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SUMMARY

Turair electromagnetic and magnetic surveys were

executed covering Exploratory Licence 25, Winisk River area, Northern 

Ontario.

A total of approximately 250 line miles of airborne survey 

covered the 48 square mile area.

The seven conductor systems indicated during the survey 

may be divided into three categories. Four systems have been included in 

Category A and they are thought to represent a possibly mineralized basic 

intrustion.

Recommendations for ground follow-up are made with 

respect to the targets in Category A.



REPORT ON A SEMI-AIRBORNE ELECTROMAGNETIC SURVEY 
EXPLORATORY LICENCE 25, WINISK RIVER AREA, ONTARIO

ON BEHALF OF 
______KENNCO EXILORATIONS (CANADA) LIMITED     ^

INTRODUCTION

During February 1971 a semi-airborne electromagnetic 

Turair survey was performed by Seigel Associates- Limited, on behalf of 

Kennco Explorations (Canada) Limited, in the Winisk River area of 

northern Ontario. This survey was under the direction of Mr. Roger Peart, 

M.Se. and the overall supervision of Mr. Jan Klein, M.Se. , P. Eng.

The precise location and dimensions of Exploratory

Licence 25 is shown in Figure 1. The area is somewhat inaccessible, 

the nearest supply bases, whence aircraft may be chartered,being 

Pickle Lake and Armstrong, some 280 miles to the south-west.

The semi-airborne electromagnetic unit used was a Scintrex 

TAR-1. A Scintrex MAP-2 nuclear resonance, total intensity magnetometer 

was also utilized and this unit, together with a 16 mm Vinten positioning 

pamera and Moseley graphic recorders, was installed in a Bell Jet Ranger 

helicopter on lease from Pegasus Airlifts, Oakville, Ontario. A description 

of this, geophysical equipment will be found in Appendix C attached.

The survey was flown at a nominal 1000 ft, line separation

and in an E-W direct!on,which is normal to the supposed strike of the feature 

displayed on previously published aeromagnetic maps. Two loops were 

laid, one on either side of the feature of interest, and the survey area was 

flown once from each loop setup. This procedure'was adopted because of 

ambiguities in dip direction, so that optimum coupling of the feature and
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and energizing field would occur from at least one loop. Those lines suffixed 

"A" were flown using the loop on the eastern side of the feature. All lines ar 

prefixed "3" to distinguish them from those in area 6.

After the completion of the flight involving lines 301-311

(inclusive) and 319-328 (inclusive) it was discovered that the magnetometer 

had not been "locked-on" correctly at the commencement of that flight. 

These lines, were then, of course, reflown.to obtain magnetic recordings 

only and this necessitated the double-plotting of these lines, as seen on 

plates 6 and 7.

The area's 48 square miles were covered by approximately 

250 line miles of survey.

Helicopter terrain clearance was maintained between 200 ft. 

and 300 ft. , with the Turair electromagnetic sensor and magnetometer 

sensor towed 100 ft. and 50 ft. respectively below the helicopter. The 

average ground speed was 65 mph. Flight navigation and flight path 

recovery have been based upon laydown mosaics on the scale of l" ^ 1 320'.

The purpose of the survey was to locate zones of conduction, 

hopefully associated with massive sulphide bodies and/or conductive basic 

rocks containing disseminated sulphides,in the relatively deeply buried 

basement rocks. The magnetic recordings were made primarily for 

possible correlation with the conductors and also to aid in accurately 

determining grid positions during subsequent ground surveys. 

GEOLOGY

Despite the fact that initial reconnaissance surveys were

made as early as the late 19th century, the geology of e-a*ww is rather
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poorly known. This is probably due to a combination of inaccessibility, 

low outcrop density and lack of major mineral discoveries. The summary 

that follows is therefore based on the well considered theories of many 

individuals and an official publication on the economic potential of the 

area. (Ayres L. D. et al, Geology and Mineral Possibilities in N.Patricia 

District, Ontario. Ont.Dept.Mines Misc. Paper 28, 1969).

The Precambrian Shield is exposed in Northwest Ontario.

Here it comprises linear E-SE trending predominantly mafic)metavolcanics 

metasedimentary; and metagabbroic belts averaging 5 miles in width. 

The intervening areas, about 85^o, are occupied by composite granitic 

batholiths that intruded the belts. In the region of interest it is thought 

that the Precambrian Surface presents a rugged unconformity surface, with 

relief up to 300 ft. and possibly irregular pockets with lateritic infillings 

up to 30 ft. thick.

The Shield is unconformably overlaid by Upper Ordovician 

sedimentary units (shales, limestones, sandstones, etc.) that dip gently 

to the NE. The Upper Ordovician rocks are in turn overlain by Middle 

Silurian, dolomites and limestones. Exploratory Licence 25 is seen to lie 

outside the proposed contact between these two Paleozoic sedimentary 

units, but this is not thought to be significant. Considerable thicknesses 

(up to 300 ft.) of Pleistocene moraines, tills, clays and lacustrine deposits 

are present in the area. Thickness estimates for the total Post Precambrian 

unit, based upon aeromagnetics and geological calculations, range from 

200 ft. to 500 ft .
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The aeromagnetic maps, published by the Geological Survey 

of Canada on a scale of l " to l mile, have assumed especial importance and 

value in this area owing to the aforementioned lack of direct geological 

evidence.

In areas of relatively thin Pleistocene and Paleozoic cover, 

such as Exploratory Licence 25, the aeromagnetic maps reflect variations 

in bedrock geology and are thus a useful tool in geological mapping.

In the survey area, the magnetic feature of interest comprises 

both negative and positive elements and this suggests a near surface origin. 

Two positive oval-shaped closures trend approximately N and display 

intensities about 2000 gammas above the local background. A roughly 

circular negative anomaly occurs on either side cf this main feature at 

approximately the mid point. The remainder of the area exhibits broad 

uniform open contours showing little preferred trend and it is suggested that 

these reflect a portion of a granitic intrusion in the basement. This intrusion 

was in turn invaded by an irregular dyke-like feature, possibly syenitic or 

diabasic and probably Proterozoic. It is thought that this later intrusion 

may have been an upstanding feature in Paleozoic areas and therefore has 

only a thin, (if any) rock cover.

The negative features referred to above could conceivably 

result from the reversed strongly remanent magnetism often displayed in 

extrusive series.

Given that the above interpretation is nearly correct, then 

ore potential of Exploratory Licence 25 is somewhat different to, and
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more limited than, that in Licence 6. The likely deposits will be those 

associated with granitic batholiths; (in granites: U, Be, Li, Mo, Cu and 

near granites: Cu, Au, Pb, Zn) and those with intermediate to basic minor- 

scale intrusives.

It should be noted that considerable'interest .has been

stimulated recently in the possible nickel potential of low grade serpentinite 

bodies. Several economic-deposits have been described (e.g. Dumont Nickel 

Corporation's serpentinite west of Amos, N.W. Quebec. ,O.R. Eckstrand. 

The Nickel Potential of Serpentinized ultramafic rocks. . . C.M. J. April, 

1971). and it is suggested that there exists a class of nickel deposits with size 

and grade r'anging from several hundred million, tons of 0. 3 per cent nickel, 

to four million tons of one percent nickel. The deposits occur as zones 

within serpentinite lenses (as do the massive sulphides) and may tend to 

be central rather than marginal. Judging by the deposits so far described 

undifferentiated ultramafic lenses enclosed in Archaen volcanics would seem 

the most promising targets. Serpentinization would be a common, though 

perhaps not essential characteristic.

The Bouguer gravity anomaly maps, published by the

Dominion Observatory and at a scale of 1:500,000 do not reveal anything of 

special interest in the area. (Figure 3 from R. A. Gibb, 1970 Gravity 

Measurements in Northern Ontario, Dept. of Energy, Mines and Resources) 

Unfortunately there is no clear evidence of an extension of the arcuate 

Nelson River gravity high and associated trough features which have proved 

so economically interesting in Central Manitoba. Both the Patricia and
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Niskibi River "lows" are thought to be due to multiple granitic intrusions 

and/or granitisation while the "highs" represent basic lithologies and 

possibly local crustal upwarping. 

TOPOGRAPHY

The area is flat and poorly drained. Lakes and string bogs 

account for about 60^o of the surface area with the remainder occupied by 

moraine that is sparsely treed. 

PRESENTATION OF DATA

The flight lines are shown on greyflex prints of the laydown 

photomosaics on the scale of l" - 1 320'. Conductor peak locations and 

extent are shown in accordance with the coding described in Appendix C. 

The amplitude ratio, phase difference and magnetic correlation, if any, 

are indicated for each conductor intersection. Also indicated is the category.

based uoon the calculated conductivity-thickness parameter for each 

conductor. (Appendix X).

The original geophysical traces are on the following scales:

Turair - Amplitude ratio l" = l^o 
Phase difference l" = 0. 5 O

Magnetometer - l" s Z OO gammas, with automatic steps of 1000 gammas.

The Turair data is presented with the altimeter recording 

on a dual trace Moseley 71 GOB recorder chart. The magnetometer data 

is presented on a separate single channel Moseley 680 chart. The former 

has a speed of 6" per minute and the latter 4" per minute.

Plates 6, 7 and 8 {which is an overlay for Plates 6 and 7 ) 

show the electromagnetic results on the scale of l " = 1 320'. Where conducting
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indications have been encountered on adjacent lines, these have been

tentatively linked together as one conductor system and are discussed as one

system.

DISCUSSION OF RESULTS

In general the interpretation of airborne electromagnetic 

data is based upon:

1. The amplitudes of the measured components. 

2 Calculation of conductivity-thickness values.

3. Depth to conductor axis.

4. Strike length (the median strike length of shield 
ore bodies is 1000 ft.).

5. Magnetic correlation.

6. Relative Width.

These parameters may be derived fairly accurately from 

"simple" curves but in the case of complex 'and poorly defined anomalies 

of which we see many examples in the present survey, unambiguous interpre 

tation is not possible; geological control should determine the feasibility of 

the intpreted causative source. In virgin areas where the geology is not well 

known, Exploratory Licence 25 for example, the analysis of these complex 

anomalies therefore presents a special challenge to the interpreter whose 

views may require certain modifications as more geological knowledge 

becomes available.

The present Turair survey located some 7 distinct systems 

of conductors and several single line indications. For the purposes of 

description and grading of these anomalies it is convenient to classify them
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in three categories as follows:

A. Conductors with absolute magnetic correlation, in three dimensions, 

as far as can be determined. In this search for massive sulphides these are 

usually the most interesting anomalies as most economic deposits comprise 

mineralization, or are associated with host rocks, showing greater magnetic 

susceptibility values than commonly occurring geological facies. Lack of 

.direct magnetic correlation is also useful for discriminating against graphitic 

bodies displaying high electrical conductivity. (However it should not be for 

gotten that important base metal deposits, e.g. TGS Kidd Creekj can be 

without magnetic expression).

B. Conductors with moderate or good conductivity-thickness values but no 

magnetic expression. The conductivity-thickness values for most massive 

sulphide bodies is usually at least 10 mhos and often over 100 mhosj lack of 

 magnetic expression does not preclude the possibility of economic interest. 

C. Conductors, usually with low or moderate conductivity-thickness values 

occurring over swampy tracts or lake bottoms etc. and whose character 

suggests that they are caused by surface conduction effects. These of course, 

are not of economic interest.

We will now discuss each system of anomalies in order of 

the priorities listed above:- 

A. Anomalies with absolute magnetic correlation

System 33, Plate 8. This is by far the most striking feature in the area 

and it is, in the main, directly correlatable with the magnetic feature 

previously described. The zone is at least 30,000 ft. long and only 1500 ft.



wide and exhibits two conductor axes of the cross-over type, the reverse 

axis occurring on the eastern side. We may note here that such a cross-over 

type of anomaly, i.e. one that displays adjacent normal and reversed axes, 

is usually indicative of a flat lying and/or broad (steeply dipping) homogeneous 

conductor. (In such cases the conductor may be so broad that a return current 

flow is established and if the body is flat-lying both the positive and reversed 

current axes may yield equal responses.) Towards the extremities of the 

feature, the conductor signs are seen to be reversed; this phenomenon is 

often noted in the case of long conductors and is most likely a geometrical 

effect. The pattern is further complicated north of line 313, where there is 

apparently a development of conductive clays.

Many of the anomalies are not well enough define'd to evaluate 

quantitatively, but where they are, they yield low amplitudes and moderate to 

high conductivity-thickness values (up to 120 mhos on line 330AW) . Depth 

estimates from these better defined anomalies yield 300 -450 ft. which 

agrees well with that for the magnetic feature.. 

System 30, Plates 6 k 7

This zone corresponds to System 33 and shows excellent

spatial correlation. It is not so well developed as System 33, either in extent 

or definition of anomalies and this suggests that the conducting body may be 

dipping to the west, although this is not supported by the magnetic data. In 

general the reverse axis is developed on the western side (except at the e 

extremities) and this is to be expected since we are energizing the conducting 

body from the opposite direction to System 33.
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System 31, Plate 7

A short (1500 ft.) system displaying a poorly defined cross 

over type anomaly pattern with low amplitudes and'moderate conductivity-thick 

ness values (30 - 60 mhos). It is thought that this zone is part of the major

system.

^System 3JF, Plate 8

An arcuate feature some 2500 ft, long and 1000 ft. broad. 

One normal axis is interpreted which displays moderate to large amplitudes 

and high conductivity-thickness values (over 130 mhos). The anomalies are 

somewhat complicated by switching spikes but close line to line correlation 

and magnetic coincidence support their validity. Depth determinations from 

these Turair records are somewhat meaningless, but the magnetic feature 

is thought to be some 350 ft. subsurface. This zone might also represent 

an extension of the main feature. 

B. Conductors with no Magnetic expression 

System 34. Plate 8

This system is slightly divergent from, and probably connectec 

with, the main feature. One reversed axis is well defined and displays low 

amplitudes and moderate to high conductivity-thickness values (120 mhos).

It is thoughtthat all of the above systems originate in the 

same general conducting body. This is thought to be a nearly vertical 

dyke-like body of basic rock and hopefully local zones of high conductivity- 

thickness values reflect mineralized portions.
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C. Anomalies due to surface conduction effects 

Systems 35, (Plate 8), 32, (Plate 7) and line.323W, fiducial 240

The remaining groups and single line indications may be

grouped in this category. They are characterized by low amplitude values, 

dominant phase distortion and consequent low conductivity-thickness values 

(20-40 mhos) In many cases, such anomalies are seen to occur in especially 

swampy tracts and stream courses, and their origin is thought to be poorly 

conducting silts, etc. 

CONCLUSIONS AND RECOMMENDATIONS

Turair electromagnetic and magnetic surveys executed

over Exploratory Licence 25, northern Ontario, have revealed a number of 

conductor systems. Thses systems have been divided into three categories 

as follows:

A. Conductors with absolute magnetic correlation
B. Conductors with no magnetic expression
C, Conductors occurring over swamps, lake bottoms, etc.

Of these systems, four are category A, one is category B, 

and three are category C.

The following ground work is recommended: 

System A, 33, (Plate 8) and 30 (Plate 6 and 7)

Ground magnetics and Turam electromagnetics should be

executed over the sections having the best t values, coupled with moderate 

amplitudes and magnetic correlation; for example, lines 3291 330, 331. and 

332, and lines 321, 322, 323 and 324. The deeply penetrating Turam electro 

magnetic survey should employ a greater coil'separation than usual, e.g. 200



-12-

ft. and a low frequency, {e.g. 200 c. p. s.). The minimum grid to be 

covered should consist of 8 lines, 400 ft. apart and at least 3000 ft, long. 

The Turam and magnetic readings should be taken every 100 ft.

Similar ground investigations should be made over the 

following system:

System A, 36, Line 342
341 
340

Due to the possible existence of disseminated nickel sulphide 

associated with ultrama.fic intrusives, we further recommend that a series 

of Induced Polarization traverses be executed across System 33 and 30. 

The zone chosen for these traverses, could exhibit low electromagnetic 

responses, and if possible, absolute magnetic correlation. Such a zone is 

seen on line 320A, 321A and 322A.

Recommendations for further ground surveying and

subsequent diamond drilling will be made after the results of this limited 

program of ground follow-up have been made.



Respectfully submitted,

Roger Peart, M,Se., 
Geophysicist.

Jan K^ein, M.Sc. , P.Eng. 
Geophysicist.

SEIGEL ASSOCIATES LIMITED



APPENDIX C

SURVEY EQUIPMENT AND PROCEDURES

Semi-Airborne Electromagnetic System - Scintrex TAR-1

In the application of electromagnetic prospecting methods, 
it has long been recognized that, other things being equal, much 
greater exploration depths can be attained with systems employing 
a fixed source than with systems where both source and receiver are 
moved in unison. For example, a large conducting body which would 
already be undetectable at a depth of 60 m by any surface moving source 
(horizontal loop) system, could be detectable by a fixed-source method 
to a depth of as much as 200 m.

Most present-day airborne electromagnetic systems are of 
the moving source type, and although such systems have tangible 
advantages over the ground versions, it appears difficult to increase 
their useful penetration substantially beyond their present range, 
thder very favourable conditions the better moving source AEM systems 
may reach exploration depths of as much as 100 m or in exceptional 
cases 125 m below the ground surface. This is sufficient for many 
search problems but in some areas the geologic and topographic 
conditions necessitate a much deeper penetration to conduct meaning 
ful mineral surveys.

The foregoing considerations have led to the development 
of the Turair method for the purpose of deep electromagnetic 
exploration. The system, which can be described as a fixed source, 
semi-airborne, gradient measuring device, employs a large 
transmitting loop on the ground as a primary source. The horizontal 
gradients of amplitude and phase of the vertical or horizontal magnetic 
field are measured from the air, along traverse lines across the 
source and perpendicular to the regional geological strike.

The Turair method, because of its semi-airborne character, 
is particularly suitable for the detailed, deep investigation of 
structures having geologically favourable characteristics, or a 
magnetic expression suggesting favourable geology. Because of its 
potential depth of exploration, it can be successfully employed in areas 
of deep sedimentary cover, deep weathering, or tall tree cover (tropical 
area), or in areas where shallower exploration has established the 
presence of ore deposits and a deeper search is desired. It is, because 
of its fixed source configuration, less affected by near-surface conduction



and can be applied with a very low exciting frequency (e. g. 200 Hz or 
less). Finally, as a helicopter-borne system it can operate in 
mountainous topography. Terrain clearance has far less effect on 
the exploration depth of the Turair system than it has in moving source 
methods and it can penetrate deep talus cover and valley fillings.

Economic ore deposits may have strike lengths less than 
200 m. If we want to search for such targets, particularly at greater 
depths, line spacing should not be much greater and for the average 
survey a line spacing of 200 m (or one-eighth mile) should be considered 
optimum. In fact, larger line spacings do not represent significant 
savings, because of the reduction of measurable profile from one loop 
layout. The largest primary loop that can efficiently be laid out 
(by helicopter) is 3 x 5 km. Under average conditions some 400 - 500 
line km of profile at 200 m intervals can be surveyed from this source, 
the total operation covering approximately one days field work.

EQUIPMENT

The Scintrex Turair is a fixed source, semi-airborne 
electromagnetic system designed for helicopter operation.

The system embodies a fixed transmitter on the ground and 
a receiver carried in the helicopter. The s ize of the transmitting 
loop is guided by geologic conditions and the character of the survey. 
A typical loop size would be e. g. a square, 2 miles on each side - 
other shapes and sizes can be used. The loop can be laid out from a 
truck or by helicopter. For airborne placement a special dispensing 
device is used which can feed out continuously, several miles of wire. 
The present system utilizes a 400 Hz primary field, excited by means 
of a 15 kW motor driven generator which supplies a current of 4-10 
amperes into the transmitting loop. The system can operate at any other 
desired frequency depending on the geological conditions in the survey 
area.

The receiver system comprises 2 horizontal coplanar or 
2 vertical coaxial air-cored coils, rigidly mounted 15 feet apart in a 
"bird". This bird is towed approximately 100 feet below the helicopter 
by means of a cable which also carries the electrical signals from the 
bird. The horizontal coplanar coil system is the one preferably used. 
In areas where conducting overburden, etc. might tilt the primary 
electromagnetic field from a mainly vertical to a more horizontally 
directed one, the vertical coaxial coil system may have to be used. 
The present Turair receiving system is designed to detect signals 
stronger than ly-t-V in the coils (phase lock principle). The system 
has a noise level of less than 3/^V. In this way, from a 2 miles x 2 
miles loop, energized by 4 amperes, an area of about 24 square miles 
can be covered in a region underlain by e. g. several hundreds of



feet of overburden or deep weathering of moderate conductivity.

The quantities measured with this dual coil (gradient) 
measuring electromagnetic system include the ratio of the field 
strength and the phase differences of the alternating magnetic field 
at the two coils. The changes in amplitude ratio and phase difference 
are expressed in percent and degrees respectively. The sensitivities 
of the system are 0. l percent and 0. l degrees respectively.

Both parameters are recorded in analogue form on a dual 
channel recorder. Digital output can be employed as well. The 
recorder scale sensitivities can be set to meet all kinds of survey 
conditions, (e.g. Deep-seated targets give generally lower res 
ponses than near surface ones. Therefore, in geological conditions 
where several hundreds of feet of sediments are present, 
higher scale sensitivities are utilized than in areas where strong 
responses are expected, )

Flying towards or away from the loop the strength of the 
field detected at the coils changes gradually but considerably. For 
this reason, a switch connected to the signal detector amplifier is 
manually activated to keep the amplified output of the preamplifiers 
within the signal strength limitations necessary for the equipment 
operation. These switching markers are shown on the recorder 
charts as short duration "spikes" with appropriate notation and are 
easy to interpret as such.

At one or more points during each flight, the scale 
sensitivities and zero levels are checked by means of calibration 
and zeroing signals respectively. The reference or zero level for 
each Turair electromagnetic trace is an arbitrary one, and is obtained 
empirically from the regional level of each section of a trace between 
the switching markers. These levels may drift slowly during a 
flight because of temperature changes. The drifts are very gradual 
and are readily distinguishable from local changes due to conductors 
of a geologic origin.

Since the gradients of the signals recorded close (i. e. 
within about 600') to the loop sides are too strong, it is not possible 
to distinguish field changes due to conductors of geologic origin lying 
in these "blind zone" regions. From a statistical point of view the 
chances of missing a significant conductor in these "blind zone" 
regions are very small, since these regions constitute only about 
8^0 of the area surveyed from each loop,

The amplitude ratio and phase difference are recorded in 
such a way that flying "towards n the loop using the horizontal coplanar 
coil system, a normal anomaly shows a positive sign (i. e, upward



deflection) for the former and a negative sign (i.e. downward deflection) 
for the latter parameter. While flying "away" from a loop these 
signs are reversed. Reversed anomalies can also be the result 
of particular geometric situation, e.g. when the source is located 
on the hanging wall side of a flatly dipping conductor (Bosschart, 
1964, p. 22 and figure 9)* (see anomaly C, figure l and 2). Man- 
made disturbances including power lines, pipe lines, metal fences, 
railways, etc. may cause spurious anomalies. The former are 
recognizable as such when they appear as cyclic noise of irregular 
shape and phase relationship. Non-energized, grounded power lines 
(e. g. 3 phase systems) sometimes give rise to anomalies that are 
more difficult to identify. Such indications as well as those from 
pipe lines and metal fences, etc. are however, of short duration 
and can be distinguished from most geologic sources except for 
very narrow, near-surface conductors. In some instances, ground 
investigation may be necessary in order to resolve the ambiguity of 
possible sources. Although the airborne geophysical crew attempts 
to note visible man-made conductors of the above type, the ground 
moves by so rapidly at the low flight elevation employed that lOO^o 
recognition of such sources cannot always be expected from the air.

The normal terrain clearance of the bird is 100-200 ft. 
depending on the surface topography, tree cover, etc. , with the 
helicopter 100 ft. above. The established useful depth of detection 
of the system for moderate-to-large conducting bodies, i.e. 1000 ft, 
or more in plan length, is at least 600 ft. sub-bird under conditions 
of low extraneous geologic noise, i. e. where the general, level of 
conductivity of the overburden and rock types of the area is low. 
The useful depth of detection of the system is therefore, at least 
400-500 ft. beneath the ground surface under these conditions.

PRESENTATION OF RESULTS

The electromagnetic records are interpreted to determine 
the presence of conducting bodies and to obtain some information 
relating to their character. The intervalometer time marks are 
synchronized with the positioning camera film strip and thereby 
permit the relating of the conductors with appropriate ground 
locations. The terrain clearance is obtained from the altimeter 
data, presented in the form of sidepen markers whose separation 
is nearly proportional to the helicopter terrain clearance.

A plan is prepared, either using a subdued photo-mosaic 
("greyflex") or an overlay from a mosaic or topographic plan as 
base. The flight path of each survey line is obtained by means of 
"tie points", which are features on the mosaic or topographic plan, 
identified on the positioning camera film. The flight path is inter 
polated between these tie points.



4 For each conductor the following quantities are measured 
and recorded.

(a) Peak Location

The peak location of the amplitude ratio (using the 
horizontal coplanar coil system or the cross over in case the 
vertical coaxial coil system is used) is shown on the plan by a 
circle in the appropriate location. In the case of broad conductors 
or closely spaced multiple conductor zones there may be more 
than one peak, in which event all major peaks are shown* A con 
ductor which is likely man-made is indicated by an X rather 
than by a circle.

(b) Conductor Half Width

The "half width", i. e. the distance between the points of 
half the maximum response amplitude is for simple line current 
sources, using the horizontal coplanar coils, approximately equal 
to the depth of the source under the detector. In case the vertical 
coaxial system is used the peak to peak separation is for dike like 
bodies equal to 1.15 times the depth of the source under the detector. 
Flat-lying conductors (e.g. overburden) characteristically give 
rise to very large half widths, combined with rather irregular 
curve shapes and, often, "dipolar" curve forms on the horizontal 
coplanar coils.

The conductor half width, or peak to peak separation, 
is indicated on the plan by an open bar symbol along the flight line. 
If a conductor is of short half width there may be no room for a 
half width bar and only the peak circle is shown.

(c) Amplitude Ratio and Phase Difference

Amplitude ratio and phase difference are scaled from the 
electromagnetic traces and noted in percent and degrees respectively. 
On the flight plan, opposite each peak location (circle), the peak 
amplitude ratio and the peak phase difference are indicated.

INTERPRETATION

Where field distortion occurs the curves indicate the 
location and the depth of the main current flow. The I'current 
axis" is well defined when the current is concentrated , for instance, 
in thin steeply dipping conductors, In wide, banded conductors, 
or in horizontal conductors such as overburden, the current is 
usually more dispersed and the anomalies yield less positive infor 
mation.



4 As a rule the current axis is located right below the 
maximum field strength ratio deflection or the maximum nega 
tive phase shift, for the horizontal coplanar receiving coil system. 
For the vertical coaxial coil system the current axis is located 
right below the cross over. Its depth under the traverse is indicated 
by the shape of the anomaly.

The amplitude ratios and phase differences provide a 
measure of the conductivity of the conducting bodies, i. e. good 
conductors are characterized by field strength distortion com 
bined with relatively little phase shifting, whereas poor conductors 
affect the phase rather than the strength of the resultant field.

For an accurate grading the conductivity-thickness factor 
(O t value) in most of the individual conductors can be derived from 
the calculated in-phase and out-of-phase components, taking into 
consideration the exciting frequency and the strike length of the 
conductor.

To obtain the projection of the current pattern, the 
anomalies are connected between lines , using depth a t values 
and other characteristics of the curves as criteria. The strike 
of the formation, if known, is also taken into consideration.

Based upon the (Tt values, conductor intersections are 
graded in categories l, 2 and 3 as follows:

Category l
2
3

10
100 mhos 
100 mhos 
10 mhos

The respective peak circles are shaded as follows: 
Category l fully shaded, Category 2 half shaded and Category 3 
unshaded. Large, highly conducting bodies such as massive 
sulphides or graphite and seawater, etc. , generally have high 
(ft values. Moderate conductors will have t values between 

10 and 100 mhos. Poorly conducting bodies (e.g. most overburden 
and some sulphide and graphitic zones) will have (Tt values of 
less than 10 mhos. In areas where there is a clear differentiation 
in conductivity between the targets of potential economic interest' 
and other possible conductors, the (ft values may form the 
main basis for discrimination. When the conductivity ranges 
of economic and non-economic overlap, the Ut value cannot, of 
course, be rigidly relied upon.



4 MAGNETIC CORRELATION

Where magnetic data are available, preferably from a 
coincident magnetometer recording, any correlating magnetic 
activity is noted for the pertinent conductor peak. A conductor 
peak with apparently direct magnetic correlation is indicated by 
a double concentric circle. Although a conducting body which is 
appreciably magnetic is, in some geologic environments, more 
likely to be a sulphide body than one which is non-magnetic; many 
important non-magnetic base metal ore bodies are known. Even 
when no direct correlation is evident, the magnetic data may 
yield significant indirect information concerning rock zones, struc 
ture, and the depth of certain rock formations.

* (Bosschart, 1964, p. 22 and figure 9) Analytical Interpretation 
of Fixed Source Electromagnetic Prospecting Data.
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4 REDUCTION OF DATA

Upon completion of a flight, the film is developed and 
the actual path of the aircraft is plotted on a base map. This is 
accomplished by comparing film points with the base map planimetry. 
For any given point, the appropriate fiducial number is placed 
on the base map (or photo laydown). The actual flight path is produced 
by joining the fiducial points.

Where field results are desired, anomalies are chosen 
and are assigned appropriate fiducial numbers. The anomalies 
are then transferred to their correct position on the base map.

Flight lines and fiducial numbers are finally presented 
on a greyflex which is made using the photo mosaic as a base.

In the case of EM or radiometric results the anomalies 
are plotted on the greyflex as boxes with symbols representing 
anomaly grade or amplitude (as noted on the legend accompanying 
each map). Anomaly "systems" are then outlined at which stage 
a geophysical interpretation can be made.

SEIGEL ASSOCIATES LIMITED
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APPENDIX X

Diagram for the Evaluation of Conductivity-Thickness Factors

This diagram has been prepared from data obtained in model studies 

{R. A. Bosschart: "Analytical Interpretation of Fixed Source Electromagnetic 

Prospecting Data.") and is valid for Tabular steeply dipping 'Thin 1 

Conductors.

To obtain the conductivity-thickness factor for a conductor system 

the amplitude-ratio and phase difference are plotted on abscissa and ordinate 

respectively and a line is drawn through the resultant point and the origin. 

Where this line intersects the curve corresponding to the interpreted strike 

length of the anomaly system one interpolates between the values of conductivity- 

thickness, in mhos, shown on the upper bounding curve.

Example: Amplitude Ratio 
Phase difference 
Interpreted strike length
of system 

Conductivity-thickness
value

Q.7% 
0.20

1000 metres 

120 mhos
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SUMMARY

Ground magnetic and Turam electromagnetic surveys were 

executed over seven grids in the Winisk River area of Northern Ontario, 

as part of a ground follow-up program based on a Turair survey.

Anomalous zones of possible economic interest were encountered 

on four of the grids. Recommendations are made concerning the further 

investigation of these zones.



r
REPORT ON TURAM ELECTROMAGNETIC

AND
GROUND MAGNETIC SURVEYS 

WINISK RIVER AREA, NORTHERN ONTARIO
ON BEHALF OF 

KENNCO EXPLORATIONS, (CANADA) LIMITED

INTRODUCTION

During March and April 1971, Seigel Associates Limited carried 

out ground magnetic and Turam electromagnetic surveys over seven grids 

in the Winisk River area of Northern Ontario on behalf of Kennco Explorations, 

(Canada) Limited. The grids are located within the areas of Exploration 

Licences numbers 6 and 25 in the Patricia Mining Division. The location of 

the grids is shown in Figure 1.

The surveys were carried out under the direction of Mr. P. W. 

Goddard, HNC and Mr. Roger Peart, M. Se. , under the supervision of Mr. Jan 

Klein, M. Se. ,P.Eng.

Access to the area is by ski-equipped aircraft in winter from Arm 

strong or Pickle Lake. The surveys were conducted from a base camp located 

on Mervin Lake, at 53 O 53'N, 86O31'W. ABell G-4 helicopter on charter 

from Helair Ltd. of Kenora, Ontario, was used for local transportation of 

crew and equipment.

Logistical data for the grids are given in Table 1.

The purpose of the surveys was to locate,confirm and provide additional 

information on areas selected using the results of a Turair survey (see report).
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ETHOD AND INSTRUMENTATION

During the surveys, Scintrex SE-71 three frequency solid state units 

were used for Turam electromagnetic measurements. An excitation frequency 

of 200 Hz and a coil separation of 200 feet were employed throughout the main 

survey. One test line was surveyed with an excitation frequency of 400 Hz 

and with a coil separation of 100 feet.
l H

A,detailed description of the Turam method is given in Appendix T 

and the accompanying paper "Some Aspects of the Turam Electromagnetic 

Method".

Scintrex MF-2 vertical intensity fluxgate magnetpmeters were 

used for the magnetic surveys. Normal field procedure was followed, and 

diurnal variations were removed using an arbitrary base station on each grid. 

GEOLOGY AND PREVIOUS GEOPHYSICAL WORK

The areas of Exploration Licences numbers 6 and 25 were previously 

covered by airborne magnetic and Turair electromagnetic surveys. Regional 

gravity surveys have also been carried out.

Data from the following sources has been used in assessing the 

present survey results:

Geological survey of Canada; Aeromagnetic Maps, numbers 3826G,

3827G, 3837G, 3838G.

Department of Mines and Technical Surveys; Gravity Maps series

numbers 31, 33, 34*

Seigel Associates Limited, Turair Survey Preliminary data.

A brief description of the gravity field in the survey area is given 

by Gibb and Mcconnell (1970). * Figure 3 shows a simplified gravity anomaly
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map of the area. Figure Z , s hows the aeromagnetic contour map for the area, 

taken from the appropriate G. S. C. aeromagnetic maps.

A discussion of the geology of the area is given by Ayres et.al. 

(1967). **

" A fuller discussion than that given herein, of the geology and geo 

physical results over the areas of Exploration Licences 6 and 25 is given in 

reports on Turair surveys carried out by Seigel Associates Limited in these 

areas. 

PRESENTATION OF RESULTS

The results are presented on 14 plates to a scale of l" s 200'. Two 

plates are presented for each grid; one showing the Turam electromagnetic 

profiles together with magnetic profiles, the other showing vertical field 

magnetic contours.

The vertical scales used for the Turam profiles are l" * 2 0^o amp-
•,

litude ratio and l" = 10O phase difference. Results from different traverses 

^over the same line are shown using different styles of line. The vertical scale 

used for the magnetic profiles differs from grid to grid, depending on local 

magnetic relief. 

DISCUSSION OF RESULTS

The positions of the seven grids surveyed were selected on the basis 

of a previous Turair airborne survey. (See Figure 4 to 8 showing the Turair 

anomalous areas selected for Turam ground follow-up. ) The grids were in 

tended to sample the most promising of the anomalous zones encountered.

The grids were located using photomosaics of the area. Rapid



ground magnetometer traverses were used to confirm the ground position, 

by comparison with the airborne results.

The Turam results obtained indicated the existence of several multiple 

banded conductor zones. Within these zones, conductivity-width, depth, 

and current axis determinations are severely complicated by the multiple 

nature of the anomalies. Where possible depth determinations have been 

made on the basis of magnetic data. 

GRID #1

The airborne results for this zone showed fairly weak electromagnetic 

anomalies correlating with a magnetic feature.
t

Figure 9 shows the Turair trace for line 5S across this zone.

The results for the ground surveys are shown on Plates 10 and 11. 

The former shows the Turam and magnetic profiles over the grid, and the 

latter, vertical intensity magnetic contours.

The Turam results indicate the existence of several conductive zones.

The major interpreted current axes are shown on Plate 10, labled Aj, 

A,, A , B , 1*2. The most prominent current axis A^ *ies parallel to the 

magnetic feature, about 200-300 feet north of it. The axes Aj.A^ and A^, 

are roughly parallel to ^2* ^ut shorter and not so prominent. The axis A.% 

strikes roughly west for 1600 feet within the grid, extending to the north-west 

edge from line 12+OON.

Conductivity-width estimates for AI* based on a steeply dipping thin 

tabular model, yield moderate values, between 40 and 80 mhos. The 

axes Aj, A and A are not well enough defined to make possible accurate 

estimates, but appear to indicate slightly lower conductivity-widths.
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Because of the multiple nature of the Turam anomalies, depth 

estimates are not reliable. Estimates based on the axis A2 indicated a 

figure of 250 feet, and the conductor is possibly even nearer to the surface 

{due to the fact that a 200 ft. coil separation was used).

On the basis of the magnetic survey results, it is estimated that the 

depth to the upper magnetic pole in the region of lines 12+OON to 20+OON is 

about 250-300 feet. The vertical field magnetic anomaly has a maximum 

amplitude of about 15,000 X on line 8+OON, decreasing toward each end of the 

grid. s

It therefore seems probable that the conductive axis A^ occurs at 

about 250-300 feet below surface, and is related to an ultrabasic intrusion. 

A strong possibility exists, however, that the conductor is nearer to the surface, 

and its correlation with the magnetic feature is coincidental or related to 

structural or topographic causes. The axes Aj, AS and A4 probably result 

from a similar cause to Ag.

The axes B, and B 9 , as well as other minor anomalous indications
l ft

toward the ends of the lines between stations 20E and 30E,probably arise from 

conductive overburden conditions.

Line 0+00, was repeated with an excitation frequency of 400 Hz, 

using a coil spacing of 100 feet. The line showed no significant results.



Grid #2

The grid was located so as to sample the best portion of a large 

Turair anomalous zone. Figure 10 shows the airborne trace of line 25N over 

the zone. The Turair anomalies within the zone were very large in amplitude 

and were characterized by strong field damping. .The zone lies on the flank 

of a major linear magnetic feature striking roughly northwest along the whole 

length of Permit number 6, reflecting the Winisk River fault, (see Mineral 

Exploration Targets in Northwestern Ontario by R. A. Riley, et. al, CMJ, 

April'1971.N)

The results of the ground surveys are shown on Plates 20 and 21, showi 

the Turam and magnetic profiles on the former and vertical field magnetic 

contours on the latter.

The Turam results show the existence of a major multiple conductor 

zone, with interpreted major current axes C, , C,, C,,'C^, Cc, C& and C-?. 

The zone is marked by large response amplitudes and severe field damping. 

The decrease in electromagnetic distortions near the loop edge is very likely 

due to the geometrical relationship between the loop and the conductive over 

burden.

Because of the severe damping, it was found neccessary to lay a 

second loop, with its front edge at station 18 on each line, in order to carry 

the survey to the ends of the lines. The extensions of the line beyond about 

station 22 showed much smaller amplitudes.



j Because of the multiple nature of the zone, conductivity width estimates 

based on a steeply dipping tabular body model, are not reliable. However, 

indications obtained from the overall amplitude ratio and phase shifts for the 

z,one indicate a figure of about 80 mhos.

Depth estimates from the Turam results indicate a probable maximum dept 

of about 350 feet. This appears to conflict with the relatively large amplitudes 

of the responses which suggest a near surface body. The magnetic results 

reveal that the multiple conductors Cj-Cy are located immediately to the 

southwest pf the important magnetic high. -

Results from an incomplete diamond drill hole sited on the anomaly, 

on line 0+00, station 20E, now suggest that the cause of the anomalous zone 

is a body of, conductive varved clay.

A small multiple conducting zone with interpreted axes Di,D2,Dj 

occurs on lines 0+00 and 4+OON between stations 37E and 43E. Conductivity- 

width and depth estimates indicate about 150 mhos and 150 feet subsurface 

respectively. No magnetic correlation is observed with this zone. It appears 

likely that this indication arises from near surface sources, probably con 

ductive overburden. -

Other small anomalous indications towards the ends of the lines 

probably arise from conductive overburden conditions.

The vertical field magnetic contours (Plate 21) show a general 

level rise in magnetic background along the length of each line. This produces 

a general rise of about 1000^ . This forms part of the major magnetic feature 

observed on airborne magnetic results, and is thought to arise from deep



seated structural causes. Smaller variations superimposed on the major 

feature are thought probably to reflect basement rock variations. No cor 

relation is observed with Turam electromagnetic results. 

Grid #3

The grid was located so as to cover a part of a Turair anomalous 

zone, correlating with a magnetic feature. Figure 11 shows the Turair 

trace of line 120N over the zone.

The ground survey results are shown on Plates 30 and 31, showing the 

Turam and,magnetic-profiles and vertical field magnetic contours.

The Turam results show a number of broad anomalous indications of 

fairly small amplitude. The major interpreted current axes are shown on 

Plate 30, labled Ej, E2 , E3 , E4 , Fj, F2 , Gj and G2 . Conductivity width 

estimates for these axes give generally moderate results (20-80 mhos). 

Depth indications suggest fairly near surface causes. No marked correlation 

exists with the observed magnetic features. It therefore seems probable 

that the anomalous indications arise from conductive overburden conditions, 

or clays, similar to those found on Grid 2.

The vertical field magnetic contours show a complex pattern, with 

maximum relief of about ISOOtf , and probably reflect basic Intrusive bodies. 

The lack of correlation with electromagnetic results suggest that the area 

is barren of major conductive mineralization to a depth of at least 500 feet. 

Grid #4

The grid was placed so as to cover pa rt of an anomalous Turair 

feature correlating with a magnetic feature lying on the southwest flank of the



.
Winisk River fault. Figure 12 shows the Turair trace of line 157S across 

this conductive zone.

The ground survey results are shown on Plates 40 and 41.

The Turam results show strong multiple conductor zones on either 

flank, and closely parallel to the magnetic feature. The major interpreted 

current axes are shown on Plate 40, labled Hj,^, Ij, loi 13. 14* Is a^d 1^.

The axes \2 and I-j show the strongest responses, and lie on the 

northeastern flank of the magnetic feature, about 100 and 250 feet from the 

magnetic peak respectively. Conductivity width estimates for these axes 

give very high values, in excess of 250 mhos in many parts.

Depth estimates based on magnetic data indicate about 150-250 feet 

subsurface to the upper magnetic pole. Turam depth estimates , which are 

less reliable^ because of the multiple nature of the zone, indicate similar 

depths.

The axes H j and H2, which lie on the southwestern flank bf the 

magnetic feature, exhibit moderate (80 mhos) conductivity widths, and similar 

depths.
x

The magnetic anomaly has a maximum amplitude of about 4000 V 

about line 4+OON, and is probably related to an ultrabasic intrusion. The 

electromagnetic conductors probably relate to conductive mineralization or a 

very highly conductive shear zone associated with the intrusion. 

Grid #5

The grid was located so as to cover another portion of the airborne 

zone on which grid 4 was located. Figure 13 shows the Turair trace for



line 168N over this section of the zone.

The ground survey results are presented on Plates 50 and 51.

The Turam results show a large multiple conductor zone, similar 

to that on grid 4. The major interpreted axes are shown on Plate 50, labled

Jl to

Because the anomalous zone occurred toward station 30E on each

line, the lines were extended to station 40E. A second loop was laid with its 

front edge at station 18, from which the anomalous zone was again covered.

Conductivity*- width estimates for the main current axes give very 

high values, over 250 mhos in many parts. The axes are nearly parallel to, 

and lying on either flank of a strong magnetic feature.

The results show strong similarities to those in Grid 4, although 

with somewhat more complexity in detail. The zone therefore probably arises 

from the same cause, and the two grids cover different parts of the same 

system, as suggested by the airborne results.

Depth estimates on the basis of the magnetic data indicate a value 

of 180-200 feet subsurface. The Turam results support this figure.
\

Grid #6

The grid was located so as to cover an anomalous zone, within the 

area of Exploratory Licence no. 25.

Figure 14 shows the Turam traces across the zone for line 33 1 AE.

The ground survey results are shown on Plates 60 and 61. The 

Turam results show one small conductive zone labled K on Plate 60. The 

results for this suggest a moderate to good conductivity width (based on a



io psteeply dipping tabular model), and a depth of up to 200 feet. The zone 

extends off the grid to the south, and it is impossible to assess its strike 

length.

The conductor does not appear to be directly associated with the 

magnetic feature, which apparently arises at greater depths. It seems 

probable that the anomaly arises from near surface conduction, possibly 

due to conductive overburden. A possibility exists however that the cause is 

conductive mineralization at about 200 feet subsurface.

Other minor anomalous indications probably arise from conductive 

overburden conditions.

The vertical field magnetic contours show a roughly circular 

closure with a maximum amplitude of about 2000 o , centred at about station 

8E on line 2ON. This possibly reflects a basic plug. 

Grid #7

The grid was located on the same zone as grid 6. Figure 15 shows 

the Turair trace for line 322W across this part of the zone.

The ground results are presented on Plates 70 and 71. The Turam
\

results show a broad multiple conductive zone running parallel to and on the 

east flank of a magnetic feature. The interpreted current axes are marked 

Lj to L5 on Plate 70.

The magnetic data indicate an estimated depth to the upper magnetic 

pole of about 400-500 feet. Depth estimates based on the Turam results 

suggest a shallower cause, about 200 feet subsurface. It seems likely there 

fore that the causes of the electromagnetic and magnetic features are not



directly related. However, the possibility cannot be excluded that the Turam 

indications do arise from a deeper cause than that apparently indicated.

Conductivity-width estimates indicate moderate values in the range 

of 20-80 mhos.

The main magnetic feature shown on the vertical field contours is a 

linear closure with maximum amplitude of about 10,000 # . This suggests as a 

causative body a basic/ultrabasic dyke-like intrusion, at a depth of about 

400-500 feet subsurface. 

CONCLUSIONS AND RECOMMENDATIONS

The surveys resulted in the location of major conducting zones on 

four grids (numbers 1,2,4 and 5) and lesser ones on the remaining three 

grids. ' -

A very broad,'large amplitude conductive zone on Grid number 2 

appears, on the basis of incomplete drill results presently available, 

very likely to arise from a body of highly conductive (varve) clay. Unless 

continuation of the present drilling program should show more promising results

no further work is recommended for this zone. Gravity surveys might prove\ *

valuable in distinguising clay bodies of this type.

The Turam results on Grids 4 and 5 indicated a large multiple con- 

.ductor zone closely correlating with a magnetic feature. Conductivity 

width estimates for this zone gave good values, in many cases in excess of 

250 mhos. Depth appears to be, in the range of 150-200 feet subsurface. It 

appears likely that the zone is related to an ultrabasic intrusion.

A diamond drill hole sited on Grid 4, on line 8+OON at station



20+OOE, drilling for 1000 feet at a 45 inclination in a driection along the 

line, is recommended in order to investigate the main part of the anomaly.

On grid l, a multiple conductor zone is indicated parallel to a 

magnetic feature. Conductivity-width estimates on the major current axes 

indicate moderate values, between 40 and 80 mhos. A depth of 250-300 

feet subsurface is suggested from1 the magnetic and electromagnetic data. 

The conductor may be related to an ultrabasic body and a diamond drill hole 

is recommended in order to determine the cause of the anomaly. The drill 

should be suited on line 20N at station 134-50E.The hole should be drilled for
t

1000 feet at an inclination of 45O in a southwesterly direction along the line.

A small, potentially interesting anomaly (K, Plate 60) exists on 

Grid 6. The strike extent of the anomaly to the south is unknown. It is 

recommended that further ground geophysical work be executed over this 

anomaly in order to determine its extent. An extension of the present Turam 

survey should accomplish this.

A conductive zone (L, Plate 70) appears On Grid 7, It appears pro 

bable that this zone is related to highly conductive overburden. However, 

because of the correlation of the zone with a magnetic feature, as well as 

uncertainty in the depth estimates for this zone, it is considered that the zone 

may warrant further investigation and should be re-evaluated in the light 

of further information which may be obtained, especially from the zones on 

Grids l, 4, and 5which show certain similarities to the zone L.

It is considered that, except in areas of highly conductive clays, on 

Grid 2 for instance, the effective depth of search was in excess of 500 feet.
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TABLE 1 - LOGISTICAL DATA

Grid No.

1

2

3

4

5

6

7

Totals

No. of 
Lines

8

9

9

9

9

9

9

Line Length

3000'

4500'

3000'

3000'

4000'

3000'

3000'

Magnetic Profile 
Lenerth

24,000'

40,500'

27,000'

27,000'

36,000'

27,000'

27,000'

208,500'

Turam Profile 
Length

20,700'
2,900'

17,600'
21,400

22,600'

22,200'

23,400' 

16,200'

22,900'

23,400'

193,300'

Remarks

Loop 3200 x 3200' with front edge on base line.
Test at 400 Hz with 100' spacing.

m

Loop 4000 x 4000', front edge on base line.
Loop 3200 x 3200', front edge on station 18E

Loop 3600 x 3600', front edge on base line.

Loop 3600 x 3600', front edge on base line.

Loop 3600 x 3600', front edge on base line. 
Loop 3200 x 2000', front edge on station 18E.

Loop 3200 x 3200', front edge on base line.

Loop 3200 x 3200', front edge on base line.

- - -
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APPENDIX "T"

BRIEF DESCRIPTION OF THE 
TURAM ELECTROMAGNETIC SYSTEM

GENERAL

The Turam method can be classified as a fixed source 
compensation method. The primary or source field consists of a large 
energizing layout in the form of a long wire or a large loop laid out on the 
terrain, to which an audio frequency alternating current is fed by means 
of a motor generator. The resulting current pattern is investigated 
inductively, with two identical receiving coils connected to a bridge 
compensator which compares the signal received in each coil in relative 
phase and amplitude. When grounded cable is used, the energization is 
both galvanic and inductive; when the primary layout consists of a closed 
loop, the energization is purely inductive. Under most conditions the 
presence of galvanic current is undesirable and inductive energization is, 
as a rule, preferred.

Although the system allows the comparison of any two components 
of the resultant field, it is standard procedure in systematic surveys to 
measure the gradient of the vertical component.

The pattern for a typical Turam survey is shown in Fig. 1. A 
large rectangular loop is used as primary layout and the field gradients 
are measured with horizontal receiving coils along profiles perpendicular 
to a long side of the transmitting loop.

DATA REDUCTION

The relative strength of the undisturbed primary field is 
dependent on the loop dimensions and the location of the observation points, 
and can be determined by calculation. The measured field strength ratios 
are normalized through division by these calculated free space ratios.

The primary field causes eddy currents to flow in subsurface 
conductors. As a result the resultant field will be distorted in both 
amplitude and phase. The presence of conductors will thus be indicated 
by abnormal field strength ratios and phase differences.



PRESENTATION

The measuring results are usually presented in profile form, as 
(reduced) field strength ration and phase difference curves, with the 
observed values plotted at the midpoint between coil positions.

Occasionally one of the two parameters is presented in contour 
form, but contour plans are generally inadequate to express the full 
significance of the data.

INTERPRETATION

Where field distortion occurs the curves indicate the location 
and the depth of burial of the main current flow. The "current axis" is well 
defined when the current is concentrated as, for instance, in thin, steeply 
dipping conductors. In wide, banded conductors, or in horizontal conductors 
such as, for instance, overburden, the current is usually more dispersed 
and the anomalies will yield less positive information.

w

'As a rule the current axis is located right below the maximum 
field strength ratio deflection or the maximum negative phase shift. Its depth 
under the traverse is indicated by the shape of the anomaly.

The relative amplitudes of field strength and phase distortions 
are a measure of the conductivity of the conducting bodies, i. e. good 
conductors are characterized by field strength distortion combined with 
relatively little phase shifting, whereas poor conductors affect the phacc, 
rather than the strength of the resultant field.

For an accurate grading the conductivity thickness tf t value 
the individual conductors can be derived from the calculated in-phase and 
out-of-phase components, taking further into consideration the exciting 
frequency and the strike length of the conductor. The relations are shown 
in Fi g. 2 and Fig. 3. The obtained d t values are marked on the upper right 
side of the anomalies, in units of mho. On the lower left side the depth 
of the current axis (ft.) is marked. It is normally located 30 - 40 ft. within 
the body and the indicated depth should be regarded as the maximum depth to 
the upper surface of the conductor.

To obtain the projection of the current pattern, the anomalies are 
connected between lines, whereby depth and (} t values, as well as other 
characteristics of the curves are used as criteria. The strike of the formations 
if known, is also taken into consideration. Fig. 4 and Fig. 5 show a plan and 
section of a typical Turam survey and interpretation.

References: 1937 Hedstron, E. H.

1964 Bosschart, R. A.

Phase Measurements in Electrical 
Prospecting. AIME Techn. Publ. 827

Analytical Interpretation of Fixed Sourc 
Electromagnetic Prospecting Data, 
Delft.'
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ABSTRACT

Most electromagnetic methods presently used in min 
ing exploration are of the moving source type; i.e., the 
primary field source is moved simultaneously and in a 
fixed configuration with the receiver.

Of the fixed-source methods, which employ a station 
ary primary field and a moving receiver, the Turam 
method is the most effective and has marked advantages 
over alternative electromagnetic methods.

The results are little affected by topographic relief, 
and a high degree of resolution can be obtained because 
of the constant relation between source field and inves 
tigation area. -. *

Another inherent advantage of the Turam configuration 
is that it provides more favourable dimensional rela 
tions. Thus, the primary field attenuates at a much lower 
rate than in moving-source configurations and, secondly, 
the method is size sensitive; i.e., conductor size affects 
the strength of the response, which is not the case with 
moving-source methods.

These factors result in a considerably better potential 
depth penetration.

- ' ,' SsMdrOKJXMK**?*

Figure 1.—General layout of the Turam method.

Figure 2.—Three-frequency Turam receiving system 
(Sharpe SE-700).

Introduction

I N the period following the first world war, Scan 
dinavia became the cradle of geo-electrical pros 

pecting. The Swedish "Tvaram" (Sundberg, 1931) 
and "Compensator" (Sundberg & Hedstrom, 1933) 
were the forerunners of the large majority of present- 
day electromagnetic methods. From the Compensator 
method were derived, in quick succession, the "Tu 
ram" (Hedstrom, 1937) and the "Slingram" (Hed 
strom, 1945) methods. Both techniques are still being 
used in virtually unmodified form, although the "Slin 
gram" has been adapted to a variety of airborne ap 
plications and has, in the course of time, assumed a 
confusing array of pseudonyms, such as "Loop Frame," 
"Horizontal Loop," "E.M. Gun," "Minigun," "Ronka," 
"Magniphase," etc., as well as a number of names for 
the airborne adaptations. The Slingram-derived meth 
ods are characterized by a constant transmitter-re 
ceiver configuration, which is moved over the target 
area. They are called "Moving Source Compensation 
Methods."

The Turam method has been in active use since its 
development in 1932. In principle, it comprises a fixed 
transmitting layout of large dimensions and a moving 
receiver system which measures the gradients of phase 
and amplitude of the induced electromagnetic field. 
The coupling between the field source and a conductor, 
which is variable in the moving-source systems, is 
constant in the Turam or related configurations, re 
sulting in a response of a somewhat different charac 
ter. Therefore, a distinction is made between "Fixed 
Source" and "Moving Source" Compensation methods.

A typical Turam layout (Figure 1) consists of a 
rectangular transmitting loop of insulated wire with 
sides several thousand feet long, to which alternating 
current of one or more frequencies between 10' and 10s 
c.p.s. is fed by a gasoline-engine-driven alternator. 
The receiver system embodies two induction coils, 
carried at a constant separation (e.g., 100 ft.) and 
connected to a compensator which measures the in 
tensity ratio and the phase difference between the 
fields received by the two coils.

As a rule, profiles are measured outside the trans 
mitting loop, perpendicular to the long axis of the 
loop and not exceeding the length of the short axis.

The intensity of the induced primary field depends 
on the size and shape of the transmitting loop and 
the location of the observation point. The free air field 
strength ratios between stations successively occupied 
by the receiving coils are determined by calculation, 
and the observed ratios are normalized through divi 
sion by these values. The presence of secondary fields 
is characterized by abnormal field strength ratios and 
phase differences.



Although in practice Turam measurements are, be 
use of the light, mobile receiving system (Figure 

made rapidly (at the rate of 3 to 6 miles per day), 
iange of primary layout at least each alternate day 

ia required under average conditions. In order to 
maintain this rate of coverage, a crew of four men 
is employed—two to measure and two to lay out and 
recover loops. In terms of line miles per man-day, the 
Turam method is therefore rather less efficient than 
the moving-source methods. On the other hand, it has 
specific advantages in results over the latter, as will 
l* shown below.

Quantitative Interpretation
When a block of ground is energized by means of an 

alternating electromagnetic (E.M.) field, the result 
ing field at the surface is, when conductors are pre 
sent, elliptically polarized. This is because the secon 
dary fields are phase-shifted relative to the primary 
field. With methods measuring a geometrical compo 
nent (e.g., Vertical Loop E.M. methods), field ellip 
ticity has the effect of blurring the observations; i.e., 
instead of a precise angle of zero induction a "null 
width" of minimum induction is obtained, and this 
null width widens with increasing phase shift. As a 
result, such methods may become less definitive in 
the presence of medium to poor conductors, such as 
conductive overburden or relatively disseminated min 
eralization.

A major advantage of Compensation methods is 
that phase shifts are compensated and field compo 
nents can be measured accurately, independent of the 
degree of field ellipticity. Moreover, two related com 
ponents are usually measured (either phase and amp 
litude, or in-phase and out-of-phase components), 
which greatly diminishes the possibility of obtaining 
spurious anomalies, and, more importantly, because 
the relation between these components depends on the 
conductor characteristics, renders possible a quanti 
tative interpretation of the obtained data.

In recent years, much work has been done to in 
vestigate the response of mathematical or reduced- 
scale models of geological conductors in moving-source 
or fixed-source configurations and so provide a basis 
for the quantitative interpretation of field data (Wait, 
1952, '63, '60; West, 1960; Hedstrom & Parasnis, 
1958; Paterson, 1961; Bosschart, 1961, '64). As a 
result, some conductor characteristics can often be 
closely enough determined to discriminate between 
anomalies arising from potential ore conductors and 
those arising from electrolytic conductors (overburden, 
weathered shear zones, etc.) and the conducting bodies, 
even at considerable depth, can be accurately located 
for diamond drilling. The possibility of assigning 
significance to anomalies on the basis of amplitude 
ratios rather than on amplitude strength, and giving 
precedence to weak anomalies among larger and 
stronger ones, in itself signifies a considerable exten 
sion of the capabilities of these methods.

The response of conductors, calculated theoretically 
or observed in model experiments in a particular mea 
suring configuration, are usually presented in the form 
of response diagrams showing a set of two curves 
which represent the variation of peak amplitudes of 
the in-phase and out-of-phase components with the va 
riation of a response parameter. The latter includes, 
in some form, the exciting frequency and the relevant

conductor characteristics. For instance, for an infi 
nite sheet the response parameter may be written as

X - 103 ~-, in which r ss resistivity in ohm-cm, f ea 
frequency, and d — thickness in m.

Such a diagram, representing the response of a 
medium-size tabular conductor (1000 ft. strike length) 
in a Turam configuration, is shown in Figure SA, The 
straight line marked Q is the in-phase to out-of-phase 
ratio. This ratio varies with the response parameter 
and the strike length and thus gives, for a determinate 
frequency, a value for the resistivity/thickness ratio 

•of the conductor. The validity of this particular dia 
gram is limited to the specified strike length, but it 
illustrates the general relations. As they show the re 
lation between the relative amplitudes of the response 
and the frequency, an important function of such 
diagrams is to indicate how anomalies caused by bo 
dies of different conductivity can be emphasized or 
de-emphasized by changing the exciting frequency. 
An example of this application is described below.

In some areas, the overburden is both conductive and 
of irregular configuration and thickness. At stan 
dard prospecting frequencies, the strong field distor 
tion arising from this condition could mask the res 
ponse of underlying conductors, even when these would 
have appreciably better conductivity. In Figure SB-1, 
an example of extreme overburden distortion at a fre 
quency of 800 c.p.s. is shown, with anomalies as strong 
as 40 per cent field strength ratio (R) and a 24- 
degree phase difference (P). The same traverse at a 
frequency of 200 c.p.s. is shown in the bottom profile. 
The field strength anomaly has almost disappeared; 
from 40 per cent it has decreased to 4.5 per cent. The 
phase difference is down to 7.5 from 24 degrees. When 
these results are compared with the response diagram 
(Figure 5-1) they appear to be entirely predictable. 
The overburden anomalies have a r/d value of approx 
imately 50 ohm-cm./m. and thus X equals 62 ohm- 
cm.sec./m. at 800 c.p.s. and 250 ohm-cm.sec./m. at 
200 c.p.s. As the curves show, the in-phase component 
drops 80 per cent and the out-of-phase component 60 
per cent with the change of \ from 62 to 260 ohm- 
cm.sec./m. This example shows that the overburden 
response can be drastically reduced by lowering the 
frequency. The process would, however, be futile if 
the response from underlying better conductors would 
be proportionally decreased. With the use of properly 
selected exciting frequencies, however, this 'is not the 
case; for a good conductor with, say, an r/d value of 
1.6, the change in frequency would represent a change 
from A. = 2 to X — 8, with a corresponding drop of 
the in-phase amplitude of only 25 per cent and an 
actual gain in out-of-phase amplitude of 75 per cent 
(Figure SA-2).

Under 200 ft. of cover, this conductor might (sub 
ject to size and over-all geometry), at a frequency 
of 800 c.p.s., give rise to a 22 per cent in-phase and 
a 4 per cent out-of-phase anomaly (approximately 
20 per cent field strength ratio, 2.5 degree phase 
diference) (Figure SB-2), and would be difficult to 
distinguish from the 800-c.p.s. overburden noise 
shown in Figure SB-1. At the lower frequency, the 
anomaly would be 17 per cent in-phase and 7 per 
percent out-of-phase (16 per cent field strength ratio, 
5-degree phase difference), and it would stand out 
clearly from the reduced overburden response.
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Potential Depth Penetration
assessing the capabilities of electromagnetic 

methods, the effective depth penetration is among the 
most important factors to consider. It can be defined 
as the maximum depth at which the response of con 
ductors of potential economic interest can be clearly 
distinguished from electromagnetic fields arising 
from other sources.

An examination of the descriptions of some fifty 
producing orebodies on the Canadian and Baltic Pre 
cambrian shields shows that the large majority are

steeply dipping, lenticular or tabular bodies of con 
centrated sulphides, with strike lengths varying from 
300 to 8,000 ft. (see Figure 4A) and depth extensions, 
where known, of a comparable order of of magnitude. 
An example of the response of good conductors with 
in this size range in typical moving-source and fixed- 
source configurations is shown in the same diagram 
(Figure 4B). The conductor is a tabular body of 
'good conductivity (x — 10.8 ohm-cm.sec./m.) at a 
depth of 60 ft. The strike length and height have 
been increased simultaneously from 10* to 10* feet. 
It can be seen that, up to a strike length of 400 ft.,

'/o
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Figure 3.—Response of a thin, medium-size tabular conductor (1000-ft. strike length) In a fixed-source measuring
configuration.
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C
the response in both configurations is comparable. In 

ie moving-source configuration (Horizontal Loop), 
further increase in size results in very little gain 

n the response. Saturation is reached at a strike 
length of 600 to 800 ft.

In the fixed-source (Turam) configuration, the 
response shows its steepest gain where the moving- 
source response flattens off; for an increase in strike 
length from 800 to 8,000 ft., the fixed-source res 
ponse increases from 6 per cent to 80 per cent, or
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Figure 4. — A comparison of the response of conductors of varying size in moving-source and fixed-source measur 
ing configurations.



more than 13 times, whereas the moving source res- 
poig^ncreases from 4 per cent to 7.5 per cent, or by 
a f^Pr of less than 2.

In practical terms, this means that size has a negli 
gible effect on the detectability of a conductor in a 
moving-source configuration, but contributes material 
ly to its detectability in a fixed-source system. The 
larger the body, the greater the depth at which it can 
be found with the Turam method. A major reason 
for the observed difference in potential depth pene 
tration of the two types of configuration is the 
different rate of fall-off of the response of bodies of 
the shapes and dimensions discussed above.

For moving-source configurations, this question 
has been examined by Hedstrom & Parasnis (1958). 
In a diagram, for instance, they show the variation 
of the response of a 2,000 by 2,000 ft. sheet conductor, 
of good conductivity (A = 4 ohm-cm.sec./m.) with 
the depth. (Figure 5). Between depth to coil separa 
tion ratios of 0.2 and 0.8 the rate of fall-off increases 
from the 1st to the 6th power of the depth. In ground 
surveys, where the in-phase noise level is, under 
average conditions, rarely less than 2 per cent, a 
discernable anomaly will thus have to have an in- 
phase amplitude of at least 4 percent. As the dia 
gram ehows, the response falls below this value at a 
depth to coil separation ratio of 0.67. At 800 ft., 
which is the largest separation practical, the poten 
tial depth penetration is therefore less than 170 ft.; 
at the standard 200 ft. separation, it is less than 
116 ft.

The variation with depth of the response of a 
smaller conductor (1,000 by 1,000 ft) of comparable 
conductivity (A — 3.5) in a Turam configuration is

(shown in Figure 6. To a depth of 200 ft. the response 
falls off at a rate of less than the 1st power; to 
depths of well over 600 ft., it falls off at a rate of less 
than the 2nd power.

At a 600-ft. depth, the in-phase amplitude is still 
better than 4 per cent. For a 2,000 by 2,000-ft. body, 
it would be approximately 6 per cent, and, with a 
further increase in size, it could reach 8 per cent. 
The potential depth penetration can thus be conserv 
atively estimated to be 600 ft.

Figure 7 is a field example of a 400-c.p.s. Turam 
traverse over two steeply dipping mixed graphite 
and sulphide conductors under 340 ft. of overburden 
(Timmins area). The field strength ratio anomaly 
of the strongest conductor is 28 per cent, which is 
approximately three times stronger than the field 
strength ratio anomaly of the smaller conductor 
shown in Figure 6 at the same depth of burial. This 
example indicates that the present body could be 
found at much greater depth and that the estimate 
of the potential depth penetration, based on the 
smaller body, is indeed conservative. It may be noted 
that the in-phase response in a moving-source sys 
tem (300 ft. coil separation) would be less than l per 
cent and that the body would be undetectable with 
such a method.

Effect of Topographic Relief
Neglecting external sources, the noise level of 

moving-source compensation methods is strongly de 
pendent on the coupling between transmitter and 
receiver; i.e., if the configuration is not rigidly main 
tained during operation, spurious in-phase anomalies 
result. For instance, an error of 5 per cent in the

os
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Figure 7.—Turam traverse over deeply buried conductors in the Timmins area.

coil separation causes a change of 15 per cent in the 
in-phase component. In the presence of secondary 
fields, both components are affected. Elevation differ 
ences between the coils produce a comparable effect. 
As a result, these methods become impractical in areas 
of appreciable topographic relief.

With the Turam system, a 5 per cent error in coil 
separation causes a change of 2 per cent at a distance 
of 800 ft. from the source, 0.5 per cent at 500 ft. 
and 0.2 per cent at 1000 ft. The effect of elevation 
differences between coils is, because the field at the 
surface is predominantly vertical, even smaller.

The effect of terrain relief on the measurements is 
therefore negligible, except in areas of very rugged 
topography. Moreover, where corrections are required, 
they can be made, because of the fixed relation be 
tween source and terrain, in a simple and straight 
forward manner.

Conclusions
In the foregoing, those aspects of the Turam me 

thod that have marked advantages over alternative 
methods have been stressed. It is, at present, the 
most powerful electromagnetic prospecting tool at 
our disposal.

It is also a rather elaborate method and therefore 
does not necessarily represent the most efficient 
approach under all circumstances.

In areas of thin cover and level topography, sys 
tematic surveys may, for instance, be done more

economically with moving-source compensation me 
thods. Also, for fast ground follow-up of airborne 
electromagnetic surveys, where the problem is usually 
confined to determining the accurate location of pre 
selected anomalies, methods measuring geometrical 
components will yield the desired information more 
rapidly and at less expense.

The proper field of application of the Turam me 
thod lies where conditions are more difficult and the 
requirements severe; in particular in cases where 
a high degree of discrimination between conductors 
is desired, where the depth of overburden limits the 
use of other methods or where appreciable topogra 
phic relief occurs.

References
(1931) Sundberg, K., "Principles of the Swedish Geo- 

Electrical Methods," Ergamungshafte fur Ange- 
wandte Geophysik. Vol. I.

(1933) Sundberg, K., and E. H. Hedstrom, "Structural 
Investigations by Electromagnetic Methods," 
World Petroleum Congress.

(1937) Hedstrom, E. H., "Phase Measurements in Elec 
trical Prospecting." A .I.M.E, Techn. Publ. 887.

(1946) Hedstrom. E. H., and Nordstrom, A., "Malmlet- 
ningsteknikens Nuvarande Standpunkt," Uppsala.

(1958) Hedstrom, E. H., and Parasnts, D. S., "Some 
Model Experiments Relating to Electromagnetic 
Prospecting with Special Reference to Airborne 
Work." Geophys. Prosp., Vol. VI, 4.

(1964) Bosschart, R. A., "Analytical Interpretation of 
Fixed Source Electromagnetic Prospecting Data," 
Delft.

— 6 —



MEMORANDUM

To; C.S. Ney Date: June 9, 1971

From: H.W. Fleming Subject: Turara and Ground
Magnetic Surveys - 
Winisk River Area, 
Ontario.

SUMMARY:

Oround Turara work has been completed on seven grids 
covering eorae of the best conductors which were located by 
the Turair survey. Drill holes are warranted on Grids 
l, 4 and 5 where conductors of fair to good conductivity 
have been indicated.

Depth to bedrock calculations are hampered by 
the multiple nature of the causative features but it 
appears likely that bedrock on these grids could be as 
shallow as 150 feet on Grid 4 and between 220 and 250feet 
on Grids l and 5.

No reliable calculations were possible on Grid 2 
where current drilling has indicated the depth of bedrock 
to be about 375 feet.

. Conductors located on Grids 3,6 and 7 do not appear 
to warrant drilling as responses are quite low and 
conductivity - width factors poor.

A total of 36.6 line miles of Turam electromagnetic 
surveys employing for the most part a frequency of 200 Hertz 
at a coil spacing of 200 feet and 2147 stations of magnetic 
surveys at a station interval of 100 feet were completed in 
this area during the latter part of March and the first 
part of April, 1971. A small amount of Turam work was 
performed at a frequency of 400 Hertz and a coil spacing of 
100 feet.



  2  

The. objective of the work was to investigate 
a number of the boot rated Turair anomalies and to 
determine their relation to the geological environment 
as indicated by the magnetic data and their mode of 
occurrence with respect to their depth below surface. 
Five anomalies were chosen within the Exploration 
License Number 6 and two anomalies within Exploration 
License Number 25.

Of the seven areas investigated, two areas 
produced anomalies with good conductivity wddth 
products of about 250 mhos. Both these areas. Grids 
4 and 5, show a zone of multiple conductors with 
close magnetic association. Those are the number one 
priority targets at the present time.

Since the conductors areemultiple, it la possible 
that the magnetic zones are also multiple and it is 
difficult to be certain of the depth of cover aa many 
ambiguities are present in any calculation made. However, 
nn Grid 4 Turara depth calculations suggest a depth greater 
than 150 feet while calculations on the basis of the magnetic 
data vary from about 120 feet to as deep as 250 feet. On 
Grid 5 Turam calculations give depths of the order of 180 
to 200 feet while magnetic calculations vary from 180 to 250 
feet. If calculations are based on the same feature, Turam 
results should be deeper than the magnetic results and where 
the reverse is true, theoretically, different anomalous 
bodies are usually the reason for the discrepancy. In all 
cases in this work, it has been necessary to choose 
magnetic anomalies that display reasonably regular features 
and the discrepancies in the calculations may be due to 
variations in bedrock.topography since the magnetic anomaly 
aaed is not always coincident with the conductor used in 
the calculations. Whether such variations of 100 foot 
ore more are possible is not known at present.

The conductors on Grids l and 2 are considered to 
be fair conductors with conductivity-width factors of the 
order of 40-80 mhos. Both areas show multiple conductors 
but on Grid l one main conductor is somewhat dominant. 
On Grid l, the Turam data suggests a depth of about 250 feet 
and this is suppprted in general by the associated magnetic 
data which suggests a slightly shallower depth of about 
220 feet. On Grid 2, Turam depths are of the order of 
350 feet and no reliable magnetic depths can be obtained. 
One drill hole on this grid encountered about 375 feet of 
overburden.
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Grids 3,6 and 7, the last tiro on Licence 25 
shoved poor conductors with conductivity-width factors 
in the range of 20-80 mhos. Turara depths for a]l of these 
conductors are somewhat doubtful as with the exception 
of Grid 6 multiple conductors of low amplitude arc 
involved. Magnetic calculations suggest a depth of 
the order of 120-140 feet for Grid 3; 315-370 feet for 
Orid 6 and 190-260 feet for Grid 7. Calculations were 
not possible in the immediate vicinity of the conductors 
as none of those conductors ahow a close association 
with a magnetic feature.

On the basis of these data, drill holm are 
warranted on the conductors located on Grids l, 4 and 5 
Two. holes have been located on Grid 2, one of trhich was 
completed in April 1971 without encountering any 
conductive zone in bedrock. Conductive overburden 
is a tentative explanation for these conductive zones 
on Grid 2.

The following table summarises the data relating 
to this work;

Conductive 
.Eone

2

3

4

5

6

7

Character

Multiple - 
One Main Cond.

Multiple

Multiple

1-fultiple

Multiple

Bingle

Multiple

Depth Calculations

Toronto, Ontario, 
June 9, 1971.

Turam 

250'

Hag (Se)
Magnetic Cond.X Width Ratin 
As so c ."... Factor (ahos*)   -

250'-300* 226'-230' Yep,

No Direct 

119'-14O 1 No Direct

350'?

200'

150'-250' 150*-250' 116'-136' Yes

ISO'- 200' 180'-200' 229'-247' Yes

200' ? 314'-370' No

200' 400'-500'? 190'-260' No

40-80

80

20-80

250

250

28-80

20-80

Pair

Poor

Good

Good

Poor

Poor



KENNCO EXPLORATIONS, (CANADA) LIFJ3BTED

P.O. BOX 19,SUITE 1909
TORONTO-DOMINION CENTRE

TORONTO 111, ONTARIO
TELEPHONE (416) 362-3723

MEMORANDUM

To: C.S. Ney 

From: H.W. Fleming

Date: July 28, 1971.

Subject: Winisk Examination,
Summary of Geophysical Data.

SUMMARY;

Turair and dual-frequency out-of-phase airborne 
surveys have been performed on Permits 6 and 25 in this region.

Of the 31 Turair anomalies, only four can be 
rated as fair anomalies and four of these are coincident with 
out-of-phase anomalies.' All have been checked by ground 
Turam surveys and their presence verified. Seven of the 
best-rated out-of-phase anomalies coincide with Turair 
anomalies, including the four mentioned above and a few 
additional zones are also present. However, several of 
these are closely associated with lakes, rivers and wet swampy 
conditions and at this stage at least must be down-graded.

Calculations based on magnetic data suggest that 
overburden cover varies from 150 to possibly 200 feet in the 
central and southeastern portions of the permit but increases 
to the order of 300 to 400 feet in the northwestern portion. 
This is verified by two drill holes on Grid 2 where overburden 
depth was found to be about 375 feet.

As the drill holes on Grid 2 failed to locate a 
bedrock conductor and encountered metamorphosed argillites 
and gneiss containing small amounts of magnetite but very 
sparse sulphide mineralization, the source of the conductive 
response must be considered to occur in the heavy overburden. 
In view of the low Turam response and the possible heavy 
overburden on Grid l, this conductor does not appear to be a high 
priority target unless investigation of the magnetic anomaly 
can be independently justified. The best prospects appear to 
be the conductors on Grids 4 and 5 which are closely associated 
with magnetic responses and may possibly occur at a relatively 
shallow depth. Here part of the conductive response could 
hopefully be due to a bedrock conductor.
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An Appendix summarizing the depth calculations 
is attached.

During the first half of 1971 a Turair survey 
totalling 973 line miles and a dual-frequency out-of-phase 
airborne survey totalling 583 line miles were performed over > 
Permits 6 and 25 in the Winisk River district of northern 
Ontario. The aeromagnetic data for Permit 6 obtained during 
the Turair survey were compiled in plan form.

As a follow-up of these surveys 36.6 line miles of . 
ground Turam surveys and 2147 stations of magnetic work were 
completed on seven grids; five in Permit 6 and two in Permit 25.

Two drill holes totalling 1928 feet were drilled on 
one conductive zone in Permit 6 but failed to locate a conductor 
in bedrock under 375 feet of overburden.

A summary interpretation of the geophysical data 
follows:

Turair Survey

A total of 31 anomalous conductive zones, 27 in Permit 6 
and four in Permit 25 were interpreted by Scintrex to be indicated 
by this survey. Of these zones, seven have a closely associated 
significant magnetic expression. On the basis of this interpretation, 
Turam surveys were completed on seven grids; five of these being 
on Permit 6 and two on Permit 25.

A reinterpretation of the Turair data did not produce any 
additional anomalous zones. In fact, many of the Turair traces 
are fairly noisy and in certain cases a periodic fluctuation in 
field can be noticed. Furthermore, a disproportionate number of 
anomalies appear to occur near the "switching spikes" on the tape 
and many of these must be treated with some skepticism. Of the 
31 anomalous zones, only four can be rated as fair anomalies and 
all of these or their extensions have been investigated by ground 
surveys.

In view of the character of the Turair anomalies, it 
does not seem reasonable to expect depth calculations to be ' 
accurate. Only zone 6 gave large amplitude responses which were 
quite"noisy" and fairly obviously multiple responses. Responses 
of this magnitude cannot have a source at a considerable depth 
and the main hope for this conductor was that overburden would 
not be excessively deep. Drilling proved this to be false and 
the conductor must be attributed to conductive overburden effects.
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Aeromagnetic Data (Turair)

A total of 650 line miles of the aeromagnetic data 
obtained during the Turair survey was compiled at a scale of 
1320 feet equals one inch for Permit 6. The flight level of 
the magnetometer was about 250 feet above ground.

The most obvious feature on this compilation is the 
step effect attributed to the Winisk River fault which shows an 
increase in magnetic intensity from southwest to northeast of 
from 1000 to better than 2500 gamma. With a few notable exceptions 
the magnetic anomalies to the southwest of this fault show low 
amplitudes and a relatively random pattern while to the northeast 
numerous northwesterly trending anomalies of the order of 500 
to 1500 gamma are present. ,.

The notable exceptions lying to the southwest of this 
fault are two anomalies of about 7500 and 10,000 gamma in the 
northwesterly end of the permit and two anomalies of about 6500 
and 3000 gamma in the extreme southeasterly portion of the permit.

Depth calculations based on these data are summarized 
in the appendix where they are closely associated with a conductive 
zone but, in general, the depths to the Precambrian surface are 
believed to be in the order of 270 to 370 feet over most of 
Plate 1M and southwest of the fault on Plate 2M. Northeast of 
the fault depths are mostly less than 250 feet with some calculations 
as shallow as 170 feet on the southeastern portion of Plate 2M 
and Plate 3M.

The two strong anomalies on Plate1M which were mentioned 
previously appear to be at depths of about 280 to 370 feet while , 
the two on Plate AM also previously mentioned appear to be at a 
depth of about 200 feet below surface.

A series of cross-faults trending in a northerly 
direction have been interpreted from magnetic data by operators on 
adjacent permits. These trends are not evident in our data, 
possibly because of the limited coverage of this pattern on the 
northeasterly side of our Permit 6.

Lockwood Survey

Interpretation of the dual-frequency out-of-phase data 
from Permit 6 indicated that seven of the best rated zones coincided 
with Turair conductors and that four of these had been checked on 
the ground with Turam surveys. An additional seven zones were also 
rated fairly highly but three of these have direct association with 
topographical features such as lakes, large swamps and rivers and 
are probably conductive overburden effects.



No significant anomalous zones were indicated 
on Permit 25 with this method.

In view of the character of these data which 
indicates the widespread effects of conductive overburden, 
it is difficult to assign great significance to these 
additional conductive zones. In fact, the coincidence of 
these anomalies with Tiirair anomalies tends to down-grade 
these conductive zones because of the possibility that 
they all may be conductive overburden effects. Certainly 
many of the dual-frequency out-of-phase anomalies have much 
too high an amplitude to be solely caused by a bedrock 
conductor at the depths indicated by the magnetic calculations 
and it would be extremely difficult if not impossible to 
separate the probably weaker bedrock conductor effects from 
the stronger overburden effects.

It would seem advisable to defer further consideration 
of these data until investigation of the coincident Turair, 
dual-frequency anomalies which have been ground checked with 
Turam surveys has been completed. At this time a clearer 
assessment of the significance of all the data may be possible.

A number of depth calculations from the Lockwood 
airborne magnetic profiles were made in the vicinity of 
Grids 1,3, 4 and 5. With the exception of the calculations 
near Grid l which came out much shallower than calculations 
using other sources and one calculation on Grid 3 which gave 
a very shallow and somewhat questionable result, these results 
were of the same order as other data and indicated depths 
generally greater than 150 to 200 feet below surface, (see 
appendix).

Turam Data

These data were discussed fairly completely in a 
memorandum dated June 9, 1971 and there is little to add to the 
interpretation at this time except that two drill holes on. 
Grid 2 failed to locate a bedrock conductor and both encountered 
a vertical overburden depth of about 375 feet. It seems fairly 
certain that the conductor here is the result of conductive 
overburden effects and in view of the amplitude of the Turair 
response this conclusion is not surprising although it was 
possible that a combination of-bedrock and overburden effects 
might be present.

In view of the overburden depths calculated for Grid l 
from the Turair magnetic data, it is highly probable that this too 
could be an overburden anomaly. Grids 4 and 5 still have the
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possibility of being caused by a Precambrian bedrock conductor. 

Geological Data

Evidence from the two drill holes completed on Permit 6 
indicates the bedrock was a steeply-dipping series of metamorphosed 
argillites interbedded with more acid gneissic material and a 
few members that could be altered tuffs. Magnetite in small 
amounts is quite common but sulphides are quite sparse. With 
the exception of two drill holes completed by Cominco which 
encountered a fair section of uneconomic sulphides, similar 
results have been obtained from several adjacent permits in the 
region. Little encouragement has been obtained from geological 
data to date throughout the areas under permit.

Conclusions and Recommendations

A large amount of electromagnetic and magnetic data 
have been accumulated from work on a number of permits in this 
 region and a considerable number of conductors have been drilled. 
As far as can be ascertained, no significant sulphide or graphitic 
conductor has been intersected and all the conductive effects 
appear to be due to conductive overburden and edge effects in 
buried channels cut into the Paleozoic limestones.

Although there are a few exceptions, most magnetic 
calculations suggest overburden depths of greater than 150 
feet and as deep as 300 to 400 feet and to date all drill holes 
in the vicinity of the Winisk River fault and in the district to , 
the northeast of it have encountered greater than 200 feet of 
overburden.

It is recommended that a cautious approach be taken 
towards future work on Permit 6. At this stage, any future 
work should start with the drilling of the conductive zones 
and magnetic anomalies on Grids 4 and 5. Drilling on Grid l 
does not seem to be as desirable as previously believed in 
view of the low conductive response in the region and the 
possible 350 to 370 foot depth of overburden.

H'.W. Fleming 
Toronto, Ontario, 
July 28, 1971.

c.c. - L.B. Moon 
D.A. Barr



APPENDIX

.SUMMARY OF DEPTH TO BEDROCK CALCULATIONS

GRID SOURCE OF DATA

1

2

3

4

5

6

7

Hunting Aeromagnetic 
Profiles (HWF)

* t

175' - 250'

Variable

50'? -155'

200' - 220'

190' - 290'

-

Scintrqx
Turara Ground Magnetic

250'

350' ?

200'

150' -250'

180' -200'

200'

200'

250' - 300'

-

-

150' - 250'

180' - 200'

?

400' - 500' ?

Ground Magnetic (HWF)

220' - 230'

-

- 119' -140'

116' - 136'

229' - 247'

314' - 317'

190' - 260'

Turair 
Magnetic Compilation (HWF)

280' - 350'

350' - 370' ?

170'

200'

210'

-

*
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