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SUMMARY

Seven early time responses and a late time response were detected during the 1999
Comstock ground EM survey. The late time respense has been drilled and its source
identified as a thick unit of a pyritic black shale. This conductive unit does not appear to
be uniformly conductive however and areas to the east and west of the current drilling
remain attractive targets.

One of the seven early time targets was intersected in hole SY017 and SY®18 and its
source identified as a steeply dipping unit of pyrite which may contain minor base metal
mineralisation down dip. The other shallow conductors have similar characteristics and are
thought to have similar pyritic sources.

No conductive responses from potential eastern extensions to the Balstrup Fault
mineralisation were detected along the Balstrup Fault from the surface EM.

Downhole EM confirmed the graphitic shale as the source for the late time response from
the ground EM and atso the pyrite mineralisation as the source for at least one of the
shallow, weaker responses detected during the ground EM.

A late time, in-hole response with an off-hole component, associated with 2 mineralised
skarn unit 450 metres down the hole was detected in hole SY018. The ofthole compenent
of this anomaly suggests that this unit has some strike length and may be worth testing east
and west along strike.

A mid-time off-hole response from a west dipping body located 50 metres above hole
SY019 at a depth of 100 metres remains untested and is a viable target.

300 5



1.

505006

INTRODUCTION

From September to November of 1999 fixed loop ground EM and downhole EM surveys
were conducted over Bass Resources Comstock prospect for Western Metals Resources.
The Comstock prospect is located on the west coast of Tasmania near the mining town of
Zeehan (figure 1}. Pb/Zn massive sulphide has been intermittently mined from Comstock
over a period of years.

The survey was part of an exploration program by Western Metals Resources to locate an
alternative ore resource to feed the nearby Hellyer Mil! which is expected to run out of ore
from the current Hellyer orebody in mid 2000, The fixed loop ground EM (figure 2) was
used to identify potential conductive mineralisation in a prospective area containing
ironstone outcrop. The downhole EM (figure 3) was used to identify any potential off-
hole conductors that the drilling may have narrowly missed and also to determine the
source of the ground EM responses and whether or not these ground EM responses had
been intersected.

Field work for the ground EM survey commenced on the 14" of September and was
completed on the 22™ of September. The downhole EM was conducted on each hole as it
was required throughout October and November. A total of 13 line kilometres of ground
EM data was collected along 11, north-south oriented lines from 4 different loop locations
at 25 metre intervals (PET-016). Both the Hx and Hz components of the EM field were
collected.

A total of four drillholes were surveyed with downhole EM. SY017, SY018, SY019 and
SY020 were surveyed with the axial or Z component of the EM signal being recorded from
up to 4 different transmutting loops (PET-017B).

The ground EM survey was conducted by Zonge Engineering Crew Chief Matt
Chamberlain and two local field personnel using Western Metals in-house Zonge
Engineering ground EM aquisition system. The downhole EM work was conducted by
Western Metals personnel Garry Cooper and Andrew Thompson using Western Metals
downhole winch and Zonge transmatting system.

8k}
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2. DATA COLLECTION

The ground EM data was collected in a fixed loop configuration. In this configuration a
large fixed EM transmitting loop is used to produce the EM signal which is then measured
by a roving receiver which traverses along lines extending at right angles to the longest
loop edge (figure 1.). EM recordings are collected both inside and outside of the
transmitting loop.

TRANSMITTER

- "
IO e
o »
o .
T : : Survey lines
: : * Survey stations
= .
. ©
RECEIVER
-
SENSORS

Figure 2. Fixed Loop Ground EM Survey Configuration.

The downhole EM is collected using a similar system for coupling with the target however a
downhole winch and slimline probe is used to measure the EM signal down the hole (figure 3).

= TRANSMITTER
i -.)A TIQNSMITTER LOOP

SPRIMARY FIELD

DOWNHOLE —»

PROBE ™ SECONDARY FIELD

TARGET

Figure 3, Downhele EM setup
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Instrnmentation

The fixed loop ground and downhole EM data was collected using the following
equipment.

Transmitter - Zonge GGT-10. - a 10 kilowatt transmitter capable of
transmitting up to 1000 Volis.

Motor Generator - ZMG75. - a standard Zonge 7.5 kilowatt generator
producing a 3 phase 120V, 400Hz signal.

Receiver - Zonge GDP16 3 channel receiver - a multi-function
receiver capable of recording 3 components of TEM, time
domain or frequency domain IP or CSAMT data at a time.

Sensor  Ground EM- Zonge TEM-3 coil with an effective area of 10000 square
meters or a 100m by 100m loop.
Downhcle EM  Sirotem downhole slimline axial probe.

Transmitting Cable - 1.5 mm standard insulated 50 strand copper wire.
Winch Inially a winch rated to 550 metres from Zonge

Engineering was used for the downhole however the
Western Metals winch rated to 1500 metres was brought
down due to the increased depth of the second hole.

The generator powering the transmitter was running on a single cylinder and as a result
could not keep up the required power to the transmitter. Half a day of production was lost
repairing this problem.

Survey Specifications

The following spectfications were used for data acquisition.

Greund EM Downhole EM
Loop Size 500%300m 300x400m-300x500m
Transmitting Current 16 Amps 16 Amps
Transmitting Frequency |4 Hz 4 Hz
Data Reselution 25m i0m
Coil Orientation Hz and Hx Hz
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Data Quality

The data quality througheut the survey was good due to the large signal strengths recorded
at late time. 'Wind was a problem however and slowed down acquisition times due to the
need for increased stacking of data. This problem mostly affected the X-component data.
The X-component data was also affected by the transmitting wire from locp 3 on line
TIXE creating spikey data.
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DISCUSSION

Previous Geophysical Work

A helicopter EM survey was conducted by Geoinstruments using their Hummingbird
system over the Comstock tenements for Bass Resources in March of 1999, The ground
was flown at 50 metre Iine intervals in east-west (PET-018F) and north-south (PET-018E}
directions giving a very detailed dataset. The data revealed many shaffow conductive
responses which were thought to be sourced by black shale units. Due to this conductive
environment the signal from the HEM frequency domain system was not able to penetrate
very deep and hence to locate any deep targets some sort of ground EM survey was
required. The Balstrup Fault mineralisation was not detected by the HEM system most
likety becavse of the considerable depth, steep dip and small size.

Renison conducted downhole EM on some of the holes that intersected the Balstrup Fault
mineralisation, which was subsequently found to be conductive. EM is therefore a valid
technique to detect mineralisation of this type.

From April to June 1999 a gravity survey was conducted at Comstock by Solo Geophysics
for Bass Resources (PET-018F) {Leaman, 1999). This survey was guite extensive with
data resolution as close as 25m in many places. The gravity showed several localised highs
and alsc resolved the Balstrup fault mineralisation in some places however none of these
tocal anomalies correlated with the HEM anomalies. A steep gravity gradient recorded in
the southeast of the survey area was thought to be due to an as vet untested structure
however no evidence of this was indicated from the drilling by Western Metals Resources.

A ground Magnetics survey was also conducted in approximately 1992 by Steve Wryatt for
Remison. A large magnetic high caused by the magnetite alteration produced by contact
metamorphism associated with granite is the dominant magnetic feature in the Comstock
area. Modelling of the magnetic data suggested that there were two conductive bodies
present a highly magnetic pyrrhotite body and a less magnetic pyritic unit. There does not
appear to be much association between the magnetic data and the known mineralisation.

Magnetic data was also collected during the 1999 HEM survey (PET-018G). The
magnetic data in the area of the ground EM survey is quite flat suggesting that no
pyrrhotite sources are present in this area.
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3.2 Ground EM Interpretation

Two separate targets were tested during the 1999 Comstock ground EM survey (PET-
(116). The primary {arget was an area asscciated with outcropping ironstones and a steep
gravity gradient, representing a possible structure. The secondary target was the Balstrup
Fault along which it was hoped to detect extensions to the known Balstrup Fault
mineralisation.

It was not known whether mineralisation in the primary target area would be steeply
dipping or flat lying and as a result transmitting loops were used te couple with 1argets of
either orientaticn. Hence loops 1 and 2 were used to couple with a steeply dipping target
in the primary target region whereas loops 3 and 4 were located to couple with a flat lying
target in the pnmary target area and also a steeply dipping target in the Balstrup Fault or
secondary target area (PET-016).

Several targets which wili be discussed in the next section were identified within the
primary target zone however there was little response over the Balsirup Fault target area.
This could have been due to the large late time amplitudes that were recorded from
transmitting loops 3 and 4 which may have swamped any response from mineralisation
along the Balstrup Fault, however any early time response over the secondary target
should have been detected. Any mineralisation aleng the Balstrup Fault not detected from
this survey is thought to be too small and too deep to be of interest.

A number of conductive responses were detected during this survey fiom all loops
resulting in a complex interpretation. Different targets were identified from the various
transmitting loops and so the data from each loop will be discussed indevidually.

Interpretation consisted of modeling the responses recorded during the survey using a
series of thin plates and using analytical signal processing to resolve the location of the
targets which is discussed in another section. _

Loops 1 and 2
As mentioned previously, transmitting loops 1 and 2 were designed o couple with steeply

dipping targets in the primary target area however flatlying fargets will also be resolved in
this area though not as accurately as for transmitting loops 3 and 4.

A total of five targets were identified from modeling of the loop! and 2 data including four
shallow, weakly cenductive targets and a deeper, highly coaductive target (figures 4a-5b).
Frem west to east, the shallow targets consist of,

¢ a weakly conductive, shallowly north dipping body located at 60450N and extending
from 57700E to 58000E at a depth of 75m.

¢ a shallow body located at 60375N, striking east-west, this body extends from 57900E
t0 58100E at a depth of 50m, dips shalfowly to the north and is moderately conductive.
This unit is intersected in hole SY(17 af a depth of 70 metres and in hole SYC18 at a
depth of 150 metres.

12
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s a third shallow body located at 60450N, extends from S8200E to 57700E at a depih of
50m, is weakly conductive and again dips shatlowly to the north. This body appears to
plunge shallowly to the east.

+ 3 fourth shallow body 1s located at 60275N and extends from 58400E fo the east where
it remains open. This moderately conductive target lies at a depth of 75 m, strikes
cast-west and plunges slightly to the east.

The late time response is from a flat lying, highly conductive unit dipping slightly to the
north at a depth of 200m. This response is betfer resolved from transmitting foops 3 and 4.
A mid-late time response is also visible on line 57700E and may be associated with an off-
hole response defected in hole SYG19. This response is complicated and is masked by
other conductors in the area creating difficufties in resolving the depth and orientation of
this conductor.

Loops 3 and 4
Loops three and four identified a total of 4 conductive responses including the deep, flat

tying, highly conductive response observed from loop 1 and three shallow, poorly
conductive units (figures 6a-7b). From west to east the shallow conductors consist of,

¢ a northeast striking unit at a depth of 25 metres, detected on lines 57700E through to
58100E centred at 60125N. This conductor dips at a shallow angle to the north and is
weakly conductive. This unit gives an ofthole response at a depth 100 metres down
the hole in SY018 (figure 10a, 10b).

s a weakly conductive, flat lying unit striking east from 58000E to 58100E, centred at
60125N. This unit is weakly conductive and lies at a depth of 25 metres and was
observed from transmitting loop 3.

e a weakly conductive response observed from 58400E through to 58700E at a northing
of 60200N and strikes east-west. This target again dips shallowly to the north and lies
at a depth of 25 metres. This response could be better representation of the body
inferpreted to be located at 60275N observed from icop 2.

e A fourth flat lying, moderately conductive body at a depth of 100 metres was required
to fit the loop3 data from windows 16 to 23. The response at these window times
could however be a combination of responses from the weakly condunctive shallow
units and the more conductive deeper unit. This feature was not evident in the
downhole data and therefore should probably be discarded.

As mentioned previcusly the deep, flat Iying highly conductive unit detected from loop 1 is
also present in the loop3 and loop4 data however as loops 3 and 4 are better positicned to
couple with this flat lying target, this target is resolved more accurately from these loops.
The modeling suggests this body lies at a depth of approximately 200 metres and dips
shallowly to the northeast. It is evident from lines 57700E through to 58400E and strikes
to the southeast. Due to its depth the width of the body is not well resolved in the data.
This conductor has been intersected in holes SY017 and SY018 and correlates with a 30
metre thick unit of graphitic shale.

18
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Analytical Signal Interpretation

3.3.1 Analytical Sienal Theory

The analytical signal is a form of processing which uses spatia! derivatives or the rate of
change of the electromagnetic signat amplitude, along the survey line which can be used to
identify conductive bodies. Ancther name for this type of processing is the derivative
transformation method.

When a conductive body is charged by an electromagnetic {(EM) field i emits it’s own
secondary EM field which can be measured when the primary EM field from the
transmitter is turned off. The variation in shape of this secondary field or response as the
sensor passes over the conductor, reflects the orientation and dip of the conductor. The
rate at which this secondary field varies or changes, reflects the depth of the conductor.

. The rate of change of EM signal is rapid for shallow bodies and more gradual for deeper

bodies which means that the response from a shallower body can be more visible to the
naked eye than for a deeper bedy, The response from shielded bedrock conductors
therefore can be overprinted from lateral conductivity variations in the overburden and may
be difficuk to identify.

The anafytical signal method or derivative transformation can detect small changes in slope” :

and so is able to identify responses from conductive targets that may be missed with the
naked eye. The anaiytical signal transformation places a belt shaped peak over the edges of
a conductor if the body is shallow and the edges of the body are therefore defined in the
raw EM data (figure 3.). If the body is deeper the transformation will place a bell shaped
anomaly over the shallowest part or centre of the body and therefore when imaged, the
transformation high marks the location of the conductive body. Shallow weathering
troughs wsually become obvious in the analytica! signal by two edges plotiing close
together whereas a deeper conductor will be marked by a single peak. As a rule for steeply
dipping conductors, the broader the width of this bell shaped peak, the deeper the
conductive body.

3.3.2 Comstock Ground EM Analvtical Signal Iuterpretation

The early time (channel 7} anaiyticalr signal image from loops 1 and 2 (PET-318B) appears

to resolve three separate bodies which agrees to a cerfain extent with the loop 1

interpretation. The eastern extent of the shallow, southeasterly striking body identified -

from loop 2 is not picked up by the anaiytical signal processing however this may be a

result of the reduced signal amplitudes on the eastern lines due {o the plunge of the -
conductor. The other shaliow bedy from loop 2 further south is resclved in the later t:lme '

analytical signal data due to its increased conductivity.

The early time anatytical signal image from loops 3 and 4 (PET-018C) resolves all of the
shallow reponses identified from the modelling of loop 3 and 4 data. including the
northeast striking body in the southwest of the survey area and the small, flat lying unit at
60400N. The analytical signal suggests that these two bodies are separate and have
different strike directions supporting the interprefation generated from the modelling. This
agrees with ihe east-west oriented HEM data as opposed to the north-south criented HEM
data which suggests that these bodies are the same unit. The shallow response from ioop
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4 at 60200N is also weli resolved by the analytical signal processing and supports the
interpretation produced by the computer modelling.

The late time analytical signaf from loops 3 and 4 (PET-018D) resclves the location of the
centre of the deep cenductive unit well. In particular the analytical signal processing has
identified several areas within this deeper conductive unit, namely at 360400N on line
57900E and 360250N on line 583300E that appear to have a greater conductivity-thickness
product and therefore may be of greater interest. On closer investigation however these
targets however appear to simply indicate a shallowing of the shale unit at these jocations
and therefore should be treated with caution.

The late time analyﬁcal signal from loops 1 and 2 is similar to loops 3 and 4 late time
analytical signal,

Downhele EM Interpretation

Four holes were surveyed using single compenent downhole EM to identify potential
conductive mineralisation in the vicinity of the drillholes that has not been intersected and
also to identify those units which are conductive{PET-017B).

Each hole was surveyed using several transmitting Ioops Iocated to couple with the =~

potential targets. Holes 8Y017, SY019 and SY020 were surveyed with two transmitiing -
loops and hole SY(18 was surveyed with four transmitting loops due to the unknown
orientation of the target here.

The starting models for the downhole EM were taken from 'the ground EM data for holes.
SY017 and SYO18 however as there was no ground EM cover over SY019 and SY020
and the models for these holes were started from scratch,

SY0i7

Hole SY017 was surveyed using transmitting loops  and 3 from the ground EM survey.
Bothk holes identified a late time in-hole response at 220 m and an early time in-hole
response at 70 metres down the hole. Early time, in-hole responses at 225 metres and 410
metres down the hole were also detected using transmitting loop 3 (figures 92-9b).

The early time response at 70 metres visible in both loop 1 and 3 data corresponds with the
north dipping, weakly conductive body at a depth of 50 metres, detected from loop]l in the
ground EM data. This response correlates with a thin unit of pyritic unit.

The other, early time, in-hole response detected from transmitting loop 3 at 400 metres
down the hole also has an associated off-hole response and corresponds with a unit of
graphitic shale. This unit was not modeled as it was of little interest and hence will not
appear on the modet diagrams.

The late time response correlates with the strongly conductive, flat-lying respense detected
in both loops 1 and 3 from the ground EM at a depth of 200 m. This response also has a
substantial off-hole component cbserved mostly from transmitting loop 3 which confirms
that the conductor extends for some distance either side of the hole. This conductive
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response at a depth of 225 metres down the hole is sourced by a thick unit (up to 30
meires) of graphitic shale and pyrite stockwork. -

There did not appear to be a response from the pyrite unit at 235-245 meires down the
hole which contained traces of base metals. This may be a result of this unit of up to 20%
pyrite being of a similar or greater conductivity as the unit of graphttic shale above and the
response would therefore be combined with or masked by the response from the graphitic
shale. An altemaiive reason for the fack of response is that this unit has a limited sirike
iength and therefore 2 minimal response.

SY(i8

As mentioned previously SY0I8 was surveyed from four different transmitting loops due
to the large number of possible targets around the drillhole (PET-017B). Loops 1 and 3
from the ground EM survey were again used aleng with ioop 5, designed to test for
shallow, steeply dipping targets above the hole and locopb, designed to test for north-south
striking targets.

An early time, in-hole response were detected at 150 meires down the hole from
transmitting loop 6 and an off-hole response at 100 metres was detected from transmitting
icop 3. Late time in-hole responses were detected at 320G and 450 metes down the hole
(figurel0a-10b) from all loops.

The early time, off-hole response at a depth of 100 metres down the hole, detected from
transmitting loop 3 correlates with the shallow, northeast striking, weakly conductive unit
detected from loop 3 in the ground EM data (figures 6a-6b). The early time, in-hole
response at a depth of 150 metres down the hole, observed in the loop 6 data for this hole
cerrelaies with the weakly conductive, north dipping unit detected in the loop 1 ground
EM data (figure 4a-4b} located at 60375N which is the unit intersected at approximately
70 meires in hole SY017. This response roughiy corresponds with a mineralised skarn unit
containing massive sufphide although this unit is intersected at 20 metres fisther down the
hole. The geophysics therefore suggests that the mineralised skarn is the extension at
depth of the pyritic unit infersected in hole SY017 at a depth of 70 metres. The skamn may
however be a separate unit altogether which would require the pyritic unit intersected in
SY017 to have a limited depth extent.

The difference in the location of the in-hole conductor with respect to the intersected skarn
may be due to problems encountered in measuring the depth of the probe dowm the hole.
Ii is unlikely that the depth of the probe would be so far out at such an early stage however
it remains a possibility.

The late time response from all loops is dominated by an in-hole feature at approximately
320 metres down the hole which has a substantial off-kole effect. There is alsc another late
time in hole response 450 meires down the hole which has a substantiai assoctated oft-hole
compenent. '

The deminant late time response at 320 metres is again due to the flai lying graphitic shale

unit detected in hole SY017 and in the ground EM. The other inhole response at a depth
of 450 metes down the hole is due to a norithwest-southeast striking unit which correlates
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with the intersection of a mineralised skarn urit containing 20% pyrite and 20 cm of 18%
zing. '

Although the models are different for each loop, and no single model fits all loops this is a
product of the variations in coupling with the different conductive bodies from the various
loops.

SYQ19 ,
~ Downhele EM was conducted down hole SY019 using transmitéing foops 7 and 8 to test
for both flat lying and steeply dipping targets {PET-075B}.

Two in-hole responses and two off-hole responses were detected from both loops and two
ofi-hole responses were also evident sclely within the Icop 8 data. Two models were put
forward as interpretations of this dataset. The first model consists of two in hole responses
located at 240 metres and 330 metres down the hole interpreted as two units dipping to the
west at approximately 45 degrees {figures 11a-11b).

The second model suggests that the lower intersected unit dips to the east while the
shallower unit remains west dipping (figures 11c-11d). This second model agrees with the
geology interpreted from the drilling and is therefore the favoured model. The intersected
units are guite conductive and correlate with a graphitic shale at 325 and a mineralised
skarn including 2.2m @ %5 zinc equivalent at 240 metres down the hole.

Both of the models indicate that the late time off hole response detected from loop8 is the
off-hole component of the in-hele response detected at 240 metres down the hole. The
mid-time off-hole response, centred at 110 metres down the hole is due to an unknown
moderately conductive unit dipping at 45 degrees to the west or is flatlying (model 2) at a
depth of approximately 100 metres beneath the surface and 30 1o 50 metres above the hole.
This response is visible in the ground EM on the western most line {57700E) from [ocp 1
as a mid-late time response centred on 60400N. The response is masked by other
conductors in the area and is difficult to inferpret.

SY020
Hole SY020 was alse surveyed from twe transmitter locations in an attempt to couple with
both steeply dipping and flat lying potential conductive targets.

A weak early time response at approximately 30 metres down the hole correlates with a

graphitic shale intersection. Ne other in-hole or off-hole responses were detected in the
EM data for SY020.
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CONCLUSION

The Comstock ground EM survey identified at least seven shallow peorly conductive
responses dipping shallowly to the north and a deep, highly conductive response from a
flatlying, graphitic shale unit.

One of the weakly conductive units was intersected in SY017 and SY018 drill-holes and
found to be sourced by a thin pyritic unit which may contain base mesals down-dip. The,
conductive late time conductor has been intersected in holes SY017 and SY018 and is
sourced by a thick unit of graphitic shale at a depth of approximately 220 metres.

No conductive targets were identified in the Balstrup Fault secondary target zone although
the strong late time response from the graphitic shale unit could have swamped any late
time response from potential Balstrup Fault mineralisation. Any early time response from
this target should have been visible in the dataset however.

" DPown-hole EM in holes SY(17 and SY0i8 confirmed thai the graphitic shale was the

source of the late time response at 2 depth of 200 metres and that the shallow response at
60375, 58000E was due to pyrite mineralisation. This unit however when intersected
down dip in hole SY018 contains small amounts of base metal sulphides although there is
some ambiguity about the location of the response from this umit.

A late time inhole response with an associated off-hole component was identified at 450m
down the hole in SY018. This response was associated with a mineralised skarn unit and
may be z target for further work. A second weaker, inhole and associated ofthole response
was detected in the early time channels of hole SY017 as is associated with a minor shale
unit. No unexplained ofthole responses were detected in SY017 and SYO018.

Downhole EM in hole SY019 identificd two late time in-hole responses and a nud-time,
off-hole response. The inhole responses correlate with a west dipping mineralised skarn at
250 metes down the hole and an east dipping shale unit containing minor base metals at
325 metres down the hole. The mid-time offhole response is due to a moderately
conductive unit dipping to the west between 0 and 45 degrees located 50 metres above the
hole and 100 metres below the surface at 57665E, 60440N. This response remains
untested and is an attractive iarget for further work although its relative flat Iving
characteristic suggests that is may be sourced by graphitic shale..

A single weak, early time inhole response associated with an intersection of graphitic shale -
was detected inhole SY020.

Possible targets for firther work therefore consist of the off-hole response associated with
the skarn unit intersecied at 450 metres in SY018 and the off-hole response in SY019
focated 50 metres above the hole. The highly conductive shale unit at a depth of 200
metres detecied in the ground EM may host base metal mineralisation and is worthy of
further deillling along strike to the east and west of SY018. The shaltow, weakly
conductive targets in the east of the survey area from 58200E to 57700E remain untested
however are thought to be due to pyrite mineralisation.
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