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EXECUTIVE SUMMARY 
OF THE FINAL REPORT 

ON THE 
1990 GEOELECTROCHEMICAL TEST PROGRAM 

Three geoelectrocheraical methods, namely CHIM, MPF and TMGM, developed by NPO 
Rudgeofizika, have been applied over five carefully selected test sites in 
Ontario during the 1990 Test Program. The sites chosen contain known mineral 
deposits with diverse conditions of geology, mineralogy, overburden conditions 
and depth of burial. They include two gold deposits (Windjammer and 
Harker-Holloway) and three base metal deposits (Currie-Bowman - copper, 
Montcalm - copper nickel, and Chance - lead zinc). 

Surficial cover over the main mineralized zones on these properties ranges in 
thickness from 2 m to over 60 m, and consists mainly of lacustrine clays and 
silts (Currie-Bowman, Harker-Holloway, Chance and Montcalm) and esker sands 
(Windjammer). The Montcalm property is also covered with a relatively deep 
peat layer. On the Harker-Holloway property the main gold deposit is 
essentially blind, with ore-grade material apexing at a depth of 200 m and more 
on individual sections surveyed. 

The geoelectrochemical observations on these test sites may be summarized as 
follows: 

1. On all five sites the main known mineral deposit has been detected by at 
least two of the three geoelectrocheraical methods. Anomalous 
concentrations of the primary metals of the deposit, and sometimes of 
auxiliary metals as well, have been indicated. 

2. The CHIM method yields relatively narrow anomalous indications, which 
generally occur directly over the mineral deposit. This method appears to 
function well regardless of the nature of the overburden. 

3. The MPF and TMGM methods yield indications which are broader in extent than 
those of CHIM, and which may occur either directly above mineral deposits, 
or on their flanks. 

4. On one site (Chance) there is evidence of contamination effects from a road 
built of mine waste. This has affected only the CHIM results, whereas the 
MPF and TMGM results are apparently unaffected. 

5. Weakly mineralized outcrops may give rise to anomalous responses, in their 
immediate vicinity, on all three methods. 

6. Under certain conditions, it may be difficult to acquire good sampling 
material for the MPF or TMGM methods (e.g. for TMGM in deep swamps). 
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We may draw the following conclusions from this test program: 

1. The CHIM, MPF and TMGM methods can provide a metal-specific exploration 
approach for detecting and positioning gold and base metal deposits, under 
the types and thicknesses typically of overburde encountered in the 
Canadian Shield (clay, sand, till, to at least 60 m thickness). 

2. The Harker-Holloway test suggests that blind deposits, to depths of at 
least 200 m, may also be detected. 

3. These methods work best when there is at least 5 m of overburden cover, so 
as to provide the best sampling conditions. 

4. Because of the differences in their response characteristics, it would be 
suggested that the MPF and TMGM methods should be employed for the initial 
reconnaissance of an area. The CHIM method would follow, to precisely 
position the mineralized targets, which are broadly indicated by the MPF 
and TMGM results. 

John Kinrade, Ph.D. 
Senior Scientist 
Scintrex Limited Scintrex Limited 
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FINAL REPORT 
ON THE 

1990 GEOELECTROCHEMICAL TEST PROGRAM 

A. INTRODUCTION 

A.1 Objectives of the Program 

The objectives of the 1990 Geoelectrochemical Test Program were to investigate 
the applicability of three geoelectrocheraical methods, developed in the 
U.S.S.R., to the exploration for gold and base metal deposits in the Canadian 
Shield environment. 

The pertinent methods are known as MPF, TMGM and CHIM and are described in 
Section A-3. They have largely been developed at Rudgeofizika, a research 
institute of the Ministry of Geology of the Soviet Union, located in Leningrad. 

As a result of agreements signed between Scintrex Limited and the Ministry of 
Geology of the Soviet Union, a team of 10 senior scientists from Rudgeofizika 
and the equipment necessary to carry out these methods was sent to Canada in 
June, 1990 for the test program. 

The test program was financially supported through contributions from the 
Government of Canada (the TIP program of the Ministry of External Affairs and 
International Trade), the Ontario Government (Ministry of Natural Resources) and 
the following twelve mining exploration companies: 

BHP Mines Ltd. 
BP Canada Limited 
Cominco Ltd. 
Corona Corporation 
Falconbridge Limited* 
Granges Exploration Limited* 
Hudson Bay Exploration and Development Co. Ltd. 
Inco Exploration and Technical Services Inc. 
LAC Minerals Ltd. 
Noranda Exploration Limited* 
Rio Algora Limited 
Teck Explorations Limited* 

Grateful acknowledgement is due to those companies indicated with an asterisk 
(*) for providing access and geological and other information on their 
properties. Some of this information has been incorporated in this report for 
purposes of correlation with the geoelectrochemical data. 

In addition to the members of the Rudgeofizika team, who will be introduced in 
Section A-5, the personnel for this program included two Scintrex personnel, 
viz. Dr. John Kinrade, Project Leader, and Mr. Herman Mueller, Project 
Coordinator. Mr. Pat Chance, a consulting geologist acting directly on behalf 
of the Geoelectrochemical Program Committee, provided assistance through liaison 
with the property owners of the test sites, in arranging for line cutting and 
picketing where required, and in the assembly of pertinent geological and other 
information on the sites. 
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In addition, direct support in the form of personnel time or services was 
provided by the Geological Survey of Canada (representatives on the Test Program 
Committee and check chemical analysis of certain samples), the Ontario 
Geological Survey (representation on the Test Program Committee) and 
Queen's University, Kingston, Ontario, (representation on the Test Program 
Commi ttee). 

In addition, Queen's University, through Professor Ian Nichol, provided 
considerable assistance in compiling information which was vital to the 
selection of appropriate test sites for the field program. 

A .2 Test Site Selection 

Essential criteria for the test site selection included: 

1. Freedom from surface contamination (i.e mine workings, drill cuttings, 
tailing, etc.). 

2. Reasonable access by road. This criteria was imposed in order to keep 
logistical costs at a minimum. 

3. Overburden cover, of glacially origin, greater than 5 m in thickness; 
preferably of diverse types (sand and gravel, clays, humus, etc.). 

4. Diversity of mineral deposit type, i.e. to include deposits of gold, 
polyraetallic (Cu, Zn, etc.) and copper-nickel. 

5. Geological conditions well known through drilling, and adequately 
documented. 

6. Standard soil geochemistry does not work on the property. 

The number of test sites that were investigated during this program was limited 
by the budget established by the program's sponsors to those which could be 
covered in a three month field program. Ultimately, five sites were field 
tested over the period from June 20 to September 12, 1990. All of these lie in 
the Timmins-Matheson area of Northern Ontario. Figure 1 shows their location. 
Their proximity to each other aided in the logistics, but was also rather 
fortuitous, in that these properties met the six criteria listed above. 

In chronological order of coverage, these sites and the raining company in 
control thereof, are: 

Windjammer - (gold occurrence) - Noranda Exploration Company Limited (NPL) 
Currie-Bowman - (copper-zinc occurrence) - Noranda Exploration Company Limited 

(NPL) 
Harker-Holloway - (gold occurrence) - Noranda Exploration Company Limited (NPL) 
Montcalm - (nickel-copper occurrence) - Teck Explorations Limited and 
Chance - (lead-zinc occurrence) - Falconbridge Limited 
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A.3 General Description of Geoelectrochemical Methods Employed in the 
Test Program (MPF, TMGM, CHIM) 

The MPF, TMGM and CHIM methods are based on the distant vertical migration of 
chemical elements in the crust. This implies transfer of the elements 
(indicators of mineralization) from deep ore bodies and mineralized targets, 
(including those covered with overburden of any composition and clastic rocks) 
through to the surface. In most cases, this process is independent of the 
overburden hydrodynamic characteristics and" thickness. 

In surface sediments, chemical elements migrating from depth in mobile forms 
partially remain in that state, and partially become poorly bonded forms or 
change to some other forms. Owing to this, a spectrum of superimposed forms of 
occurrence of elements results, the proportion of which in the bulk 
concentration of the overburden is very small (generally, only a few percent or 
fractions of percent when considering the bulk content of the overburden). 
However, this smaller portion is the part of the element content that carries 
information concerning the mineralization at depth. The CHIM method is based on 
the use of those elements occurring in a mobile state within the pore moisture 
of soils; the MPF method is based on the use of the elements occurring within 
the humate-fulvate complexes of the soils; the TMGM method is based on elements 
contained in ferri-manganese compounds. 

To extract the specific forms of the elements, special selection methods are 
employed. 

The MPF operations involve field soil sampling, selective extraction of huraates 
and fulvates from the samples, determination of the ore element concentrations 
(Me) and carbon (C) calculation of the ratio of the quantities of each element 
being determined to the quantity of carbon (Me/C), finally, construction of 
graphs (Me/C) for profiles and in plans. Based on the composition of metals 
(elements) and the position of the anomalies, the composition and plan position 
of ore targets and mineralized sections are determined. 

The MPF geochemical sampling is carried out in a standard way, the weight of 
each sample being about 100-200 g. Subsequently, a 50 g portion from each 
sample is treated to selectively extract humates and fulvates from the samples. 
The extracts produced are divided into two parts - in one portion carbon is 
determined by the colorimetric method, in the other one, after concentration, 
other elements are determined by spectral analysis. The extraction of humates 
and fulvates from the samples, as well as the analyses for carbon were carried 
out at the Scintrex laboratory. The subsequent spectral analyses were performed 
in Leningrad at the Rudgeofizika Geoelectrochemistry and Geochemistry Division 
laboratory. Note that high purity chemical reagents (in Russian CHDA) were used 
for all sample preparation work. 

Colorimetric analyses were done using a photocolorimeter, brought from 
Leningrad. 
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An emission spectrograph was used for the spectral analyses. The elements 
determined and the detection limits and precision of their analyses are given in 
Table 1. 

Table 1 

Element 
-8 

Detection Limits 10 gm/ml Precision % 

Cu 4 .30 - 60 

Pb 2 30 - 60 

Zn 10 30 - 60 

Ag 0.02 30 - 60 

Mo 0.4 30 - 60 

V 10 30 - 60 

Ni 1 30 - 60 

Co 1 30 - 60 

Sn 1 30 - 60 

Ga 1 30 - 60 

Sb 10 30 - 60 

As 10 30 - 60 

Au 0.04 30 - 60 

C 200 3 0 - 6 0 
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The TMGM operations involve field sampling from loose sediments, selective 
extraction of those elements occurring in ferri-manganese form, determination of 
the chemical element concentrations in the extracted fractions and finally 
construction of the element concentration distribution curves for profiles and 
in plans. In addition, magnetic susceptibilities are determined for each sample 
prior to firing (K) and after firing (Kj). Relative parameters and also their 
K^/K ratios are presented in the form of graphs. Based on the distribution of 
the parameters mentioned, the composition and plan position of ore targets and 
mineralized zones are determined, and in favourable cases, hydrothermal 
alteration zones of rocks (Kj/K) are also detected and mapped. 

Sampling procedures are similar to those of standard geochemistry. Each sample 
weighs 300-500g. After sieving and dividing into 4 portions, 30g. of the sample 
is fired to render the ferri-manganese forms magnetic. This magnetic fraction 
is then magnetically separated and finally analyzed by spectral emission. The 
magnetic separation was done at the Scintrex laboratory, whereas the spectral 
analyses were carried out at the Sevzapgeologiya Laboratory in Leningrad. 

The CHIM method involves the following operations: element collectors (up to 40 
in number) connected to a current source, are placed along observation profiles; 
for some time current is driven through the collectors and the ground and 
finally solutions collected in those element receivers are taken and analyzed. 

The results of the analyses in the form of graphs are plotted on maps (plans). 
From the anomaly composition, position and intensity, the composition and plan 
positions of deep targets are judged. 

For electrochemical extraction of element a CHIM Station is used. It includes a 
current source, a monitoring system, element receivers with the equipment to be 
laid on the ground (wires, coils, etc.) and a chemical laboratory. The station 
is mounted on a truck, Model ZIL-131, with a trailer. It is of Rudgeofizika 
design. The station has 40 channels, its power is 10 kW and it is designed for 
maximum 4OA. 

The CHIM samples were analyzed for gold and partially for copper, using a 
polarograph, which is a part of the CHIM Station. Analyses for zinc, lead, 
copper (major volume of the analysis) nickel and silver were carried out using a 
Scintrex AAZ-2 with zeeman background correction. 

Less sensitive secondary analytical lines were employed for nickel and zinc in 
order to minimize the effect of external contamination. The analytical 
precision of the instrument was previously determined by analyzing a standard 
lying in the middle of the linear working range 14 times. From these results 
the relative standard deviation (RSD) was calculated. All reagents used in 
conjunction with the AAZ-2 and the CHIM station met or exceeded ACS 
specifications. The water used in all work was produced by a Barnstead 
NANOpure II system. This water averaged 17 megohms resistance and contained no 
detectable metal. 
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The elements determined, detection limits and precision of their analyses are 
given in Table 2. 

Table 2 

Element 
-4 

Detection Limits -10 % Precision % 

Cu 1 30 - 60 

Pb 1 30 - 60 

Zn 20 30 - 60 

Ag 0.1 30 - 60 

Mo 2 30 - 60 

V 3 30 - 60 

Ni 1 30 - 60 

Co 1 30 - 60 

Sn 1 30 - 60 

Ga 1 30 - 60 

Sb 30 30 - 60 

Ti 100 30 - 60 

Ba 500 30 - 60 

Nb 10 30 - 60 

Zr 100 30 - 60 

N 5 30 - 60 

Sr 500 30 - 60 

Cr 3 30 - 60 
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Precision and sensitivities of the determinations are given in Table 3. 

Table 3 

Eleraen t Detection Limit Precision Method 

Au 5 x 1CT 1 2 gm/ml 25% Polarograph 

Cu 4 x 10 _ 1 ° gm/ml 
5 x 10 " 1 0 gm/ml 

25% 
3% (RSD) 

Polarograph 
AAZ-2 

Pb 8 x 1 0 " 1 0 gm/ml 7% AAZ-2 

Ag 6 x 1 0 ~ 1 0 gm/ml 3% AAZ-2 

Zn 2 x 10" 7 gm/ml 6% AAZ-2 

Ni 3 x 10" 8 gm/ml 10% AAZ-2 

The analytical results of the CHIM samples are expressed in micrograms for the 
full element collector volume. Since surveys are conducted with similar element 
receivers placed along the whole profile, the measured element is normally 
directly used in all discussions. The MPF and TMGM sample analysis results are 
presented in weighted percents. In TMGM, the concentration of the elements in 
the ferri-manganese fractions are used in all graphs and maps and for subsequent 
interpretation. The K^/K ratio is a dimensionless value. In MPF, the 
quantities of the chemical elements contained in humates and fulvates are 
correlated with the carbon content of the same fulvates by calculating Me/C 
ratios, expressed as a percentage. The Me/C curves are used for the MPF 
observation data interpretation. 

Interpretation of the MPF, TMGM and CHIM results will lead to a determination of 
the composition, position and dimension of mineralized targets (ores, promising 
zones). In addition, an approxiraatation of ore-forming processes and 
the distribution character of ore substance is made, taking into consideration 
the influence of interfering factors (variations in thicknesses of clastic 
overburden, presence of tectonic faults, changes in lithological composition of 
rocks, etc.). In each specific case, the estimates mentioned are individual 
ones; they are not "standard", and are corroborated with available geologic 
information. In attempting to solve the problems described, some difference in 
observations may result when employing a variety of different methods. This 
difference in fact, actually contains information concerning the character of 
physico-chemical processes occurring, and their participants. 
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A.4 The Accuracies of the MPF, TMGM and CHIM Observation Results 

Possible discrepancies in the results obtained by the geoelectrochemical methods 
MPF, TMGM and CHIM are accounted for by the halo structure features of the 
chemical elements in the forms of occurrence used; by errors made in phase 
extraction operations (of humates and fulvates - for MPF, ferro-manganese 
formations - for TMGM and mobile ion forms - for CHIM) and also by the limits of 
accuracy of the analysis of the extracted phases itself. 

The complicated structure of the chemical element haloes in mobile and poorly 
bonded forms of occurrence, determined by jet-like distant -migration of 
elements, causes sharp local changes in the concentration of the components. 
Investigations show that sharp differences in the element grades in forms of 
occurrence used are found within 20-30m distances or even less. This indicates 
that in repeat MPF and TMGM sampling, and in repeat electrochemical extractions 
of elements by CHIM, significant (orders of magnitude) discrepancies are 
possible. Particularly, the latter is likely to influence the CHIM measurement 
results. In this case, elements in the mobile form had already been extracted 
from the volume of rocks adjacent to the station where an element receiver was 
placed during the first observation. For repeat observation the element 
receiver should be placed at some distance away from the previous station, for 
example, 10m away. 

At this distance, satisfactory conditions are more or less provided to avoid 
errors related to previous extraction, but the possibility of obtaining 
non-identical observation results increases, due to the jet-like structure of 
the element haloes in the mobile forms of occurrence. The factor mentioned has 
a lesser influence on repeat MPF and TMGM measurement results, since the 
measurements described could be made by taking different quantities of the same 
sample for phase extractions. Since the TMGM samples are divided into 4 
portions (the MPF samples are not divided like that to avoid new interferences), 
the unfavourable role of uneven halo structures for repeat TMGM measurements is 
decreased relative to those for the MPF method. 

Hence, taking into consideration the chemical element structural features in 
mobile and poorly bonded forms of occurrence, the MPF and TMGM check 
measurements may be carried out by taking different quantities of the same 
sample. Check measurements of a CHIM sample require another approach which, in 
principle, differs from commonly used ones. This approach is also required for 
the MPF and TMGM measurement results, if a comparison is done beginning with 
repeat sampling. The essence of this alternative approach is presented below. 

The phase extraction procedures require determination of the parameters of 
acting dynamic factors and depend on specific physico-chemical conditions at the 
sites tested. The parameters are determined experimentally for the sites 
surveyed by several test determinations, with subsequent correction of the 
selective extraction phase results. Electrochemical extraction (CHIM) is 
corrected directly in the field on the basis of the analytical data obtained by 
the CHIM Station laboratory group. Parameters for the MPF and TMGM phase 
extraction are corrected in the laboratory following a variation in the 
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treatment of several portions of a given sample. Stable values of the 
parameters determined, reproduced in repeat measurements, indicate that the 
parameters have been properly chosen. In practice, the phase extraction 
parameters chosen for any of the sites are constant for a specific genetic type 
of deposit, within a large area under investigation. 

In the Test Program described below, the parameter determination was carried out 
for the CHIM measurements, but was not carried out in the MPF and TMGM 
observations, since the operation of phase extractions was carried out in 
Toronto while the spectral analyses were performed in Leningrad, (for budgetary 
reasons). This gave rise to a considerable delay in obtaining the analytical 
results and thus prevented optimizing the various parameters. In the Test 
Program, phase extraction parameters were employed which are usually used for 
similar types of deposits and physico-chemical conditions in the U.S.S.R. In 
most cases, however, these phase extraction parameters proved to be applicable 
to the conditions (sites, types of deposits and chemical elements) prevalent in 
the ore deposits surveyed in Canada. 

However, there are some incidences of unreliable extraction of gold and, to some 
extent, copper. These occurrences will be mentioned below, where the effect was 
noticed. 

In general, however, these situations occur when the quantities of gold 
extracted are very different within one or between adjacent profiles; that is, 
where there are significant quantities in one set and either traces or no gold 
in the other. The presence of significant quantities of gold unambiguously 
indicates that there is gold, though there might be an error in the precise 
amount. The absence of gold in the samples treated can be interpreted to mean 
that there is really no gold therein, or gold is present in quantities which are 
too low to be detected, or it was not extracted in the corresponding fraction 
(MPF humates and fulvates). Since there was no possibility of trying different 
extraction parameters for gold in this Test Program (specifically for MPF), it 
was decided not to consider samples where no gold was detected. In samples 
where gold was detected, only its presence and not its grade was deemed 
important. In the future, greater care will be used to determine the parameters 
required for the stable extraction and the determination of gold in MPF 
samples. Since gold is not determined in the TMGM samples, this question does 
not arise in the TMGM analyses. 

The only site on which the presence of gold in the MPF samples is regarded to be 
reliably indicated is the Harker-Holloway site. Here, most of the samples with 
significant gold quantities are reasonably grouped and agree in location with 
the CHIM results for gold. The locations where the MPF analyses for gold were 
below the level of detectability are excluded from consideration. These include 
some samples from Windjammer and check analyses from it and from 
Harker-Holloway. 
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The precision of the phase extraction analyses is determined by the techniques 
used. The limits of precision and their sources are known, and are not 
discussed here. The precision values are given in Tables 1-3. 

Taking into account the sources of their limits of accuracy, the ultimate check 
of the MPF, TMGM and CHIM observations is how the anomalies correlate in 
general, rather than having to explain individual measurements. In other words, 
the measurements may be considered satisfactory, if the anomalies detected and 
their locations are generally reproduced in repeat observations. In addition, 
check measurements of the analyses themselves are possible by dividing the 
fractions extracted into parts, with subsequent correlation of the results of 
the analyses of each part. 

Check measurements for the CHIM method are usually made by shifting the 
positions of element receivers some 10-20m from their initial stations. In 
addition to reproducing the presence of anomalies, any variation in the position 
of the anomalies should not exceed twice the spacing between the element 
receivers. In background sections, where the halo structure of the elements in 
mobile forms of occurrence is not complicated, simple correlation of repeat 
measurement results is possible. Here, in keeping with the generally accepted 
rules, the standard deviation between the first set of measurements and the 
second set of measurements should not exceed a factor of 1.6. In addition, the 
allowable accuracies of check analyses of the CHIM samples themselves are 
presented in Table 3. 

For the MPF, TMGM methods, if the check is made using the same sample and also 
if the parameters for the phase extractions are satisfactory, then the 
reproducibility of the repeat measurement results is expressed by accepted 
statistical ways: 

^'discrepancy = 

M 

iClogCii - logCi 2) 2 

n-1 

where discrepancy is the mean standard deviation of the logarithms of the 
element grades, Cij and Ci 2 are the concentration of the i t n element in the 
first and repeat measurements and 2 discrepancy is the dispersion of the 
logarithms of the grade. 

The standard multiplier 

<^ = antilog ̂ "discrepancy 

shows how many times the mean element grades in a set of samples differ for the 
first and repeat measurements. 

In a case when a significant systematic error (due to the phase extraction 
features, differences in backgrounds on the sites, etc.) is observed, it is 
noted and taken into account. 
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In the conditions described for the operation of the Test Program, the 
discrepancy in the mean element grades for the first and check MPF and TMGM 
measurements should not exceed 1.6. The reproducibility of the CHIM data is 
discussed below, where the results for each test site are described. 

In the course of the current program, the following repeat observations were 
planned and performed: 

For the CHIM Method - on all of the sites one or more profiles were repeated. 

For the MPF Method - 100 samples (10% of the total), taken -from Windjammer 
profile 400E and Harker-Holloway profile 5450, were checked. The check samples 
were coded as to location, returned for analysis, and then decoded on the 
completion of the analyses, by a Test Program Committee representative, 
P. Chance. According to the results of these repeat measurements for the coded 
samples, the discrepancy in the mean element grades is as follows: (Table 4) 

Table 4 shows that for the main elements indicative of the types of deposits 
investigated, the variation between the original and the check measurements does 
not exceed a factor of 1.6, which is in agreement with the requirements for the 
reproducibility of the geoelectrochemistry observation. In most samples, tin, 
gallium, antimony, silver and gold have not been detected in significant 
concentrations, so that no statistical calculation of the measurement results 
could be done. 

Table 4 

Elemen t Standard Multiplier 

Copper 1.6 
Lead 1.6 
Zinc 1.6 
Cobalt 1.55 
Nickel 1.6 
Molybdenum 1.6 
Vanadium 1.55 
Arsenic 1.6 

As an example of the reproducibility of the MPF observation result, comparison 
data (original and check) for copper, lead and zinc in the form of concentration 
distribution graphs are given in Figure W-2C for the 400E Profile (Windjammer) 
and Figure H-10 for the 5450 Profile (Harker-Holloway). 

Also, for the TMGM method, 100 samples from Harker-Holloway profile 5450 and the 
Currie-Bowman NW-SE profile were taken for the purpose of checking. These were 
coded, analyzed and then decoded, as above. The repeat measurement results were 
presented in Table 5. 
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In accordance with the data given, the reproducibility of the TMGM observations 
is satisfactory. 

Since antimony and arsenic have not been detected in the thermomagnetic 
fraction, and tungsten has been detected only in single samples, statistical 
calculations of the reproducibility of the observation results for these 
elements were not done. 

The reproducibility of the TMGM measurement result is shown in Figure CB-3C and 
H-4 below. 

Table 5 

Element Standard Multipler Element Standard Multiplier 

Copper 1.53 gallium 1.51 
Lead 1.56 ti tanium 1.36 
Zinc 1.58 barium 1 26 
Silver 1.60 niobium 1.36 
Molybdenum 1.28 zi rconium 1.47 
Vanadium 1.6 chromium 1.56 
Nickel 1.45 strontium 1.47 
Cobalt 1.60 
Tin 1.59 

A.5 Logistics of the Test Program 

In the Test Program, 4 to 5 test sites with known geological conditions were 
planned to be surveyed by 2 to 3 profiles on each site. The test sites selected 
and surveyed in this program differed in geological conditions and types of 
mineralization, as follows: 

gold deposits - Windjammer and Harker-Holloway 
copper deposit - Currie-Bowman 
polymetallic deposit - Chance 
copper-nickel deposit - Montcalm 

The field program was to be completed in 3 months. 

Later, the Test Program Committee proposed that the observations on 
Harker-Holloway should be "blind", i.e. with no prior geological information 
given. To obtain satisfactory results on this test it was necessary to increase 
the amount of work and time for this site. The field program was completed 
within the allotted three months, from the 20th of June to the 
9th of October, 1990. 
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10 Soviet experts, headed by Professor Ju. S. Ryss, the Chief of the 
Rudgeofizika Geoelectrochemistry and Geochemistry Division, were involved in the 
Test Program investigations. Senior scientists of the individual methods were: 

MPF - V.D. Voronkov, Engineer 
TMGM - Dr. N.A. Voroshilov 
CHIM - Dr. I.S. Goldberg 

The investigations were carried out by two groups with 5 persons in each. The 
CHIM group included: I.S. Goldberg, S.G. Alekseev, Ju. M. Ryzhov, 
A.V. Bernakevitch and A.G. Levitski. The MPF-TMGM group included: N.A. 
Voroshilov, V.D. Voronkov, Ju. S. Ryss, M.A. Cherfas and E.A. Novosartova. 

The groups had significant support from Scintrex people: Dr. H.O. Seigel, 
J. Baird, J. Kinrade, H. Mueller, S. Agyemang, in logistics and execution of 
field and laboratory work. 

For the MPF method, the total number of samples taken and analyzed is: 
for the TMGM method - 1019; and for the CHIM method 1780 stations were observed. 
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B. RESULTS OF THE INVESTIGATIONS PERFORMED 

B.l Currie-Bowman 

B.l.l Property Description 

The site is situated about 70km due East of Timmins and is about 5km South of 
the junction of highways 11 and 101 on the Currie-Bowman township line 
(Figure CB-1). 

The area is underlain by a generally East-West striking, south-dipping and 
facing volcanic succession. The test site straddles the contact between the 
older, komateiitic Roquemaure-Stoughton Group to the North and the, younger, 
tholeiitic Kinojevis Group to the south. A two kilometre-wide, transitional, 
calc-alkaline, fragmental Marker Horizon, which contains conductive, graphitic 
argillites, occupies the contact between the koraateiites and the tholeiites. 

Interest on this property initially stemmed from a program of reverse 
circulation holes, one of which found ore-grade sulphide bearing pebbles in the 
overburden and encountered mineralized bedrock. 

The deposit seems to comprise a gently south-dipping, basaltic footwall which 
limits the deposit at depth. Overlying the basalts are graphitic argillites, 
intercalated with feldspathic volcaniclastics and overlain to the South by grey, 
volcaniclastic siltstones. Copper mineralization seems to be localized on the 
argillite-volcaniclastic transition. In argillites it occurs as replacements of 
pyritic nodules and as fracture coatings. In clastic rocks patches of very fine 
grained, interstitial sulphides were observed in core. Sphalerite and 
galena-filled fractures have been reported both below and along strike from the 
copper mineralization suggesting zonation of the deposit. 

Overburden thicknesses range from outcrop within a hundred metres of the deposit 
to 35 m over it, ten to twelve metres being typical. The section comprises 
lacustrine clays and silts which overlie a thin layer of glaciofluvial sands and 
gravels. A copper sulphide dispersal train, whose axis parallels the township 
line, has been detected in the glaciofluvial gravels up to two kilometres South 
of the deposit. Tilts are absent in the immediate area. 

Oxidized lacustrine clays outcrop on higher, better drained areas while black 
spruce, alder swamps and beaver meadows occupy the intervening poorly drained 
areas. In general, the overburden is thicker under swamps. 

Potential sources of contamination are drill cuttings on the Northwest line and 
a small, historic, settlement along the township line. During the first half of 
the century the area was homesteaded. Areas along the township line were 
cleared and maintained as pasture. Elsewhere land may have been cleared but has 
since reverted to woodland. 

In 1975 amd 1976 overburden and diamond drilling were carried out. No trace of 
this work remains in areas covered by fast-growing species (alder and poplar), 
however, evidence of exploration is still present in black spruce stands. 
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B.1.2 Logistics 

Three profiles, totalling 2.8km. in length, with the locations shown in 
Figure CB-1 were selected for the electrochemical investigations. The selection 
of the test lines was controlled by property boundaries, and the need to have 
lines with sufficient length (approximately 1 km.) to detect the background over 
a non-ore portion of the site. It was assumed that within the test sites, other 
potential mineralized areas could exist and therefore it was essential that 
adequate background data be established. One of the profiles, named NW-SE, 
coincided with the 4E geological section. Other profiles were laid along side 
existing roads on the property boundaries, so that the E-W profile would cross 
the ore zone (which strikes SW-NE) and the N-S profile could run over a possible 
extension of the ore zone in the northern part of the test site. 

For the MPF, TMGM and CHIM observations, a 20m interval between stations was 
chosen. For the NW-SE profile over the known mineralization portion, the 
interval between the stations was chosen to be 10m. Due to a misunderstanding 
concerning the units of length (feet or meters) used on the original map, detail 
work with the 10m spacing was shifted to the north, and only part of the ore 
zone was covered. No other detail work for the MPF and TMGM methods was done. 
As to the CHIM method, additional detail work was done where anomalies were 
marked by a single data point. In total, there were seven such detail 
locations. A total of 161 MPF and TMGM samples for each method were taken in 
the field, and 260 CHIM observation stations were measured. 

B.1.3 The Observation Results and Their Discussion 

East-West Profile (Figure CB-2). 

MPF 

Several copper anomalies together forming a wide zone, were detected within 
stations 140-480. Within the zone, there is a deposit between stations 200-300 
which is marked by an anomaly at 260-280. Other copper peaks are related to the 
crosscutting diabase dykes. In addition to the anomalies mentioned, a high 
copper grade value is noted by a single data point at 0. 

Two zinc anomalies, both having a complicated structure, were detected. One is 
at 340-600 on the western edge of the deposit and shifted in this direction in 
relation to the copper anomaly; the other one is at 0 but, unlike the copper 
anomaly, it is a multi-point anomaly. The behaviour of lead is similar to that 
of zinc but it is far less distinct. 

Other elements either do not have marked changes, or those changes are in close 
relationship with the mineralization (Figure CB-2). 

The cross correlation factor shows all the anomalies enumerated. However, it 
should be noted that this parameter does not differentiate between the copper 
anomalies over the mineralization and the zinc and lead anomalies away from the 
known ore formation. 
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TMGM 

On the profile, anomalous concentrations of the main element-indicators of the 
mineralization are observed. A group of elements, Cu, Pb, Zn and Ag, form a 
complex anomaly somewhat shifted to the west of the main Au zone. Zn and Ag 
also form an anomaly near 0. The element distribution is most distinct in the 
cross-correlation factor M, which is the product of the Cu, Pb, Zn and Ag 
contents. 

For other elements, the distribution of which shown in Figure CB-2, the 
following may be noted. One group of elements consisting of Mo, Sn, Nb, Cr is 
characterized by small changes in concentrations. The other elements - Ni, Co, 
V, Ga, have somewhat increased concentrations of the main indicator elements 
within the anomalous sites. The third group - Ba, Sn, Zn and Ti, form a 
distinct anomaly between 100-200. Perhaps, the anomalies of those elements are 
associated with the ore-controlling geological body. 

CHIM 

A strong copper and lead anomaly was obtained over the known mineralization (at 
200-300). Here, there are also low order zinc and silver anomalies. However, 
unlike the MPF data, there is no evidence that the copper anomaly is bordered by 
zinc haloes. Along with the copper and lead anomalies over the known 
mineralization, there are anomalies of these metals at 0 and 500. The anomaly 
at 0 has two peaks. There is an MPF copper anomaly centered between them. 
Here, a minor increase in zinc and silver content is also observed. 

Thus, according to the MPF, TMGM and CHIM observations, on the E-W profile, both 
the known main mineralized zone, as well as an adjacent zone of lead-zinc 
mineralization are detected. In addition, a zone of increased copper 
polymetallic mineralization at 0 and near 500 is indicated. 

The data for the different methods are not exactly coincident, however, they 
compliment each other and round out the total information on the mineralization. 

NW-SE Profile (Figure CB-3A, 3B and 3C) 

On this profile, as on the previous one, the known ore zone is reflected in the 
MPF anomalies (for copper) and CHIM anomalies (for copper and lead). Similarly, 
the area at 0 is noted, where anomalies on the W-E profile were detected. Here, 
a TMGM zinc anomaly was also obtained. Along with that, wide MPF zinc and lead 
anomalies, similar to those on the W-E profile are observed, to the north-west 
of the ore zone near 0 according to the MPF data. To the north of the ore zone, 
the MPF zinc and lead anomalies gradually diminish and are accompanied by the 
CHIM and TMGM zinc anomalies. Increased values of silver content in the TMGM 
samples are observed from 0 to 300 including the area of the known 
mineralization. Cross correlation factors obtained from the MPF and TMGM 
measurement results indicated the same anomalous areas mentioned above. 
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Figure CB-3B shows MPF and TMGM results for this profile for non-ore metals; 
including Co, Ni, V, Mo and As (MPF) and Mo, Sn, Ti, Nb, Ni, Co, Cr, V, Ga, Zr, 
Sr and Ba (TMGM). The most striking results are that the copper mineralized 
zone on this profile is reflected by marked increases in (TMGM) Zr, Ba, Sr and 
Ti in its vicinity, and decreases in Ga, Co and Ni, directly above, with 
increases on the flanks. 

Figure CB-3C shows the comparison of the original and check TMGM analyses for 
the NW-SE profile. The agreement between these repeat analyses is deemed to be 
satisfactory. 

N-S Profile (Figure CB-4) 

In its southern part, the profile crosses the MPF, TMGM and CHIM complex anomaly 
detected on the other profiles and localizes it for all the methods enumerated. 
Attention is drawn to the elongated character of the anomaly along the profile 
perpendicular to the main known ore zone strike. There are no marked anomalies 
over the latter's extension, though a minor increase in metal concentration on 
the northern edge of the profile is observed. The elongated character of the 
anomaly along the profile coincides with the near-by diabase dyke, also 
elongated in the same direction. 

Summing up the data for the three profiles one can see that, under a cover of 
clastic sediments of 30m thickness on the Currie-Bowman site, two marked 
anomalies are detected by the geoelectrochemical methods, one of which is 
related to the known mineralization and the other - to a new zone of 
mineralization near 0 (common for all of the three profiles). In addition, 
there are a few small isolated anomalies, but to determine their significance is 
beyong the current program. 

Zinc and copper zoning patterns are indicated by these data in relation to 
copper within the main mineralized zone. On one hand, some anomalies are caused 
by ore-bearing argillites and on the other hand, by the contacts of the 
argillites and diabase dykes. On both sides of the dike K, the development of 
the known mineralization is confined to the argillites. The anomaly at 0 is in 
a similar geological environment. The latter anomaly, detected by the 
geoelectrochemical methods, is associated with copper-polymetallic 
mineralization, which may be of potential economical interest. 
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B.2 Windjammer 

B.2.1 Property Description 

The Windjammer test site contains two small, low-sulphide, quartz-carbonate 
stockwork zones which subcrop under 30 to 50m of esker sands and silts, a target 
for which no satisfactory overburden sampling technique exists. All lines cross 
the Destor-Porcupine Fault Zone, however, only the first two also cross an iron 
formation which lies to the South of it. 

The Windjammer site lies on the Michaud-Garrison Township boundary about 2.5 km 
South of Highway 101 and midway between Matheson and the Quebec border 
(Figure W-l). Most parts of the test site lie within a few hundred meters of an 
access or tote road. 

The test site straddles the Destor-Porcupine Fault Zone (DPFZ) which trends WSW 
through the area. The site stratigraphy comprises"from North to South 
koraateiitic volcanics, iron tholeiites and altered volcanics which contain the 
fault zone and clastic metasediraents to the South. 

The earliest recorded diamond drill holes, presumably guided by magnetic 
surveys, were completed in the late 1940's. During the last decade geologic 
mapping aided by magnetic surveys has lead to the discovery of two, small, low 
sulphide, auriferous, quartz-carbonate stockwork zones by Noranda in 1988. 

The first, the South Iron Formation Zone which subcrops near line 150mW, 200 ms, 
is localized in a conglomerate along a South-dipping (70°-80°), oxide-facies 
iron formation-greywacke contact. Alteration includes silicification, 
heraatization and sericitization which develop within a weak but pervasive 
carbonate envelope. The best gold values are associated with pyrite 
concentrations in low angle, silicified zones and quartz-carbonate stockworks. 
Diamond drilling has shown that this mineralization extends for about 150 m 
along strike. Isolated, sub-economic, auriferous quartz-carbonate veins occur 
in an envelope which extends up to 100m from the conglomerate-iron formation 
con tact. 

The second zone, the North (Destor) Zone, lies near line 400mE, 350mN and 
comprises scattered, narrow, auriferous quartz-carbonate veins and a lower grade 
but wider, pyritic zone contained in a silica-flooded, vein stockwork. Drilling 
suggests thta the pyritic zone is a sub-horizontal pipe which has been tested 
over a 200m strike length. 

The test site lies on the East flank of the Munro esker, a 7km wide, regionally 
extensive esker system. Sonic drill holes through the Quarternary section show 
that it is between 38 and 88ra thick and comprises locally bedded, fine sand and 
silt containing low background levels of base and pathfinder metals. Sands are 
visibly oxidized up to 14m below surface. 
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The bulk of the site has been logged over and replanted with jack pine, however, 
some moisture and more clayey areas support a deciduous cover of birch and 
poplar. The logging and subsequent burning have resulted in the loss of the 
humus layer, thus jack pine plantation typically has a thin, drought-resistant 
lichen-moss ground cover overlying oxidized sand. Mature jack pine stands with 
thick sphagnum moss ground cover occupy the northern and northwestern parts of 
the site. In addition, parts of lines lOOmW and 150mW cross a black spruce 
swamp. 

Although there has been extensive disturbance by logging and subsequently 
diamond drilling resulting in the loss of the organic layer any contamination by 
drill cuttings is likely have been contained by the excellent drainage through 
the surficial sand. 

B.2.2 Observation Logistics 

Geoelectrocheraical observations were made on 4 widely spread profiles totalling 
3.2km in length (Fig.W-1). Profiles 150W and 400E cross two different ore 
stockworks with poor gold mineralization: one is in the northern part of the 
test site, the other is in the southern part of it. The length of the profiles 
was chosen so as they could cross a possible extension of the stockworks along 
the strike; for the northern junction, it was to the west, for the southern one, 
to the east of the known mineralization. In addition, two profiles, 800E and 
1100E, were run with the purpose of estimating possible ore zone extensions to 
the east of the northern zone. The two latter profiles were 800m long; the 
length of 150W and 400E profiles was 1500m. The spacing interval was 20m while 
over the known ore stockworks it was 10m. 

A total of 221 samples for each MPF and TMGM methods were taken, and 480 CHIM 
stations were measured. 

Taking into consideration that both of the ore stockworks are represented by 
disseminated ores and that the stockwork crossed by 400E profile were the most 
enriched, the observations were initiated on this specific profile and then 
continued on 150W, 800E and 1100E profiles. 

B.2.3 The Observation Results and Their Discussion 

400E Profile (Figures W-2A, W-2B, W-2C and W-2D) 

MPF 

On the profile (Figure W-2A)indicated, traces of gold in humate-fulvate 
fractions were detected at only 4 stations. The location of those points is 
irregular and suggests that the amount of gold in humates-fulvates is so low 
that either it is not present in the organic components at all, or its amount is 
so low that parameters other than those used are required to extract it. 

19 
19 



On the profile, a wide Zn, Pb and Cu anomaly is observed that covers the whole 
site from 400NW to 100SE and perhaps extends even farther. Also, an increase in 
either Zn, Pb or Cu content is seen, either in isolated values or groupings. 
Such increases occur along the whole profile, showing that the mineralization is 
wide spread. 

This anomaly is seen more distinctly in the cross correlation factor than it is 
for individual elements, with a simultaneous decrease in intensities of other 
anomalies. According to drilling data, the north-west edge of the described 
anomaly is related to the projection of the stockwork ores on the horizontal 
plan. It is, however, difficult to determine the structure of the 
mineralization, which from the level of intersections with the known ores at 
depth can be directed upward either to the north-west or south-east or in both 
directions. Perhaps, the wide multi-element anomaly described and additional, 
narrower, anomalies reflect the complex structure of the mineralization 
mentioned. 

Figure W-2C shows the relationship between the original and check repeat MPF 
analyses on this profile. The agreement is deemed to be acceptible. 

TMGM 

According to the TMGM observations for the same metals mentioned, and in the 
cross correlation factor, the same anomaly is detected as was detected by the 
CHIM method. However, this anomaly appears to be less distinct than it is in 
the MPF data, although a more quiet and extended TMGM background allows the 
anomaly under observation to be easily detected, especially using the M factor. 

CHIM 

The CHIM anomaly is closely connected with the MPF and TMGM anomalies already 
described. It extends from 250NW to 260SE, with its north-west end being 
related to the southern part of the known ore zone. The extension of the gold 
anomaly to the south shows that In the structure of the gold mineralization the 
uphole extension, of the mineralized interval horizon intersected by the 
boreholes, is dominant. 

A Zn anomaly, also correspondsing with the Zn anomalies for MPF and TMGM data, 
is associated with the gold anomaly described above. 

The complex distribution character of chemical elements shown by all the three 
methods, seen in many maxima and minima on the CHIM, MPF and TMGM curves, is to 
be noted. For a better understanding of the phenomenon involved, special 
detailed work in sections of the 400E profile and other profiles were done to 
estimate the halo structures in more detail. Figure W-2D, compares the CHIM 
observations with the gold distribution in the bedrock based on drilling data. 
CHIM measurements were made on 5 profiles with the separation of 10 ra. As seen 
from the Fig. W-2D, the gold distribution from core sampling and CHIM 
observations both reflect the spotty structure of the gold distribution, which 
is characteristic of stockwork and poor disseminated mineralization in general. 
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The observed pattern shows that several levels in the halo and mineralization 
should be differentiated; namely the stockwork as a whole and its individual 
sections, large or small. The stockwork is mainly detected as a complex 
combination of enriched and poor portions. Special detail work at a proper 
scale is required to characterize each enriched part. 

In addition to the complex gold anomaly obtained by the CHIM method, another 
anomaly is detected in the north-west end of the profile. This anomaly is 
partly associated with increased values of lead and zinc in humates and fulvates 
in the MPF method, but is not seen in the cross correlation MPF and TMGM 
factors. 

The behaviour of other elements on the profile under consideration is as follows 
(Figure W-2B). In the MPF, V, Co, Sn, As and Ga grades are more or less 
constant and do not show that any enriched zones in the geological structure of 
the site are present. Practically no silver was detected. A Ni anomaly is 
noted on the MPF between 450NW and 100NW, the south-east flank of which 
partially coincides with the MPF and TMGM complex anomaly described above. A 
complex MPF behaviour is noted for Mo. Several Mo anomalies with poor contrasts 
are detected along the whole profile. 

According to the TMGM results, other elements, including Mo, V, Ni, Co, Sn, Ga, 
Ti, Ba, Nb, Zr and Cr, were detected in significant concentrations. No Sb, As 
and W were detected. No definite pattern was observed for these. 

Lack of data on the geological structure of the site does not allow us to 
analyze the connection between petrogenic element distribution and other 
phenomena and the position of rocks and tectonic faults. 

150W Profile (Figure W-3) 

Two complex lead, zinc and copper anomalies are detected on this profile, 
according to the MPF data. One of them is between 100SE and 600SE and perhaps, 
even farther S-E, and the other between 400NW and the end of the profile and 
beyond it. Both anomalies are manifested in the cross correlation factor with 
additional enhancement. The first anomaly is related to the known 
mineralization in its north-west part. The second one is in the portion of the 
ore zone crossed by profile 400E. 

The anomaly associated with the ore zone also differs for the TMGM observations 
(for lead, copper, zinc) and in the cross correlation factor as well. There is 
no marked increase in the metal quantities in the second anomaly with the 
exception of zinc. In the cross correlation factor, the anomaly is not seen. 

Within the first anomaly, the CHIM data shows the presence of gold noted in 
minor quantities, in the form of individual anomalous points, in this portion of 
the profile. Within the second MPF anomaly, gold in the CHIM samples occurs at 
several points. According to the CHIM data, increased quantities of zinc and 
silver from the north-west are related to the part of the profile with the first 
anomaly. The anomalies of these metals are somewhat shifted in relation to the 
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anomalies of the same metals, on the TMGM and MPF results. It suggests that 
over the stockworks, which have complex ore mineral distribution, generally 
associated with complicated tectonics, migration of the elements and their 
fixation in relative forms of occurrence are complex as well. 

800E and 1100E Profiles (Figure W-4 and W-5) 

There are no marked anomalies for any of the three methods, nor for any element 
under investigation, on profile 800E. This might suggest that the ore stockwork 
which is crossed by profile 400E in the eastern direction does not extend to 
profile 800E. It should be noted that on these profiles, the behaviour of the 
chemical elements in humates and fulvates (MPF), is rather irregular. By 
contrast, in the ferri-manganese fractions (TMGM) and in the ion forms of 
occurrence (CHIM) their behaviour is quieter. On the one hand, this shows that 
the distribution of chemical elements is different in the different forms of 
occurrence, and on the other hand, it indicates that on this profile, as it was 
on the previous ones, the development of hydrothermal transformations, which led 
to the stockwork, is preserved. 

On Profile 1100E, the irregular character of the lead, zinc and copper behaviour 
in humates and fulvates (MPF) increases. At 100NW - 100SE, in fact, an anomaly 
of the elements mentioned is observed. Also, the distribution of elements in 
the ferri-manganese formations (TMGM) is becoming more complicated on this 
profile as compared to the 800E profile. The location of the anomalies on the 
different elements, however, in both forms, is different and evidently reflects 
the complex character of the hydrothermal indications. On this whole profile, 
gold which is disseminated along it, is detected by the CHIM method. The gold 
mentioned is the indication of the gold ore process development in the portion 
crossed by the 1100E profile and requires additional study for proper 
investigation. 

Characterizing the observations obtained by the geoelectrocheraical methods on 
the Windjammer site, one can observe anomalies for all of the methods over the 
known disseminated ore mineralization. A low level of gold is detected by the 
active geoelectrocheraical process (CHIM) but that level of gold is not 
sufficient to be extracted in humates and fulvates with the existing MPF 
technology. 

The observation results obtained by the geoelectrocheraical methods reflect a 
complex distribution of the ore substance in ore-bearing stockworks and, at the 
same time the separate existence of each stockwork, without marked extension in 
any direction. Along with the known stockworks, other ones might exist, 
particularly at 700-800NW on 400E profile and on 1100 profile. In the parts 
mentioned further, detail work would be required to shed more light on these 
possibilities. 

22 22 



B.3 Harker-Holloway 

B.3.1 Property Description 

The Harker-Holloway Test site lies on the West boundary of Holloway Township, 
immediately North of Highway 101, about 45km NNE of Kirkland Lake and 13km West 
of the Quebec border. (Figure H-l) 

The test site lies within the Destor-Porcupine Break Domain, a regionally 
extensive deformation zone. In Harker Township, it comprises several 
"branches", one of which passes through the test site near the subcrop of the 
Lightning Zone. 

On the test site the known gold mineralization is limited to two bands of 
tholeiitic basalts which occur in an East-West striking, South-dipping (60°) 
succession of komateiites, pillowed and massive tholeiites, and wackes and 
conglomerates. 

The Lightning Zone is stratabound and lies immediately above an 
ultraraafic-basalt contact. It comprises pale grey, pervasively silicified 
basalt containing up to 10% pyrite. Gold is qualitatively correlated with a 
fine, "dusty" pyrite. Traces of arsenopyrite occur locally in the vicinity of 
gold mineralization. The zone tops between 200m (Section 5350mN) and 
approximately 400m (Section 5700mE) and is absent West of Section 5200mE. 
Mineralization in the up-dip portion of the zone comprises a sporadically 
mineralized zone within a less intensely altered silica-sericite envelope. 

The Middle Zone comprises quartz-carbonate veining within a 
carbonate-sericite-pyrite (1-10%) envelope. An Upper Zone locally present along 
the basalt-wacke contact, exhibits similar alteration patterns. 

Overburden is less than 20m thick. The lower southern parts of the site are 
covered by a thin lacustrine clay cover which masks a grey, pebble-bearing, 
silty till. At higher elevations a sorted sands and, locally a boulder lag, are 
present. Vegetation closely reflects the overburden type, poplar and alders 
cover clayey areas whereas birch and maintain maple cover the sandy areas. 

The area has had a long history of largely undocumented exploration dating back 
to 1919. Fortunately gold is restricted to discrete zones which lack enriched 
haloes, consequently little gold is likely to have been released from holes 
drilled prior to the current campaign. A combination of a greasy clay cover, a 
wet summer (1990) and the use of tracked service vehicles has ensured that drill 
cuttings can be widely dispersed over the site, therefore considerable care must 
be taken in interpreting the results. 
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B.3.2 The Observation Logistics 

The Harker-Holloway site was proposed to be run "blind", with no information on 
its geological structure or the position of any known mineralization on it. 
Based on the experience gained on Windjammer and over gold targets of stockwork 
type in general, it was decided to initiate observations on a sparse profile 
grid and after that to do the detail work required. Those profiles were: 
5000E, 5200E, 5350E, 5450E, 5600E and 5700E. The measurements were initiated on 
these lines. However, the Test Program Committee proposed that no detail work 
should be done on the anomalies detected, and we should limit ourselves to the 
results for those profiles only. In addition, it was proposed not to run CHIM 
on 5600E and 5700E profiles. Because of these restrictions, the observation 
results obtained by the geoelectrochemical methods can be considered as only one 
part of an integrated study of the site, and cannot be considered to provide an 
unambiguous characteristic of each anomaly detected. 

A total of 341 samples for each MPF and TMGM were taken and 440 CHIM observation 
stations were measured. 

To permit the reader to appreciate the blind interpretation of the 
geoelectrochemical data, a set of those data are presented, in profile form, as 
they were initially prepared, i.e. without geologic sections attached. This set 
should be referred to when reading the initial (blind) interpretation of these 
data. A second set is also provided, on which the appropriate geologic sections 
are shown. The latter set is designated with the letter G (for geology). 

B.3.3 Observation Results and Their Discussion 

Preliminary Remarks 

A complex distribution of the indicator elements, similar to that observed on 
Windjammer and to some extent on Currie-Bowman, is an important feature of the 
geoelectrochemistry results on this site, which reflect the character and 
structure of the ore mineralization. Figure H-2 shows the location of detail 
CHIM observation stations on a section of the 5350E profile, with 10m spacings. 
On this section, the anomaly is noted by a single data point and in general it 
might not have been detected at all if the location of both the profile and the 
observation stations had been different. Detail work was done in the area of 
this anomalous point, on several profiles separated by 10-30m distances. This 
showed that the anomalous point detected is not isolated, but belongs to a local 
halo which has its own shape and dimensions. Thus, with the profile locations 
and the spacing intervals of 10-30m, there might be cases when anomalies are 
missed, or just indicated by single data points. Also, it is unavoidable that 
different indications of the anomalies are obtained by the different methods. 
Nevertheless, all those data taken together, will reflect the related 
mineralized zone and show its features and proper size. 

The complex nature of the mineralization distribution on Harker-Holloway will be 
described below, but the limited size of the grid did not permit a full 
interpretation thereof. 
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It should be noted that the geoelectrochemical methods being demonstrated are 
designed for regional exploration of deep-lying targets covered by 
unconsolidated, transported sediments (moraine and others) and possibly under 
barren rocks as well. Later on, it appeared in the course of the Test Program 
that there were quite a number of outcrops of bedrock on Harker-Holloway. Due 
to sharp variations in physico-chemical process development in the outcrops and 
in places where they are covered with loose, shallow overburden, the related 
observation results cannot be directly compared with each other. Introduction 
of corrections into the measurements is quite complex and each case must be 
treated separately. Such corrections were not attempted in the present test. 

Geologic information on Harker-Holloway was provided to the writer of this 
report only after the completion of the field work and the compilation of the 
geoelectrochemical data on this property. Prior to receipt of the geological 
information a "blind" interpretation of these data was made and presented in 
writing. This "blind" interpretation is presented, verbatim, immediately 
following. After receipt of the geological information, an addendum was 
written, referring to the relationship between the geoelectrochemical data and 
the known geology. This addendum appears as a separate presentation, at the end 
of this section, In order to provide a clear distinction between the "blind" 
interpretation and that made later, with knowledge of the geological 
information. 

5000E Profile (Figure H-3) 

MPF 

A more or less quiet behaviour of copper with only a few anomalies are observed 
along the profile: at 4440, near 4800-4980 and 5100. Lead and particularly 
zinc anomalies are detected near 4300, 4450, 4650, 4800, 5060 and 5200. Copper 
anomalies are associated with those ones at 4450; 4800-4980. Significant gold 
values are related to the anomalies at 4300 and 4800-5600. Therefore, along the 
whole profile there are quite a number of metal sources, including those for 
gold. In those portions where gold was not detected, it does not mean that it 
does not exist, for its apparent absence could be due to the features described 
above. It is important to note that all the anomalies indicated, with the 
exception of the one at 4450, are directly on or near the outcrops of the 
bedrocks. Perhaps, at 4440, there are subcrops of the bedrocks also. 

TMGM 

According to the TMGM observations, the same anomalies which were obtained by 
the MPF method are detected, less well shaped but distinct at 4300, near 4650, 
and at 4800-5100. Zinc and silver are the major anomaly forming elements. 
Particularly distinct in the cross correlation factor is the anomaly near 
4800-5100. 
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CHIM 

By the CHIM method, gold was detected at 4200-4280, 4450 and near 4600. 

Gold anomalies for CHIM and MPF coincide near 4200-4280 but do not coincide near 
4800-5100. 

Thus, on profile 5000E there are several mineralized zones containing gold, 
associated with the bedrock outcrops. 

5200E Profile (Figure H-4A and H-4B) 

The situation on this profile is similar to that on the 5000E profile. Here, 
several anomalies are also observed. The strongest anomaly is at 4400, and is 
noted by all the methods and for many metals, including gold detected by MPF and 
CHIM. The anomaly is confined to the bedrock outcrop. 

On the profile, between 4750 and to the end of the profile, a complex and 
irregular behaviour of metals in humates and fulvates (MPF) is observed. This 
is also partly seen in the TMGM data. A wide MPF gold anomaly and a narrow CHIM 
anomaly at 4875-4900 are confined to the indicated area. On the edges of the 
area described, there are extensive regions of outcropping bedrock with, at 
most, a thin soil cover. There is a strong MPF anomaly near 5150, confined to 
the edge of the bedrock outcrop area, and a similar situation likely exists at 
4750. 

An anomaly at 4100 differs from the anomaly mentioned. It appears as a lead and 
zinc (MPF) and gold (CHIM) anomaly. Here, no bedrock outcrops were observed and 
the observed anomaly must be caused by a deep source of marked intensity. 

In the report presented for the 5200E profile, MPF, CHIM and TMGM observation 
results are given for many elements other than the primary ore metals. As seen 
from Figure H-4B, such elements as V, Ni, Co, As, Sn in humates and fulvates 
(MPF) vary little, but there is a difference in the ferri-manganese formations 
(TMGM). Cr and Zn (TMGM) and also Mo (MPF) behave most differently. In the 
cross-correlation factor, anomalies near 4700-4800 and 5100 are particularly 
distinct. Both anomalies are associated with the bedrock outcrops and, 
evidently, with their composition. The bedrock related phenomena mentioned 
above, observed on 5200 profile as well as on other profiles, requires special 
consideration which is beyond the scope of the Test Program. 

5350E Profile (Figure H-5) 

Distinct Zn and Pb MPF anomalies are associated with the bedrock outcrops near 
4400-4650 and 5100 and to the end of the profile. In the remaining part of the 
profile, no gold was detected. In addition to the wide and intense anomalies 
there are local indications at 4750, 4640, 4960. At 4400 there are also bedrock 
outcrops but here zinc, lead and copper (MPF) do not cause any marked anomalies. 
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According to TMGM, silver is very well detected on this profile. Zinc and lead 
anomalies (MPF) surround these silver anomalies on both sides. Owing primarily 
to silver, the cross correlation factor is sharply expressed here. 

The CHIM detected gold is confined to the edge of the silver anomaly (TMGM) and 
the lead and zinc anomalies (MPF). The gold appears as individual points of low 
concentration along the whole profile. 

The gold CHIM anomalies which are at the peripherals of the silver TMGM 
anomalies, evidently, are beyond the bedrock, outcrop. Hence, the anomalies 
indicated are similar to that on 5200 profile near 4100. The existence of the 
anomalies in the presence of overburden indicates that there is a deep source 
for the precious metals. 

5450E Profile (Figure H-6) 

On this profile, bedrock does not outcrop and it is entirely covered by loose 
sediments. Here, gold is widely noted, according to the MPF and CHIM data. The 
anomalies generated by the various methods coincide with each other. Anomalies 
at 4200, 4350, 4460, 4600, 4700 and 4900 are noteworthy. Each gold anomaly is 
related to a certain increase in the concentration of lead, zinc and in some 
cases of copper (MPF) and also to an increase in silver quantities (TMGM) at 
some points. It should be mentioned that the intensity of the lead and zinc 
anomalies on this profile, covered by loose sediments, are markedly lower in 
comparison with those on the other profiles where there are outcrops. This 
shows that the intensities of the anomalies depend on the presence or absence of 
the bedrock outcrops. In those cases where there are no outcrops, irrespective 
of the fact that the intensities of the anomalies are low, they deserve more 
attention. 

The distribution of gold as well as other elements along this profile is 
characterized by many anomalies. In this respect, the anomalies do not differ 
from those on other profiles. However, here there is no indication of the 
effect of mineralized bedrock outcrops. Thus, the anomalies indicated must be 
associated with more concentrated mineralization than in the other cases. In 
other words, the anomalies of gold and its element-pathfinders, as they are, 
show that there are mineralized zones here. However, in the case of poorly 
disseminated mineralization, the intensity of the anomalies caused by them could 
be comparable to the intensity of the anomalies from targets covered with loose 
overburden. Accordingly, the presence of anomalies over covered areas indicates 
a marked increase in the underlying element concentrations, and that 
concentration may reach economic significance. 

To show the complicated character of the ore distribution and because of the 
importance of understanding of that distribution in the anomalous region on 
Profile 5450E profile (at 4800-5200), detailed work was done in that vicinity. 
Figure H-7 shows that the individual anomalous points, in the detailed 
observations, form independent anomalies, from which the dimensions, the 
composition of the related mineralization and especially their geometries can be 
estimated. In the case under consideration, the ore mineralization is 
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represented by small aggregates separated by substantial intervals. Owing to 
this, a general value of the mineralization obtained in the geoelectrochemistry 
observations will be determined by an ore-bearing coefficient which can be 
derived by comparing anmalous areas with the entire area of the site under 
investigation. Depending on the requirements for the coefficient mentioned, 
which is known to be determined by many economical and other factors, the sites 
observed could be divided into areas of economic and non-economic significance. 

5600E Profile (Figure H-8) 

This profile and profile 5700E were not run by CHIM but by MPF and TMGM only. 
There is a bedrock outcrop on the 5600E profile, and MPF anomalies for Zn, Cu, 
Pb and gold are observed here. A marked anomaly in the form of many metallic 
ions is noted between 4400 and 4820, where no bedrock outcrop was detected. 
Another anomaly is detected near 4200, where no bedrock outcrops were noted 
either. The anomalies indicated are not accompanied by gold. The intensity of 
the anomalies for Pb and Zn do not differ from those of the same metals on other 
profiles. 

According to the TMGM data, there are minor increases and decreases in the 
element concentrations in ferri-manganese fractions. The changes observed are 
more clearly seen in the form of the cross correlation factor. In that form, 
the TMGM anomalies are spacially related to MPF anomalies, but their intensities 
over the bedrock outcrop are lower than at initial stations of the profile. 

Thus, as on other profiles, a complex distribution pattern of several anomalies 
of ore elements is observed on profile 5600E. It should be noted that the 
anomalies are found both over the bedrock outcrop and where there are no 
outcrops. 

5700E Profile (Figure H-9) 

A complex distribution of elements in humates and fulvates (MPF) is again 
indicated on this profile, and there appears to be greater changes in the 
element behaviours in the ferri-manganese fractions (TMGM) than on 
profile 5600E. 

The changes mentioned are enhanced in the cross correlation factor and show that 
the intensities of the anomalies are not high, both over the bedrock outcrops 
and beyond them. The latter fact and the low MPF anomaly intensities show that 
the increased anomaly intensities are caused mainly by the presence of the 
related mineralization rather than by the bedrock outcrop itself. The outcrop 
mentioned enhances the intensity of the anomaly but this anomaly is primarily 
associated with the ore mineralization. 

Figures H-10 and H-l1 show MPF and TMGM repeat analyses respectively, on lines 
5450E. As was indicated earlier, these repeat to within acceptable limits. 
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Summing up the geoelectrochemical data obtained from all the profiles 
investigated, one can see that the whole site is rich in gold mineralization, 
according to the observation results mentioned. The mineralization has a 
complicated structure with regions of high or lower gold concentrations. A 
sparse observation grid does not permit one to describe each portion in detail. 
However, a distribution pattern of those portions can be given. Four regions 
can be more or less isolated. One region is in the northern part of the site; 
a second one - on the 5000E-5200E-5350E profiles at 4300-4500; a third one - in 
the central part of the 5350E-5450E profiles at 4500-4900 and the fourth - in 
the southern end of the profiles, particularly on the 5200E profile (at 
4100-4200). 

The two first anomalies, which are related to bedrock outcrops and reflect the 
presence of the mineralization here, could be, at the same time, caused by 
weakly disseminated mineralization in the outcropping zones. Unlike those 
anomalies, the anomalies over the central part of 5350E and 5450E profiles and 
5200E profile (at 4100-4200) show that there is buried mineralization at depth, 
which is manifested through a cover of overburden. The latter anomalies 
mentioned are more likely to be associated with enriched mineralization than are 
the former ones. To receive an unambiguous answer, detailed work for individual 
anomalies and subsequent determination of the ore substance distribution 
structure would be required. On one hand, this would enable the sizes of 
individual ore-bearing portions to be estimated, and on the other hand, the most 
effective selection of areas and directions for boreholes to intersect the 
mineralization at depth could be made. 

B.3.4 Post Survey Interpretation of the Geoelectrochemical Results 

The comments thus far concerning the interpretation of the geoelectrocheraical 
data on the Harker-Holloway property have been made without the benefit of the 
knowledge of any subsurface geological information on the property. Thus, it 
was a truly blind test of the methods employed. 

It was deemed worthwhile, however, to review these geoelectrocheraical data in 
the light of the newly released geological information. The present section 
then is a "post survey" comparison of the geoelectrochemical and geological data 
on this property. 

The geological data is presented in the form of geological sections for the 
profiles surveyed by the geoelectrochemical methods. These sections show the 
main features of the geological structure, the location of diamond drillholes 
and the presence of gold mineralized sections in these drillholes. Certain 
mineralized sections have been linked from hole to hole to form a simplified 
representation of the mineralized body. Some isolated intersections however, 
could not be correlated and in fact, may not even be shown on these sections. 

It is convenient to begin with profile 5200E. (Figure H-4AG). As seen from 
this figure, the ore zone intersected at 4600 to 5000 is satisfactorily of the 
indicated by a wide gold MPF anomaly and a more localized CHIM anomaly. In 
addition, there are narrow gold anomalies found by these methods at 4400. These 
latter anomalies are related to the abandoned mine workings in the area, that 
intersected gold mineralized zones. A silver TMGM anomaly is also noted here. 
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The CHIM anomaly near 4100 to 4200 is located in an area with no geologic 
information. 

Thus the geoelectrochemical anomalies in the northern section of the profiles 
and near 4400 are related to the known ore bodies. Further studies would be 
required to determine their precise morphology and economic significance. 

On profile 5000E (Figure H-3G), the geoelectrochemical data suggest the presence 
of low grade mineralization rather than of mineralization of economic 
significance. The CHIM and MPF anomalies are most distinct.near 4400 to 4600. 
An anomaly in TMGM silver is also seen in this area. The anomalies mentioned 
are likely associated with the mine workings on the 5200E profile near 4400, 
which also yielded CHIM and MPF anomalies. 

There was no CHIM gold anomaly on profile 5000E on the projection of the ore 
zone (which was indicated on profile 5200E near 4900 to 5000), but there is a 
narrow MPF anomaly at 4900 to 4950, however. 

Special attention should be drawn to the CHIM gold anomaly near 4200. This 
likely correlates with the anomaly on the 5200E profile (at 4100 to 4200). 

The projection at surface, of the mineralization located at a depth of 200 m or 
more along the 5350E profile (Figure H-5G), would be at 4600 to 4850. Here 
there are no MPF gold anomalies but there are corresponding CHIM anomalies. The 
latter are spread along the whole northern end of the profile. Limited borehole 
information in this region does not allow an interpretation of the economic 
significance of each of these indications. It is likely however, that there are 
mineralized sections, other than those which have been intersected to date. 

The CHIM and MPF gold anomalies detected on this profile near 4400 probably 
reflect the extension of the ore mineralization (mine workings) from 
profile 5200E. 

Because of the limitation of borehole data and the limited area surveyed by the 
geoelectrochemical methods, it is difficult to reliably estimate the zoning 
pattern of other elements, (e.g. silver, zinc, lead, etc.) in the vicinity of 
the gold ore bodies. Evidently, the anomalies of these elements reflect deep 
geochemical zoning and it would be advisable to use these other elements in 
regional exploration for gold ore zones in this area. In this respect the 
intense TMGM silver anomaly at 4600 to 4800, which correlates with the silver 
anomaly on profile 5200E, is interesting. The position of the MPF zinc and lead 
anomalies also reflects the character and distribution of the ore mineralization 
on the site. A detailed interpretation of these results is beyond the scope of 
this project however. It should be noted that the TMGM silver anomalies and the 
MPF/CHIM gold anomalies are in the same position at 4400 and further south. 
This could indicate a possible ore zone in this region. 

On line 5450E (Figure H-6G), the richest mineralization, which has been 
intersected by drilling, appears to apex at a depth of about 200 m. The 
position of this mineralization correlates with the most intense MPF and CHIM 
gold anomalies and also the TMGM silver anomaly. 
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Anomalous quantities of gold extracted with CHIM are also detected in the area 
where there are outcrops of the ore zones, and these anomalous quantities are 
seen along the strike of the mineralization. 

As described earlier, detail work conducted over the anomalies mentioned above 
reveal their complex structure. This structure reflects a relatively complex 
distribution of gold in the intersected ore zone. The mineralization is, in 
fact, divided into several mineralized zones, large or small, which are shifted 
relative to one another along strike and dip. 

On the basis of these results, one could suggest that the gold anomalies near 
4400 and 4200, which extend from the profiles earlier discussed to the 5400E 
profile, either reflect one en-echelon type zone, with mineralization on 
different levels, or two zones which are parallel to the known intersected 
zone. Old mine workings near 4400 on line 5200E are at the head of the zone, 
which is parallel to the one that is intersected by boreholes. 

From the comparison between the drilling data and the results obtained by the 
geoelectrocheraical methods is concluded that the anomalous zone indicated in the 
northern section of the profiles is related to the sub-outcrop of the ore zone. 
The anomalous zone in the central region (4600 to 4900) on profiles 5200E, 5350E 
and 5450E, is related to the deeper portion of this same richly mineralized 
zone. The zones at 4400 and 4200 are related to the next one or two parallel 
zones. Perhaps the deep portions of the ore zones are richer than the upper 
ones. 

On profile 5600E (Figure H-8G), the mineralization is represented by two small 
bodies occurring at a depth of 300 to 400 m. The ore zone sub-outcrops at 5000 
to 5200 and this is seen in the MPF gold anomaly. Along this profile, as on the 
other profiles, the alteration of the rock near the ore zones is well reflected 
by anomalies in lead-zinc and other elements. 

The mineralization on profile 5700E (Figure H-9G), as on profile 5600E, is 
represented by small bodies which occur at a depth of 350 and 450 m. These 
mineralized areas are indicated by an MPF gold anomaly. The absence of such 
anomalies in that area where the ore zone outcrops likely indicates that the 
mineralization here is very lean on the upper part of the section on this 
profile: 

B.3.5 Summary 

The following conclusions may be drawn from this comparison between the results 
obtained by the 3 geoelectrochemical methods and the known geological data: 

1) In this blind test, the geoelectrocheraical methods have correctly indicated 
the presence and position of the gold mineralization and the structure of 
the mineralization. These determinations were made despite the fact that 
the upper edge of the economic mineralization apexes at 200 to 300 m depth. 

2) In the course of this work new information was obtained concerning the 
presence and character of the ore zones, including the zoning of the 
pathfinder elements in its vicinity. Very detailed characteristics could 
only be determined by additional and more detailed geoelectrocheraical 
measurements. 
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B.4 Chance 

B.4.1 Property Description 

The site is situated about 2km Northwest of the Kidd Creek Cu-Zn-Ag VMS deposit 
and some 30km North of Timmins (Figure C-l). The region lies North of the 
Destor-Porcupine Break and with the exception of the Kidd Volcanic Complex seems 
to be largely underlain by basalts. 

The test site is underlain by an approximately 280m long fault block containing 
an East-West striking, vertically-dipping volcanic succession whose facing 
direction is now known (Figure C-2). The C-2 five lithostratigraphic units are 
from south to north: 

- pillowed, breccia ted and massive basalts, 

- massive and fragmental rhyolites with an argillite and graphitic core, in 
which bedded several pyrite horizons and the South Chance deposit are 
contained, 

- a variably altered dioritic unit, 

- rhyolitic fragmentals which generally lack argillitic and graphitic intervals, 

- basaltic flows and pillowed flows which underlie the North ends of the test 
lines. 

The South Chance Pb-Zn-Ag deposit is a small (approximately 200,000t) but high 
grade (approximately 3% Pb, 13% Zn and approximately 200g/t Ag) volcanogenic, 
massive sulphide body which subcrops under about 55m of glacial overburden. 

The deposit stratigraphy is cut off to the East and West by North-South 
trending, imbricate, "block" faults. The available data suggest that the 
deposit has been displaced southwards relative to adjacent areas. 

The deposit was discovered in 1975 by following up and drilling an airborne 
anomaly. It is about 35ra long, up to 5m thick and rakes at 85° West to a depth 
of 400m where it is cut off by the West boundary fault. Since 1975 further 
exploration has mapped a weak soda-depletion anomaly and a narrow but persistent 
zone of soda-depletion and disseminated base metals ( 1% Zn over short 
intervals) on a basalt-rhyolite contact, which subcrops near 8900mE, 11200mN. 

A 30-55ra thick blanket of lacustrine clays, glaciofluvial sediments and tills 
cover the bedrock in this area. 

The surface is covered by a 30 to 80cm thick, generally water-saturated black 
humus layer except along water courses where lacustrine clays and silts outcrop 
and are oxidized to a depth of several metres. Humus-covered areas support 
black spruce stands whereas balsam poplar and alders are restricted to areas of 
clay "outcrop". 
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The proximity of the site to the Kidd Creek open pit, to low grade ore and waste 
dumps and to water treatment ponds are cause for concern about contamination. 
In addition an exploration access road constructed from mine waste material and 
extensive surface disturbance due to surface drilling may also be sources of 
contamination. 

B.4.2 The Observation Logistics 

The geoelectrochemical investigations were carried out on 5 profiles. 
(Figure C-3). One of the profiles (8850E) crosses the deposit (an ore body) 
itself. Two profiles (8800E and 8900E) are laid at 50m distance from the first 
one and enable the ore zone to be traced along the strike. At the same time, 
the observations on profile 8900E which is near a road built from waste from the 
Kidd Creek Mine, and in the direction down the water drainage from the road, 
help in assessing the possible contamination effect of the road bed material. 
Two profiles, 9000E and 9100E, which are beyond the road upward along the 
drainage, would serve to indicate if contamination effects are due to the road 
material. The 9000E profile is at the road, and the 9100E profile is beyond it 
at a great distance (100m) from the road. At the same time, the two latter 
profiles enable the extension of the ore zone in the eastern direction to be 
traced. The length of 500-1000m was selected for the profiles, with the view to 
crossing the zone of the mineralization which is approximately 400-500m north of 
the ore zone. Over the area of the known mineralization the spacing interval 
was 20m. A total of 193 each of MPF and TMGM samples were taken, and 280 CHIM 
stations were observed. 

B.4.3 The Observation Results and Their Discussion 

8850E Profile (Figure C-4) 

MPF 

Two well-defined lead, zinc and copper anomalies, and corresponding high cross 
correlation factor, are detected, against relatively quiet backgrounds. One of 
the anomalies, at 10800-10900, is obtained over the known mineralization, the 
other over an alteration zone with some sulphide mineralization, but not of 
economic value. 

TMGM 

On the TMGM graphs for lead and copper, the ore zone is poorly seen and the 
northern zone of the mineralization is practically not observed. In contrast to 
this, both zones are satisfactorily observed in the distribution of zinc and 
silver. Accordingly, the same manifestation is observed in the behaviour of the 
cross correlation factor. Here, variations are noted in the intensity of the 
cross correlation factor M, which are higher over the ore zone and lower over 
the mineralization zone, as is the case for the M factor according to the MPF 
data. 
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CHIM 

In Figure C-4, where the CHIM observations for the profile under consideration 
are presented, one can see that the whole profile exhibits high values of 
extracted metals. However, the strong anomalous values which are observed 
directly over the deposit form a distinct anomaly for lead, zinc and copper, 
returning to background values on either flank. Hence, this might suggest that 
in the CHIM measurements two effects are reflected: one is associated with the 
known main mineralization, the other with some other phenomenon, which is most 
likely to be contamination from the road. The observations on the adjacent 
profiles given below showed that the broad anomalies to the"north of the ore 
zone, that could be caused by the contamination, are not detected on the 
9000E profile (above the road in relation to the drainage) but they are observed 
on all of the profiles below the road, diminishing in the direction away from 
the road fill material. At the same time, on all those profiles, the ore zone 
is well noted by the CHIM anomalies. Thus, indeed, the presence of the 
mineralization as well as technogenic contamination may be both reflected in the 
CHIM results-on the Chance site. 

Figure C-4A shows a detail repeat CHIM profile in the south section of 
profile 8850E, analyzed for Pb and Zn. These results show precisely the same 
picture as the original CHIM results; viz. a well defined anomalous zone, 
directly over the main Chance mineral deposit and a broad, highly anomalous area 
which commences about 100m north of the deposit and extends to the end of the 
section covered by the profile. 

8800E and 8900E Profiles (Figures C-5 and C-6) 

On these profiles, as on 8850E, a mineralized zone is detected on the CHIM and 
MPF results for lead, zinc and copper, and as well, some lead on the TMGM 
results. A second zone of mineralization is noted on the 8900E profile at 
11300-11500. The presence of both zones is emphasized by a relative 
enchancement in the M factor distribution. 

900E and 9100E Profiles (Figures C-7 and C-8) 

On these profiles in the TMGM samples, there is practically no anomalous 
distribution of metals, with the exception at 10940 on the 9100E profile. In 
the MPF samples, single peaks for lead and zinc are observed at 10960-11040 on 
the 9000E profile and at 10770 on 9100E profile. However, over the main ore 
zone extension along the strike beyond the road, the CHIM method detects an 
anomaly that correlates with the strike of the anomalies described above on the 
profiles under consideration. This shows that the mineralized zone containing 
the Chance deposit, extends in the eastern direction, to profile 9000E. The 
presence of the CHIM anomalies and the absence, here, of the relative MPF and 
TMGM anomalies clearly indicate the difference in the observation results 
obtained by different methods, this being due to the different forms of element 
occurrences employed. Reasons for those differences are not yet known in the 
present instance. 
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Also, it should be noted that in the CHIM results on that profile there is no 
indication of technogenic pollution, as was discussed above. 

Summing up the observations obtained by the MPF, TMGM and CHIM methods, one can 
see that the Chance deposit itself and the easterly extension of its zone is 
satisfactorily detected by all three methods. The technogenic contamination, 
however, greatly influences the electrochemical extraction of elements in mobile 
ion forms of occurrence (CHIM). There is no marked influence of this kind in 
the MPF and TMGM data, i.e. in the behaviour of metals in humates-fulvates and 
ferri-manganese formations. 
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B.5 Montcalm 

B.5.1 Property Description 

The Montcalm nickel-copper deposits are situated in North-central Montcalm 
Township about 70km West-Northwest of Timmins. Gravel forest access roads reach 
within half a kilometre of the deposits (Figure M-l). 

The nickel-copper deposits lie near the northeastern tip of the Montcalm gabbro 
where it intrudes volcanics to the Northwest and is itself intruded by a 
tonalite-granodiorite, intrusive complex to the North and East. The gabbro 
complex comprises from Northwest to Southeast; pyroxenite, gabbro (approximately 
400m), anorthosite ( 200m) and ferroan gabbro zones. 

The copper-nickel bodies occur in medium to coarse-grained, 
clinopyroxene-plagioclase gabbros which locally exhibit modal layering. The 
deposits contain about 4.2 million tonnes grading 1.4% nickel, 0.7% copper, and 
perhaps 0.1 to 0.2% cobalt in two principal and several subsidiary lenses. The 
sulphide bodies strike North-South, dip vertically and are bisected by a 
parallel, granodiorite dike. Up to 25% of rock in the vicinity of the deposits 
comprises 2cm to 12m wide, pyroxenite-hornblendite and gabbro pegmatite dikes. 
The compositions of the latter range from hornblende-pyroxene raetagabbros to 
hornblende gabbros containing minor quartz, chromian ilraenite and locally up to 
2% sulphides. 

Mineralology is simple and includes pyrrhotite (approximately 35%), pentlandite 
and chalcopyrite. Chalcopyrite tends to be disseminated whereas the other 
sulphides may be near-massive, net-textured, disseminated or form the matrix of 
inclusion breccias. The latter are restricted to highly tectonized zones within 
the deposits. 

The individual lenses are 100 to 200m long, 250 to 300m high and contain 0.6 to 
1.7 million tonnes. The deposits seem to be contained in a lower grade, 
disseminated sulphide halo. 

The overburden section comprises; peat (0 to 5m), varved clays (15-20ra), gravels 
(approximately 6m) and sandy till (approximately 3m). Reverse circulation 
drilling disclosed on intermittent nickel anomaly in deep holes, extending 
down-ice from the deposit. The total thickness of glacial overburden ranges 
from 10-40m on this site. 

The test site drains gently (approximately 2.5m/km) northwestwards towards 
Montcalm Creek. Oxidized, varved clays outcrop in well drained areas near the 
creek. A peat layer thickens to the southeast, reaching 0.3 m to approximately 
lm in the cedar swamp over the deposits and exceeding lm in the tamarack stands 
to the Southeast. 

Areas disturbed during the 1975-76 drilling campaign are recognized by alder 
stands which cover tote roads and drill sites. Drill casings, some of which 
continue to "make" water, were left in place. The annual fluctuations in the 
water levels in the bogs together with the high sulphide content of the deposits 
suggest that widespread surface contamination is possible. Several water and 
silt samples have been taken. 
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B.5.2 The Observation Logistics 

For geoelectrocheraical investigations, two profiles, totalling 1.8km in length, 
over the central part of the deposit with 70ra separation between them, were 
selected (Figure M-l). They were each 900m long. The sampling intervals for 
MPF and TMGM and the station spacings for CHIM were 20m. The spacing over the 
deposit, in detail work, was 10m. 

Particular difficulties were encountered when the CHIM station moved across 
swampy areas covered with vegetation. To transport the station, it was removed 
from the ZIL truck chassis and mounted on a heavy-duty tractor platform. Then, 
on the completion of the work, the station was again mounted on the ZIL chassis. 

A total of 103 samples for each of MPF and TMGM were taken, and 320 CHIM 
measurements were carried out. 

B.5.3 The Observation Results and Their Discussion 

580N Profile (Figure M-2) 

MPF 

On the profile considered, over the area of mineralization, a complicated two 
humped nickel anomaly with a marked variation in its concentration is noted on 
the western and eastern sides from the mineralization zone. Higher Ni values 
are observed in the east portion of the line and lower values in the western 
portion, beyond the known mineralized zone. Anomalous quantities of Ni on the 
profile between 480W and 580W are directly related to the known mineralization. 
The anomaly near 300W-400W is confined to the contact of ore-bearing gabbro and 
felsites. That contact and also adjacent felsites, evidently, carry 
disseminated nickel mineralization, which is spread in felsites far more to the 
east but not observed in felsites in the west. This suggestion requires 
verification by means of sampling from felsites on both sides of the deposit. 

There is no distinct distinct copper anomaly over the area of mineralization, 
although the copper content there is higher than on both sides of the ore zone. 
However, such an increase is comparable with the increase in copper between 100W 
and 200W and also near 700W and shows that minor copper values are common. 

No significant anomalies for zinc or for other elements (Pb, Mo, As, Co, V) are 
seen on the distribution curve. 

TMGM 

Over the known mineralization, anomalies for Ni and Cu were not detected by the 
TMGM method. Also, no marked anomalies were noted in the distribution of other 
elements. At the same time, in the western part of the profile, the level of 
the metal quantities in ferri-manganese formations is higher than in the eastern 
part. This is correlated with variations In the composition of the samples 
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mineralization, is in swamps and here the layer of peat was so thick that to 
sample from an underlying clay horizon was impossible. In contrast to this, the 
clay horizon was reached in the western side of the profiles. Thus, the 
difference in the levels of the metal quantities extracted might be connected 
with the difference in the lithological composition of the samples and 
corrections for the different background level is required to be made. To do 
this, special observations are needed. However, due to the limitation in time, 
they were not carried out. It is possible that a correction for the background 
could lead to the detections of TMGM anomalies caused by deep sources. 

CHIM 

Anomalies for Ni, Cu and Zn are satisfactorily detected over the mineralization 
by the CHIM method. In addition, an anomaly for copper and zinc is observed 
near 700 and in the eastern end of the profile (at 0-200E) where an MPF anomaly 
is also noted. However, some other samples, when analyzed for Ni, yielded 
results of inadequate accuracy, judging by repeat measurements. Such doubtful 
results are not shown. Further study will be done on these samples, both in 
Leningrad and Toronto, in order to resolve this problem. When results of 
acceptable accuracy have been obtained through these studies, they will be 
presented in an Addendum to this Final Report. Those Ni results shown here are 
deemed to be of acceptable accuracy. 

510N Profile (Figure M-3) 

On this profile, as on the 580N profile, an MPF and CHIM anomaly over the known 
mineralization was observed, and also increased quantities of copper and nickel 
to the east of the mineralization. At 700W, a CHIM anomaly similar to that on 
the 580N profile and also an MPF anomaly (for Ni and Cu) which is near it but 
shifted to the east, are noted. 

No TMGM anomalies over the copper-nickel mineralization were obtained. However, 
here, there is a more distinct difference in backgrounds in the eastern and 
western sides of the profiles in comparison with, the 580N profile, from the 
eastern part of the known copper-nickel mineralization, as well as a 
manifestation of a lead anomaly and single points for copper. 

As a whole, the observations obtained by the geoelectrochemical methods on 
Montcalm show that copper-nickel ores are indicated by MPF and CHIM and are not 
indicated by TMGM. 
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C. SUMMARY OF THE RESULTS OF TESTING THE APPLICATION OF GEOELECTROCHEMICAL 
METHODS MPF, TMGM AND CHIM IN THE SEARCH FOR MINERAL DEPOSITS IN CANADA 

1. Five polyraetallic, gold and copper-nickel deposits, mainly represented by 
small or low grade bodies, occurring under a cover of loose till and 
other sediments with the thickness of 15-65m, were detected by a complex 
of geoelectrochemical methods (MPF, TMGM and CHIM) on this test program. 
All of these methods individually detected each body, with the exception 
of the TMGM method which did not detect the mineralization on Montcalm. 
In all deposits investigated, the main mineralized zones were indicated 
by anomalies and, in addition, information on potential new mineralized 
zones was obtained. In some instances, the nature of the mineralization 
development structure and the zoning of the mineralization distribution 
was obtained. 

2. Each of the methods utilized characterizes different ore formations in 
different ways. The differences related to the dimensions of the 
anomalies detected, the composition of the elements indicators and the 
interferences. In addition, the methods differ in costs and 
productivity. These differences may be expressed as follows: 

2.1 In most cases, the CHIM anomalies are more localized and lie more 
directly above the mineralized bodies, than are the MPF and TMGM 
anomalies (Currie-Bowman, Windjammer and Harker-Holloway). The 
dimensions of the MPF and TMGM anomalies are more or less equal. As to 
the identity of the indicator elements, the MPF and TMGM data directly 
characterize the major composition of the mineralization being detected; 
the TMGM data reflect better the composition of the pathfinder elements, 
as well as the presence of hydrotherraal alteration of the ore zones and 
the zones of mineralization, including changes in the enclosing rocks. 

2.2 The TMGM observations are characterized by a stable background with low 
level of noise, against which anomalies of low intensities are evident. 
Owing to the cross correlation, the contrast of the anomalies 
significantly increases, reflecting the mineralization position and 
changes in the rock composition. Background values for CHIM and MPF are 
less stable. However, the intensity of the anomalies detected by these 
latter methods mentioned is significant and in most cases it is well 
above the background. 

2.3 The MPF and TMGM observations showed less of a response to industrial or 
other types of contamination. Contamination appears to affect the CHIM 
results to a greater extent (e.g. Chance). 

2.4 In terms of cost per sample (i.e. per measurement), the CHIM method is 
somewhat more expensive than the MPF and TMGM method, and therefore is 
normally employed somewhat more restrictively, as a later and more 
detailed phase of the exploration program. 
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3. Based on the Test Program results, the application of MPF, TMGM and CHIM 
methods in the search for buried polymetallic, gold and copper-nickel 
deposits in Canada, covered under loose sediments appears to be effective 
and well warranted. 

The differences in the results obtained by the various survey methods 
over ore targets, show that it is reasonable to use the three methods in 
conjunction, in an exploration program, 

4. The differences in economic factors show that it is reasonable to follow 
a certain sequence in the application of the methods. 

In general it is recommended that initially an assigned area should be 
covered by MPF and TMGM, enabling mineralized zones to be detected on a 
relatively sparse station grid, at low cost and satisfactory 
productivity, because of the broad nature of MPF and TMGM anomalies. The 
employment of the two methods simultaneously will provide an independent 
check on the results, as well as the site characteristics for 
distribution of a wide range of elements, both those constituting a 
deposit and pathfinder elements. In the next stage, it is reasonable to 
use CHIM on the broad MPF/TMGM anomalous areas, to localize the source of 
the mineralization. In addition, the CHIM method will determine the 
distribution structure of the mineralized bodies, which will help to 
indicate the economic significance of the mineralization detected. 

5. Further improvements in the technical and economic aspects of the 
geoelectrochemical methods is feasible. The major directions would be: 

5.1 More precise determination of the extraction parameters of elements in 
mobile and poorly bonded forms of occurrence. This is the basis of these 
geoelectrocheraical methods as applied to different types of deposits and 
diverse geological and geographical conditions of the sites surveyed. 

5.2 Improvement of technology and technical equipment for analytical work. 
In particular, it is reasonable to extend the application of the 
atomic-absorption analysis for the main ore-forming elements, due to its 
higher sensitivity and productivity in comparison with many other 
analytical methods. 

5.3 Modernization of the CHIM apparatus in terms of reducing weight and 
dimensions and increasing the number of channels, to improve the field 
efficiency and to reduce the cost per measurement. 

5.4 Development of technology for the CHIM method to be used all year long 
(i.e. to extend its usefulness to winter operation), and in areas with 
man-made pollution. 

5.5 The use of BSPK and KSPK methods, as a later stage of exploration, to 
obtain a quantitative estimate of the economic significance of 
mineralized bodies which have been detected by the CHIM, MPF and TMGM 
methods. 
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D. CONCLUDING STATEMENT BY SCINTREX 

In addition to gratefully acknowledging the financial support of the sponsors of 
this Test Program, we would also like to express our appreciation to the 
individuals within the supporting companies who have been helpful in the site 
selection and program execution. In particular, we wish to thank 
Mr. Laurie Reed of BP Canada Limited, Chairman of the Test Program Committee. 

Particular thanks are also due to Prof. Ian Nichol of Queen's University, 
Mr. Roger Barlow of the Ontario Geological Survey, Dr. Wm. Coker and 
Dr. Gwendy Hall of the Geological Survey of Canada, all of whom offered support 
and advice. 

Our compliments and admiration are due to the capable, dedicated and hard 
working team of geoscientists from NPO Rudgeofizika, headed by Dr. Yuri Ryss. 
They have successfully carried out this difficult project, in a foreign country, 
with systems and habits quite different from those in the U.S.S.R., efficiently, 
with good humour and with a great spirit of cooperation. 

In closing, it should not be overlooked, that this 1990 Geoelectrocheraical Test 
Program is unique in more than one respect. It represents the first large scale 
cooperative test of mineral exploration technology between Canada and the 
U.S.S.R. In addition, it is probably the first time that such a large 
proportion of the mineral industry in Canada has combined to support the testing 
of new exploration technology. Let us hope that these procedents will 
facilitate further projects of this nature. 

Respectfully submitted, 

SCINTREX LIMITED 

per Harold 0. Seigel 
President 

Jon G. Baird 
Vice President 

John D. Kinrade 
Senior Scientist 
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CONCLUDING STATEMENT BY RUDGEOFIZIKA 

On behalf of NPO Rudgeofizika, Leningrad, U.S.S.R., the undersigned are pleased 

to sign this report covering a Geoelectrochemical Test Program carried out in 

Canada in the summer of 1990. 

We would like to thank the following groups, who supported our work morally, 

scientifically and financially: BPH Utah Mines Ltd., BP Resources 

Canada Limited, Cominco Ltd., Corona Corporation, Department of External Affairs 

and International Trade of the Government of Canada, Granges Inc., 

Hudson Bay Exploration and Development Co. Ltd., Inco Exploration and Technical 

Services Inc., Lac Minerals Inc., Ministry of Northern Development and Mines of 

the Government of Ontario, Noranda Exploration Company Limited, 

Rio Algom Limited, and Teck Explorations Limited. 

In particular, we would like to express our gratitude to Scintrex Limited which 

showed an early interest in our methods, which organized the Test Program and 

which continues to support us. 

N.A. Voroshilov; Head of the Laboratory 

M.A. Cherfas; Deputy Head of the Department 

I.C. Goldberg; Head of the Laboratory 

J.S. Ryss; Head of the Geoelectrochemical Department 

Toronto, Ontario, Canada, October 5, 1990. 
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Photo 5 Photo 6 

Photo 5 The console of the 40 collector CHIM station. 

Photo 6 A CHIM collector electrode on Canadian soil. 
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CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO GEOLOGICAL 
SURVEY PUBLICATIONS 

Conversion from SI to Imperial Conversion from Imperial to SI 
SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives 

LENGTH 
1 mm 0.039 37 inches 1 inch 25.4 mm 
1 cm 0.393 70 inches 1 inch 2.54 cm 
1 m 3.280 84 feet 1 foot 0304 8 m 
1 m 0.049 709 7 chains 1 chain 20.116 8 m 
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km 

AREA 
1 cm 2 0.155 0 square inches 1 square inch 6.451 6 cm 2 
1 m2 10.763 9 square feet 1 square foot 0.092 903 04 m2 
1 km 2 0.386 10 square miles 1 square mile 2.589 988 km2 
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha 

VOLUME 
1 cm 3 0.061 02 cubic inches 1 cubic inch 16387 064 cm 3 
1 m3 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m3 
1 m3 1.308 0 cubic yards 1 cubic yard 0.764 555 m3 

CAPACITY 
1L 1.759 755 pints 1 pint 0.568 261 L 
1L 0.879 877 quarts I quart 1.136 522 L 
1 L 0.219 969 gallons 1 gallon 4.546 090 L 

MASS 
lg 0.035 273 96 ounces (avdp) 1 ounce (avdp) 28.349 523 g 
lg 0.032 150 75 ounces (troy) 1 ounce (troy) 31.103 476 8 g 
1kg 2.204 62 pounds (avdp) 1 pound (avdp) 0.453 592 37 kg 
1kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg 
11 1.102311 tons (short) I ton (short) 0.907 184 74 t 
1kg 0.000 984 21 tons (long) 1 ton (long) 1016.046 908 8 kg 
11 0.984 206 5 tons (long) 1 ton (long) 1.016 046 908 8 t 

CONCENTRATION 
lg/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 gA 

ton (short) ton (short) 
lg/t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t 

ton (short) ton (short) 
OTHER USEFUL CONVERSION FACTORS 

Multiplied by 
1 ounce ; (troy) per ton (short) 20.0 pennyweights per ton (short) 
1 pennyweight per ton (short) 0.0 5 ounces (troy) per ton (short) 

Note: Conversion factors which are in bold type are exact. The conversion factors have been taken from or have been 
derived from factors given in the Metric Practice Guide for the Canadian Mining and Metallurgical Industries, pub
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada. 
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