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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 continuoue block of 44 claims located 20Km north east of
Kirkland Lake &along the south central boundary of Clifford
Tounship. 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 2zone associated with a previously discovered
ultramafic breccia.

Sections 1 +through 4 of this report were written by J.
Rovala. Sections b 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.

2.0 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 1s 1located 20 kilometers northeast of
Kirkland Lake in the south central portion of Clifford Township
at longitude 79° 80" W and latitude 48¢c 17°N (NTS 32D/H)

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 1located in the west central
portion of the Blake River synclinorium, The Blake River group
coneiste of dominantly calc-alkaline egeries intermediate +to
feleic volcanic rock occurring in the central portion of Clifford
Township. Bodies &and gille of mafic intermediate and felsic
intrueive rocks cut the volcanics. All of the above are cut by
dominantly NW striking diabase. .
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In the central portion of +the synclinorium in Clifford
Townshilp occurs a domal anticline intruded by a granodiorite
stock 1 1/4 miles wide. The survey area is located 2 miles south
of +the above domal anticline over a complimentary WNW syncline.
The syncline ie centered by felsic volcanice and flanked to the
NNE and BS5SW by intermediate volcanics. A large quartz gabbro
intrusive is located along the southeastern boundary of the
property.

5.0 CSAMT TECHNIQUE
5.1

Natural source electromagnetic (EM) sounding methods such as
magnetotelluricse (MT) and audliomagnetotelluricse (AMT) have been
widely used for the exploration of hydrocarbons, groundwater and
geothermal sources, but with 1little 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 H=z. The 8source of these
fluctuations originate in the ionosphere for frequencies less
than 1 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, 197H). 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 8ignal strength does not depend on the time of day
’ or the season. ’ - -

3. Because the esignals 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

.o .effective than natural source EM surveys.
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- The .primary disadvantage of the CSAMT method over natural

source EM methods is the closeness of the s8ignal source. For
natural source techniques, the signal source is, 1in effect,
infinite such that +the EM field is a "plane wave". This

assumnption 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 measuremente 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 Geophysice Limited,
Markham, Ontario. A complete description of the equipment along
with technical epecifications 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 eeveral
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 1less wire to produce a
comparable signal. The bipole is constructed with lengths of #10
gauge copper wire, which has a resistance of approximately 1 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) slectrodes 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
setrength, 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 hae  the
advantage of multiple channels which permits the measurement of
eix (B6) or seven (7) dipolee and one (1) H-field component
simultaneously. . o L
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The survey may be conducted in two survey modes: the
traneverse magnetic (TM) mode where the transmitting bipole is
perpendicular to geologic strike and the transverse electric (TE)
mode where +the transmitting bipole 1is parallel +to geologic
strike. The TM mode 1is 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 TH 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 o©f the electric and magnetic fielde (eg. Ex/Hy or
Ey/Hx) using the following Cagniard equation:

1 E
pa. = ~===(----)2, P =Es - He (1)
2 o H
Whereu. = 47 x 10-7 H/m
f~ = apparent resistivity in ohm-meters
E = E-field magnitude in mv/km
H = H-field magnitude in gammas
# = phase difference in radians

Should only the Ex and Hy componente 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
eince Hy is essentially constant over a significant distance,

. even for very strong conductors (Yamashita, 1987). Figure 5.1

1llustrates a typical configuration for a reconnaissance TM mode
and TE mode.

The measured components of the electric and magnetic fields
and the calculated apparent resietivity are stored in solid-state
memory 1in the V4 recelver and later transferred to &
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 HPY9000 series
machine, Flgure 5.3 illustrates the software package structure.

Contours of apparent resistivity values for eselected
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 proceesing 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
6.1 Freaquency Pseudosections

The contoured apparent resistivity for near-field corrected
data for each 1line surveyed 1s presented in a frequency
peeudosection 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 FErequency 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 FEirst 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) 1is 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 1is 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
po, = K(r) * r( ---) (2)
H (Yamashita, 1984)




Where r the distance between the transmitter and receiver

~K(r). = & 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 EFrequency Pseudogections

The near-field corrected £frequency pseudosections provide
the starting point for +the interpretation of results. By
comparing the relative apparent resistivities down each line,
poeseible 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 &
function of the earth resistivity and the characteristice of the
conductor at depth, depth estimates for anomalies cannot be
determined with any degree of certainty using qualitative
analysies 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:

i) 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 s6hifted 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 reslstivity underlying lower resistivity. When
the resistivity contrast 1is 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 1s a true
response or undershoot.

7.3 MODELLING
7.3.1 1-D _Invexrsions

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 ae
the s8kin depth. The strict definition of skin depth requires a
homogenesous medium, however 1in practical application, such
conditions do not exist therefore an apparent skin depth (skin
deptho) for an inhomogeneous medium may be defined as:

skin deptha,= (------- ) 172 (3)

Where apparent resistivity (po(f)) ie the apparent
resistivity measured at that frequency. The skin deptho is
indicative of the depth of penetration of the EM wave, 1i.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 structuree, 1i.e. finite
or isolated conductors (Bartel, 1987).

Static effects, as discussed above, wmay aleso 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 reeistivity curve. The interpreter must exercise
care when applying inversions under +these conditions to avoid
mieinterpretations.

7.3.2 2-D_Forward 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)
caucative 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 RESHLIS_AﬂD_lNIEBEREIAIlQN

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 1low 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 T+00N on line 2000E and 1line 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; n=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+00N to 5+00N. On both sets of data, the dipole-dipole
resulte indicate &a relatively narrow zone of lower bedrock
resistivities (less than 200 ohm-meters) just to the north of
this resistivity contact.
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This some of lower apparent resistivities is broader on the
western line (line 2000E) than it is on .line 2125E. To the north
of this low resistivity feature, the basement rocks are indicated
10 have a more moderate resistivity wvalue.

CSAMT measurements were completed on the C14 Grid, with an
E-field dipole 1length of 50 meters. On line 2000E and line
2125E, the CSAMT apparent reeistivity pseudosections show
reeistivity lows that correlate exactly with those detected by
the X=60 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 1low Dbedrock
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 1is wunusual. Alteration 1in 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. Thise 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 1in 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. peeudosections from 1line 2500E and 1line 125
exhibit the type of apparent resistivity pattern that can be
encountered.
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APPENRDIX A
TECHICAL SPECIFICATIONS --- PHOENIX V4, T30, MG30
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Calibration

o v : Test Signoal

Display and Controls

E - Memory

o .mpllng Rate

TEST AND CALIBRATION

. SIGNAL PROCESSING., DIGITAL
" A-D Conversion

14 bits, giving o resolytion ol V port in $3,000.

Controlled by miroprocessor 10 6 maximym of
12.8 kHe {14 kHz by early 1983).

A test tignal output Is provided to perform test
ond colibration tunctions. Thece is olso o
processor controlled internal lest mode that
cilows outomatic precise colibration of ol filters.
Calibrotion responses may be stored In the
Instrumaent? ond outomatically removed from
the meaosurements.

The externally ovailable tes? signal con be either;
o frequency domoin s'gno) of £ 3V, 200 ohm
impedonce, frequency 4 kMz . 17328 M1, or
o lime domalin signal with & 30% duty cycle.

The display is ¢ 64 charocter dot mairix {CO
ond the computer results pretented are the

meon ond standard deviation os well a1 the
stack number.

All modes of opersation and poromaler control
entries moy be disployed ond the disploy will
prompt the operatot 1o moke the opproptiote
keypod entries.

The LCO will operate 1o o temperaturs of -10°C.
For lower lempaerature operation an LCO heoter
Is required {optional).

Non-volotile memory for dato logging s provi-
ded. This Iy aufficien? for storoge of 38 S1P sto-
tions with o full complament of channels over the
entire frequency range. Although this is sufficient
for opproximately three days operation, o
further memory extension is optionally ovoiloble.

i/0 Ports

Printer

Analog Meters

GENERAL

. Temperaivre

Humidity

Altitude
Vibrotion

Welght
Cose

Dimensions
Botteries

The memaory moy be transfarred into 0 computer
by on B.bit poralle! /0 port or by en optional
seria! RS-232 pori.

A vos! pockeltaized. 20 column, dot matrin
printer operates through the 8 bl porallel VO
port. Powar lor the printer Is supplied by the V-4;
no odditiona! botteries ore required. The
external printer conliguration permits beter
snvironmental prolection.

A meter for soch chonnet provides continuous
monttoring of the signals.

Thess meters ore olso used lor bottery
monlioring.

The slorege temperature ronge s -30°C to
+70°C. The operoting lemperoturs ronge Is
-40°C 1o 4 50°C, [-10°C to +30°C without 1CD
heoter option).

The instcument s moisturs proof and mey be
operated during roin,

<1800 m to 5000 m,

Suitoble lor transport in light oircraft and bush
vehicle,

13 by

The case Is mode o! on Acrylic PVC olloy. which is
vacuym lormed, extramely tough. resilient,
weather reslstont ond o good elecirical imvlator,
11 1s equipped with @ ra ble lid. careying
handle ond pockboard tie down loops.

32 em x 36 cm, 27 e¢m high,

The stondard insticumaent s squipped with thres
6 volt rechargecbie gel zells. The battery chorger
tircult (loas tronsformer) is bulltin,

¥

o
i

Progroms

" Controlling Firmware

The stondard version of the V-4 includes the
control program lor Spectral Induced Polarization
operation {SIP}.

Optlonol Progroms
avolioble

Controlled Source Auvdio Mogneloteliuric {CSAMYT)
Time domaln Induced polarizotion
Dthers: Consult Phosnix for detolly,

‘j‘Specfrul I.P. [SIP] Operation

) K Frequencles
i

Deconvolution

Operoting Sequence

AT Transmitter Links

210K 10272 HI (171024 10 4096 Ha) in binory

tteps. An automatic frequency scon fy inifioted

by selecting Fhigh and Flow to be diflersnt

:glv". The scon con step by o foctor of 4, 3, or
2,

For specirol 1P, two highly isoloted RF
rommunlcotion linky ore provided:

A: Transmitter drive link for transmitter
switching control vio o hwisted poir cable.

8: Current Monitor link,

This link provides on occurnte seplico of
the tronymitter cursren) 1o one of the eight
chonne! inputs. This ellows recl-time
dec tution of the ¥ ife .
lrom the other input chonnels. The required
Isolation transtormer ond demodulotion
clreuits ore built into the V-4,

'

The physical quontity which we ars aHempting Yo
determine is the resistivity transfer function,
$ince 1t I3 not possible 1o control kilowatts of
power passing through unitoble current
olectrodes 10 an occurocy of 1 port In 10000, 1t s
necessary o monitor both current ond voltoge
ond then 1o deconvolve the current from the
voltage 1o obtoin the trus spectrol IP responte.
This deconvolution Is carried out outomotically in
the V-4 ot eoch Irequenty by dividing the volioge
omplilude by the current omplitude ond by
sublrociing the current phose from the volioge
phase lor oll six volioge chonnels.

STARY sels the receiver ond tronsmitter 1o 1 Mz
and oilows the Syslem 1o cancel SP ond odjus?
goin Jor eoch channel,

Softwore

ENTER s presed ofter eoch of the operating
porometers Is input through the keypod.

A averoging time

8 numbar of chonnels

€ current in amperes

D dipole identificotion

E electcode Intervel in meters

F frequency ronge (Fhigh, Flow)
The s1x parometers ore held In memory. Only
o fow ore vsually chonged from station to
station ofong @ line.

PRINT ptints out the six operoting porometers
1t Is desired to check their volues.

RUN sterts the outomatic lrequency scon. The
unlt firs) measures, colculotes ond prints the
teristivity ot 1 Hz. 1t then proteeds to Fhigh,
mokes the reguired mecsurements, displays
ond prints the results, proceeds 10 the nex!
frequancy ond 30 on, down to Flow,

STORE is pressed If the scon iy satisfoctory end
W Is desired 10 siore the resulis In memory,

Phoenix supplies complete opplications soltwore
{ot tronstereing specirol IP dota 10 © computer;
fitting the Cole-Cols modat to speciral IP dote:
tolculation of Cole-Cole porometers; removol of
slectromognetic coupling; ond plotiing and
tontouring data pssudoraciions.

iias 9.4 1anal

in oddition, Phoenix supp
modelling programs for both lorword ond
inverss probl 10 oid In interp )

Al) progroms ore writien In BASIC.

" CSAMT Operation

Frequencies

Productivity

2-710 2'2 (0.25 Hy - 4096 Hi) in binory steps
for /2 steps).

Since the horizontal H field voriey sfowly, it 1y
possible to measure only one H field for six
electric dipoles. Thuy production rates ore six
fimas grealer thon those of older, conventional,
2-channe! intiryments.

Reol-time Colibrotion

Softwore

The standord procedure is fo store the Sronsler
function of the instrument in memory ond
remove it from the signai in real time,

1n oddition 1o the CSAMT control progrom, BASIC
softwore utifities ore ovoifoble for plotiing
ond tonfouring pseudosections of Cogniord
opporent retlstivity, ond correcting for the
neor-disld sftvation,




R 4

Eight Channel
Universal Receiver

¢ Vorsatility

® Productivity

. ® Microprocessor
Control

" ® Reliability

'® Standard 1/0
or data link.

¢ Avtomated
Operation

cancellation.

Instrument may be used for specirol IP, CSAMT, and
conventional IP in either trequency or time domain.

Simultaneous measurement of eight input channels.

Microprocessor-controlied real-time tiltering, signal
stacking ond averaging in time or frequency domain.

Dato logging in solid state non-volatile memory.

Output porits tor o vest pocke! printer and compuler

Automatic gain control and self-potential (SP)

Features

EXTREMELY BROAD FREQUENCY RANGE

The V-4 was designed to cover the frequency range of mosi interest for

electrical measurements. Its complete frequency ronge is six decades,
With o top trequency of 4096 HZ it is o multifrequency EM unit os well
"as a speciral IP unit. High frequency measurements moy be mode very
quickly, ond provide useful, detailed data about the resisfivity section,
Pseudosection plots of the high frequency phase ongles provide geomelric
as well as parametric EM information. The intermediote frequencies ollow
very accurale removal of eleciromagnetic coupling trom 1P dato, ond
" provide information on mineral type, which in cerloin situations con
* . result in considerably more cost-etfective exploration programs.
Alternotively the high-frequency meosurements moy be mode in
CSAMT mode, providing ropid reconnoissance measurements of resistivity
" - from 0.25-4096 Hz.
" DESIGNED FOR BOTH RESEARCH AND PRODUCTION
The V-4 has been designed 1o be both on exiremely powerlul research
instrument as well os the fastest production IP unit availoble. The
conversion is accomplished simply by changing the limits of the trequency
scon. Reconnalssance work might be carried out ot a single {requency
" In which case the measuremenis ore extremely fost ond occurote. 1f on
- anomaly Is encountered, the scon may be widened to provide odditionol
dota useful for the evaluation ond removal of inductive coupling, and for
" purposes of mineral discrimination,

" EIGHT CHANNEL CAPABILITY

The multichannel capability of the V-4 can decrease meosurement time by
a factor of six over conventional unilts,

REAL TIME DECONVOLUTION

Any variotions in the tronsmitter waveform are closely monitored ond
occurotely compensated for. This is equivolent to continuous colibrotion of
the tronsmitter electrodes. All tolculotions ore made In real time. No
meosurement time Is wosted woiting for the processor, even at 4 kHz

MEAN/STANDARD DEVIATION

Both mean ond stondard deviotion ore continuously disployed ond
recorded. Thus o constont record is maintained of the precision of the
meosurement. H the desired occurocy is ochieved early, time can be soved
by pressing NEXTF. The processor then prints the resulis ond proceed
with the nexf frequency.

VERSATILITY
The V-4 can be used for speciral IP, conventional IP in fime or frequenc
domain, and CSAMY, resulling in on exiremely cost-effective instrume
pockoge. ‘

OPTIONS

. Dipole preomplitiers for spectral IP operotion in high resistivity oreas
. RS$-232 170 port.

« LCD heater for extended cold temperature operation,

- Memory extension.

- Operoting firmwore for CSAMT, time domain IP, ond others 1o b
onnounced.

Specifications, Hardware

INPUT

Channels High input Impedance ditferentiol omplifiers.
Eight input channels moy be meosured
simuttaneously. Six chonnels ore combined In
one inpuf connecior. The other two inputs ore
equipped with isoloted power supplies 1o power
externcl devices such o3 coll preomplitiers.

Impedonce 1000 Megohms.

Protection The input is protecied rom excessive volloges
by © 10,000 chm fuse reslstor,

Ranges To 110V moximum Inpui signal.

SIGNAL PROCESSING, ANALOG

Goins 1 10 640, under microprocessor control,

Triple notch filter lor 143, 3rd ond S1h harmonic of
50 or 60 Hz. Noich depth 40 db minimum. Filter
moy be switched In or out.

Powsr Line Filtering

Antl-Alios Fliter 7 pole tow pass filter with processor conlrolled

corner lraquencles,

Under microprocessor control up to o range

Sp Conceliotion
of $2.8v,

S

PHOENIX

Head Ofifice:

Tel: {416) 477-8588

PHOENIX GEOPHYSICS LIMITED

Geophysica! Consulting and Contracting. Instrument Manufacture, Sale and Lease.

TORONTO 7100 Warden Ave., Unit 7
Markham, Ontario, Canada L3R 5M7

Telon: 08 OB888A, Fan: 418.477.0200
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THE T-30 IS THE MOST ADYANCED CONTROLLED CURRENT SOURCE
VAILABLE FOR ELECTRICAL METHODS EXPLORATION. 1T COMBINES MODERN
070 TECHNOLOGY WITH THIRTY YEARS OF TRANSMITTER DESION EXPERIENCE.

THE 7-30 (30 KW ) 15 ONE OF TWO UNITS, IDENTICAL IN ALL
SPECIFICATIONS EXCEPT FOR POWER AND WEIGHT. THE LIGHTWEIGHT VERSION
OF THE T-30 15 DESIGNATED THE T-15. THE 15 kw T-15kw |5 DESIONED
FOR END-USERS WHOSE APPLICATION PLACES A PREMIUM ON PORTABLILITY.

THESE TRANSMITTERS CAN BE USED FOR A YARIETY OF GEOPHYSICAL
TECHNIQUES, INCLUDING CONYENTIONAL IP IN THE TIME OR FREQUENCY DOMAIN;
TRUE WIDEBAND SPECTRAL IP; CSAMT (CONTROLLED SOURCE AUDIO 9
MAONETOTELLURICS); ARD TOEM ( TIME DOMAIN ELECTROMAONETICS ).

THE TRANSMITTER LOAD MAY BE EITHER A GROUNDED DIPOLE OR A LOOP, 4
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 PROYIDED, AS WELL AS AN INPUT CONNECTION FOR AR ARBITRARY y
EXTERNAL TIMING DRIVE.

THESE UNITS ALSO FEATURE A YARIETY OF PROTECTIVE CIRCUITS,
BUILT IN RECEIVER CALIBARION CIRCUITRY, CURRENT MONITOR OUTPUT FOR
EXTERNAL DECONYOLUTION, CONSTANT SURRENT CONTROL, AND SEMI-INFINITE
IMPEDANCE IN THE "OFF-TIME® WHEN USED FOR TIME-DOMAIN IP.

SUMMARY SPECIFICATIONS FOR THE TRANSMITTERS ARE OIVEN BELOW:

FREQUENCY : DC - 10 kHZ. :
MAX. YOLTAGE : 800 YOLYS. !
MAX. CURRENT - : 40 AMPERES. : <
WELIOHT : T-15 75 K6.

: T-30 120 Ke.

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

IN ADDITION TO THE M6-30, WHICH EMPHASIZES HI6H POWER/LOW
WEIGHT, PHOENIX OFFERS A YARIETY OF MG OPTIONS. THE USER MAY
REQUEST GASOLINE OR DIESEL ENGINES; 60 HZ. OR 400 HZ. ALTERNATORS; :
AND 1107208 Y OR HIGHER YOLTAGE QUTPUT. K




APPENDIX B .
CSAMT FREQUENCY PSEUDOSECTIONS
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CSAMT APPARENT RESISTIVITY (CORRECTED)
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CSAMT APPARENT RESISTIVITY (CORRECTED)
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CSAMT APPARENT RESISTIVITY (CORRECTED) f
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T APPARENT RESISTIVITY (CORRECTED) | | ' g
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CSAMT APPARENT RESISTIVITY%(CORRECTED) |
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| CSAMT APPARENT RESISTIVITY (CORRECTED) ‘_
LAC MINERALS, LTD. C14 LINE=625E E~dipole=3000ft Tx—Rx=18.875km
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CSAMT APPAFRENT RSISTIVITY f(,CORRD ECTED) | | :
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CSAMT APPARENT RESISTIVITY (C@RRECTED)

LAC MINERALS LTD. Cl4 LINE=87SE E-dipole=5808ft Tx—Rx=18.625km
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| CSAMT RPPARENT RESISTIVITY (CORQECTED)
LAC MINERALS LTD. Cl14 LINE=1008E E-dipole=5080ft Tx-Rx=18.5km
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CSAMT APPARENT RESISTIVITY (CORRECTED)

LAC MIMNERSLS LTD. Cl4 LINE=1125E€  E-d1pole=5PBAft Tx—Rx=18.375km | _
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L . Ministry of
) @ Northern Development
'_ and Mines ents
i, ,Onlano ' “II I“IIII | I ”l""”""l""”"”
orm,
R L Report of Work 55¥8002 2.129SS CLIFFORD 00 s
- Mining Act (Geophysical. Geological and Geochemical Surveys) Mining Lands Section, Mineral Development and Lands Branch:‘o
v "+ | Type of Survey(s, r) Bt i "”‘.' SRR | Mining Division Township or Area
i TS CSAMT Larder Lake Clifford
* 1. | Recorded Holder(s) (D) 41 4 VL. . Prospecior's Licence No.
’ LAC Minerals Ltd. &d o # tw v O O / T-664
i Addmss Yelephone No.

'] Survey Company .

Quantech Consulting

* ['Name and Address of Author (of Geo-Technical Report)
John Kovala, P.0. Box 334, KIR

(LAND\E

Dale of 5urvoy grom
Dly] MoJ Yr. |

50 11 87

Day | Mo. | Ve

"' Credils Requested per Each Claim in Columns at rigHt

tario/pP2N 3J1
Mining Caims Trave isl in numerical sequence)

| 1 nereby certity that 1 h
aher its completion a;J

annexad reporl is true.

. ‘Spoclll Provisions Days p Mhng Claim Mining Claim Mining Claim
. 1 For first survey: Geophysical Claim Prelix Number  J| Profix Number Prefix Number
. Enter 40 days. {This includes + Flectromagneti 2 a‘ 803325 L L m 464 OP
‘I'. * line cutting) - Magnetometer 803326 1014648 /
sttt e v 803327)\/ 1014649
'] - Enter 20 days (lor each) Geolo'?‘f\ 80332;J/ - 1014650/
. Geochemiga 803329 v"|{ T110146220/2 1014651
[ Man Days Geophyfical 2us bet 803330 /1/ 10146237 Mﬁz—w
om rever i n i
onter otalis) pe - "0 | - Elepromagnati 80333 1014624 ¥ 11014653¢
" - Mafnelomete 8038%3 V' lolac2s v 101465417
- Oty 03334 v 1014626 v 1014655/
Gealogey! / /1803335 v/ 1014627 41
Geochemic /, // 803336 |
[ Airborne Cedits " |oaysp : Y
: 803337 1014636 4
| Mote: Speck{ el yﬂo/ww ” 803338 + 1014637 ¥4
Sumers. A Fagnetometer 803339 1014638 %
| oner & 803340 v~ 10146390 %47
. | Tota! miles flown over claim 803341 V'
~ | Date Re Holder or Agent (Signature) ./ :::‘a'rl‘ ;1:7;?:‘: Tove,ed
L 0{/{‘ E Czj °] 4 803342 by this report of work. 41
'_Cerlification Veti!yiri)gj?eport of Work ——
! e a personal and inlimate knowledge of the facls sel forth in lhas Report ol Work, havmg petiormed Ihe work or wilnessed same during and/or

‘| Name and Address,

{ Person Cerlifying

. [John Kovéla, P.0. Box 334 KIRKLAND LAKE, Ontario

*Ip2N 3J1

Telephone No.

(705)~-567~5495

Date

October 5, 198

W;Slyum

",‘: For Office Use Only

i .
)
;

. }.Cr. Recorded

Received sump
l. ARDLN

pAL N e
r; h a :
Di

- Total Days

Date Recorded

Mining Recorder

¢ L"le l/

' Dale‘ Approved as Recorded

Provincial Manager, Mining Lands

7|8|° mn- vy

|
Y R
J

‘Hl'\c- l

2

@

1989

7
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Ontario
Ministry of
Northern Development
and Mines
. Mining Lands Section
Ministere du ' 880 Bay Street, 3rd Floor
Développement du Nord Toronto, Ontario
et des Mines M5S 178

Telephone: (416) 965-4888

April 10, 1990 Your File: W8908-336
OQur File: 2.12955

Mining Recorder

Ministry of Northern Development and Mines

4 Government Road East

Kirkland Lake, Ontario

P2N 1A2

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,

; DNTARIO OFOLOZICAL SUDVEY
] L ASSESUNENT FILES
. IR

W.R. Cowan -
Provincial Manager, Mining Lands APR1" 1990
Mines & Minerals Division

N RECEIve . !
WLS:pt v -
‘Enclosure
cc: Mr. G.H. Ferguson Resident Geologist
Mining and Lands Commissioner Kirkland Lake, Ontario

Toronto, Ontario

LAC Minerals Limited
Kirkland Lake, Ontario

John Kovala
Kirkland Lake, Ontario




Ministry of Technical Assessiment Fite
Nonhe'm Development Work Credits 2 1295
/S and Mines Oete minln%Rccoraer% Rep%n of
" A
Feb 23/90 Yibglis. 336

Recorded 1{older

Lac Minerals Limited

Township or Ares

Clifford

Type of survey and number of
Assessment days credit per claim

Mining Clsims Assessed

Geophysical

Electiromagnetic 2 0 days
Magnetometer days
Radiometric : days
tnduced polarization days
Other days

Section 77 (19) See “Mining Claims Assessed” column

Geological days
Geochemical dzys
tian days ] Airborne [

Special provision [X) Ground E

D Credits have been reduced because of partia!
coverage of claims,

D Credits have been reduced because of corrections
to work dates and figures of 2pplicant,

L 803326 to 331 incl.
803333 to 335 incl.
803337 to 342 incl.
918236
918238

. 1014621
1014623 to 627 incl.
1014635 to 637 incl
1014639 .
1014648 to 655 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

{0 not sutficientiy covered by the survey

{3 insufticient technice! data fited

Note: Credits were reduced because L 2250 £ was not Surveyed
and L3250 E was not surveyed from BLO to 1075N.

The Mining Recorder may reduce the above credits if necessary in order that the totel number of approved sssessment days recorded on each cleim does not
exceed the maximum allowed as {oltows: Geophysical - B0; Geologocsl - 40; Geochemical - 40; Section 77(19] - 60.

828 (85/12)




SRR ]

o

- sinicire Qf - Instructions
Minisity O ¥
A)‘ Normern Develepment DOCUMENT NO' - Please type or print.
4 and Mines ng 08 . 93‘ - Refer to Section 77, the Mining Act for assessment work 1 ainents
C "":I’ o and maximum credits allowed pet survey type,
.“’ { - I number of mining claims traversed exceeds space or this form.
aftach a list.
. Report Of WOfk i 2' 5 - Technical Reports and maps in duplicate shouit be submities to
‘ Mlning Act {Geophysical, Geological and Geochemical Surveys) Mining Lands Seclion, Mineral Development and Lands Brancr:
[Type of Survey(s) ) Mining Division Township or Area
“CSAMT Larder Lake Clifford %
[ Rezorded Hagerisy - Prospector’s Licence No.
_LAC Minerals Ltd. T-664
Address T Telephone No.

6 Al Wende Ave., P.O. Box 670, KIRKLAND LAKE, Ont. P2N 3K1l{(705)-567-5656

Survey Company
Quantech Consulting

Name and Address of Author {of Geo-Technical Reb—éri) Dali of sluivey from & to)

John Kovala, P.O. Box 334, KIRKLAND LAKE, Ontario P2N 3J1 | oy o) W !i?l%};BZ

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

Special Provisions Days per Mining Claim Mining Claim Mining Claim
For frst survey: Geophysice! Claim Prefix Number Prelix Number Prefix Number
Enter 40 days. (This includes |. + Flectromagnere 20 L 803325 L 918236 L 11014640
line cutting) - Magnetometer 803326 918237 1014648
E;rnge;%t; asgi‘go;x:ij:suwey: Other 803327 918238 1014649
Eter 20 ays foreacry | 09! 803328 1014621 1014650
Geochemical 803329 1014622 1014651
Han Days Geophysical O 803330 1014623 1014652
e e side and - Electromagnetic 803331 1014624 1014653
- Magnetometer 803333 1014625 1014654
- Other 803334 1014626 1014655
Geological 803335 1014627
. Geochemical 803336 1014635
Alrborne Credits Dgygi#\er 803331 1014636 RE 'E]VED
Note: fgzﬁ;gldc:énv;foons Electromagnetic 8 0 3 3 3 8 m 1 4 6 3 ] :‘; e \"I {} G
Soveys, " | Magnetomete 803339 1014638
Other | 803340 1014630 MIMING LANDS SECTION
Total miles flown over claim(s).
Date Re Holder or Agent (Signature) ) 803341 ;?L?lgz?;?;;‘jovered
0(/{\ % _? /M 8 0 3 342 by this report of work. 4 l

Certification Verifying Report of Work

| hereby certify that | have a personal and intimate knowiedge of the facts 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 Cerlifying

John Kovala, P.0O. Box 334 KIRKLAND LAKE, Ontario
Telephone No. Date : C ﬂ By (Signajure)
P2N 3J1 {705)-567~5495 {October 5, 198 /)

Received ' Stamp -.

TARDER LAKL ‘
!
i
!

For Office Use Only i Mmmu D‘V
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X
Total Days | Date Recorded Mining Recorder i w1 Z

Cr. Recorded éj ”F [ l Z 1989
Oct /7 S (g0 il
gl 0 Date :;p!oved asécorc:ed Prfvikcial Manager.Wining Lands v 7A|M8 R ‘#.‘/'02%“1
See. cenised| gk ﬁw
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