous work such 

as dri l l ing. 

If the source of the zone is not evident from the outcrops on 

Line 50E, then a drill test would be warranted . An angle hole is 

recommended to pass under station 7S, Line 54E at a ver t ica l depth of 

1 501 to 2001. If possible, the anomaly should be detailed with 100-foot 

dipoles before carrying out the drill tes t . 
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Zone E 

Zone B is situated in the nor theas te rn corner of the grid, from 

Line 42E to Line 50E. It appears to be broad, shallow and weak but 

the anomalies a re incomplete and the data would have to be extended 

farther north for a more complete evaluation. 

There is no significant magnetic correlat ion except on Line 50E 

and there a r e no bedrock exposures in the vicinity. A dril l test is not 

warranted at this t ime . 

Zone C 

Zone C has been t raced ac ross the north part of the grid from 

Line 1 8E to Line 3 8E and is still open in both di rect ions . The eastern 

part of the zone i6 weak and may terminate a short distance east of the 

surveyed area ; to the west, Zone C may represen t the extension of either 

Zone H or Zone G. 

The strongest IP responses were obtained on Line 26E and 

Line 28E; on Line 26E the source is shallow and narrow ( i . e . less than 

200 feet) and appears to have a s teep northerly dip. 

The IP anomaly corre la tes with a linear magnetic high of over 

1000 gammas relief, with the s t rongest coincidence on Line 24E and 

Line 26E. Evidently there a re no outcrops within the general vicinity of 

the zone. 

A dril l test is warranted on either Line 24E or Line 26E, to pass 

under station 9S at a ver t ica l depth of 1 501 - 200 ' . 
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Zone D 

Zone D is situated a few hundred feet south of Zone C and extends 

from Line 2 8E to Line 34E. The IP response is only of moderate 

magnitude and there is no obvious magnetic correlat ion. As with Zone C, 

there a re no outcrops in the immediate vicinity. 

A dr i l l tes t may be warranted on Line 2 8E (under 5N at lSO'-ZOO') 

but does not mer i t a high pr ior i ty . 

Zone E 

Zone E is located immediately southwest of Zone D and may in fact 

represent a continuation of Zone D. There is no significant magnetic 

expression except perhaps on Line 26E. The zone occurs along the 

northern edge of a se r ies of acid volcanic outcrops. 

Drilling is probably warranted on Line 22F., using an inclined hole 

to pass under station IN at a ver t ical depth of 200' - 2 50' . 

Zone F 

This weak feature has been traced from Line 22E to Line 34E and 

is still open to the west . The magnetometer survey resu l t s indicate a 

weak "high" of 300-400 gammas relief on Line 22E and Line 26E. There 

a re several outcrops of acid volcanics near the centre of the zone but 

evidently there is no indication of the cause of the weak IP anomal ies . 

Drilling is not warranted at this t ime. 

Zone G 

Zone G trends in a northeaster ly direction a c r o s s the central part 
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of the proper ty , from Line 14W to Line 4E and is still open to the eas t . 

There is good magnetic correlat ion on the eas te rn part of the zone, 

especially on Line 0 and Line ZE. 

The s t rongest IP response was obtained on Line 0 where the source 

appears to be shallow and narrow, relative to the 200-foot electrode 

i n t e rva l s . There is a noticeable increase in the depth of bur ia l on Line 6W 

and Line 8W. Outcrops (and t renches? ) a re most abundant in this section 

of the proper ty , including exposures of sulphide iron formation at Line 14W 

and Line 2W. While this may be the source of the I P anomal ies , a dri l l 

tes t may still be warranted on Line 0, using an inclined hele to pass under 

station 0 at a ver t ical depth of 150' - 200' . 

Zone H 

Zone H occurs about 600 feet north of Zone G and extends across 

most of the property, from Line 50W to Line 2E, still open in both 

d i rec t ions . Throughout most of its length, the response is of low to 

moderate magnitude but becomes strong near the eas te rn end. The western 

par t of the zone is generally shallow and narrow, with local increases in 

the depth of bur ia l as on Line 34W; the eas tern par t is generally wider and 

deeper . 

The IP zone coincides with a narrow, intermit tent magnetic anomaly 

for most of its length, with strong magnetic responses on Line 0, Line 10W, 

Line 14W and Line 30W. There a re severa l outcrops of acid volcanics on 

the eas tern and central sections of the zone, but none along the western 

half. The source of the IP anomalies is probably largely or partly magnetic 
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sulphide iron formation, but drilling may still be warranted. The following 

two locations a re suggested: a) Line 8W, under 5N at 200* « 250'; and b) 

Line 40W, under 11 S at 150' - 200 ' . 

Zone I 

This short zone is probably an extension of Zone G. The IP 

response is weak and there is no significant magnetic expression. A drill 

test may be warranted if encouraging results are obtained elsewhere; the 

suggested location is on Line 26W, under 12S at 200* - 2501. 

Zone J 

This short zone is situated in the southwest corner of the proper ty , 

in an area of fairly abundant outcrop but little or no magnetic relief. If 

a dri l l test is car r ied out, a short hole should be drilled on Line 30W to 

test the shallow weak anomaly centred at 23S. 

Zone K 

Zone K is paral lel to Zone H and about 700 feet to the north. It 

appears to be continuous from at leas t Line 50W to Line 36W, then 

discontinuous to about Line 20W. The source appears to be shallow and 

narrow and could be better defined by detailing with shorter electrode 

in tervals . The zone is coincident with a linear magnetic feature, with 

up to ] 0, 000 gammas relief on Line 34W, suggesting a band of iron 

formation but there a re no outcrops along the zone. A dri l l test is 

recommended on Line 40W to pass under station 3S at a depth of 1 50' - 2001. 
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Zone L 

Two weak anomalies in the extreme northwest corner of the 

proper ty have been tentatively correlated into Zone L. The grid would 

have to be extended farther west to evaluate the importance of this feature. 

4. S U M M A R Y A N D R E C O M M E N D A T I O N S 

The Induced Polar izat ion and Resistivity survey on the Koval Project 

has been successful in detecting 12 anomalous zones. Some of these a r e 

extremely long and suggest the presence of lithologic units such as 

sulphide i ron formation (Zone G, Zone H and Zone K); others a r e of 

limited s t r ike length {Zone B, Zone E and Zone F) . Most of the zones 

a r e roughly paral le l , trenui.ig ENE on the western part of the property and 

E-W on the eas te rn par t . 

In a few cases , the IP anomalies appear to cor re la te with small 

exposures of sulphide iron formation but in most cases the source is not 

known. Consequently a drilling program is warranted to determine the 

nature of the source ma te r i a l . The following initial holes a re recommended, 

with further drilling to he dictated by the r e su l t s . 

A) F i r s t P r io r i ty 

1. Zone A; Line 54E, under 7S at 150' - 200' 

2. Zone C; Line 24E or Line 26E, under 9N at 1 50' - 200». 

3. Zone G; Line 0, under 0 at 150' - 2001 

4. Zone H; Line 8W under 5N at 2001 - 2 501 

5. Zone H; Line 40W, under 11 S at 1 50J - 200. 

6. Zone K; Line 40W, under 3S at 1 503 - 200. 
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B) Second P r i o r i t y 

1. Zone D; Line 28E, 

2 . Zone E; Line 22E, 

3 . Zone I ; Line 26W, 

4 . Zone J ; Line 30W, 

under 5N at 1 501 - 200*-

under IN at 200' - 2501 

under 12S at 200* - 2501 

under 23S at 1 501 - 200'. 

QlA..«£ slLcoX^/? 
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McPHAR GEOPHYSICS 

NOTES ON THE THEORY, METHOD OF FIELD OPERATION, 

AND PRESENTATION OF DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced Polarization as a geophysical measurement re fe r s 

to the blocking action or polarization of metallic or electronic 

conductors in a medium of ionic solution conduction. 

This electro-chemical phenomenon occurs wherever 

electr ical current is pas ped through an area which contains metall ic 

minerals such as base metal sulphides. Normally, when cur ren t is 

passed through the ground, as in resist ivity measurements , all of the 

conduction takes place through ions present in the water content of the 

rock, or soil, i . e . by ionic conduction. This is because almost all 

minerals have a much higher specific resist ivi ty than ground water . 

The group of minerals commonly described as "metal l ic" , however, 

have specific res is t ivi t ies much lower than ground waters . The 

induced polarization effect takes place at those interfaces where the 

mode of conduction changeo from ionic in the solutions filling the 

inters t ices of the rock to electronic in the metallic minerals present 



in the rock. 

The blocking action or induced polarization mentioned 

above, which depends upon the chemical energies necessa ry to allow 

the ions to give up or receive electrons from the metall ic surface, 

increases with the time that a d. c. current is allowed to flow through 

the rock; i. e. as ions pile up against the metallic interface the 

res is tance to current flow increases . Eventually, there is enough 

polarization in the form of excess ions at the interfaces, to appreciably 

reduce the amount of current flow through the metallic par t ic le . This 

polarization takes place at each of the infinite number of solution-metal 

interfaces in a mineralized rock. 

When the d. c. voltage used to create this d. c. current 

flow is cut off, the Coulomb forces between the charged ions forming 

the polarization cause them to /eturn to their normal position. This 

movement of charge creates a small current flow which can be 

measured on the surface of the ground as a decaying potential difference. 

From an alternate viewpoint it can be seen that if the 

direction of the current through the system is reversed repeatedly 

before the polarization occurs, the effective resist ivi ty of the system 

as a whole will change as the frequency of the switching is changed. 

This is a consequence of the fact that the amount of current flowing 

through each metallic interface depends upon the length of time that 

current has been passing through it in one direction. 
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The values of the per cent frequency effect or F. E. are 

a measurement of the polarization in the rock mass . However, since 

the measurement of the degree of polarization is related to the apparent 

resistivity of the rock mass it is found that the metal factor values or 

M. F. are the most useful values in determining the amount of 

polarization present in the rock mass . The MF values are obtained by 

normalizing the F. E. values for varying resistivities. 

The induced polarization measurement is perhaps the most 

powerful geophysical method for the direct detection of metallic 

sulphide mineralization, even when this mineralization is of very 

low concentration. The lower limit of volume per cent sulphide 

necessary to produce a recognizable IP anomaly will vary with the 

geometry and geologic environment of the source, and the method of 

executing the survey. However, sulphide mineralization of less than 

one per cent by volume has been detected by the IP method under 

proper geological conditions. 

The greates t application of the IP method has been in the 

search for disseminated metallic sulphides of less than 20% by volume. 

However, it has also been used successfully in the search for massive 

sulphides in situations where, due to source geometry, depth of source, 

or low resistivity of surface layer, the EM method can not be successfully 

applied. The ability to differentiate ionic conductors, such as water 

filled shear zones, makes the IP method a useful tool in checking EM 
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anomalies which a r e suspected of being due to these causes . 

In normal field applications the IP method does not 

differentiate between the economically important metallic minera ls 

such as chalcopyrite, chalcocite, molybdenite, galena, e t c . , and the 

other metallic minera ls such as pyri te . The induced polarization effect 

is due to the total of all electronic conducting minerals in the rock m a s s . 

Other electronic conducting mater ia ls which can produce an IP response 

are magnetite, pyrolusite, graphite, and some forms of hemati te . 

In the field procedure , measurements on the surface a r e 

made in a way that allows the effects of lateral changes in the proper t ies 

of the ground to be separated from the effects of vert ical changes in the 

proper t ies . Current is applied to the ground at two points in distance 

(X) apart . The potentials a re measured at two other points (X) feet 

apart, in line with the current electrodes is an integer number (n) t imes 

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 t raverses a re made with various 

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. 

In plotting the resu l t s , the values of the apparent resis t ivi ty, 

apparent per cent frequency effect, and the apparent metal factor 
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measured for each set of electrode positions a re plotted at the inter­

section of grid l ines, one from the center point of the current electrodes 

and the other from the center point of the potential electrodes. (See 

Figure A. ) The resist ivi ty values a r e plotted above the line as a m i r r o r 

image of the metal factor values below. On a second line, below the 

metal factor values, a re plotted the values of the per cent frequency effect. 

In some cases the values of per cent frequency effect a re plotted as 

superscr ipts of the metal factor value. In this second case the frequency 

effect values a re not contoured. The la teral displacement of a given 

value is determined by the location along the survey line of the center 

point between the current and potential electrodes. The distance of the 

value from the line is determined by the distance (nX) between the current 

and potential electrodes when the measurement was made. 

The separation between sender and receiver electrodes is 

only one factor which determines the depth to which the ground is being 

sampled in any part icular measurement . The plots t'r.en, when 

contoured, a re not section maps of the electr ical propert ies of the 

ground under the survey line. The interpretation of the results from 

any given survey must be carried out using the combined experience 

gained from field resul t s , model study results and theoretical investi­

gations. The position of the electrodes when anomalous values a re 

measured is important in the interpretation. 
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In the field procedure, the interval over which the potential 

differences a re measured is the same as the interval over which the 

electrodes a re moved after a se r ies of potential readings has been made . 

One of the advantages of the induced polarization method is that the 

same equipment can be used for both detailed and reconnaissance surveys 

merely by changing the distance (X) over which the electrodes a re moved 

each t ime. In the past, intervals have been used ranging from 25 feet 

to 2000 feet for (X). In each case, the decision as to the distance (X) 

and the values of (n) to be used is largely determined by the expected 

size of the mineral deposit being sought, the size of the expected anomaly 

and the speed with which it is desi red to p rogress . 

The diagram in Figure A demonstrates the method used 

in plotting the resu l t s . Each value of the apparent resistivity, apparent 

metal factor, and apparent per cent frequency effect is plotted sr.a 

identified by the position of the four electrodes when the measurement 

was made. It can be seen that the values measured for the larger values 

of (n) are plotted farther from the line indicating that the thickness of 

the layer of the earth that is being tested is greater than for the smal ler 

values of (n); i. e. the depth of the measurement is increased. When 

the F. E. values a re plotted as superscr ipts to the MF values the third 

section of data values is not presented and the F. E. values a re not 

contoured. 

i 
1 
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The actual data plots included with the report are prepared 

utilizing an IBM 360/75 Computer and a Calcomp 770/763 Incremental 

Plotting System. The data values are calculated, plotted, and contoured 

according to a programme developed by McPhar Geophysics. Certain 

symbols have been incorporated into the programme to explain various 

situations in recording the data in the field. 

The IP measurement is basically obtained by measuring the 

difference in potential or voltage ( A V ) obtained at two operating frequen­

cies . The voltage is the product of the current through the ground and 

the apparent resistivity of the ground. Therefore in field situations 

where the current is very low due to poor electrode contact, or the 

apparent resistivity is very low, or a combination of the two effects; the 

value of {A V) the change in potential will be too small to be measurable. 

The symbol "TL" on the data plots indicates this situation. 

In some situations spurious noise, either man made or natural, 

will render it impossible to obtain a reading. The symbol "N" on the 

data plots indicates a station at which it is too noisey to record a reading. 

If a reading can be obtained, but for reasons of noise there is some doubt 

as to its accuracy, the reading is bracketed in the data plot { ). 

In cer tain situations negative values of Apparent Frequency 

Effect are recorded. This m a y b e due to the geologic environment or 

spurious electr ical effects. The actual negative frequency effect value 

recorded is indicated on the- data plot, however the symbol "NEG" is 
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indicated for the corresponding value of Apparent Metal Factor . In 

contouring negative values the contour lines a re indicated to the neares t 

positive value in the immediate vicinity of the negative value. 

The symbol "NR" indicates that for some reason the operator 

did not attempt to record a reading although normal survey procedures 

would suggest that oro was required. This may be due to inaccessible 

topography or other s imilar reasons . Any symbol other than those d i s ­

cussed above is unique to a particular situation and is described within 

the body of the report . 






















































































































