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IP/Resistivity and Magnetic Inversions

West Grid
Thundercloud Lake Property

NTS 52 7/F
Ontario

In July 2004, replotting and inversion of archived data was performed by JVX on 
behalf of Goldeye. The data was taken from a survey that JVX performed in 1996 
(JVX Ltd. ref. 9604) on the Thundercloud Lake Property. This property has 
several grids on it, and this report focuses on the West Grid exclusively. 
The grid was surveyed in 1996 using Time domain IP/Resistivity and Magnetic 
systems.The west grid is within claim number 1133986.

The IP/resistivity data from that survey were reprocessed and 2D inverted. The 
Magnetometer survey results were reprocessed and 3D inverted. 
The purpose of the modeling was to define the sources of the bodies causing the 
chargeability and magnetic anomalies. The susceptibility models were produced 
to help aid in locating faults.

1. INTRODUCTION
The IP/res data have been inverted using the DCIP2D software developed at
UBC. The results have been plotted as contoured depth sections on a line by line
basis.
The archived magnetic data were inverted using the MagSD software developed at
UBC. The results are presented as calculated susceptibility model plans of the
anomalous sources at depths from 12m to 312m .

2. GEOLOGY

The Thunder Cloud Intrusive is a hypabyssal quartz feldspar porphry intrusive 
(Thunder Cloud QFP) that intrudes a northwest trending mafic and felsic volcanic 
and sedimentary Archean assemblage.

The southwestern side of Thunder Cloud Lake consists of mafic pillowed basalts 
of the Sunshine Sub-Group which are intruded by the Thunder Cloud Lake QFP. 
The porphyry ridge rises very steeply away from the shore, at the edge of the 
lake at LO, near the north side of the grid. A drillhole was collared on this ridge in 
the porphyry. To the southwest, below the ridge there are several small pits that 
contain altered mafic basalt schists which are pyritized and have quartz 
carbonate veinlets. The man-made pits are on the side of a hill, and all are along 
approximately the same contour. The pits are at the contact of the mafic 
volcanics and the porphyry, and thus, the zone of alteration is related to the 
geological contact.
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3. INTERPRETATION OF MAGNETIC DATA

3.1 Magnetic Surveys Overview
The Thunder Cloud West Grid covers an airborne magnetic anomaly coinciding 
with the southwestern part of the Thunder Cloud Batholith. The airborne anomaly 
was covered with Spectral IP and magnetometer surveys. Survey results have 
been inverted to aid in the interpretation of the IP and magnetic data.

3.2 Magnetic Inversion Data
The airborne magnetic anomaly was resolved into two parts MH-1 and MH-2 by 
the ground total field survey. The objective of the inversion was to determine the 
depth extent of the main magnetic anomalies and to interpret structures 
associated with the magnetic anomaly.

Faults: two sets of faults have been interpreted from the magnetic data. One set 
of faults (F1, F2, F3) strike at 850and a second set (F4, F5, F6, F7) strike at 1450 .

3.3 Input data Magnetic Map
The input magnetic data contains two main magnetic anomalies labeled MH-1 
and MH-2. A third deeper magnetic anomaly MH-3 is located in the northeastern 
part of the grid under Thunder Cloud Lake.

Magnetic High MH-1 is composed of four magnetic zones labeled MH-1 NW, MH- 
1SW, MH-1 North and MH-1 South. MH-1 South and MH-1 North join on line 
100E.

MH-2 is composed of two magnetic zones labeled MH-2W and MH-2E.

3.4 Magnetic Inversion Level Plan: Depth = 12m.
The inversion appears to be noisy. The shallow magnetic source may be altered 
to destroy some of the magnetite. This is not surprising, in our experience the 
strong magnetics observed in the raw data comes from a deeper source.

The susceptibility range is from -.0051 SI to 0.0045 SI.

Magnetic High MH-1-NW has been divided into two sources MH-1NW-1, and 
MH-1NW-2 are separated by fault F-7.

Results suggest the magnetic High MH-1 North has a vertical dip and a 
susceptibility of .0045 SI at a depth of 12m between lines 200W to 50W.

Magnetic High MH-1 SW also has a vertical dip and a susceptibility of .0045 SI at 
a depth of 12m between lines 350W to 200W.
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Magnetic High MH-1 South as a susceptibility of .0045 SI at a depth of 12m 
between 90W and 110W with a vertical dip. This represents the shallowest point 
on the source of MH-1.

Magnetic High MH-2 W has a susceptibility of .0045 SI at a depth of 12m 
between 400W and 475W with a vertical dip. This represents the shallowest point 
on the source of MH-2 West.

Magnetic High MH-2 E has a susceptibility of .0045 SI at a depth of 12m between 
75W and 125W with a vertical dip. This represents the shallowest point on the 
source of MH-2 East.

3.5 Magnetic Inversion Plan Section: Depth = 122m.
The inversion sources are now starting to form cohesive bodies with higher 
susceptibility (0.12 SI).

The susceptibility range is from -.0691 SI to 0.123 SI a significant increase.

Magnetic High MH-1-NW is still made up of two sources MH-1NW-1 and MH- 
1NW-2 by fault F-7.

Magnetic High MH-1-North has reached a susceptibility of .12 SI at a depth of 
122m at 175W and a .06 SI between lines 250W to 150W with a vertical dip.

Magnetic High MH-1 SW has reached a susceptibility of .06 SI at a depth of 
122m at 250W with a vertical dip.

Magnetic High MH-1 South has reached a susceptibility of .06 SI at a depth of 
122m between 90W and 110W with a vertical dip.

Magnetic High MH-2 W has reached a susceptibility of 0.14 SI at a depth of 
122m at 250W and .06 SI between 450W and 250W with a vertical dip.

Magnetic High MH-2 E has reached a susceptibility of .10 SI at a depth of 122m 
between 60W and 1 SOW with a vertical dip.

Magnetic High MH-3 has started to appear at a depth of 122m. The source is 
under the lake and therefore it was not observed in the 12m deep plan section. 
MH-3 has reached a susceptibility of 0.06 SI at a depth of 122m between 60W 
and 130W with a vertical dip.

3.6 Magnetic Inversion Plan Section: Depth = 212m.
The inversion sources are now shifting their location and l or being cut off.

The susceptibility range has increased to -0.07 to 0.125
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Magnetic High MH-1-NW has weakened with MH-1NW-2 continuing to depth.

Magnetic High MH-1 -North has weakened considerably it may have dipped to the 
south and merged with MH-1 South.

Magnetic High MH-1 SW has decreased in amplitude and size suggesting the 
sources bottom is close to 212m deep.

Magnetic High MH-1 South has reached a susceptibility of .122 SI at a depth of 
212m between 150E and 130W with a vertical dip. MH-1 South may have 
merged at depth with MH-1 North.

Magnetic High MH-2 W has reached a susceptibility of 0.16 SI at a depth of 
212m at 225W and .08 SI between 400W and 250W with a vertical dip.

Magnetic High MH-2 E has decreased to a susceptibility of .04 SI at a depth of 
212m between at 100W indicating the source has a bottom near 212m.

Magnetic High MH-3 continues to depth at 212m.The source has increased in 
size and in susceptibility. MH-3 has reached a susceptibility of 0.12 SI at a depth 
of 212m between 250E and 300E the eastern limit of the survey.

3.7 Magnetic Inversion Plan Section: Depth - 312m.
The inversion sources are becoming poorly defined indicating the non-magnetic 
Thunder Cloud intrusive may be cutting off the magnetic anomaly at depth.

The susceptibility range has increased to -0.0934 to 0.16

Magnetic Highs MH-1-NW-1 and MH-1-NW-2 terminate before 312m.

Magnetic High MH-1-North does not reach 312m.

Magnetic High MH-1 SW has a susceptibility if .14 at a depth of 312m between 
125Wand225W.

Magnetic High MH-1 South has reached a susceptibility of .16 SI at a depth of 
312m between OE and 100W with a vertical dip. MH-1 South may have merged 
at depth with MH-1 North.

A new high (0.16 SI) susceptibility source is located at 300S between 50E and 
300E.

Magnetic High MH-2 W has decreased to a susceptibility of 0.14 SI at a depth of 
312m between 250W and 425Wwith a susceptibility of .06 SI. The source 
appears to be cut off near 312m.



V X
Magnetic High MH-2 E does not exist at 312m.

Magnetic High MH-3 continues to depth at 312m.The source has increased in 
size and in susceptibility. MH-3 has reached a susceptibility of 0.14 SI at a depth 
of 312m between 100E and 300E the eastern limit of the survey.

3.8 Summary of Magnetic Susceptibility:
Several of the magnetic sources appear to be cut off at depth by the Thunder
Cloud intrusive.
Sources are well defined at a depth of 212m.

Faults as interpreted from the magnetic data disrupt up the magnetic sources into 
different blocks. The hydrothermal system associated with the Thunder Cloud 
intrusive also will contribute to destruction of the magnetite. The faults could act 
as a plumbing system for hydrothermal fluids that could deposit gold 
mineralization.

The magnetic anomaly is important as an exploration target because there is 
also a magnetic anomaly associated with the Phelam located deposit on the 
northern part of the Thunder Cloud intrusive.

4. IP INTERPRETATION OF THE JVX SPECTRAL PARAMETERS
JVX has reprocessed the l PR-1 2 IP data to obtain spectral IP parameters 
utilizing the Soft M software, (see appendix 1). The IPR-12 spectral IP parameters 
have a fixed c parameter that in JVX's experience the IPR-12 MIP does not have 
the dynamic range of the Soft II MIP. The JVX MIP parameters have been 
calculated so that high MIP parameters associated with abundant fine-grained 
mineralization can be associated with gold mineralization can be targeted.

4.1 Line 300E
IP Anomaly at 1+25S to 1+75S
A very weak deep IP anomaly associated with a very weak resistivity high and a 
weak magnetic high (MH-3). The anomaly coincides with Thunder Cloud Lake 
resulting in a small amplitude response much weaker response than would occur 
on land. The JVX MIP is 71mVA/ @ n=3. (The IPR-12 MIP was 144mV7V)

Inversions were not done on line 300E because the values were so low.
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4.2 Line OE
IP Anomaly at 1+OOS to 1+25S
This is a medium strength anomaly associated with a weak resistivity high and a 
weak magnetic high. A sample taken near this anomaly returned a value of 5.4g7t 
Au. The JVX MIP is 269mVA/ @ n=3, The IPR-12 MIP was 113mVA/. The MX 
chargeabilities and corresponding MIP are lower due to thicker overburden 
relative to the lines further to the west.

IP Inversion source at 1+OOS.

A weak shallow chargeability source with associated resistivity high occurs at 
100S.

IP Anomaly at 2+OOS to 2+25S
A medium strength anomaly associated with a weak resistivity high. The JVX 
MIP is 219mVA/ @ n=2. The IPR-12 MIP was 107mV7V. The anomaly occurs at 
the northern contact of MH-1-North at the intersection of faults F7 and F8.

IP Inversion source at 2+OOS.

A moderate shallow chargeability source with an associated weak resistivity high 
occurs at 200S.

IP Anomaly at 4+OOS to 4+25S
A weak IP anomaly located on the south contact of MH-1-South at the 
intersection of F2 and F6. The JVX MIP is 125mVA/ @ n=2. The IPR-12 MIP was 
98 mV/V.

The IP Inversion did not locate a chargeability source at 4+25S.

IP Anomaly at 5+50S to 5+75S
A medium strength anomaly associated with a resistivity high located east of 
MH02 East near an outcrop containing QFP (quartz feldspar porphyry). The JVX 
MIP is 257mVA/ @ n^. The IPR-12 MIP was 585mVA/ that is likely caused by 
noisy data.

IP Inversion source at 5+75S.

A weak shallow chargeability source with an associated resistivity high occurs at 
5+75S.

IP Anomaly at 7+OOS to 7+25S
A medium strength anomaly is associated with a weak resistivity high near fault 
F-5. The JVX MIP is 384mV7V @ 0=1. The IPR-12 MIP was 277mVA/.
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IP Inversion source at 7+OOS.

A moderate chargeability source with an associated resistivity high occurs at 
7+OOS in an area of low magnetics with outcrops of QFP. The inversion indicates 
a flat lying resistivity high occurs at a depth of 80m that could be the QFP 
associated with the Thunder Cloud intrusive.

4.3 Line 1+OOW
IP Anomaly at 0+75S to 1+OOS
A medium strength anomaly associated with a resistivity high and a weak
magnetic high. Also a QFP outcrop is located at 1+OOS. The JVX MIP is
412mVA/ @ n=2. (The IPR-12 MIP was 241 mV/V). Fault F-7 is located at 1+OOS.

IP Inversion source at 0+75S.

A moderate shallow chargeability source with an associated resistivity high
occurs at 0+75S.
The inversion indicates that the chargeability anomalies at 1+OOS and at 1+50S
are caused by a single source at 0+75S. A spectral IP target is located at 1+50S
but an inversion of an early slice M3 will give a better location for this anomaly
source.

IP Anomaly at 1+25S to 1+50S
A strong chargeability anomaly associated with a narrow resistivity high occurs 
on the north contact of MH-1 North. The JVX MIP is 595mVA/ @ n=5. (The IPR- 
12 MIP was 260mVA/.)

With a JVX Spectral IP of 595mVA/, this represents a high priority Spectral IP 
target. The associated resistivity high is indicative of a narrow silicified zone 
favourable for gold mineralization. The high MIP and a short time constant is 
indicative of a significant amount of fine-grained sulphides, which makes this is a 
high priority gold target.

Recommendation: A program of stripping followed up by drilling is recommended 
on this target.

IP Inversion source.

The inversion indicates that the chargeability anomalies at 1+OOS and at 1+50S 
are caused by a single source at 0+75S. A spectral IP target is located at 1+50S 
but an inversion of an early slice M3 will give a better location for this anomaly 
source.

IP Anomaly at 2+OOS to 2+25S
A moderate chargeability anomaly associated with a weak resistivity high 
correlates with MH-1 North. The JVX MIP is 544mVA/ @ n=4. The IPR-12 MIP 
was 229mVA/.
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Fault F-3 is located close to a resistivity low which would be associated with a 
fault.

High JVX Spectral MIP of 544mVA/ rates this as a good Spectral IP target 

IP Inversion source at 2+OOS.

A moderate shallow chargeability source located on the south flank of a resistivity 
high. The inversion indicates that the observed chargeability anomalies at 2+OOS 
and at 2+75S are caused by a single source at 2+OOS. A spectral IP target is 
located at 2+25S but an inversion of an early slice M3 will give a better location 
for this anomalous source. 0 o O ^ A i
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IP Anomaly at 2+50S to 3+OOS
A strong chargeability anomaly associated with a weak resistivity high correlates 
with MH-1 North. The JVX MIP is 294mV7V @ n=4. The IPR-12 MIP was 
267mVA/. The IPR-12 calculated a line of high MIP that could be the result of 
noisy data caused by high contact resistance.

Fault F-3 is located close to a resistivity low that would be associated with a fault. 

The JVX Spectral IP of 544mVA/ rates this as a good Spectral IP target

IP Inversion source
The two anomalies from 200S to 225S and 250S to 275S represent one source
at 200S after inversion.

IP Anomaly at 3+50S to 3+75S
A strong chargeability anomaly associated with a weak resistivity high correlates 
with MH-1 South in an area of QFP outcrop. The JVX MIP is 386mVA/ @ n=2. 
The IPR-12 MIP was 409mVA/. The IPR-12 calculated a line of high MIP that 
could be the result of noisy data caused by high contact resistance.

A geochemical anomaly of 46 ppb Au occurs at 400S.

IP Inversion source at 3+50S.
A moderate small chargeability source located on the north side of a moderate 
chargeability source located at 400S correlates with a resistivity high and MH-1 
South. A resistivity high source is located at 3+75S.

IP Anomaly at 4+OOS to 4+25S
A strong chargeability anomaly with an associated resistivity high correlates with 
the south contact of MH-1 South in an area of QFP outcrop. The JVX MIP is 
378mVA/ @ n=2. The IPR-12 MIP was 282mVA/. The previous MIP of 742mV7V 
is likely caused by high contact resistivity at the receiver.
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IP Inversion source at 4+OOS.

A moderate chargeability source correlates occurs on the south contact of a high 
resistivity inversion source at 3+75S.

IP Anomaly at 6+OOS to 6+25S
A moderate chargeability anomaly correlates with the south contact of MH-2 East 
near a soil geochemistry value of 26ppb Au near the intersection of faults F1 and 
F5. The JVX MIP is 371 mV/V @ n=2. The IPR-12 MIP was 193mVA/.

The anomaly occurs at the contact of a low resistivity area 3,000 ohm-m between 
3+50S and 6+50S and high resistivity of 7,000 ohm-m between 6+50S to 8+50S.

IP Inversion source at 5+50S.

A weak IP inversion source is located at 5+50S; it does not have much depth 
extent.

IP Anomaly at 7+50S to 7+75S
A moderate chargeability anomaly occurs in a magnetic low area.

IP Inversion source at 7+75S.

A weak IP inversion source is located at 7+75S; it correlates with a resistivity 
high.

4.4 Line 400W
IP Anomaly at 2+50S to 2+75S
A very strong chargeability anomaly occurs on the north contact of a resistivity 
high. The anomaly occurs on the south shore of Thunder Cloud Lake, 25m south 
of the location of F-3 intersects line 4+OOW. The JVX MIP is 520mVA/ @ n=3. 
(The IPR-12 MIP was 423mVA/) with long time constants (JVX) indicating a 
moderate to long grained source.

IP Inversion source at 2+50S.

A strong shallow chargeability source with a shallow resistivity high occurs at
2+50S.
The inversion indicates that the chargeability anomaly is associated with a
resistivity low at depth.

IP Anomaly at 4+50S to 4+75S
A strong chargeability anomaly correlates with a resistivity low occurring in a high 
resistivity environment.
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The JVX MIP is 663mVA/ @ n=4. (The IPR-12 MIP was 331 mV/V. The JVX tau 
was 10 indicating a fine to moderate grained or linked source.

IP Inversion source at 3+55S.
This is a strong shallow chargeability source with a weak increase in resistivity
increase at depth.

IP Anomaly at 5+75S to 6+50S
A very strong chargeability anomaly correlates with a resistivity high and MH-2 
West. The JVX MIP is 596mVA/ @ r^1. (The IPR-12 MIP was 496mVA/.) The 
JVX tau was 30sec indicating a moderate to coarse-grained source.

IP Inversion source at 6+50S.
This is a very strong shallow chargeability source in a high resistivity 
environment. The inversion indicates that the chargeability source extends from 
5+50S to 7+25S.

IP Anomaly at 9+OOS to 9+25S
A strong chargeability anomaly correlates with a decrease in resistivity in a high 
resistivity environment.The JVX MIP is 358mVA/ @ 0=1. (The IPR-12 MIP was 
325mV7V.) The JVX tau was 3 sec indicating a fine to medium grained source.

IP Inversion source at 9+OOS.
A strong shallow chargeability source with a limited depth extent occurs on the
north side of a inversion resistivity high.

4.5 Line 600W
IP Anomaly at 1+75S to 2+OOS
A very strong chargeability anomaly occurs on the north contact of a resistivity 
high. The anomaly occurs on the south shore of Thunder Cloud Lake where F-3 
intersects line 6+OOW at this location. The JVX MIP is 420mVA/ @ n=2. The IPR- 
12 MIP was 463mVA/ with short time constants indicating a fine grained source.

IP Inversion source at 2+OOS.
A strong shallow chargeability source with an associated resistivity high occurs at
1+80S.
The inversion indicates that the chargeability anomaly is associated with a
resistivity low.

IP Anomaly at 4+50S to 4+75S
A very strong chargeability anomaly correlates with a resistivity low occurring in a 
high resistivity environment.

The JVX MIP is 581 mV/V @ n=2. The IPR-12 MIP was 479mVA/. The JVX tau 
was 100 sec indicating a coarse grained or linked source.

IP Inversion source at 4+50S.

10
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A very strong shallow chargeability source with a weak increase in resistivity. The 
inversion indicates that the chargeability source extends from 400S to 6+50S.

IP Anomaly at 6+25S to 6+25S
A strong chargeability anomaly correlates with a resistivity high.

The JVX MIP is 432mVA/ @ n=2. The IPR-12 (MIP was 385mVA/.) The JVX tau 
was 100sec indicating a coarse grained or linked source.

IP Inversion source at 6+50S.
A very strong shallow chargeability source with a weak decrease in resistivity.
The inversion indicates that the chargeability source extends from 400S to
6+50S.

IP Anomaly at 7+OOS to 7+25S
A strong chargeability anomaly correlates with a decrease in resistivity in a high 
resistivity environment.

The JVX MIP is 445mVA/ @ [1=1. (The IPR-12 MIP was 325mVA/.) The JVX tau 
was 100 sec indicating a coarse grained or linked source.

IP Inversion source at 7+OOS.
A strong shallow chargeability source with a limited depth extent occurs on the
north side of an inversion resistivity high.

5.CONCLUSIONS AND RECOMMENDATIONS

The JVX spectral IP parameters targeted two new targets with good Spectral 
parameters for chargeability sources that may be associated with gold 
mineralization. The sources are located at 1W/2+OOS to 2+25S and a second at 
1 W/ 2+50S to 3+OOS are priority for follow-up.

The IP inversions have provided better definition of the closely-spaced 
chargeability sources observed in the pseudosections. This is especially true at 
100W/250S where the inversion has resolved the multiple chargeability sources 
into one source.

The IP/Resistivity and the magnetic inversions suggest that the Thunder Cloud 
Porphyry may have a shallow dip under the basalt in the southwestern corner of 
Thunder Cloud Lake. The magnetic inversions suggest the depth extent of the 
magnetic source is on the order of 312m.

The structural fault interpretation from the magnetic data identified an orthogonal 
set of faults with the mineralization occurring at the intersection of two fault sets. 

le. F-8/F-7, F-1/F-5.

11
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Additional lines of IP are required to allow better correlation of the chargeability 
anomalies.

Where the recommended IP anomalies are associated with geochemical 
anomalies, a striping and geological mapping program is warranted.

If you have any questions please contact the undersigned.

jv;

Maine Webster, PGEO. 
President

SLAINE R. WEBSTER 
PRACTISING MEMBER

12



Appendix 1 
Survey, Data Processing and Presentation

Time domain induced polarization (IP)7resistivity and magnetic surveys were 
conducted on the Thundercloud property's West grid in 1996. In July 2004, the 
data were reprocessed, and replotted. Inversion modeling was performed on some 
of the reprocessed data to assist on the interpretation.

Personnel

Alexandra Savic performed the MAG3D inversion and plotted that data. 
Alex Jelenic plotted the pseudosections and performed the DCIP2D inversion.

Instrumentation

Scintrex IPR12 time domain receiver.

For each potential electrode pair, the IPR12 measures the primary voltage 
(Vp) and the ratio of secondary to primary voltages (Vs/Vp) at 11 points on the IP 
decay (2 second current pulse). These 11 points (or slices or windows) are 
labeled MO to M10. There is the option for an additional user defined slice (Mx). 
Units of measurement are millivolts (Vp) and milliVolts/Volt (mV/V) for MO to M10 
and MX. Time settings are

Vp:200to 1600msec
MO centerec at 60 msec (50 to 70)
M1 centered at 90 msec (70 to 110)
M2 centered at 130 msec (110 to 150)
M3 centered at 190 msec (150 to 230)
M4 centered at 270 msec (230 to 310)
M5 centered at 380 msec (310 to 450)
M6 centered at 520 msec (450 to 590)
M7 centered at 705 msec (590 to 820)
M8 centered at 935 msec (820 to 1050)
M9 centered at 1230 msec (1050 to 1410) 
M10 centered at 1590 msec (1410 to 1770)
MX centered at 870 msec (690 to 1050)

The apparent resistivity is calculated from Vp, the transmitted current and 
the appropriate geometric factors. MO to M10 define the IP decay curve. The M8 
or MX slice is commonly presented in contoured pseudosections.

JVX has chosen the above settings for MX in order to better reflect an IP 
measurement (M7) from the older Scintrex IPR11 time domain receiver. In IPR11 
surveys from the 1980s, this chargeability window was most often plotted and 
experience gained is based in part on this measurement.

The IPR12 also calculates the theoretical decay that best fits the 
measured decay. The theoretical decay is based on the Cole-Cole impedance



model developed in the 1970s. The fit is based on a set of theoretical master 
curves with restrictions that limit the value of the calculation. JVX uses a different 
method to calculate impedance parameters (see below).

Scintrex IPC-7 2.5 kW time domain transmitter

This transmitter is powered by an 8 hp motor generator and produces a 
commutated square wave current output with current on times of 2, 4, 8, or 16 
seconds. A 2 second current pulse was used (base frequency of .125 Hz). Output 
current is stabilized to within  0.1 07o for up to 5007o external load or   10 07o input 
voltage variations. Voltage, current and circuit resistance are displayed in analog 
and digital form.

Scintrex IGS-2 magnetometers

A Scintrex IGS-2 magnetometer was used to measure the total field magnetics. 
The Scintrex IGS system was used. This is a proton precession system. 
Readings are recorded digitally and downloaded to a computer. Diurnal 
corrections were also carried out using base station data collected at the same 
time from a magnetically "quiet" area.

1996 Survey

The pole-dipole array was used in the IP/resistivity survey. This 
combination array uses 6 potential electrode pairs, with readings taken every 
25m. As the shape of IP anomalies in pole-dipole surveys depends on the 
orientation of the array, the current - potential electrode orientation is fixed for 
any survey grid. Over the West grid, the potential electrodes were always laid out 
to the north of the current electrode.

A magnetometer survey was also carried out. The total field (nT) readings 
were taken every 12.5 m. A base station was used to the data.

Data Processing
In the JVX office, data processing and plotting are based in large part on 

the Geosoft Sushi (IP pseudosections) and Oasis Montaj V4.1 geophysical data 
processing systems (see www.geosoft.com). Impedance modelling software (see 
below) is based on a suite of programs, originally developed by Scintrex and later 
modified by JVX. The compilation map was prepared using AutoCAD drafting 
software (see www.autodesk.com).

The pseudosections are plotted using standard depth and position 
conventions. These plot forms have been found to give a reasonable image of 
target location, width and depth where 1) the anomalously chargeable and/or 
resistive body is an isolated, near-vertical tabular body, 2) where background 
chargeabilities and resistivities (overburden and host rock) are uniform and 3) 
where the terrain is relatively flat. They are more difficult to interpret for irregular 
or nearby chargeable bodies and areas where there is any amount of conductive



cover or topographic relief. Forward or inverse modelling may be useful in such 
cases.

Colour contours in the pseudosections are assigned by equal area 
distribution for each individual pseudosection. Minor line to line changes in colour 
assignment may occur.

Plan maps of the IP/res, and magnetics data are assigned grid colours 
based on equal area distribution.

Impedance Modelling

The Cole-Cole impedance model was developed in the 1970s after it became 
clear that chargeability is not a simple physical property like resistivity. Field 
studies revealed it to be a complex physical property that involves at least three 
physical characteristics of the chargeable body. In this model, the low frequency 
electrical impedance - Z(w) - of rocks and soils is defined by 4 parameters. They 
are

r0 : DC resistivity in ohm.m
m : true chargeability amplitude in V/V
tau : time constant in seconds
c: exponent 

The form of the model is given by
Z(co) = r0 {1 - m [1 - (l+OcoT)0)-1 ]} ohm.m 

where w is the angular frequency (2Trf).
The true chargeability is a better measure of the volume percent electronic 

conductors (some metallic sulphides, magnetite, graphite). The time constant is a 
measure of the square of the average grain size. The exponent is a measure of 
the uniformity of the grain size. Common or possible ranges are O to 1 (m), .001 
to 1000 seconds (tau) and .1 to .5 (c).

In time domain IP surveys, impedance model parameters may be 
estimated using a best fit between theoretical and measured decays. (Johnson, 
l.M., 1984, Spectral induced polarization parameters as determined through time- 
domain measurements: Geophysics, 49,pp. 1993-2004). Software to affect this 
best fit was developed by Scintrex for the IPR11 in the 1980s. In order to use this 
software, the IPR11 decay is interpolated from the IPR12 decays.

Impedance model parameters are only apparent. Resistivity and true 
chargeability amplitudes are subject to the effects of array geometry, target 
shape, size and attitude, geometric and physical attenuation. The apparent time 
constant and c values are less affected by geometric effects.

Magnetics Inversion

1) In 1996,the magnetic data were diurnally corrected using JVX Ltd in house 
software.
2) Plan maps of the magnetic data were produced using the GEOSOFT 
Mapping package
3) Using the UBC MAG3D magnetic inversion software detailed magnetic 
susceptibility was generated using a grid cell size 25 m. See appendix for details.



4)The results are presented as level plan maps at various depths.

IP/res Inversion
1) The instrument format data was converted to UBC .dat input files.
2) The data were examined and checked for errors.
3) The DC potentials were inverted to produce a conductivity model. This 

model was then used to invert the IP data.
4) The results were formatted into Geosoft .xyz files.using JVX inhouse 

software. Selected level plans were then plotted using Geosoft software.



l PR-12 Time Domain Induced Polarization/Resistivity Receiver

Specifications

Inputs
1 to 8 dipoles are measured simultaneously.

Input Impedance
16 Megohms

SP Bucking
+10 volt range. Automatic linear correction 
operating on a cycle by cycle basis.

Input Voltage (Vp) Range
50 uvolt to 14 volt

Chargeability (M) Range
O to SOOmillivolt

Tau Range
1 millisecond to 1000 seconds

Reading Resolution of Vp, SP and M
Vp, 10 microvolt; SP, 1 millivolt; M, 0.01 
millivolt/volt

Absolute Accuracy of Vp, SP and M
Better than 1 07o

Common Mode Rejection
At input more than 100db

Vp Integration Time
10070 to 800Xo of the current on time.

IP Transient Program
Total measuring time keyboard selectable 
at 1, 2, 4, 8, 16 or 32 seconds. Normally 
14 windows except that the first four are 
not measured on the 1 second timing, the 
first three are not measured on the 2 sec 
ond timing and the first is not measured on 
the 4 second timing. (See diagram on 
page 2.) An additional transient slice of 
minimum 10 ms width, and 10ms steps, 
with delay of at least 40 ms is keyboard 
selectable.

Transmitter Timing
Equal on and off times with polarity change 
each half cycle. On/off times of 1, 2, 4, 8, 
16 or 32 seconds. Timing accuracy of 
 100 ppm or better is required.

External Circuit Test
All dipoles are measured individually in 
sequence, using a 10 Hz square wave. 
The range is O to 2 Mohm with O.lkohm 
resolution. Circuit resistances are dis 
played and recorded.

Synchronization
Self synchronization on the signal received 
at a keyboard selectable dipole. Limited to 
avoid mistriggering.

Filtering
RF filter, 10 Hz 6 pole low pass filter, sta 
tistical noise spike removal.

Internal Test Generator
1200 mV of SP; 807 mV of Vp and 30.28 
mV/V of M.

Analog Meter
For monitoring input signals; switchable to
any dipole via keyboard.

Keyboard
17 key keypad with direct one key access 
to the most frequently used functions.

Display
16 lines by 42 characters, 128 x 256 dots, 
Backlit Liquid Crystal Display. Displays 
instrument status and data during and after 
reading. Alphanumeric and graphic dis 
plays.

Display Heater
Available for below -15'C operation.

Memory Capacity
Stores approximately 400 dipoles of infor 
mation when 8 dipoles are measured 
simultaneously.

Real Time Clock
Data is recorded with year, month, day,
hour, minute and second.

Digital Data Output
Formatted serial data output for printer and 
PC etc. Data output in 7 or 8 bit ASCII, 
one start, one stop bit, no parity format. 
Baud rate is keyboard selectable for stan 
dard rates between 300 baud and 51.6 
kBaud. Selectable carriage return delay to 
accommodate slow peripherals. Hand 
shaking is done by X-on/X-off.

Standard Rechargeable Batteries 
Eight rechargeable Ni-Cad D cells. 
Supplied with a charger, suitable for 
110/230V, 50 to 60 Hz, 10W. More than 
20 hours service at -t-25'C, more than 8 
hours at -30"C.

Ancillary Rechargeable Batteries
An additional eight rechargeable Ni-Cad D 
cells may be installed in the console along 
with the Standard Rechargeable Batteries. 
Used to power the Display Heater or as 
back up power. Supplied with a second 
charger. More than 6 hours service at
-30'C.

Use of Non-Rechargeable Batteries 
Can be powered by D size Alkaline batter 
ies, but rechargeable batteries are recom 
mended for longer life and lower cost over 
time.

Operating Temperature Range
-30'C to *50'C

Storage Temperature Range
-30'C to *50'C

Dimensions
Console: 355 x 270 x 165 mm 
Charger: 120 x 95 x 55mm

Weights
Console: 5.8 kg
Standard or Ancillary Rechargeable
Batteries: 1.3 kg
Charger: 1.1 kg

Transmitters available 
IPC-9 200 W 
TSQ-2E 750 W 
TSQ-3 3 kW 
TSQ-4 10kW

In Canada

222 Snidercroft Rd. 
Concord, Ontario 
Canada, L4K1B5

In the U.S.A.

85 River Rock Drive 
Unit # 202 
Buffalo, N.Y. 
U.S.A. 14207

l PR-12/94

Tel.: (905)669-2280 
Fax: (905) 669-6403 
Telex: (905) 06-964570

Tel.: 
Fax:

(716)298-1219 
(716)298-1317



IPC-7/2. lnduced Polarization 
and Commutated DC 
Resistivity Transmitter 
System

VOLT ADJ. STOP ON

Function

She l PC-7/2.5 kW is a medium power 
transmitter system designed for time do 
main induced polarization orcommutated 
DC resistivity work. It is the standard power 
transmitting system used on most surveys 
under a wide variety of geophysical, 
topographical and climatic conditions.

The system consists of three modules: A 
Transmitter Console containing a 
transformer and electronics, a Motor 
Generator and a Dummy Load mounted in 
the Transmitter Console cover. The purpose 
of the Dummy Load is to accept the Motor 
Generator output during those parts of the 
cycle when current is not transmitted into 
the ground, in order to improve power out 
put and prolong engine life.

The favourable power-weight ratio and com 
pact design of this system make it portable 
and highly versatile for use with a wide 
variety of electrode arrays.

Features

Maximum motor generator output, 2.5 kW; 
maximum power output, 1.85 kW; maximum 
current output, 10 amperes; maximum 
voltage output, 1210 volts DC.

Removable circuit boards for ease in servic 
ing.

Automatic on-off and polarity cycling with 
selectable cycling rates so that the op 
timum pulse time (frequency) can be 
selected for each survey.

The overload protection circuit protects the 
instrument from damage in case of an 
overload or short in the current dipole cir 
cuit.

The open loop circuit protects workers by 
automatically cutting off the high voltage in 
case of a break in the current dipole circuit.

Both the primary and secondary of the 
transformer are switch selectable for power 
matching to the ground load. This ensures 
maximum power efficiency.

The built-in ohmmeter is used for checking 
the external circuit resistance to ensure 
that the current dipole circuit is grounded 
properly before the high voltage is turned 
on. This is a safety feature and also allows 
the operator to select the proper output 
voltage required to give an adequate current 
for a proper signal at the receiver.

The programmer is crystal controlled for the 
very high stability required for broadband 
(spectral) induced polarization 
measurements using the Scintrex IPR-11 
Broadband Time Domain Receiver.



Technical 
Description of 
IPC-7/2.5 kW 
Transmitter System

Transmitter Console

Complete 2.5kW induced polarization system 
including motor-generator, reels with wire, tool kit, 
porous pots, simulator circuit, copper sulphate 
IPR-8 receiver, dummy load, transmitter, electrodes 
and clips.

IPC-7 /2.5kW transmitter console with lid and 
dummy load

T T

T T

Ttme Domain Waveform

Maximum Output Power 1.85 kW maximum, defined as VI when cur 
rent is on, into a resistive load

Output Current 10 amperes maximum

Output Voltage 

Automatic Cycle Timing 

Automatic Polarity Change

Pulse Durations

Switch selectable up to 1210 volts DC 

T:T:T:T; on:off:on:off

Each 2T

Voltage Meter

Current Meter

Period Time Stability

Operating Temperature Range

Overload Protection

Open Loop Protection 

Undervoltage Protection

Dimensions

Weight 

Shipping Weight

Standard: T = 2,4 or 8 seconds, switch
selectable
Optional: T zz 1,2,4 or 8 seconds, switch
selectable
Optional: 1 = 8,16,32 or 64 seconds, switch
selectable

1500 volts full scale logarithmic

Standard: 10.0 A full scale logarithmic 
Optional: 0.3, 1.0, 3.0 or 10.0 A full scale 
linear, switch selectable

Crystal controlled to better than .01 "/o 

-30 0 C to *55"C

Automatic shut-off at output current above 
10.0 A

Automatic shut-off at current below 100 mA

Automatic shut-off at output voltage less 
than 95 V

280 mm x 460 mm x 310 mm 

30kg

41 kg includes reusable wooden crate

Motor Generator

Maximum Output Power 

Output Voltage 

Output Frequency

Motor

Weight 

Shipping Weight

2.5 kVA, single phase

110 VAC

400 Hz

4 stroke, 8 HP Briggs k Stratton 

59kg

90 kg includes reusable wooden crate

SCIIMTREX 222 Snidercroft Road 
Concord Ontario Canada 
L4K 1B5

Telephone: (416) 669-2280 
Cable: Geoscint Toronto 
Telex: 06-964570

Geophysical and Geochemical 
Instrumentation and Services



Scintrex has used low power con 
sumption microprocessors and high 
density memory chips to create the 
IGS Integrated Portable Geophysical 
System; instrumentation which will 
change the way you do ground 
geophysics.

Here are the main benefits which you 
will derive from the IGS family of in 
strumentation:

1. Depending on your choice of 
optional sensors you can make one, 
two or all of: magnetic, VLF and 
electromagnetic measurements. 
Thus, you may optimize the IGS 
system for different geophysical 
conditions and production 
requirements.

2. You will save time and money in the 
acquisition, processing and presen 
tation of ground geophysical survey 
data.

3. You will achieve an improvement in 
the quality of data through enhanced 
reading resolution, an increase in 
the number of different parameters 
measured and/or a higher density of 
observations. Further, errors which 
occur in manual transcription and 
calculation will be eliminated.

4. Your operator will appreciate the 
simplicity of operation achieved 
through automation.

5. Since add-on sensors are relatively 
less expensive, your investment in a 
range of IGS instrumentation may be 
much less than it would be with a 
number of different instruments, 
each dedicated to a different 
measurement.

The Scintrex IGS 2/MP 4A/LF-4/EM-4 permits one operator to efficiently measure magnetic. VLF 
and EM fields and to record data in computer compatible solid-stale memory



Typical Comments of 
IGS Users of the Scintrex 
Integrated Portable 
Geophysical System Brief Description

"The two main advantages are the abili 
ty to take readings faster at much 
closer spacing and the ease in the cor 
rection of the data."

"Compared with analog instrumenta 
tion, the reading accuracy is 
demonstrably better and for multi- 
parameter measurements, the reading 
speed is much greater."

"We will probably add the VLF E-field 
capability next year to help 
discriminate overburden responses and 
get resistivity information."

"We can take two stations of VLF data 
in the time it takes to read and record 
one with the EM-16."

"l would estimate that IGS VLF dip 
angles are accurate to   7/2" or better, 
whereas analog units are   l" with a 
good operator and  3 0 with an inex 
perienced one.".

"l estimate that the IGS has reduced 
the cost of a combined mag/VLF 
survey by 50 07o. Regardless of line and 
station spacing, an IGS operator can 
survey approximately two-thirds as 
much as two operators on two in 
struments. In addition, with our in- 
house computer and plotting facilities, 
manual data entry is eliminated."

The above statements were all made by 
experienced exploration geophysicists 
and are documented in Scintrex' files.

The heart of the Scintrex Integrated 
Portable Geophysical System is the 
IGS-2 System Control Console. This in 
strument contains a powerful CMOS 
microprocessor, EPROM and RAM 
memory and peripheral electronics 
which permit a single operator to ex 
ecute three major functions. First, he 
can control a variety of sensors, either 
individually or in combination. Second, 
at the push of a button, he can record 
data in solid-state memory. Then, at the 
end of a day's surveying, he can use 
the IGS-2 to playback, calculate, list 
and plot data on a simple digital 
printer, often to report level quality.

To perform ground geophysical 
surveys, the IGS-2 System Control Con 
sole is complemented by especially 
designed IGS Sensor Options which 
permit the IGS-2 to become a 
magnetometer, a VLF receiver, an EM 
receiver or combinations of these. 
Each of these Sensor Options com 
prises an external sensor as well as 
electronic circuit boards and software 
program EPROMS which may be in 
stalled inside an IGS-2 console either 
at the Scintrex plant or by the end user.

The IGS-2/MP-4 combination is used as a Pro 
Ion Magnetometer with portable, base station 
and mobile survey applications

The EM-4 Sensor Option permits the IGS-2 to 
make both Genie and Horizontal Loop elec 
tromagnetic measurements.

When the VLF-4 Sensor Option is added to the 
IGS-2. the result is an advanced VLF EM 
Receiver.



Block diagram showing how the IGS-2 can be complemented by VLF-4, MP-4 and EM-4 
options to function as a VLF receiver, magnetometer and/or electromagnetic receiver.
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IGS Sensor 
IGS Sensor Options Combinations IGS Software

The MP-4 Proton Magnetometer Sensor 
Option consists of: 1) a choice of por 
table total field, portable vertical 
gradiometer, marine, airborne and base 
station sensors, 2) an electronic circuit 
board and 3) a program EPROM.

The VLF-4 VLF Electromagnetic Sensor 
Option consists of: 1) a dual coil 
backpack mounted sensor for VLF- 
magnetic measurements, 2) two elec 
tronic circuit boards and 3) a program 
EPROM. An additional choice is to add 
a dipole with capacitive electrodes in 
order to measure VLF electric fields, 
permitting resistivity to be calculated.

The EM-4 Genie/Horizontal Loop Elec 
tromagnetic Sensor Option comprises: 
1) a unique receive coil 25 cm in 
diameter and weighing only 1.8 kg 
which can be either backpack mounted 
or placed on the ground, 2) two elec 
tronic boards which may either be in 
stalled inside the IGS-2 Console or in 
the EM-4 Genie/Horizontal Loop Ex 
pansion Module and 3) a program 
EPROM. If Horizontal Loop 
measurements are to be made then an 
EM-4 Tiltmeter/lntercom Module is 
also required. Further, if all of MP-4, 
VLF-4 and EM-4 are to be used, the 
EM-4 Genie/Horizontal Loop Expan 
sion Module is used in place of the 
Tiltmeter/lntercom Module.

IGS-27MP-4.The MP-4 Proton 
Magnetometer Sensor Option can be 
added to the IGS-2 System Control 
Console. This IGS-2/MP-4 combination 
is a 0.1 gamma magnetometer and/or 
vertical gradiometer with a perfor 
mance identical to the MP-3 Proton 
Magnetometer.

For complete details on magnetometer 
operation, see the Scintrex MP-3 and 
IGS-2/MP-4 brochure.

IGS-2XVLF-4.The IGS-2 can be used for 
VLF electromagnetic measurements by 
the addition of the VLF-4 VLF Elec 
tromagnetic Sensor Option. This com 
bination, designated as IGS-2/VLF-4, 
performs identically to the Scintrex 
VLF-3.

For complete details on VLF operation, 
see the Scintrex VLF-3 and IGS- 
2/VLF-4 brochure.

IGS-27EM-4.When the EM-4 Genie/ 
Horizontal Loop Electromagnetic 
Sensor Option is added to the IGS-2, 
the result is an advanced EM receiver.

For complete information about the 
IGS-2/EM-4 combination, see the Scin 
trex IGS-2/EM-4 brochure.

Combined methods. All of the follow 
ing combinations are feasible: IGS- 
2/MP-4/EM-4, IGS-2/MP-4/VLF-4, IGS- 
2/VLF-4/EM-4 and the three method 
IGS-2/M P-4/VLF-4/EM-4.

When a VLF-4 is equipped with soft 
ware for automatic cycling base station 
applications, the resulting designation 
is VLF-4C. The use of the VLF-4C is ful 
ly described in the Scintrex brochure 
entitled "VLF EM Primary Field Drift 
Correction Option for VLF-3 and 
VLF-4".

Because of program memory limita 
tions, the VLF-4C cannot be used in an 
IGS-2 with EM-4. Also, while a VLF-4C 
can be installed with MP-4, they cannot 
be used for simultaneous VLF and 
magnetic base station operation. The 
reason for this is that it takes 10 to 20 
seconds (depending on field strength) 
to make a good VLF measurement, 
whereas it is desirable to use the rapid 
(each 2 second) cycling rate of the 
magnetometers for optimum magnetic 
diurnal corrections.

IGS Software

Scintrex supplies fully documented 
software written for the IBM PC com 
puter and certain other microcom 
puters which use the MS-DOS 
operating system. This software is 
designed to permit: 1) archiving of data, 
2) processing of magnetic, VLF and 
electromagnetic data and 3) profile and 
contour outputs on digital printers.

Coupled directly to a digital printer, the IGS-2 can output data as listing or profiles.



Common Features 
of IGS-2, MP-3 
and VLF-3 
Instrumentation

Choice of sensors. While the MP-3 Pro 
ton Magnetometer and VLF-3 VLF Elec 
tromagnetic Receiver are dedicated to 
magnetic and VLF EM measurements 
respectively, the IGS-2 can be used for 
any or all of magnetic, VLF EM and 
electromagnetic methods. This flexibili 
ty allows the instrument to be con 
figured for most efficient use and 
keeps your investment in instrumenta 
tion low, compared to purchasing a 
variety of dedicated instruments.

Intelligent microprocessor. Due to their 
software controlled, microprocessor- 
based design these instruments can 
fulfill a wide variety of tasks in ground 
geophysical surveying. In addition to 
controlling measurement and storage 
of data, the microprocessor's in 
telligence is used to process it. For ex 
ample, from measured VLF EM para 
meters, the IGS-2 can calculate 
resistivity and phase angle then output 
these values as listings or profiles, 
direct to a digital printer.

Simple keypad operation. The 14 keys 
permit numbers or commands to be 
entered. With few keystrokes, 
numerous operations are performed on 
this weather and dirtproof keypad. For 
example, in routine surveys as few as 
two keys have to be pressed to incre 
ment the station coordinates, measure 
and file data in memory.

Every keystroke engenders an "echo" 
from the display for simple, unam 
biguous operation. To maintain a 
positive tactile feel when keys are 
depressed, a flexible diaphragm covers 
the keyboard. If this wears out, it can 
be easily replaced by removing a few 
screws.

32 character LCD display. Messages 
and data are spelled out unambiguous 
ly in two lines of 16 characters each, 
on a display which is highly visible in 
either bright sunlight or in dim condi 
tions. In some applications, such as 
VLF, the display is also used in a 
pseudo-analog fashion to facilitate 
operation.

Displays present and previous data. 
After a measurement, the newly ac 
quired data value is shown in the upper 
line of the display while the value for 
the previous station is shown in the 
bottom line. This allows the operator to

compare values, an important con 
sideration in maintaining data quality. 
For example, if the difference between 
the readings is great, he can decide to 
verify the new measurement and/or to 
return to an intermediate station for a 
fill-in value.

Alarm messages ensure data quality.
Messages shown on the LCD display 
warn of improper measurement condi 
tions. The actual warnings depend 
upon the sensors used.

Speaks your language. These in 
struments 'speak' a number of 
languages, provided they use Latin 
characters. Unless another language is 
specified, they are delivered with the 
capability of displaying messages in 
either English or French, at the choice 
of the operator. If another language is 
required, this can be easily supplied, in 
conjunction with English.

Messages can be displayed in English plus 
French or any other language using Latin 
characters.

Computer compatible data recording.
Header information, observed values, 
station number, line number and time 
for each observation are all recorded. 
The standard, internal 16K RAM solid- 
state memory is large enough for 
storage of a full day of data in most ap 
plications.

Memory expansion. To store more data 
on existing circuit boards, the memory 
can be expanded in 8K RAM in 

crements to a maximum of 48K RAM. A 
further expansion, requiring an addi 
tional circuit board, can be made to 
raise the total memory capacity to 
144K RAM. In some special configura 
tions the memory can be additionally 
expanded to a total of 192K RAM.

Fail-safe memory. The percentage of 
free memory can be displayed at any 
time, after two keystrokes. The memory 
can only be erased by a series of 
keystrokes which would be virtually im 
possible to duplicate accidentally. If 
the battery pack becomes discharged 
or is removed, there is no loss of data 
in memory since a set of built-in 
miniature batteries, charged from the 
main batteries, keep the memory intact 
for days. Additionally* the instruments 
have been environmentally tested to be 
sure that the memory storage will be 
safe under all vibration, temperature 
and humidity conditions.

Records actual coordinates. Time and 
station numbers can be displayed and 
recorded as numbers of up to 5 digits 
with a decimal point at any location. 
Exact coordinates down to a fraction of 
a meter or a foot can therefore be 
recorded.

By pushing a few keys, the IGS-2, MP-3 
or VLF-3 can be initialized with the 
nominal line and station intervals to be 
used on the survey. Then, by pushing 
the proper keys, the line and/or station 
numbers can be either incremented or 
decremented by the initialized inter 
vals. If a reading is to be taken at a dif 
ferent station interval and/or off one of 
the nominal profiles, then the actual 
coordinates of the observation point 
are easily entered. Line and station 
coordinates are automatically recorded 
each time an observation is filed, for 
accuracy and ease in data processing.

Choice of grid system. Both line and 
station coordinates can be recorded 
either as compass directions (N, S, E, 
or W) or as Cartesian coordinates using 
positive and negative signs.

Records time. When each measured 
value is filed in memory, the time is 
recorded so that, for example, diurnal 
magnetic corrections can be made by 
comparing data from portable and base 
station magnetometers. The built-in 
clock shows day, month and year as



Summary of 
Important Features 
of Scintrex 
IGS Sensors

Magnetics

* 0.1 gamma resolution over 20K 
to 100K gamma range

* Total field and vertical gradient 
measurements

* High gradient tolerance
' Same console for portable, base 

station or mobile survey applica 
tions

* Keyboard selectable automatic 
or manual tuning

* Automatic diurnal correction 
without a microcomputer

VLF

* Measures both VLF-magnetic 
and VLF-electric fields

* Values are normalized by the 
horizontal vector amplitude, to 
overcome errors due to varying 
primary field strengths

1 Calculates resistivity and phase 
angle

' Digital tuning to any VLF station
* Automatic measurement of up 

to three VLF stations
* Automatic tilt compensation
* Signal/noise enhancement 

through automatic signal stack 
ing

* Automatic gain adjustment
* Optional Primary Field Drift 

Correction Option permits 
automatic base station correc 
tions to be made

Electromagnetics

* Processes two frequencies 
simultaneously for Horizontal 
Loop and/or Genie amplitude 
ratio

* Accurate Genie measurements 
may be made in rough terrain

* Transmitter-receiver separation 
can be measured electronically

* High levels of noise rejection
* Portable or fixed source 

transmitters may be used
* The lightweight receive coil may 

be backpack mounted or set on 
the ground

* Automatic gain adjustment

A microcomputer such as the IBM PC. Apple Ile, Apple III. HP-85. Osborne, Corona or Compaq 
can De interfaced with the IGS 2 tor archiving or processing data Scintrex provides assistance 
with such interlacing

System

Module
IGS-2
System Coning Console^ _

MP4
Proton Magnetometer Sensor Option
Portable total field _

MP-4 Proton Magnetometer
Sensor Option
Portable vertical gradient ^

MP-4 Proton Magnetometer
Sensor Option Base station

VLF-4

VLF Electromagnetic Sensor
Portable VLF-magnetic field

VLF-4
VLF Electromagnetic Sensor
Portable VLF-magnetic and
VLF-electric fields______ __

VLF-4C
VLF Etoctromagnelic Sensor
Base station ___ __ ___

EM-4

Geme/Hortzontal Loop
Electromagnetic Sensor Option
Genie Mode

EM-4

Tiltmeter/lnlercom Module
Horizontal Loop Mode

EM 6

Genie/Horizontal
Loop Expansion Module
Three melhods magnetics VLF EM

Magnetics 
Alone VLF Alone 

D E F

EM 
Alone

Typical Combined 
Systems

K L M N

fable indicating different options which may Oc used -A-ith ;no li 
different ground geophysical su'vey applications



Common Features 
of IGS-2, MP-3 
and VLF-3 
Instrumentation

well as hour, minute and second. It is 
accurate to one second over 12 hours 
over the full operating range of the in 
strument. It is easily reset, if required. 
Time can be shown on the display, 
after two keystrokes.

Records header information. At the
beginning of a survey, or of a day of 
surveying, header information such as: 
1) instrument serial number, 2) grid 
number, 3) job number, 4) date and 
5) operator code can be entered. When 
data are output, this header informa 
tion is repeated at the beginning of the 
data list or profile for each line, to en 
sure that all data are properly and 
unambiguously labelled.

Accepts ancillary data. In addition to 
automatically recorded geophysical 
parameters such as magnetometer and 
VLF values, a great deal of ancillary 
data can be manually entered/Such 
data is entered in up to eight blocks of 
up to five digit, signed decimal 
numbers.

Recalls data. By keystroke entry, any 
recorded value can be called up on the 
display. For example, over an anomaly 
it might be useful to compare.values 
recorded on an adjacent line..To do 
this, the operator enters the adjacent 
line and station numbers and 
depresses a memory key. Instantly, the 
recalled value appears on the lower line 
of the display. Once one value is recall 
ed, he can move up or down the line 
recalling data, station by station, with a 
single keystroke per station. .

Permits revision of data. It is not
necessary to record every measured 
value. Several readings can be taken 
before one is selected for recording. 
Alternatively, more than one value can 
be recorded with identical coordinates 
at different times.

To change information already in the 
memory, the Edit Mode can be used to 
change line and station numbers or 
header data. If it is desired to repeat a 
measurement, a new reading can be 
recorded and the old one deleted.

Outputs to many peripheral devices.
The RS-232C port plus keypad selec 
table baud rates and carriage return 
delays, permit data to be output to 
many commonly available devices. A

digital printer can be used to print data 
as listings or as profile plots. A modern 
can be used to transmit data to head 
office via a telephone line or a 
magnetic tape recorder can store data 
for future computer processing.

Data can be output directly into por 
table microcomputers so that data ar 
chiving on floppy disk or additional 
processing can be done in the field. 
Some microcomputers with which the 
IGS-2, MP-3 and VLF-3 have been inter 
faced include Apple Ile, Apple III, 
Osborne, IBM PC, HP-85, Corona and 
Compaq. Several data dumps can be 
made sequentially from the memory.

Simple, automatic field plots. To plot 
data in the field you do not need a 
computer. A printer is all that is re 
quired to output header information as 
well as data listings or profile plots. 
This immediate, error-free output 
enhances in-field quality control and 
saves time and effort, compared to 
manual data compilation.

Organizes data. When data are output, 
whether as listings or profiles, they are 
first sorted by grid number, then in 
order of increasing line number and, 
within each line, by increasing station 
number. In this way the data are pro 
perly organized, regardless of the se 
quence in which they were taken, for 
easy comparison. For example, printer 
output profiles can be easily 'stacked' 
by placing them side by side.

Four power supply options. For base 
station applications, an IGS-2, MP-3 or 
VLF-3 can be powered from a 12 V DC 
external source such as a vehicle bat 
tery or from a specially designed Heavy 
Duty Rechargeable Battery Pack with 
built-in charger. For portable applica 
tions, the Non-rechargeable Battery 
Pack includes a battery holder and 10 
disposable C cell batteries. The 
Rechargeable Battery Pack is entirely 
non-magnetic and so is recommended 
for most magnetometer applications as 
well as for work at low temperatures.

When data are output to a cassette recorder, 
they are stored in a computer compatible 
medium lor future processing

When pseudo-analog profiles are out 
put onto a printer, any two parameters 
can be selected for simultaneous plot 
printing. One of several full scale sen 
sitivities can be selected for each pro 
file. The scales can be either zero 
centered or have their zero at the left- 
hand side of the space allotted to the 
profile. In the profile displays, the ac 
tual station numbers and data values 
are also printed numerically.

In some cases, these digital printer 
outputs may be sufficient for presenta 
tion in reports, eliminating the expense 
of further data processing or drafting.

Fail-safe power supply. The battery 
voltage can be checked anytime to be 
sure that there is enough power left. 
When the batteries are almost ex 
hausted, a warning indicator will ap 
pear on the display during a measure 
ment. If the batteries are not replaced 
or recharged, then the instrument will 
eventually stop measuring in order to 
eliminate the chance of corrupted data 
being measured and recorded.

Wide operating temperature range. All 
specifications are met over the range 
-400C to + 500 C. For use below -20 0 C 
the Display Heater Option, Recharge 
able Battery Pack and Low 
Temperature Battery Extender Kit 
should be used.



System Options 
and Accessories

222 Snidercroft Road 
Concord Ontario Canada 
L4K 1B5

Telephone: (416) 669-2280 
Cable: Geoscint Toronto 
Telex: 06-964570

A. Console and Power Supply

A-1 IGS-2 System Control Console with 
16K RAM memory and manual. Note 
that no battery pack is included so 
that one of items A-2, A-3 or A-4 
should be selected unless the IGS is 
to be run from an external 12 V DC 
power source. The battery packs are 
interchangeable by the user.

A-2 Non-rechargeable Battery Pack in 
cludes battery holder and 10 
disposable 'C' cell batteries. Used in 
normal portable operation unless 
temperatures are below -20 0 C in 
which case the Rechargeable Battery 
Pack and Charger should be chosen.

A-3 Rechargeable Battery Pack and 
Charger includes battery holder, 6 
rechargeable non-magnetic batteries, 
charger and one spare cap for the bat 
tery charging plug. This is the best 
battery pack for portable total field 
and gradiometer magnetics since the 
non-magnetic property of these bat 
teries ensures a minimum of noise. 
Also used for light duty (slow cycling) 
magnetic base station applications 
and in cold weather where disposable 
batteries lose power.

A-4 Heavy Duty Rechargeable Battery 
Pack includes heavy duty recharge 
able batteries installed in a console 
with a built-in charger. Useful for 
rapid cycling base station or mobile 
applications.

A-5 Low Temperature Battery Extender 
Kit designed so that battery pack can 
be worn inside coat in cold weather 
conditions. Kit includes bottom cover 
for console, console to battery pack 
interconnecting cable, cover for bat 
tery pack and waist belt.

B. Memory Expansion Options

B-1 IGS Memory Expansion l. An addi 
tional 16K RAM is added to the ex 
isting memory board for a system 
total of 32K RAM.

B-2 IGS Memory Expansion M. A further 
16K RAM is added to the existing 
memory board for a system total of 
48K RAM.

B-3 IGS Memory Expansion III. An addi 
tional board is required on which 
memory can be added in up to six 
16K RAM groups. Not available with 
all sensor options.

B-4 Further Memory Expansion. Memory 
expansion to a system total of 192K 
RAM is feasible for some applica 
tions.

C. Accessories

C-1 RS-232 Cable and Adaptors. Includes 
a special RS-232 data transfer cable 
and two IGS-2 to RS-232 cable adap 
tors. Used for communicating bet 
ween the IGS-2 and peripheral 
devices such as a digital printer, 
microcomputer, cassette recorder, 
modern or a second IGS-2 (or MP-3 
Proton Magnetometer) for diurnal 
corrections.

C-2 Minor Spare Parts Kit consisting of 
two keyboard diaphragms and two 2A 
quick acting fuses.

C-3 Display Heater Option. Required to 
heat the LCD display on the IGS-2 
Console for operation at 
temperatures below -20 0 C.

C-4 Digital Printer for use with 110 V AC 
power supply and with X-on/X-off 
interfacing for use with IGS-2, MP-3 or 
VLF-3 instruments, one box of paper, 
ribbon and manual. Note that the 
RS-232 Cable and Adaptor are re 
quired.

C-5 Conversion of Digital Printer for use 
with 220 V AC power supply.

D. MP-4 Proton Magnetometer 
Sensor Option

D-1 MP-4 Magnetometer Signal Process 
ing Board and Magnetometer Pro 
gram EPROM for mounting in IGS-2 
Control Console, manual.

D-2 Portable Total Field Sensor Option 
including sensor for total field 
measurements, sensor staff, two sen 
sor cable assemblies, backpack sen 
sor harness, spare non-magnetic 
sensor clamp screw.

D-3 Base Station Sensor Option, in 
cluding 50 m sensor cable assembly, 
sensor for total field measurements, 
sensor tripod, external power cable, 
analog chart recorder cable and spare 
non-magnetic sensor clamp screw.

D-4 Gradiometer Sensor Option including 
second sensor cables, two 0.5 m staff 
extenders to complement Portable 
Sensor Option and spare non 
magnetic sensor clamp screw.

D-5 Spare section for Portable Total Field 
Sensor Staff (0.5 m length).

E. VLF-4 VLF Electromagnetic 
Sensor Option

E-1 Two VLF-4 Signal Processing Boards 
and VLF program EPROM for mount 
ing inside IGS-2 System Control Con 
sole, dual coil VLF-magnetic field 
sensor with level compensator, 
sensor-console interconnecting cable, 
harness and support for back mount 
ing of sensor, manual.

E-2 VLF EM Primary Field Drift Correction 
Option consisting of two program 
EPROMS which replace the standard 
VLF program EPROMS in each of the 
portable and base station VLF units.

E-3 VLF Electric Field Sensor Option for 
VLF resistivity measurements. In 
cludes two capacitive electrodes with 
integral preamplifiers and 5 m of 
cable. Longer cable lengths on 
request.

F. EM-4 Genie/Horizontal Loop 
Electromagnetic Sensor Option

F-1 Two EM-4 Signal Processing Boards 
for mounting either inside IGS-2 
System Control Console or the EM-4 
Genie/Horizontal Loop Expansion 
Module, one program EPROM for 
mounting inside IGS-2, one receive 
coil, one interconnecting cable, 
manual.

F-2 EM-4 Tiltmeter/lntercom Module. Per 
mits Horizontal Loop measurements 
to be made with magnetics but 
without VLF.

F-3 EM-4 Genie/Horizontal Loop Expan 
sion Module. Permits Horizontal Loop 
measurements to be made with both 
magnetics and VLF.

F-4 Genie/Horizontal Loop Portable Elec 
tromagnetic Transmitter complete 
with heavy duty battery pack, battery 
charger, manual.

F-5 TM-2 Tiltmeter/lntercom Module used 
with TM-2 when Horizontal Loop 
measurements are to be made.

F-6 Transmitter-Receiver Interconnecting 
Cables for Horizontal Loop measure 
ments are made to order, in any 
lengths up to 300m.

G. Carrying Cases

A variety of carrying cases are 
available to suit different combinations 
of console and sensor options.



Appendix 2 
Notes on IP And Resistivity 2D Inversions

DCIP2D is a program library for forward modeling and inversion of DC resistivity 
and induced polarization data over two dimensional structures. It was developed 
by the Geophysical Inversion Facility of the University of British Columbia.

The inversion is based on the iterative adjustment of a 2D synthetic mesh 
of resistivities and chargeabilities in order to achieve a reasonable fit with the 
measured pseudosections. There are a number of settings to control and 
stabilize what is in essence a non-unique problem and the output depends on the 
initial values of these settings.

Of necessity, the synthetic mesh must extend to regions at which point 
there is little effect on the measurement. The results of the inversion fill this mesh 
and the full mesh is normally presented in real section form. This explains why 
the inversion results at depth are the least reliable.

The inversion holds out the promise of quick and reliable interpretation. A 
realistic explanation of the survey results are possible, this is also achieved in 
some situations where the process is constrained by the geology. Without 
constraints, the results may be of limited value.

NOTE: The following cautionary points are made regarding the 2DIP inversion 
results:

* They are produced on a line-by-line basis. The modeling software assumes 
the anomalies are caused by sources that strike perpendicular to the survey 
line and are relatively long in strike on either side of the line. Inversion results 
from inversions carried out over lines that cross the ends of targets, for 
example, may be incorrect.

* The inversions are presented for stations beginning and ending on the
furthest electrodes used. If dipoles were not dropped at the end of the survey 
line, the inversion may predict a near-surface source even though this is 
uncertain. All inversion anomalies should be crosschecked with the 
pseudosections.

* Below a certain inverted depth, the inversions "explode" and no longer fit the 
observed data. The nominal depth of investigation would be about one-third 
to one-half the length of the survey spread. However, the actual depth is 
dependent on many factors including survey array, overburden thickness, 
topography and host rock conductivity.



Appendix 3 
Notes on MagSD Inversion

Introduction

MAGSD is a program library for inversion of Magnetic data over three- 
dimensional structures. It was developed at the Geophysical Inversion Facility of 
the University of British Columbia.

A magnetic experiment involves measuring the anomalous magnetic field 
produced by the magnetically susceptible materials beneath the surface, which 
have been magnetized by the earth's main magnetic field. The material with 
susceptibility is magnetized when the earth's main field impinges upon the 
subsurface formation. The magnetized material gives rise to a magnetic field, 
which is superimposed on the inducing field to produce a total, or resultant, field. 
By measuring the resultant field and removing the inducing field from the 
measurements through m\numerical processing, one obtains the distribution of 
the anomalous field due to the susceptible material. Very often, the susceptible 
materials underground possess a certain amount of natural remnant 
magnetization. In this program, however, we make assumption that no remnant 
magnetization is present and restrict our attention to induced magnetization.

The data from a typical magnetic survey is set of a magnetic field 
measurements acquired over a 2D grid above the surface. These data are first 
processed to yield an estimate of the anomalous field due to the susceptible 
material in the area. The goal of the magnetic inversion is to obtain, from the 
extracted anomaly data, quantitative information about the distribution of the 
magnetic susceptibility in the ground. Thus it is assumed that the input data to 
the inversion program is the extracted residual anomaly.

Numerical implementation

The region of interest is divided into a set of 3D cuboidal cells by using a 3D 
orthogonal mesh and a constant susceptibility is assumed within each cell. The 
actual anomaly that would be measured at an observation point is the sum of the 
fields produced by all cells having a non-zero susceptibility value. The calculation 
involves the input of coordinates of the observation points and the inclination and 
declination of the anomaly direction must be specified for each datum. For 
generality, each component in a multi-component data set is specified as a 
separate datum with its own location and direction of projection.



MINERAL EXPLORATION

Time domain spectral IP results from three 
gold deposits in northern Saskatchewan

lan Johnson and Blaine Webster. JVX Ltd., and 
Ron Matthews and Steve McMullan, Cameco

ABSTRACT
Time domain spectral Induced Polarization (IP) data from 

the Tower, Jojay and Laurel Lake gold deposits in northern 
Saskatchewan are presented. The resistivity data shows both 
resistivity lows (due to fault, shear or alteration zones) and 
resistivity highs (due to silicification) in the area of the deposits. 
The high resistivity zones suppress and distort coincident IP 
responses, calling for high quality surveys and special care in 
interpreting the IP data.

Electromagnetic methods are not effective in locating the 
deposits. This is due, in part, to masking by conductive cover. 
The Jojay Lake deposit has a strong magnetic response. A more 
indirect magnetic association is seen for the Tower Lake deposit. 
The Laurel Lake deposit has no magnetic signature. Magnetic 
data are useful in defining structure in all cases.

All three deposits are outlined in the IP survey results. IP 
- anomaly amplitudes from the pole-dipole array are from two 

times (Tower and Laurel Lake) to six times f Jojay Lake) back 
ground values. Gradient array IP anomalies are of less ampli 
tude. The spectral time constant is short for the Tower and 
Laurel Lake deposits and long for the Jojay deposit. This im 
plies that the metallic sulphides in the Jojay deposit are more 
interconnected than those of the other two deposits.

INTRODUCTION
Induced polarization/ resistivity surveys are commonly used 

in gold exploration programs in the Canadian shield because 
the IP method is effective in detecting disseminated metallic sul 
phides which are often found associated with gold. Other com 
mon geophysical survey methods such as magnetics, VLF and 
EM are not generally capable of direct detection of dissemi- 

 -.nated sulphides.

Keywords: Exploration, Gold deposits, Induced polarization (IP) 
jnethods, Tower Lake deposit, Jojay Lake deposit, Laurel Lake deposit, 
^Spectral IP.

-Paper reviewed and approved for publication by the 
Geology Division of CIM."

Since the introduction of the IP method in the; 1950s, it has 
undergone continuous improvement. The most recent improve 
ment is the development of time domain receivers which sam 
ple the full decay and record it in digital form. This results in 
a more complete measurement of the response which permits 
analysis and enhancement of data quality and the derivation 
of anomaly parameters which characterize the measured decay. 
This extension of conventional time domain IP methods is called 
spectral IP, a term first introduced by Pelton et al. working 
in the frequency domain' 1 ). Spectral IP surveys are attractive 
because they allow the possibility of discriminating between IP 
responses which have similar amplitudes but are due to dissimi 
lar geologic targets. The discrimination can be important in the 
selection of IP anomalies for follow-up.

Time domain spectral IP survey results are presented over 
three known gold deposits in northern Saskatchewan Tower 
Lake, Jojay Lake and Laurel Lake. The surveys were initiated 
and supported by Cameco A Canadian Mining and Energy 
Corporation (formerly the Saskatchewan Mining and Develop 
ment Corporation SMDC) and were carried out by JVX Limit 
ed using ,the Scintrex :JPR-11 receiver and attendant spectral 
analysis software.

Time Domain SpectralIP ' "
In .conventional time domain IP/resistivity surveys, the 

chargeability is recorded as an average of the residual voltage 
after shut-off of an interrupted,square wave. In spectral IP, 
the receiver samples the decay at a number of time periods, thus 
defining the shape of the decay. Each measured decay can then 
be analyzed for curve shape characteristics using simple models. 
The model most commonly used ,4s'the' Cole-Cole model' 1 *, 
originally developed by Pelton et ff/.for the analysis of frequency 
domain IP data. This model is defined by four parameters. They 
are: , : v
1. R the resistivity in ohm-meters
2. m the chargeability amplitude in mV/V
3. lau the time constant in seconds
4. c the exponent (dimensionless).

These parameters are independent physical properties of the 
subsurface. Conventional chargeability (or per cent frequency 
effect or phase if working in~the frequency domain) is a mix-
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FIGURE 1. Time domain spectral IP results from a pole-dipole survey 
(dipole spacing = 25 m) near Chibougamau, Quebec. Shown in pseudo- 
section form are the apparent resistivity/100, the eighth slice charge 
ability (labelled as M7 according to IPR-11 protocol-taken from the 
690 to 1050 ms window), time constant and chargeability amplitude 
(m). Traverse direction is from right to left.

ture of the more fundamental properties m, tau and c.
In practice a suite of master decay curves is built up assum 

ing a range of values of c and taufl). Measured decays are com 
pared to these curves. The best agreement yields the spectral 
parameters m, tau and c for each dipole. As with resistivity and 
conventional IP, the spectral parameters are presented using 
normal pseudosection plotting conventions.

The derived spectral parameters are used to supplement the 
conventional IP/resistivity survey results. Pseudosections of ap 
parent resistivity and one chargeability slice are often the basic 
presentation from profile type surveys. Ten slices are recorded 
by the IPR-11 receiver. The eighth slice located between 690 
and 1050 ms after shut-off is commonly plotted. IP anomalies 
are picked from the chargeability pseudosections. The spectral 
parameters are also presented in pseudosection form so that they 
may be correlated with the IP anomalies.

The parameters m and tau are the most useful in separating 
anomalies with similar resistivity and chargeability characteris 
tics. The chargeability amplitude m is related to the volume per 
cent metallic sulphides (although there is no convenient quan-

Flinl 
Flon

Prince] 
Albert'

FIGURE 2. Regional geologic map of northeastern Saskatchewan show 
ing the position of the Tower Lake, Jojay Lake and Laurel Lake 
deposits.

titative relationship between m and the volume per cent polariz- 
able material). The time constant is related to grain size and 
commonly varies from 0.01 to over 100 s. Finely disseminated 
sulphides should give a short time constant. Interconnected or 
more massive sulphides should give a long time constant. The 
exponent c is a measure of the uniformity of grain size and varies 
from 0.1 to 0.5. A c value of 0.5 suggests a single polarizable 
source. Smaller c values imply a mixture of sources. These con 
cepts from Pelton et o/. C) are the starting point for interpret 
ing spectral IP data. They will be refined and improved as more 
experience with the spectral IP method is gained.

An example of the use of spectral IP surveys for gold ex 
ploration is shown in Figure l*3 '. Two distinct, but similar,
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FIGURE 3. Contoured magnetic map for the Tower Lake area. Mini 
mum contour interval - 100 nT. The shaded areas outline the miner 
alized zones (labelled A, B and Pat). Lines of pole-dipole survey coverage 
are highlighted.

IP/resistivity anomalies are seen in the pseudosections of ap 
parent resistivity and chargeability. The time constants are 
generally short (i.e. 0.01 to 0.1 s) for the anomaly to the left 
and long (i.e. 10 to 100 s) for the anomaly to the right. Both 
anomalies have been drilled. The anomaly showing the short 
time constants was confirmed to be caused by fine grain dis 
seminated sulphides. The long time constant anomaly was found 
to be caused by more coarse-grained sulphides. Economic gold 
was found in association with the fine grained sulphides whereas 
only small amounts of gold were found in the area of the long 
time constant IP anomaly.

Time domain spectral IP is beneficial for reasons~additional 
to that of source discrimination. The analysis provides a 
measurement of data quality which can be used by the opera 
tor to improve survey procedures. The analysis can be used to 
separate signal from instrument or geologic noise. In very resis 
tive areas, for example, potential electrode cable effects may 
produce false chargeability highs, particularly at early times. 
Inductive coupling effects may give problems in conductive 
areas. Spectral IP allows the identification and separation of 
decays which are of interest from those which are noise related.

Regional Setting of the Tower Lake, Jojay Lake 
and Laurel Lake Deposits

Figure 2 shows the location of the deposits relative to the 
regional geology of northeastern Saskatchewan* 1*'. The area is 
underlain by Proterozoic metasedimems, metavolcanics and in- 
trusives of the La Ronge Domain. Paleozoic sediments lie to 
the south and west and the Athabasca Basin is located to the 
northwest.

Current gold exploration in northern Saskatchewan has 
focussed on known gold showings and their immediate sur-

t,l/ Ifi /'I, ri J .. .y   ,.r yfY J' r iUr - i j
*0 rf l./ tj li' IJ 1J ' il

tau B A PAT
'^, W/,

B A PAT'•m. w/,

FIGURE 4. Contoured pseudosections of the spectral IP/resistivity 
results for line l + 00 W of the Tower Lake grid. Shown are the appar 
ent resistivity in ohra-m divided by 100, the eighth slice chargeability 
(M7) in mV/V, the time constant (tau) in seconds and the chargeabil 
ity amplitude (m) in mV/V. The B, A and PAT mineralized zones are 
indicated. Traverse direction is from south to north. Areas of M7 greater 
than 5 raV/V and m greater than 100 mV/V have been shaded.

roundings in the Central Metavolcanic Belt of the La Ronge 
Domain, particularly in the Sulphide Lake, Star Lake and 
Waddy-Tower Lakes areas. The Jojay Lake deposit is located 
approximately 8 km north of the Star Lake mine. Most gold 
deposits in this area are structurally controlled and are hosted 
by quartz veins. Controlling structures may be shear zones 
(Jojay Lake), or late regional fault structures such as the Byers 
Lake fault (Tower Lake)W. Another major auriferous area is 
located in the Flin Flon-Amisk Lake area in the Flin Flon 
Domain. Gold occurences (e.g. Laurel Lake) in the West Chan 
nel of Amisk Lake are characterized by quartz-vein systems sur 
rounded by extensive alteration haloes of carbonate, sericite and 
silicaW.

Tower Lake Project
The Tower Lake Project is a gold exploration joint ven 

ture operated by Golden Rule Resources Ltd. in partnership 
with Goldsil Resources Ltd. and Cameco. The project is located 
approximately 170 km northeast of La Ronge, Saskatchewan. 
Geologic reserves of the Tower East deposit are 1.36 million 
tonnes at 3.4 g/tonne gold (1.5 million short tons at 0. l oz/ton). 
Definition diamond drilling of the deposit is currently in 
progress.

Geology
The project is located within the Central Volcanic Belt of 

the La Ronge Domain which hosts most of the major gold 
occurrences in the La Ronge area. The Tower East deposit is 
hosted by quartz diorite of the Brindson Lake pluton and is 
associated with the regional Byers fault system. Gold is associ-
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FIGURE S. Theoretical resistivity/IP pseudosectiotis for a vertical tabu 
lar body at surface. Results are for a pole-dipole array traversing from 
left lo right. The host medium has a resistivity (rho) of 100 and a charge 
ability (m) of 1. The tabular body has resistivities of 10 and 1000 respec 
tively and a chargeability of 10 (all units are relative). Areas with 
chargeabilities greater than 3 have been shaded.

ated with pyrite which occurs most commonly as pervasive fine 
grained disseminations and stringers'5 '. An increase in gold 
concentration with an increase in pyrrhotite has been noted in 
some cases.

Gold content varies directly wit-h pyrite concentration and 
occurs as fine-grained-inclusions in pyrite with a few grains inter- 
grown with calcite/quartz microveinjng. Pyrite concentrations 
vary between l "ft and 5"!a in the mineralized zone. The pyrite 
mineralization occurs as fine-grained disseminations and 
stringers as well as clusters of coarse-grained euhedral crystals. 
The occurence of minor amounts of fine-grained chalcopyrite 
typically marks areas of higher grade gold values (visible gold). 
The mineralized zones are 10 m to 40 m wide and are covered 
with a variable thickness of sandy boulder till and minor glacio 
lacustrine clay.

Geophysical Setting
The Tower Lake deposit is outlined on the contoured mag 

netic map in Figure 3. The minimum contour interval is 100 
nT. The Byers fault which marks the contact between mafic 
volcanics to the north and quartz diorite intrusive rocks to the 
south is seen as a break in the isomagnetic contours. IP/resistiv 
ity surveys were conducted over lines O, l -l-00 W and 2 + 00 
W. The pole-dipole array with six dipoles and a dipole spacing 
of 25 m was used.

The geophysical signature of the deposit is that of a weak

UOOS - ^'J

FIGURE 6. Contoured magnetic map for the Jojay Lake area. Mini 
mum contour interval = 25 nT. The shaded areas outline the mineral 
ized zones. Lines of pole-dipole coverage are highlighted.

IP response. There is no direct electromagnetic response associ 
ated with the deposit. The deposit has an indirect magnetic 
response.

IP Survey Results
The IP/resistivity results for line l H- 00 W are shown in con 

toured pseudosection form in Figure 4. South of station 
O 4- 25 S bedrock responses are masked by conductive lake sedi 
ments. Mineralization in the Pat, A, and B zones correlate to 
a broad low resistivity zone of apparent resistivities less than 
3000 ohm-m and anomalous M7 chargeabilities in three zones 
from 0 + 25 N to 2 + OON (5.5 to 6.5 mV/V with background 
values of l to 4 mV/V). A local resistivity high at stations l 4- 25 
N to l 4- 50 N may indicate an area of silicification. The Byers 
fault is interpreted at 2 + 25 N and is characterized by a 125 
m wide zone of low chargeabilities.

The lower two pseudosections show the spectral time con 
stant and chargeability amplitude. Plot positions with no data 
are where the IP decay has been judged too noisy for reliable 
determination of spectral parameters. As most of the spectral 
data has been plotted, the IP survey is judged to be of good 
quality.

The time constant is consistently short in the area of the 
deposit indicating a fine-grained texture. The chargeability am 
plitude may be used to locate areas of highest metallic sulphide 
concentrations. The pseudosections show three chargeability 
anomalies. These correspond to the three mineralized zones 
when allowance is made for a shift of approximately one dipole 
spacing between the chargeability high and the causative body, 
i.e. the IP anomaly is located one dipole spacing before the tar 
get. This positional shift may be explained by the model results 
shown in Figure 5. Theoretical apparent resistivities and charge 
abilities for a pole-dipole array passing over both a conductive- 
chargeable and a resistive-chargeable body are shown. These 
results have been calculated by the computer program IPND1KE 
from Urquhart Dvorak Ltd. The algorithm is from 
Hanneson'61 .

Figure 5 illustrates how the chargeability anomaly is cen-
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FIGURE 7. Stacked pseudosections for the pole-dipole survey on line 
12 + 50 S over the Jojay Lake deposit. Shown are the apparent resistivity 
in ohra-ra divided by 100, the chargeability in mV/V (M7), the time 
constant in seconds (tau), the chargeability amplitude in mV/V (m) and 
the exponent (c). The location of the deposit is shown. The chargeabil 
ity pseudosections have been shaded for M7 values greater than 20 mV/V 
and m values greater than 300 raV/V.

tered over the target when it is more conductive than the host. 
For a resistive target, however, the resistivity and IP anoma 
lies are shifted and distorted and of less relative amplitude. This 
result applies to the Tower Lake data. The gold and dissemin 
ated sulphides are associated with more resistive zones of silicifi 
cation. The higher resistivities are probably due to lower 
porosities. This behaviour is important when interpreting pole- 
dipole IP survey results for gold in a resistive environment.

Jojay Lake Project
The Jojay Lake Project is a gold exploration joint venture 

operated by Cameco in partnership with Claude Resources Ltd. 
and Shore Gold Fund Inc. The Jojay deposit is located approxi 
mately 150 km northeast of La Ronge, Saskatchewan. The 
deposit is within the Central Volcanic Belt of the La Ronge 
Domain. Geologic reserves of the Jojay deposit were 284 100

FIGURE 8. Contour plan maps of the apparent resistivity and charge 
ability (M7) from the pole-dipole and gradient surveys over the Jojay 
Lake deposit. Values from the second dipole of the pole-dipole data 
have been used.

tonnes at 9.1 g/tonne gold (313 200 short tons at 0.26 oz/ton) 
following the winter 1987 program. The deposit is open below 
a depth of 250 m and is currently being considered for devel 
opment.

Geology
The deposit is hosted by intermediate to mafic volcanics close 

to the fault contact with clastic metasediments. Pyrrhotite, 
pyrite, galena, sphalerite .and quartz occur in a quartz-carbonate 
vein stockwork which is structurally controlled^7'. Metallic sul 
phides range from O to \5Va and average 2"7o of the rock volume. 
The deposit is 0.5 m to 10 m wide and is covered by O to 
10 m of sandy boulder till.

Geophysical Setting
The deposit is outlined on the contoured magnetic map in 

Figure 6. The minimum contour interval is 25 nT. The Gnat 
Lake fault is seen as a break in the isomagnetic contours. The 
Jojay Lake fault marks the contact between clastic metasedi 
ments to the west and mafic to intermediate volcanics to the east.

IP/resistivity surveys were carried out using both gradient 
(dipole spacing = 25 m) and pole-dipole (six dipoles with a di 
pole spacing of 25 m) arrays. As gradient surveys are often two 
to three times less expensive than pole-dipole surveys, they are 
sometimes initially used to establish the regional IP/resistivity 
character of an area. Profile surveys are then carried out to pro 
vide detail in areas of interest.

The geophysical signature of the deposit is a strong mag 
netic anomaly together with a strong IP response. Electromag 
netic surveys are dominated by surficial conductivity.

IP Survey Results
The apparent resistivities and chargeabilities obtained for 

the pole-dipole survey are shown as contoured pseudosections
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FIGURE 9. Contoured magnetic map for the Laurel Lake area. The 
minimum contour interval is 10 nT. The shaded area outlines the deposit. 
The line of pole-dipole coverage is highlighted.

in Figure 7. The mineralized zones are indicated. The resistivi 
ties are low (2000 to 5000 ohm-m) in the area of the Jojay fault 
relative to the volcanics to the east which have resistivities greater 
than 20 000 ohm-m. The resistivities to the west of the Jojay 
fault are of the same order as those seen in the area of the fault. 
This may be due to the overburden cover which consists of 
swamp and muskeg.

The M7 chargeability pseudosection is dominated by a strong 
response which correlates with the mineralized area. IP response 
amplitudes are from 25 to 35 mV/V with background values 
of 5 mV/V. The IP anomaly does not separate the mineralized 
zones. This is expected given that the array spacing is twice their 
separation. The mineralized zone near station 2 + 00 W is of 
limited extent and does not significantly add to the total reserves 
of the deposit. As metallic sulphides are limited, there is no coin 
cident IP/resistivity response.

The long time constant values imply coarse-grained sul 
phides. This may be an oversimplification as it is not clearly 
supported by the geology. The change in time constants from 
those seen at Tower Lake does, however, suggest some geolog 
ical difference, although a better explanation for the difference 
is lacking. Physical property studies in both areas should give 
a basis on which to better interpret the spectral IP data.

The chargeability amplitude data suggests that there may 
be significant concentrations of metallic sulphides to the west 
of the Jojay fault. The spectral c value is included for com 
pleteness. In theory, a high c value suggests a single target 
whereas a low c value suggests that a mixture of polarizable 
sources is present.

The pole-dipole and gradient data are presented as contour 
plan maps in Figure 8. Both datasets show a low resistivity zone 
located west of a strong chargeability anomaly over the deposit. 
The gradient array appears to have provided a reliable picture 
of the regional resistivity and IP character. The pole-dipole 
results, however, give better resolution and a larger relative 
anomaly amplitude for the IP response which corresponds to 
the deposit.

Spectral parameters may also be derived from the gradient 
array data. The results are usually less reliable because the array 
is less focussed on one polarizable source. This is observed in

M7

(au

FIGURE 10. Stacked pseudosections for line l -t- 25 W over (he Laurel 
Lake deposit. Shown are the apparent resistivity in ohm-m divided by 
100, the eighth slice chargeability in mV/V (M7), the time constant in 
seconds (tau) and the chargeability amplitude in mV/V (m). The loca 
tion of the deposit is shown. Traverse direction is from south to north. 
Chargeability anomalies of 6 mV/V or greater (M7) and 150 mV/V 
or greater (m) have been shaded.

this case where the average c value for line 12-f 50 S is 0.19 for 
the gradient array compared to 0.26 for the pole-dipole array. 
The time constants for the two arrays are in total disagreement 
east of the Jojay fault. The gradient array time constant is short 
(.01 to l s) whereas the pole-dipole array time constant is long 
(30 to 100 s). The pole-dipole time constants are more reliable 
in view of the higher c values.

Laurel Lake Project
The Laurel Lake deposit is part of the Amisk Lake project 

operated by Cameco in partnership with Husky Oil. The deposit 
is situated on Missi Island within Amisk Lake approximately 
25 km southwest of Flin Flon, Manitoba. It is located within 
the Amisk Group volcanics which hosts all of the major base 
metal deposits in the Flin Flon area. Geologic reserves of the 
Laurel Lake deposit are 255 800 tonnes at 15.1 g/tonne gold 
and 75.7 g/tonne silver (281 970 short tons at 0.44 oz/ton Au 
and 2.21 oz/ton Ag) (press release, January 27, 1988). Under 
ground exploration of the deposit started in the spring of 1988 
as part of an economic feasibility study.

Geology
The deposit is hosted by quartz-feldspar porphyry, which 

forms part of an interpreted intrusive-flow complex. The miner 
alization appears to be synvolcanic in origin. Metallic minerals 
include pyrite, tetrahedrite, chalcopyrite, sphalerite and gale 
na, which occur as disseminations and veins in a broad sericite 
alteration zone*8 *.

Gold occurs as fine specks of free gold in and along inter 
granular boundaries between sulphide grains. The sulphides 
occur as veins, stockworks, disseminations and irregular masses. 
Mineralization occurs in discrete sub-zones which are distin 
guishable by their dominant ancillary sulphide species. Sulphide

- 6 -
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concentrations vary from lO'Vo to 30*70 of rock volume in a zone 
l m to 2 m wide. The overburden cover varies from O to 20 
m in thickness and consists of glaciolacustrine clay and boulder 
till.

Geophysical Setting
The outline of the deposit is shown on the contoured mag 

netic map in Figure 9. This outline is a much simplified view 
of what is a complex network of mineralized veins. The area 
was surveyed with the gradient array. Selected lines were also 
surveyed using the pole-dipole array. Electomagnetic and mag 
netic surveys have not been effective in outlining mineraliza 
tion although they have been useful for regional mapping. The 
most useful survey for outlining the deposit directly has been 
IP/resistivity.

IP Survey Results
The spectral IP/resistivity results for line l-i-25 W are 

presented in Figure 10. The mineralized zone correlates with 
a well-defined chargeability high with M7 anomaly amplitudes 
of 6 to 9 mV/V with background values of 3 to 4 mV/V. A 
resistivity low with apparent resistivities from 300 to 1000 
ohm-m from stations l -h 25 S to O -H 75 N may outline the zone 
of alteration which contains the deposit. The chargeability high 
which maps the deposit coincides with higher resistivities. This 
could be interpreted as a region of silicification. The shape and 
location of the IP/resistivity anomalies are consistent with the 
model results shown in the lower half of Figure 5. The 
IP/resistivity anomaly to the north of the deposit has been 
drilled and an additional vein system has been discovered.

The time constant is uniformly short over the entire survey 
line. No significant difference in the texture of the polarizable 
material has been detected and the deposit appears to be associ 
ated with fine-grained material. The IP dataset is of good quality 
as most of the spectral results have been plotted. The charge 
ability amplitude data defines the target zone somewhat better 
than the M7 results. The chargeability amplitude anomaly is 
four to five times background.

Gradient surveys were conducted in two directions. The 
chargeability high seen in the pole-dipole survey which corre 
lates with the deposit was also noted in the gradient IP data. 
The mineralized zones can be traced out using the gradient array 
although individual anomalies are less distinct.

Conclusions
Time domain spectral IP/resistivity surveys were conducted 

over three known gold deposits in northern Saskatchewan. In 
all cases the deposits were seen as chargeability highs. IP 
anomaly amplitudes varied from weak (Tower Lake), through 
moderate (Laurel Lake) to strong (Jojay Lake). The spectral 
data (time constant and chargeability amplitude) were most use 
ful in the Tower Lake area where the conventional IP response 
was weak. This illustrates the usefulness of the spectral IP 
method in providing more diagnostic and better quality IP data

needed to better select anomalies for follow-up. In all cases, 
the interpretation of the spectral parameters would benefit from 
access to more extensive model results and physical property 
studies.

The apparent resistivity data mapped the faults and altera 
tion zones as resistivity lows. Local resistivity highs (often within 
the resistivity lows) may indicate areas of silicification and, 
hence, areas more promising for gold mineralization. High 
resistivities may also be responsible for a reduction in the am 
plitude and a distortion of IP anomalies. The intrepretation of 
pole-dipole IP data must make allowance for these effects.

The gradient array IP surveys gave somewhat mixed results. 
They have proved to be a useful method for establishing the 
regional character of an area and locating areas for follow- up.

There is no consistent magnetic signature to the deposits. 
Magnetic anomalies in the Jojay area are probably due to high 
concentrations of pyrrhotite. This association is not as appar 
ent in the Tower Lake area and is absent in the Laurel Lake 
area. Electromagnetic methods are not useful for direct detec 
tion because the deposits are associated with disseminated sul 
phides which are normally only detectable using IP methods. 
The EM survey results are also strongly influenced by varia 
tions in conductive overburden.
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