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1 INTRODUCTION 
 

The River Jordan Property is located near Revelstoke B.C. and hosts the King Fissure 
Deposit of massive sulphides (Pb, Zn, Ag, and Ba). Work on the property has included 
geological mapping, ground mag and VLF-EM, sampling and geochemistry summarized 
in a 1991 report. More recent work includes a helicopter borne magnetic survey, an 
airborne electromagnetic survey and a ground Time Domain Electromagnetic survey. 
The results of these programs were provided to Scott Hogg & Associates Ltd. for 
interpretation with the objective of identifying potentially significant suphide zones. This 
report reviews the work done and provides recommendations. 
 

2 GEOLOGIC SETTING AND PREVIOUS WORK 
 
King Fissure Deposit 
 

A Geological Assessment Report (22029), on the Geological, Geochemical and 
Geophysical Surveys of the River Jordan Property, 1991, by T. Clarke and J. Laird 
documents the known geological context of the formation. Their general description is 
the following. 
 
Structure  
 
The King Fissure Deposit lies within a southeasterly trending, southwesterly dipping 
syncline with approximate dimensions of 2.5km long by 0.8km wide. The fold has been 
named the Copeland synform by Fyles (1970). The Copeland synform is open and 
concentric in the western end, but tightens considerably to the east. In the western end, 
an anticline superimposed on the keel of the Copeland synform has created a "W" 

shaped folding pattern, effectively raising the structural level of the keel and establishing 
easterly plunges to folds. Structural measurements in the West zone indicate that the 
Copeland synform plunges approximately 30° towards 150° (Fyles, 1970). The central 
antiform, plunging more steeply than the Copeland synform, diminishes in magnitude 
towards the east, at some point disappearing entirely as three fold axes coalesce into 
one. Near this point on the surface a major northerly trending fault zone, known as the 
Camp fault, cuts across the synform with a dextral offset of approximately 20m. This late 
structure may be related to stress created at the junction of the earlier folding. East of 
the Camp fault the Copeland synform is assumed to have a near horizontal keel. 
 
Mineralization 
 
Exploration on the King Fissure Deposit is focused primarily on stratiform base-metal 
massive sulphides (Unit 5s) which occur near the top of the Unit 5 carbonate sequence. 
The sulphide horizon is well exposed along both limbs of the Copeland synform. 
Numerous trenches and shallow adits occur in the Cliff, East, and Northeast zones. 
 
Cliff Zone 
 
In the Cliff zone, massive sulphides range from 1.5m to >3m thick. A vertical zonation 
within the massive sulphide layer is recognizable; at the base is a dark weathering 0.2-
1.0m layer of mostly sphalerite and galena, with minor pyrrhotite. This is overlain by 0.5-
2m of rusty weathering, massive, fine-grained pyrrhotite containing eyes of grey quartz 
and fine grained sphalerite and galena. Above the pyrrhotite-dominant middle layer is a 
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0.2-1.0m siliceous horizon hosting coarse grained pyrite with galena, sphalerite, and 
minor pyrrhotite. This siliceous upper layer is most easily distinguished by its abundant 
pyrite and light grey to white weathered surfaces. Brecciation and footwall sulphide 
stockworking were noted in the Cliff zone.  
 
Maps 
 
The maps presented in the Geological Assessment Report, 22029 did not have any 
UTM grid or other map projection reference. In order to correlate the geological 
information including drill holes, sample sites and ground geophysical surveys the map 
presented on page 82 was visually registered with a NAD83 Zone 11N topographic map. 
The registration was an imperfect compromise but provided a means to incorporate the 
historical data with the newer airborne and ground geophysical surveys.  
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Figure 1 – King Fissure Deposit Geology; Report 22029, page 82. 
 

The sulphide zone, Unit 5s, has   been highlighted in mauve and illustrates the outline of the synclinal 
structure. 

 
 

 
 

Figure 2 – Cliff Zone Ground Magnetic Survey; Report 22029, page 85.  
 

The magnetic axes are highlighted in blue. The sulphide zone, Unit 5s, is highlighted in mauve. The sample 
site CZ-1 contained sphalerite, galena, pyrite and pyrrhotite. At sample site CZ-FZ1 coarse pyrite crystals 
were noted. 
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3 AEROMAGNETIC SURVEY 
 
A helicopter-borne aeromagnetic survey was carried out in June 2009 by Precision 
GeoSurveys on behalf of Silver Phoenix. A Scintrex CS-3 cesium magnetometer was 
installed in a nose boom on a Bell Jet Ranger helicopter. The line spacing was 100 m. 
on a heading 20 degrees east of north. 
 
The survey database contained a lagged and micro-levelled channel which was gridded 
at a 20 m cell size and the results are presented in Figure 3. There is an apparent 
magnetic correlation with the synform. To better map the finer detail in the magnetic 
survey the vertical magnetic gradient was calculated on a line by line basis using a 
Fourier Transform method. The results were gridded at a 20 m cell size and presented in 
Figure 4.  
 

 
 

Figure 3 – Helicopter Magnetic Survey: Total Magnetic Intensity (nT). Nominal line spacing 100m. 
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Figure 4 – Helicopter Magnetic Survey: Calculated Vertical Magnetic Gradient (nT/m). 
 
The vertical gradient map has highlighted some detail within the synform. Some of the 
amplitude variation from line to line can be attributed to variations in terrain clearance as 
illustrated in Figure 5. Nevertheless there are indications of structures aligned near 
parallel to the flight line direction. There is also magnetic detail within the synform which, 
in the vicinity of the Cliff Zone, has some correlation with the ground magnetic and 
electromagnetic surveys.  
 

 
 

Figure 5 – Helicopter Magnetic Survey: Terrain Clearance (feet). 
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4 AIRBORNE ELECTROMAGNETIC SURVEY 
 
The airborne system is reported to consist of a vertical dipole transmitter with a 
concentric vertical dipole receiver. This superimposed dipole Tx/Rx configuration is 
similar to that used by the VTEM, Aeroquest TEM and and Dighem coplanar frequency 
domain systems. The response shape for these systems is illustrated in figure 6 for a 
thin steeply dipping conductor.  A thin rectangular plate, 300 m in strike extent, 150 m in 
depth extent, 50 m below sensor with a conductance of 60 S was modelled with the 
University of Toronto Plate program. Strike and dip are indicated and the response 
amplitude has been normalized. 
 
For a steep dip, the anomaly profile has a local minimum over the upper edge of the 
conductor and the prominent side-lobe indicates the down-dip side. If the conductor is 
wide or flat-lying a broad response, without the characteristic “M” shape is produced. 
 

 
 

Figure 6 – Response shapes for a superimposed vertical dipole electromagnetic system. 

 
The signal to noise level of the system was low, partly as a result of the rugged terrain 
that led to terrain clearances of more than 200m over much of the survey. Nevertheless 
an anomalous response in the area of the synform was detected.  A channel was 
created that was the arithmetic sum of channels 4 through 9.  The channel was gridded 
and displayed in Figure 7.  A contour was drawn representing the value 5500.  This 
value is arbitrary.  It was chosen to represent the extent of the broad conductive zone. 
The linear colour distribution of the grid was clipped at this value.  
 

 
 

Figure 7 – Gridded Response of an Aggregate of Channels 4 to 9 
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Note that the northern edge of the conductive zone lies to the south of the northern 
margin of the synform.  The southern edge of the conductive zone follows the southern 
margin of the synform but extends southward in the vicinity of the sample site CZ-1. This 
may simply reflect a lower terrain clearance on line 1315; however, there is a similar 
indication of a southern extension in the ground TEM survey. 
 
The profile responses, including the summed aggregate channel were analyzed and 
possible conductor axes were identified and delineated.  These are presented together 
with the geology map in Figure 8. 
 

 
 

Figure 8 – Possible Conductor Axes and Geology 
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5 GROUND TIME DOMAIN ELECTROMAGNETIC SURVEY 
 
A ground electromagnetic survey was carried out by SJ Geophysics in August 2013 on 
behalf of Silver Phoenix Resources Inc. The system used was the Volterra TDEM with a 
fixed transmitter loop and moving receiver. The primary field produced by the transmitter 
loop was a square wave at 30 Hz. The B field receiver measured the vertical component 
of the sum of the primary and secondary fields. By measurement and calibrations the 
following information was provided at each receiver location. 
 

HVEC 1,2,3  The vector components of the primary field 
Htotal  The magnitude of the primary field 
Hsensor The vertical component of the primary field (HVEC3) 
CH1-15  The vertical component of the secondary field for each of the 15 

time gates where 1 is the latest time and 15 the earliest. 
 
A procedure of continuous normalization was applied by SJ Geophysics to present the 
survey results on a line by line basis. The calculation was as follows: 
 

 For Channel 1 

 

 For Channels 2 to 15 

 
Where CZn is the continuously normalized value for CHn 

 
Respnse Shape 
 
The Volterra system produces an anomaly that is comparable in shape to the UTEM and 
other fixed loop TEM systems.  Figure 9, below, shows a vertical section view of the 
primary field for a fixed loop system. 
 

 
Figure 9 – Fixed Loop Ground EM Primary Field 
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The transmitter Loop lies to the left of the diagram with the Loop Front (green circle) 
perpendicular to the page. The primary field direction is indicated by the blue arrows.  A 
conductive sheet is indicated in red with dips ranging from 15 to 165 degrees. For dips 
less than 90 degrees the primary field is near perpendicular to the plate and provides 
good coupling. As the dip increases the primary field becomes increasingly parallel to 
the plate and coupling diminishes. Independent of conductor size, depth and 
conductance, the level of coupling directly relates to the amplitude of the secondary field 
produced by currents induced in the conductor. These induced currents, in the plane of 
the plate produce the secondary field measured by the receiver. 
 
Figure 10, below shows various secondary field response shapes for a thin sheet at a 
variety of dips. The corresponding transmitter layout is that of figure 9. 
 

 
 

Figure 10 – Fixed Loop Ground EM Secondary Field  

 
The transmitter lies to the left and the Loop Front is illustrated by the green circle. The 
blue profile illustrates the shape of the anomaly associated with one of the time-gates. 
The response amplitude will vary depending on the time gate and conductance of the 
plate; however, the general profile shape will persist. Note that the amplitude of the 
profile is a minimum when the dip of the conductor provides poor coupling with the 
primary field. Also note the crossover in signal polarity is closely associated with the 
upper edge of the conductor. 
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Decay Constant 
 
The Decay Constant (Tau) of a time domain measurement is proportional to the 
conductance of the anomaly source. The conductance, or Tau, increases with the 
conductivity, thickness, length and width of the source but is independent of depth. A 
higher value is usually taken as an indication of more favourable sulphide mineralization 
but it can be misleading in that it could reflect an increase in pyrrhotite as opposed to an 
increase in sphalerite.  
 
In preparation to calculate the decay constant at each station, the raw data was 
corrected for the primary field.  The decay of the secondary field of a uniform half-space 
is given by the following exponential: 
 

 

 
Where t is the time after the primary field is switched off, Ƭ is the decay constant (Tau), 
B(t) is the amplitude of the secondary field at time t and 
Bo is the amplitude of the secondary field at the moment the primary field is switched off 
(t=0).  Bo is related to the size, shape and depth of the source. 
 
Tau is directly related to conductance.  If Tau is low (or short), the field is decaying 
rapidly and conductance is low. If Tau is high (or long), the field is decaying slowly and 
conductance is higher.  Tau (Ƭ) can be calculated using the B field amplitudes at any two 
times in the decay curve: 

 

 
Note that this expression is not only independent of Bo, but also independent of the units 
used to define the B field.  
 
The B field decay of an actual, non-uniform geological setting is a sum of exponentials, 
and Tau will vary along the decay array. For very short time spans (i.e. time gates that 
are adjacent or very close) Tau can be considered constant and equation (2) can still be 
used.  
 
Tau was calculated at each time gate along the B field decay curve, using a second time 
gate further in the array.  This would most often be the next gate in the array, but if the 
difference of signal strength was below a difference threshold (i.e. could be affected by 
noise in the response) a time gate was chosen further along the curve.   If the signal fell 
below the system noise threshold, Ƭ was set to zero.  The maximum Tau along the curve 
was gridded. Spurious values near the transmitter loops were omitted from the gridding 
process. 
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Figure 11 shows the gridded response of the decay constant, with registered drill holes 
and CZ-1 and CZ-FZ-1 for reference. 
 

 
 

Figure 11 – Decay constant of ground TEM survey 
 
 
The axes of the profile crossovers have been delineated on the interpretation map. On 
lines 850E, 950E and 1050E there is an axis em2a that roughly correlates with sample 

site CZ-FZ-1 that had some pyrite mineralization.  The ratio of positive to negative 
response amplitude varies but generally suggests a steep dip. On line 850E the ratio is 
near 1 suggesting a steep but possibly northern dip towards the Tx Loop. On line 950 
the negative response predominates suggesting a steep dip to the south, away from the 
Tx Loop. At the southern end of these lines is a second crossover indicating a conductor 
em1 along the base of the Cliff. The negative response is only recorded by the last 

reading on lines 850E and 950E but on line 1050E is better defined by 3 measurements. 
The shape suggests a southerly dip, away from the transmitter. 
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On line 1100E there is a distinctive positive response at station 4850 with negative 
responses on either side extending to the north and south. This profile could be 
explained with two independent conductors, one on either side of the positive peak. The 
near constant response amplitude southward from station 4800 suggests a relatively flat-
lying conductor beneath this section of line. The amplitude of the response associated 
with the northern conductor diminishes northward toward the Tx Loop and may indicate 
a steep dip. The positive peak between conductors may be a combination of two 
anomalies and attributing all or part of the response to the northern or southern anomaly 
is speculative and makes dip estimates, based on the profile shape, uncertain. 
 
On lines 1200E to 1450E a broad negative response zone is evident. A conductor axis 
em2b has been delineated near the northern edge of the survey that may reflect the 
northern margin of a near flat-lying conductor, open to the south. This northern margin 
em2b appears to be a dislocated continuation of the axis em2a defined on the western 

three lines. A fault displacement may be the cause; however, line 1050E used Tx Loop 1 
and 1100E used Loop 2, a change that would energize the conductor with different 
emphasis. 
 
Overall the TEM survey suggests a broad conductive zone beneath the eastern part of 
the survey from line 1450E to 1100E with a time constant of 1 to 2 msec. Westward on 
lines 1050E to 850E the time constant diminishes and the northern margin may be 
displaced southward. A prominent conductor em1 with a time constant in excess of 10 
msec follows the southern end of lines 850E to 1100E, roughly coincident with the 
known mineralization of the Cliff Zone. The peak response on line 1050E lies east of the 
ground tested by drill holes 6, 7, 8 and 9 and west of drill hole 5. 
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6 INTERPRETATION AND RECOMMENDATIONS 
 
Typical conductivity values for a variety of minerals are summarized in the table below. 
Those noted in the River Jordan Cliff Zone area are highlighted. 
 
 
Mineral Conductivity (mhos/m) Resistivity (ohm-m) 

Millerite NiS 3333333.33 3.00E-07 
Niccolite NiAs 50000.00 2.00E-05 
Pyrrhotite FeS 10000.00 1.00E-04 
Arsenopyrite FeAsS 1000.00 1.00E-03 
Galena PbS 500.00 2.00E-03 
Chalcopyrite CuFeS2 250.00 4.00E-03 

Graphite C 100.00 1.00E-02 
Cassiterite SnO2 5.00 2.00E-01 

Pyrite FeS2 3.33 3.00E-01 

Magnetite Fe3O4 3.33 3.00E-01 

Hematite Fe2O3 0.10 1.00E+01 

Sphalerite ZnS 0.01 1.00E+02 
 
Clearly pyrrhotite might be the dominant contributor to a conductance anomaly and 
sphalerite the least significant of the four minerals noted. While an increase in 
conductance or time constant could reflect a higher percentage of pyrrhotite in the mix it 
can also reflect a larger thicker zone of all the minerals, a favourable target zone.  
 
The conductive zone em1 at the southern end of line 1050E is a recommended drill 

target. The eastern end, with the highest time constant, lies east of the older drill hole 6, 
7, 8, 9 and west of drill hole 5 and may reflect a higher thickness/grade of mineralization. 
The profile shape suggests a dip between vertical and 45 degrees south and thus would 
be ideally drilled from a location southwest of the conductor axis on line 1050E station 
4850N with an azimuth of about 30 degrees east of north. In light of the rugged terrain 
the collar location will be constrained and the hole dip and azimuth will have to be 
adjusted to accommodate the selected site. 
 
The conductor em2a and the possibly associated sample site CZ-FZ1 do not fit the 
simple synform model presented in the report 22029. The presence of a central 
conductor, aligned with the synform keel may be an indication that the anticline or “W” 
fold noted at the western end of the formation is also present in this central section. The 
conductor may have been cut by one of the prior drill holes 6, 7, 8, 9. The conductor axis 
is very close to the collar location and a small error in the registration of the geological 
compilation map could put the collar on the south side of the conductor where the holes 
would not intersect it. Determining accurate drill hole collar locations in UTM coordinates 
would resolve this uncertainty.  
 
The conductive zone, south of the axis/edge em2b may have been tested by drill hole 5. 
As with conductor em2a to the west, an extra conductor has been added to the two 
associated with the conceptualized folded layer 5s. If this conductor could be associated 
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with mineralization of interest it could be drill tested with a collar location near the 
southern end of line 1200E. 
 
The ground TEM data has been considered quite explicit in terms of defining a 
significant response for em1 at the southern end of line 1050E. It would be ideal to 

extend the lines to the south and north to fully define the response profiles but this is 
impractical in light of the terrain. The response on line 1100E and perhaps 1150E or 
1200E could be modelled to provide some additional insight about conductor attributes 
and depth. Since prior drilling intersected mineralization in this vicinity such modeling 
may be informative but not critical to drill testing the conductors. 
 

 
 
 

Respectfully submitted, 
 
 
 
 
 
 
______________________________ ____________________________ 
 

Steve Munro 
Geophysicist 
Scott Hogg & Associates Ltd. 
Toronto, Canada 
October 31, 2013 

R.L. Scott Hogg, P.Eng. 
President 
Scott Hogg & Associates Ltd. 
Toronto, Canada 
October 31, 2013 
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APPENDIX – MAP IMAGES 
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Airborne Total Magnetic Intensity 
 
 

 
 

Airborne Calculated Vertical Derivative 
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Airborne EM Profiles 
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Ground Decay Constant (Tau) 
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Ground Channel 6 Profile 
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Ground Channel 10 Profile 
 


