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1.0 INTRODUCTION

A controlled source Audiofrequency magnetotelluric survey 
was carried out by Quantech Consulting Inc. for LAC Minerals Ltd. 
on a continuous block of 44 claims located 20Km north east of 
Kirkland Lake along the south central boundary of Clifford 
Township. the survey was conducted between November 1st and 
November 30th, 1987. The survey was completed in order to 
evaluate the effectiveness of this survey in outlining the low 
resistivity zone associated with a previously discovered 
ultramafic breccia.

Sections l through 4 of this report were written by J. 
Kovala. Sections 5 through 7, CSAMT Technique, Data Presentation 
and Interpretation Techniques were extracted fro a report written 
by G., Bogden of Quantech in October 1987 for LAC Minerals. P, 
Haloff, a consultant for LAC Minerals has interpreted the results 
of this survey, Section 8.

2.O PROPERTY

The property consists of a continuous block of 44 unpatented 
mining claims located in Clifford Township, Larder Lake Mining 
Division, District of Timiskaming. The claims are given below:

L 803325 to 803331
803333 to 803342
983106 to 983108
918236 to 918238
1014621 to 1014627
1014635 to 1014640
1014648 to 1014655

3.0 LOCATION AND ACCESS

The C14 property is located 20 kilometers northeast of 
Kirkland Lake in the south central portion of Clifford Township 
at longitude 79" 80' W and latitude 48o 17'N (NTS 32D/5)

Bush roads originating at the Esker Park and Harker-Holloway 
roads lead to the south and north boundaries respectively,

4.0 GENERAL GEOLOGY

Regionally the property is located in the west central 
portion of the Blake River synclinorium. The Blake River group 
consists of dominantly calc-alkaline series intermediate to 
felsic volcanic rock occurring in the central portion of Clifford 
Township. Bodies and sills of mafic intermediate and felsic 
intrusive rocks cut the volcanics. All of the above are cut by 
dominantly NW striking diabase.
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ft
In the central portion of the synclinorium in Clifford 

Township occurs a domal anticline intruded by a granodiorite 
stock l 1/4 miles wide. The survey area is located 2 miles south 
of the above domal anticline over a complimentary WNW syncline. 
The syncline is centered by felsic volcanics and flanked to the 
NNE and SSW by intermediate volcanics. A large quartz gabbro 
intrusive is located along the southeastern boundary of the 
property.

5.0 CSAMT TECHNIQUE

5.1 Advantages and Disadvantages Over Natural Signal Systems

Natural source electromagnetic (EM) sounding methods such as 
magnetotellurics (MT) and audiomagnetotelluricB (AMT) have been 
widely used for the exploration of hydrocarbons, groundwater and 
geothermal sources, but with little application to mineral 
exploration. The MT method measures fluctuations in the earth's 
natural electric and magnetic fields over a broad range of 
frequencies between 10 Hz and 10,000 Hz; the AMT band is slightly 
higher between 10 Hz and 10,000 Hz. The source of these 
fluctuations originate in the ionosphere for frequencies less 
than l Hz and from thunderstorms for the higher frequencies. The 
field strength and polarization of the signals vary with the time 
of day and the season.

The CSAMT technique was introduced to overcome problems and 
limitations encountered by these natural source methods 
(Goldstein and Strangeway, 1975). Rather than a natural signal 
source, CSAMT uses a fixed grounded bipole or current loop on the 
surface of the earth to produce an EM signal. Some of the 
advantages of the CSAMT technique over the natural source methods 
which make CSAMT a viable mineral exploration tool are:

1. The polarization of the fields can be selected by the 
orientation of the transmitting antenna.

2. The signal strength does not depend on the time of day 
or the season.

3. Because the signals are stronger, the receiving 
equipment does not need to be as sensitive as that of 
MT or AMT,

4. Because of the coherent signal, the usual signal 
processing and enhancement techniques are far more 
effective,

5. CSAMT surveys are much faster and therefore more cost 
- ' effective than natural source -EM surveys.



- 'The primary disadvantage of the CSAMT method over natural 
Bource EM methods is the closeness of the signal source. For 
natural source techniques, the signal source is, in effect, 
infinite such that the EM field is a "plane wave". This 
assumption greatly simplifies processing and interpretation for 
MT and AMT data. For CSAMT data, if the transmitting antenna is 
too close to the survey area, the resistivity of the deep layers 
cannot be determined accurately since they are no longer 
energized by this plane wave. Readings measured at the plane 
wave distance are considered to be in the "far-field", while 
readings measured at the non-plane wave distance are considered 
in the "near-field". In order that resistivities of the deep 
layers be calculated correctly, the measurements must be 
corrected for this near-field, non-plane wave effect.

5.2 Theory and Instrumentation

The survey was executed using the V4 multichannel universal 
receiver console, the T30 transmitter and the MG30 (30 kilowatt) 
motor generator, all manufactured by Phoenix Geophysics Limited, 
Markham, Ontario. A complete description of the equipment along 
with technical specifications are contained in Appendix B.

The transmitter operates at sixteen (16), selectable, binary 
step base frequencies which range from 0.25 Hz to 8192 Hz. An 
optional alternate frequency set at 2/3 the base frequency set, 
ranges from 0.17 Hz to 5461 Hz to provide a total of 32 
transmitting frequencies. The length of the bipole (or loop 
edge) may be varied from several hundred meters to several 
kilometers, depending upon signal strength, the minimum 
transmitter-receiver distance and the size of the area to be 
surveyed. Normally a grounded bipole is preferred to a current 
loop because the bipole requires less wire to produce a 
comparable signal. The bipole is constructed with lengths of #10 
gauge copper wire, which has a resistance of approximately l ohm 
per 1000 feet.

Orthogonal components of the electric field (E) and the 
magnetic field (H) are measured over the survey area. The E- 
field components are measured with a dipole using non-polarizable 
(steel rod) electrodes in the same manner as induced polarization 
(IP) measurements. The dipole length is a function of the scale 
of the survey but may also be influenced by the E-field signal 
strength, which in turn is a function of the transmitter-receiver 
distance, the transmitter bipole current, the earth resistivity 
and noise conditions. The H-field components are measured using 
a magnetic sensor coil placed on the ground. The V4 has the 
advantage of multiple channels which permits the measurement of 
six (6) or seven (7) dipoles and one (1) H-field component 
simultaneously.
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The survey may be conducted in two survey modes: the 
transverse magnetic (TM) mode where the transmitting bipole is 
perpendicular to geologic strike and the transverse electric (TE) 
mode where the transmitting bipole is parallel to geologic 
strike. The TM mode is most sensitive to lateral changes in 
resistivity and is therefore more suitable as a reconnaissance 
mapping tool whereas the TE mode is preferred as a detailing 
method because it provides greater resolution of horizontal 
resistive boundaries. A TM mode survey is also much faster from 
a logistics standpoint, than a TE mode survey.

Up to three H-field components, Hx, Hy and Hz and two E- 
field components, Ex and Ey can be measured at each station along 
with the E-field phase and H-field phase for both modes. The 
apparent resistivity is calculated from the ratio of orthogonal 
components of the electric and magnetic fields (eg. Ex/Hy or 
Ey/Hx) using the following Cagniard equation:

l E
PA. s    (    )2, 0 =E* - H* (1) 

H

Where MC, z 4-ff x 10- ̂ H/m
Av z apparent resistivity in ohm-meters
E - E-field magnitude in mv/km
H ;: H-field magnitude in gammas
0 - phase difference in radians . . .

Should only the Ex and Hy components of the electric and 
magnetic fields respectively be required for the TM mode then 
only one H-field measurement is necessary for each receiver array 
since Hy is essentially constant over a significant distance, 
even for very strong conductors {Yamashita, 1987). Figure 5.1 
illustrates a typical configuration for a reconnaissance TM mode 
and TE mode.

The measured components of the electric and magnetic fields 
and the calculated apparent resistivity are stored in solid-state 
memory in the V4 receiver and later transferred to a 
microcomputer for processing at the end of the field day.

5 . 3 Computer Software

Data dumping, editing, reduction and presentation was 
controlled by the CSAMT processing and interpretation programs 
provided by Phoenix. The software is written in HPBASIC and 
executes only on a Hewlett Packard HP9845 or HP9000 series 
machine. Figure 5.3 illustrates the software package structure.

Contours of apparent resistivity values for selected 
frequencies for the survey grids were prepared using the MAPPLOT 
system developed by Geosoft Inc., Toronto. The software was 
controlled by DOS 3.1 written by Compaq Computer Corporation.
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5.4 Computer Hardware

In-field processing used the Hewlett Packard HP9845 desk-top 
computer. The system is equipped with an 8 bit CPU, two cassette 
tape drives, RS-232C serial port and integral thermal printer.

6.0 DATA PRESENTATION

6 . l Frequency Pseytdosections

The contoured apparent resistivity for near-field corrected 
data for each line surveyed is presented in a frequency 
pseudosection format (see Appendix A). Contour intervals are 
logarithmically distributed to compensate for the large dynamic 
range of the data. Zones of low resistivity (high conductivity) 
have been shaded at 5,000 ohm-meter intervals.

Other parameters, such as the phase difference, or E-field 
and H-field magnitude were also presented in the same format, to 
provide further information when required.

6.2 Frequency Profiles

Profiles of each sounding point were used when necessary by 
the author to provide more diagnostic information about an 
individual sounding point.

7.0 INTERPRETATION TECHNIQUES

7.1 First Order Correction

In order to use the interpretation methods and modelling 
techniques common to natural source surveys, CSAMT data must be 
corrected for the near-field effect.

The Cagniard equation given in Equation (1) is only valid 
when the transmitted electromagnetic field is far enough from the 
transmitting bipole such that it is a plane-wave or the far-field 
case. This distance is a function of the ground resistivity and 
the transmitter current in the bipole. If the actual distance 
between the transmitter and the receiver is much less than this 
far-field distance, the transmitted field is not plane-wave in 
character, and is considered in the near-field. In the near- 
field, the Cagniard equation overestimates the actual 
resistivity. Consequently "true" apparent resistivity values 
must be estimated using another technique:

E 
PC, = K(r) * r(   ) (2)

H (Yamashita, 1984)



Where r - the distance between the transmitter and receiver
, 'K(r) - a constant function of r

E = E-field magnitude in mv/km
H - H-field magnitude in gammas

The area of gradual change between the near-field and the 
far-field distance is known as the "transition-field". 
Calculations of apparent resistivities in this case use a 
"transition-triangle method" {Yamashita, 1984). The combination 
of the calculations for the near-field, and the transition field 
is considered the first-order correction.

Considering the high resistivity contrast of rock units in 
the Abitibi though, apparent resistivities need only be compared 
relatively. Consequently data interpretated using the first 
order correction (or no correction at all in fact) is considered 
acceptable for resistivity mapping in this environment.

7.2 QUALITIVE INTERPRETATIONS 

7.2.1 Frequency Pseudoeections

The near-field corrected frequency pseudosectione provide 
the starting point for the interpretation of results. By 
comparing the relative apparent resistivities down each line, 
possible contacts and vertical structure may be interpreted.

The reader must realize when viewing the sections that they 
do not represent a "slice of the earth", rather they are a 
convenient means by which to present the data. Each sounding 
point should be considered individually on the section.

Since the effective depth of investigation of CSAMT is a 
function of the earth resistivity and the characteristics of the 
conductor at depth, depth estimates for anomalies cannot be 
determined with any degree of certainty using qualitative 
analysis from the frequency sections.

When analyzing CSAMT data, the interpreter must also be 
aware of several "effects" which, if not considered or understood 
correctly, can lead to gross misinterpretations:

1) Static Shifts

Small, near-surface resistivity inhomogeneities often 
strongly affect the calculated apparent resistivity of 
CSAMT data, the same way that MT and AMT data is 
affected. When an electrode is placed within, or very 
near to such a feature, the apparent resistivity curve 
for that sounding point will be shifted along the 
resistivity axis. For conductive zones such as swamps, 
the curve will be shifted down the resistivity axis 
whereas for very resistive zones, such as outcrop, the



curve will be shifted up the resistivity axis.

Static shifts may create interpretation problems when 
conductors of interest are below near-surface 
conductors for example. Resistivities from the near- 
surface anomaly will pull-down the resistivities above 
the deeper conductor such that the two anomalies may 
appear to merge as one long, deep conductor.

2) Undershoot

In both MT and CSAMT, the apparent resistivity 
increases as frequency decreases over structure of 
higher resistivity underlying lower resistivity. When 
the resistivity contrast is high, the apparent 

-  ' resistivity curve usually decreases before beginning to 
increase. This type of response is more commonly 
referred to as "undershoot". For data measured in the 
far-field, the decrease or undershoot is small. For 
CSAMT data measured in the near-field or the transition 
field, however, the undershoot is often very large and 
distinct, which can create problems with depth 
inversions .

Unfortunately, the undershoot response cannot be 
corrected using the first order correction. To correct 
for the effect, the biased data points can simply be 
removed from the resistivity curve and the curve 
replotted. However, in some cases it may be difficult 
to distinguish a true trough of apparent resistivity 
from an undershoot effect. A simple 1-D forward model 
may be useful to determine whether the trough is a true 
response or undershoot,

7.3 MODELLING 

7.3.1 1-D Inversions

The depth for which the amplitude of the EM field decreases 
to 1/e (37 percent) of its value at the surface is referred to as 
the skin depth. The strict definition of skin depth requires a 
homogeneous medium, however in practical application, such 
conditions do not exist therefore an apparent skin depth (skin 
deptho) for an inhomogeneous medium may be defined as:

skin depths (       ) 1/2 (3)

Where apparent resistivity (po(f)) is the apparent 
resistivity measured at that frequency. The skin deptho is 
indicative of the depth of penetration of the EM wave, i.e. the 
lower the frequency of the transmitted signal, the deeper the 
depth of penetration.
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Considering the recorded apparent resistivity for each 
frequency, the apparent skin depth for a sounding point may be 
estimated by means of a simple inversion program. The program 
provides reasonable estimates only for layered, horizontally- 
homogeneous stratigraphy, and is therefore not also be exercised 
to avoid literal interpretation of depth structures, i.e. finite 
or isolated conductors (Bartel, 1987).

Static effects, as discussed above, may also lead to errors 
in inverted models. By the apparent skin depth calculation, the 
inverted resistivities will be shifted proportionally to the 
shift in the apparent resistivity curve, while the inverted depth 
will be shifted proportionally to the square root of the shift of 
the apparent resistivity curve. The interpreter must exercise 
care when applying inversions under these conditions to avoid 
misinterpretations.

7.3.2 2-P JTorward Modelling

A two dimensional, finite element, forward modelling program 
was used when necessary to estimate the "best-fit" geology model 
for a particular frequency pseudosection.

The operator can specify a mesh size and up to seven (7) 
causative bodies each with an apparent resistivity value. The 
program was executed on an HP9000 computer by Phoenix Geophysics 
Ltd. at their facilities in Toronto.

8.0 RESULTS AND INTERPRETATION

The C14 project was undertaken to investigate an ultramafic 
breccia in Clifford Township, Ontario. Several drill holes have 
been completed, to evaluate the results of a ground magnetic and 
an IP and resistivity test survey. The CSAMT Test Survey was 
completed in an attempt to evaluate the usefulness of this 
relatively new technique in outlining the low resistivity zone 
that represents the increased porosity associated with the 
breccia.

Reconnaissance and detailed ground magnetic surveys clearly 
show a "kidney shaped" magnetic high. The magnetic high is 
centered at about 7+OON on line 2000E and line 2125N. This 
magnetic high correlates closely with the breccia pipe, as it was 
later outlined by the drill holes completed.

Dipole-dipole IP and resistivity measurements were completed 
on line 2000E and on line 2125E using X=50 meters; ^1,2,3,4,5. 
These pseudosections both indicate a region of very high 
resistivities (greater than 2000 ohm-meters) to the south of 
about 6+OON to 5+OON. On both sets of data, the dipole-dipole 
results indicate a relatively narrow zone of lower bedrock 
resistivities (less than 200 ohm-meters) just to the north of 
this resistivity contact.



This some of lower apparent resistivities is broader on the 
western line (line 2000E) than it ie on .line 2125E. To the north 
of this low resistivity feature, the basement rocks are indicated 
to have a more moderate resistivity value.

CSAMT measurements were completed on the C14 Grid, with an 
E-field dipole length of 50 meters. On line 2000E and line 
2125E, the CSAMT apparent resistivity pseudosections show 
resistivity lows that correlate exactly with those detected by 
the X=50 meters, dipole-dipole measurements. The zone of low 
resistivities in the bedrock is broader on line 2000E than on 
line 2125E. The plan map, contoured presentation of the apparent 
resistivities measured at 64Hz, shows a region of low bedrock 
apparent resistivities that correlates closely with the magnetic 
high and the location of the breccia pipe.

The association of a magnetic high and an apparent 
resistivity low is unusual. Alteration in the bedrock will 
produce an apparent resistivity low, due to increased porosity. 
However, most alteration phenomena decrease, or totally destroy, 
the magnetite content of the rocks. This will result in the 
measurement of a magnetic low during a survey.

It would appear that magnetic and resistivity surveys would 
be useful in the search for breccia pipes. However, care must be 
exercised in the interpretation of these results in regions of 
deep glacial overburden. The magnetic anomalies may be reduced, 
due to the greater distance to the source. The apparent 
resistivity results will be drastically influenced by the 
presence of the thick, conductive, overburden layer.

The CSAMT pseudosections from line 2500E and line 125 
exhibit the type of apparent resistivity pattern that can be 
encountered.
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APPENDIX A 

TECHICAL SPECIFICATIONS —— PHOENIX V4, T30, MG30



S1GUM PROCESSING, DIGITAL
A-D Conversion u bin. giving o reioJution o! l port in tvooo.

Controlled by mlroproceitor lo o moxlmum of 
12,5 Mi (16 kHi by eorly H85).

bmpllng Rot*

TEST AND CALIBRATION 
Calibration

T**t Signal

Display and Control*

Memory

A lett tlgnat ou'put li provicJtd to p* ri or m tell 
and calibration function*. There is olio o 
proctttor controlled Internal lett mod* Ihot 
allows automatic precise calibration of oil filter*. 
Calibration reipomei moy b* stored In the 
Instrument and automatically removed from 
the measurements.

The *Mternally ovoitable tett tlgnql con be either; 

a frequency domain s'gnol of i 5V. 200 ohm 
Impedance, frequency 4 kHi . 1/130 Hi. or 
o time domain signal with o SO X duty cycle.

The dliploy f* o 64 character dot matrix ICO 
and the computer results preiented ore the 
mean and itondord deviation o* well 01 th* 
•tack number.

All mode* of operation and porome'er control 
entries may be displayed end the display wlH 
prompt the operator to moke the oppfoptlol* 
keypad entries

The LCD will operate to o temperature of -10*C. 
For lower lemperature operation on ICO heater 
It required (optional).

Non-volatile memory tor dot0 logging li provi 
ded. This li sufficient for itorooe of 36 5tf *lo- 
tioni with o full complement of channel* over the 
entire frequency range. Although thl* l* tuff i t ten l 
for approximately three doyi operation, a 
further memory extent.on l* optionally ovoiloble.

I/O P O rt l 

Prlnt*f

Analog Mtttrt

GENERAL
T*mp*ratur*

Humidity

Altitude 

Vibration

Wtlghf 

Cal*

BaHtrlft

Irt* memory moy be Ir o nil erred Into o computer 
by on i bit parallel 1/0 peri or by on optional 
lerlot US-332 porl.
A vett pocket-tlied. 90 column, dot matrix 
printer operate* through the B bil parallel I/O 
port, f ower for the printer l* supplied by the V-4; 
no additional botteriet or* required. The 
external printer configuration permit! better 
environmental protection.
A meter for each channel provide* continuous
monitoring of the tlgnol*.
Theie meter* or* alta uted lor battery
monitoring.

IK. noroa* Ump.roturt rongt li -SO'C lo 
470*C. .Thfl ooorotlno. l*mp*rotur* rong* li 
•10*C to * SO'C. I-'O'C le +WC wtlheul ICO 
h*ot*r option).
th* lniirum*nt u molitur* proof ond moy fa* 
op*roi*d during roln.

.1400 m lo 5000 m.
tultobl* lor tromporl In light aircraft and buih 
vthlclt.
11 kg

Ih* cai* li mod* ol on Acrylic FVC alloy, which li 
vacuum lo'mtd. *nlr*m*ly lough, r*tlll*nt, 
w*oih*r rtilitont and o good *ltclrlcol Inivlolor. 
It li *o,ulpp*d with a rtmovobl* lid. carrying 
hondl* and pockboord II* down loopi.

n cm n U cm. tt cm high.
Ih* itondord Inllrumtnt li *qulpp*d with thr** 
t veil r*chorgtobl* gtl c*lli. Th* bott*ry charg*r 
circuit (l*n troniform*r) li bulll-ln.

Controlling Firmware
Progromi Th* standard v*rlion of tri* V.4 Irxlud*! IH* 

control program lor Sp*ctrol Induced Folorltotion 
optrotlon (SIP).

Optional Progromi 
avollobU

Controll*d Sourc* Audio Mogn*lot*llurlc (CJAM1) 
11m* domain lnduc*d polorliatlon 
Othori: Coniull fhotnli for ddolli.

Spectral I.P. [SIP] Operation
Fr*qu*ncl*i

Tranimlttcr llnki

Deconvolution

Operating Sequence

3 10 Hi to 9 l] HZ (1/1014 to 1094 Hi) In binary 
l!*pt. An outomatlc lr*qu*ncy icon li lnlliot*d 
by l*l*cting FhJgrt ond flow to b* di(Ur*nt 
valu*l. Ih* icon con lt*p by a loctor of 4. ], or 
fi.

For tpectral IP, two highly liolated ftF 
eommunlcollon link* are provided:

A: Tranimltter drive link lor tranimlller 
twitching control via o rwUted polr cable.

B'. Current Monitor link.
Thi* link provide* on accurate/eplico ol 
the tronimitter current lo one of the eight 
channel input*. Thi* oltow* real-lime 
deconvolution ol the tranimltier waveform 
from the other Input channel*. The required 
Isolation transformer and demodulation 
circuit* are built Into the V-4.

The phytical quantify which we are attempting lo 
determine i* the reiittivity tranifer function. 
Since H l* not ponible to control kilowatt* ol 
power poxlng through un.table current 
electrode* to an accuracy ol l part In 10000, It It 
necesiory to monitor both current and voltage 
and then to deconvolve the current from the 
voltage lo obtain the true ipetlrol IP r ei poo le. 
Thli deconvolution li carried out automatically In 
the V-4 at each frequency by dividing the voltage 
amplitude by the current amplitude and by 
tublracilng the current phot e from the voltage 
phaie for oil six voltage channel*.

START set* the receiver ond tronimitter to 1 Hi 
and allow* the Sydem to cancel SP ond odjvftt 
gain for each channel.

toftwor*

t NT t* l* preued after each ol the optrotlng 
porometeri li Input through the keypod.

A over eg Ing time
B number ol channel*
C current In ampere*
D dipole Identification
E electrode Interval In meter*
F frequency range (Fhlgh, Flow)

The t!x parameter! or* held In memory. Only 
o few or* usually thonged from Italian lo 
Italian otong o lin*.

PRINT prlnti out the tlx optrotlng parameter! H
It li desired to check their voluei.
KUN itorti the automatic Irequency icon. Th*
unit flril measure i, colculolei and prlnti the
reiUtlvlty ot 1 Hi. 11 then proceed* to F high,
moke* the required meosurementi, dliptoyi
and prlnti the result!, proceeds la Ih* nexl
frequency end io on. down to Flow.
STOKE li pressed li the icon li totliloclory and
It li deilred lo (lor* the f*iullt In memory.

P ho* n i ir lupptlei complete application! i of two't 
for transferring spectral IP data la a computer; 
lining th* Cole-Col* model lo i pec Ir o l IP doto: 
colculollon of Col e-Col e porometvn; removol of 
•lectromogneHc coupling; and plotting ond 
contouring data pieudoietllom.

In addition, Phoenlv luppllei 3-dlmenslonol 
modelling program! for both forward end 
Inveri* problem*, lo eld In !nt*rpr*toHen.

All progromi ore written In ftASIC

CSAAAT Operation

Fr*qu*ncl*)f 

Productivity

7- 7 lo 2 13 (O 75 Hi - 4Q96 Hi) In binary itept 
(or /3 fteps}.

Since the horitontal H field voriei slowly. It l* 
possible to meoiure only one H field for *1v 
electric dipole*. Thui production rate* ore ilx 
times greater thon thoie of older, conventlonol.
3-channeI Instruments.

Rtol-tlm* Calibration

Software)

The standard procedure It to Dor* (he frontier 
function of the Instrument In memory and 
remove It from Ih* ilgnol In real time,

In odd Hi on lo the CSAMT control program, ftASfC 
loltwore utilities ore ovoiloble lor plotting 
and contouring pseudosectlont of Cognlord 
opporenl resUtlvtty, end correcting for th* 
near-field iltuotlon,



Eight Channel 
Universal Receiver

* Versatility Instrument may be used for spectral IP, CSAMT, and 
conventional IP in either frequency or time domain.

e Productivity Simultaneous measurement of eight input channels.

e Microprocessor Microprocessor-controlled real-time filtering, signal 
Control stacking and averaging in time or frequency domain.

* Reliability Data logging in solid state non-volatile memory.

* Standard I/O Output ports for a vest pocket printer and computer 
or data link.

e Automated Automatic gain control and self-potential (SP) 
Operation cancellation.

Features

EXTREMELY BROAD FREQUENCY RANGE
The V-4 was designed to cover the frequency range ol most Interest lor 
electrical measurements. Its complete frequency range Is six decodes. 
With o top frequency of 4096 HZ It Is a multifrequency EM unit os well

'as a spectral IP unit. High frequency measurements may be made very 
quickly, and provide useful, detailed data about the resistivity section. 
Pieudosecllon plots of the high frequency phase angles provide geometric 
as well as parametric EM Information. The Intermediate frequencies allow 
very accurate removal of electromagnetic coupling from IP data, and 
provide Information on mineral type, which In certain situations can

. result In considerably more cost-effective exploration programs. 
Alternatively the high-frequency measurements may be made In 
CSAMT mode, providing rapid reconnaissance measurements of resistivity 
from 0.25-4096 Hz.

DESIGNED FOR BOTH RESEARCH AND PRODUCTION
The V-4 has been designed lo be both an extremely powerful research 
Instrument as well os the fastest production IP unit available. The 
conversion is accomplished simply by changing the limits of the frequency 
scan. Reconnaissance work might be carried out at a single frequency 
In which cose the measurements are extremely fast and accurate. II on 
anomaly Is encountered, the scon may be widened to provide additional 
data useful for the evaluation and removal of Inductive coupling, and for 
purposes of mineral discrimination.

EIGHT CHANNEL CAPABILITY
The multichannel capability of the V-4 con decrease measurement time by
a factor of six over conventional units.

REAL TIME DECONVOLUTION
Any variations In the transmitter waveform are closely monitored and l 
accurately compensated for. This Is equivalent to continuous calibration oil 
the transmitter electrodes. All calculations are made In real time. No f 
measurement Dm* li wasted waiting for the processor, even at 4 kHi|

MEAN/STANDARD DEVIATION
Both mean and standard deviation ore continuously displayed and 
recorded. Thus a constant record Is maintained of the precision of IhJ 
measurement. If the desired accuracy is achieved early, time can be soveJ 
by pressing NEXTF. The processor then print* the results and proceed) 
with the next frequency.

VERSATILITY
The V-4 con be used (or spectral IP, conventional IP In lime or frequenc| 
domain, and CSAMT, resulting In an extremely cost-effective Instrumer 
package.

OPTIONS

. Dipole preamplifier* for spectral IP operation In high resistivity area: j 

. RS-232 I/O port.

- LCD healer for extended cold temperature operation,

- Memory extension.

- Operating firmware for CSAMT, time domain IP, and others to 
announced.

Specifications, Hardware
INPUT 
Channels

PHOENIX

SIGNAL PROCESSING, ANALOG
High Input lmp*donc* difftrvntlol ompliflort. 
Eight Input chonntll moy b* mtolurod 
llmutfontoulty. Six chonntll art combined In 
one Input connector. Tho olh*r two Inpull or* 
 qulppod with (totaled powtr luppliot to pow*f 
onUrnol d*vlc*l tvch at coll sr*omptltl*ft.

Gains

Power lin* Filtering

l to 440, unoV mlcroproc*llor control.

Ttlplt notch Illltr lor lil, 3rd and Slh harmonic ol 
90 or 60 Hi. Molch dtplh 10 db minimum, fllur 
may b* iwltch*d In or out.

Impedance 

Protection

Ranges

1000 M#gohmi.

Th* Input Is prot*ci*d t tom CMC* H rv* voltof**
by o 10.000 ohm f ut* rvilitor.

To ±10V maximum Input ilffoal.

Antl-Allos Filter 

Sp Cancellation

7 polo tow poll fllttr with procotior conlroMod 
corntr frtquoncltl.

Undtr mlcroprocotior control up lo o rango 
o) ±3. 5V.

PHOENIX GEOPHYSICS LIMITED
Geophysical Coruultinj and Contracting Instrument Manufacture, Sale and Lease.

Head Office: TORONTO 7100 Wirdtn Aye., Unit 7 
Mirkhim, Ontirio, Clntdl L3R 6M7 
Ttl: (4161 477 8588

! M 888888, Pim 4t8-4".*}31



PHOENIX Geophysics Limited

7100 WARDEN AVENUE, UNIT 7, MARKHAM. ONTARIO CANADA L3R 5M7 TELEPHONED 16) 477-8588
Telex: 06-986856

Cable: PHEXCO TORONTO

T-3O

MULTIPURPOSE

CONTROLLED SOURCE



THE T-30 IS THE MOST ADVANCED CONTROLLED CURRENT SOURCE 
VYAILADLE FOR ELECTRICAL METHODS EXPLORATION. IT COMBINES MODERN 
OTO TECHNOLOGY WITH THIRTY YEARS OF TRANSMITTER DESIGN EXPERIENCE.

THE T-30 (30 KW ) IS ONE OF TWO UNITS, IDENTICAL IN ALL 
SPECIFICATIONS EXCEPT FOR POWER AND WEIGHT. THE LIGHTWEIGHT VERSION 
OF THE T-30 IS DESIGNATED THE T-15. THEIBkw t-15kw IS DESIGNED 
FOR END-USERS WHOSE APPLICATION PLACES A PREMIUM ON PORTABLILITY.

THESE TRANSMITTERS CAN BE USED FOR A VARIETY OF GEOPHYSICAL 
TECHNIQUES, INCLUDING CONVENTIONAL IP IN THE TIME OR FREQUENCY DOMAIN; 
TRUE WIDEBAND SPECTRAL IP; CSAMT (CONTROLLED SOURCE AUDIO 
MAONETOTELLURICS); AND TDEM ( TIME DOMAIN ELECTROMAGNETICS ).

THE TRANSMITTER LOAD MAY BE EITHER A GROUNDED DIPOLE OR A LOOP. 
DEPENDING ON THE REQUIREMENTS OF THE APPLICATION. THE RAPID 
CONTROLLED TURN-OFF INTO INDUCTIVE LOADS IS SUITABLE FOR TDEM 
APPLICATIONS.

A VERY WIDE RANGE OF STANDARD BINARY-RELATED TIMING OPTIONS 
IS PROVIDED, AS WELL AS AN INPUT CONNECTION FOR AN ARBITRARY 
EXTERNAL TIMING DRIVE.

THESE UNITS ALSO FEATURE A VARIETY OF PROTECTIVE CIRCUITS, 
BUILT IN RECEIVER CAL l BAR l OH CIRCUITRY, CURRENT MONITOR OUTPUT FOR 
EXTERNAL DECONVOLUTION, CONSTANT 5URRENT CONTROL, AND SEMI-INFINITE 
IMPEDANCE IN THE 'OFF-TIME' WHEN USED FOR TIME-DOMAIN IP.

SUMMARY SPECIFICATIONS FOR THE TRANSMITTERS ARE GIVEN BELOW:

FREQUENCY 
MAX. VOLTAGE 
MAX. CURRENT 
WEIGHT

DC - 10 kHZ. 
800 VOLTS. 
40 AMPERES. 
T-15 75 KG. 
T-30 120 KG.

THE STANDARD POWER SOURCE FOR BOTH UNITS IS THE M6-30 MOTOR 
GENERATOR. HOWEVER, AS ANY SUITABLE MG UNIT MAY BE USED, IT IS NOT 
NECESSARY TO PURCHASE THE MO UNIT FROM PHOENIX.

IN ADDITION TO THE MO-30, WHICH EMPHASIZES HIGH POWER/LOW 
WEIGHT, PHOENIX OFFERS A VARIETY OF MO OPTIONS. THE USER MAY 
REQUEST GASOLINE OR DIESEL ENGINES; 60 HZ. OR 400 HZ. ALTERNATORS; 
AND 1 10/208 V OR HIGHER VOLTAGE OUTPUT.
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CSAMT FREQUENCY PSEUDOSECTIONS
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and Mines

Report of Work 
Mining Act (Geophysical, Geological and Geochemical Surveys)

a.13955 CLIFFORD 900

ems

vrm,
d to

Mining Lands Section, Mineral Development and Lands Branch:
1 Type of Surveyjs)^ ... ,.—.. — .^ -^r---. - \
1 ,-ai l P1^! —. - . - a -——. l*' ". '" '* 'i ^ ~ * j ' - .; r^ o yi IvCr*

Recorded Holder(s)
LAC Minerals Ltd,

Address

6 Al Wende Ave., P.O. Box

J Mining Division 
Larder Lake
*.\ t. "X

J*LiJ ^ JLf r*"^ **^ ^-^ ^*JFP ** Wf w***

670, KIRKLAND LAKE, Ont. PJ

Township or Area
Clifford

/ Prospector's Licence No. 

T-664
i Telephone No.

5N 3K1 (705)-567-5656

Quantech Consulting
Name and Address of Author (of Geo-Technical Report)
John Kovala, P.O. Box 334, KIRKLAND LAKE

Date of Survey (from A to)
01 11 871 30 11 87
Day j Mo. j Vf. J Day | Mo. | Yr

' Credits Requested per Each Claim in Columns at rig Mining Cairns Trav in numerical sequence)
Special Provisions 

For first survey:
Geophysical

- Electromagnetic

- Magnetometer

- Other 

Geologic 

GeocKemic^t

Enter 40 days. (This includes 
line cutting)

For each additional survey: 
using the same grid:

1014 6 5 O/Enter 20 days (for each)

1014652V/10146231/
Complete reveras side and

1014653*^enter tolal(s) here

1014654I/

1014635 V
Airborne Credits

Note: Special provisions 
creditsNdo not 
apply to\irborne 
Surveys.

Electroptagnelic

agnetometer 

Other

Total miles flown over
Total number of 
mining claims covered 
by this report ol work.

Holder or Agent (Signature)

Certification Verifyirrg/Report ol Work
1 hereby certify lhal 1 riave a personal and inlimale knowledge of the facls set forth in this Report of Work, having performed the work or witnessed same during and/or 
after Its completion anfl annexed report is true. - - ~
Name and Addressjof Person Certifying
John Kov/la, P.O. Box 334 KIRKLAND LAKE, Ontario

P2N 3J1

For Office Use Only

9
Total Days 

:Cr. Recorded
Dale Recorded

Dale Approved as Recorded

Telephone No.
(705)-567-5495

Mining Recorder

Provincial Manager. Mining Lands

Dale CertfTlei JJy (Signature)
October 5, 1985 Cy^^j /^^^^^l^.
Received Stamp 

LA RUli.!'. -;.J- MK *:

^^TnVr i y. 1989 ^



Ontario

Ministry of
Northern Development
and Mines

Ministere du 
D6veloppement du Nord 
et des Mines

April 10, 1990

Mining Recorder
Ministry of Northern Development and Mines
4 Government Road East
Kirkland Lake, Ontario
P2N 1A2

Mining Lands Section 
880 Bay Street, 3rd Floor 
Toronto, Ontario 
M5S 1Z8

Telephone: (416) 965-4888

Your File: 
Our File:

W8908-336 
2.12955

Dear Sir:

Re: Notice of Intent dated February 23, 1990 for Geophysical 
(Electromagnetic) Survey submitted on Mining Claims: 
L 803326 et al in Clifford Township.

The assessment work credits, as listed with the above-mentioned Notice 
Intent have been approved as of the above date.

Please inform the recorded holder of these mining claims and so indicate 
on your records.

Yours sincerely,

W.R. Cowan
Provincial Manager, Mining Lands
Mines ft Minerals Division

rItS:pt 
"Enclosure

cc: Mr. G.H. Ferguson
Mining and Lands Commissioner 
Toronto, Ontario

LAC Minerals Limited 
Kirkland Lake, Ontario

John Kovala
Kirkland Lake, Ontario

ONTARIO PFOLOOICAI. 
ASStS'.'VSiYT FILES

APR 1 7 1990 

n ECEI v t ,

Resident Geologist 
Kirkland Lake, Ontario



Ministry ot
Northern Development
and Mines

Technical Assessment 
Work Credits

Oit*

Feb 23/90

File

2.1PQRR
Mlnlno fUcordcr'i Report o( 
Work No,

W89ft8.336

Lac Minerals Limited
Township Of Area

Clifford
Type of survey and number of 

Assessment days credit per claim
Geophysical

Electromagnetic 20 riayi

Magnetometer days

CHhrr day!

Section 77 (19) See "Mining Claims Assessed" column 

Geological rtayi

Geochemical rf*yi

Man days Q Airborne O 

Special provision (2 Ground jjj

Q Credits have been reduced because of partial 
coverage of claims.

1 1 Credits have been reduced because of corrections 
to work dates and figures of applicant.

Mining Claims Assess*!

L 803326 to 331 
803333 to 335 
803337 to 342 
918236 
918238 
1014621 
1014623 to 627 
1014635 to 637 
1014639 
1014648 to 655

inch 
incl. 
incl.

incl. 
incl

•*

incl .

Special credits under section 77 (16) for the following mining claims

15 days Elctromagnetics L 1014638, 1014640 

10 days Electromagnetics L 803325, 803336, 918237, 1014622

No credits have been allowed for the following mining claims

Q not sufficiently covered by the survey (~) insufficient technical data filed

Note: Credits were reduced because L 2250 E was not Surveyed 
and L3250 E was not surveyed from BID to 107 5N.

The Mining Recorder may reduce the above creditt if necessary in order (hat (he (otal number of approved assessment days recorded on each claim does not 
exceed the maximum allowed as follows: Geophysical •80; Geologocal - 40; Geochemical - 40; Section 77(191 -60.



Miniiiry o!
' Nori'iwn Developmeni 

V,j/ ' and Mines
DOCUMENT No. Instructions '

- Please type or print.
- Refer to Section 77, the Mining Acl tor assessment w;xl; rroi.i'et" ems 

and maximum credits allowed pei survey typo.
- II number of mining claims traversed exceeds space or. this form, 

attach a list.
- - - . - Technical Reports and maps in duplicate should be submitted to 

Mining ACt (Geophysical, Geological and Geochemical Surveys) Mining Lands Seclion. Mineral Development and Lands Branrr:
Report of Work

Type of Survey(s) j Minin9 Division
CSAMT J Larder Lake

Township or Area

Clifford
Recorded Holder(s)

LAC Minerals Ltd.
Address
6 Al Wende Ave., P.O. Box 670, KIRKLAND LAKE, Ont. P2N 3K1

Prospector's Licence No.

T-664
Telephone No.

(705)-567-5656
Survey Company

Quantech Consulting
Name and Address of Author (of Geo-Technical Report)

John Kovala, P.O. Box 334, KIRKLAND LAKE, Ontario P2N 3J1
Date of Survey (from t to)
01 11 87 30 11 87
Day Mo | Yr. Day | Mo Yr

Credits Requested per Each Claim in Columns at right Mining Claims Traversed (List in numerical sequence)
Special Provisions

For first survey:

Enter 40 days. (This includes 
line cutting)

For each additional survey: 
using the same grid.

Enter 20 days (for each)

Man Days

Complete reverse side and 
enter lotal(s) here

Airborne Credits

Note: Special provisions 
credits do not 
apply to Airborne 
Surveys.

Geophysics! 

- Electromagnetic 

'. - Magnetometer 

s - Other 

Geological 

Geochemical

Geophysical 

- Electromagnetic 

- Magnetometer 

- Other 

Geological 

Geochemical

Electromagnetic 

Magnetometer 

Other

Days per 
Claim

20

Days per 
Claim

Days per
Claim

Total miles flown over claim(s).
Date j Rec*f®d Holder or Agent (Signature)

Certification Verifying Report of Work

Mining Claim

Prefix

L

Number

803325

803326

803327

803328

803329

803330

803331

803333

803334

803335

803336

803337

803338

803339

803340
803341

803342

Mining Claim
Prefix

L

Number

918236

918237

918238

1014621

1014622

1014623

1014624

1014625

1014626

1014627

1014635

1014636

1014637

1014638

1014639 Ml

Mining Claim
Prefix

L

REC
i , f r 1 1 1NQv

1ING L

Total number of 
mining claims covered 
by this report of work.

Number

1014640

1014648

1014649

1014650

1014651

1014652

1014653
1014654

1014655

iqffi

ftNDS SECTI01

41

1 hereby certify that 1 have a personal and intimate knowledge of the lads set forth in this Report of Work, having performed the work or witnessed same during and/or 
after its completion and annexed report is true.
Name and Address of Person Certifying
John Kovala, P.O. Box 334 KIRKLAND LAKE, Ontario

P2N 3J1
Telephone No.

(705)-567-5495
Date
October 5, 1981

For Office Use Only
Received Stamp*~""L~A"R"D e w UAKC

Total Days 
Cr. Recorded

Date Recorded

0*1
Date Approved as Recorded

Mining Recorder

D'V.

•p) Entity M; j] 
^ GOT l 't 1989 "' 

778lo.i,.n^;i?2i

1362 (89/06)
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9J077 93O720 l 950724

9058,3 9Q38W l 90MI6
1 93072 B 903)670

X .' NJ ~ ~~

. 'sl.St/60 .921781 l

-- i-jpv.---i.-

838039

l- r " ;i -'-
*""

'x. i \ l ' j \i" - "" "" " ~ ---

TBANSMI33ION 
APf BOXI MAU LOCATION

ARNOLD TWP. M
2.1295S CLIFFORD S0O

DATE RECEIVED MARCH 2 1989

in
ro i
S
o.'

f-

to.
bi
""

^

CO -

*

j

400 Suif.ii. rt M.jl-

ft1""./"! '-. . .l-j .j

r

NOTICE OF
IHIS TOWNSHIP l 

ABITIBI MANAGEM

AND MAY HE SUB 
THE MNR UNIT F 
CONTACTED AT;

^

,, m .,.. —— . — , ——— ™

PATtNTEOLANO

PAUNTfcU fOH SHf- 

LlASfc

L'Ct-NSE OF OCCUP
CMOrtfl LAND SA[ E

C^.SCFLLFO

f.! N ..Vi HiOn 1 i Gr, L

:-:j.'FACfc" RivMlb C

H:.:.hV.AY i RCutt
l """

,nAH.S

H^ll'.VA'io 1

1". .'a i Llf.r.i i

V-:M, f:V,

"

• l., J .,1 , i ., L'

PI fv*t l

7

LA

SCAI IF : 1 1 ff-®
i 1

^, - . -- PL

® MINt V 1 1 J 1

NO 
ANr^ i i 

O.. 1 ^ -! ^

t J

UN) l

l' f OU[ M in OPERATIONS. 
11 i^ f OH l Mr; AKI. A CAN S^ 

HOX I^'J
'IIKA, ON I. 

POK IT o
705-fj-i: 5 : 0̂ ; J : J

LH.! NL)

(P;,-,- r, 
^ *
;* 

111

t .t i l S lV ' i v i; - 1
Dibit:, i i -

T l M i-"' i 
l llVil.ji ^

N, [^- ^Vjf;

MINISTRY OF
NORTHERN DEVELOPMENT 

MINUS



32D85SWa002 2 .12955 CLlFFORD 210
o
L

500m

L ex L "f d.

Gr? c/ CIH

Claim


