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INTRODUCT1ON

During the period of April 2nd 2003 through April 16th 2003 a UTEM 3 survev was
carried out by 1.amontagne Geophysics Limited personnel for A/S Sulfidmalm in the
area of Espedalen, Norway (Figure 1). The location of the propertv is shown in Figures
1 and 2. The survey was carried out to locate conductors in the imnwdiate grid areas
with the intention Of outlining targets for future work.

A total of 29.250km of outside-the-loop UTEM data was collected using 4
transmitter loops with the receiver operating in 10-channel mode. A transmitter
frequencv of 3.251 Hz was used for all loops. All lines were surveved measuring the
vertical component, Hz. A station spacing of 25m and a line spacing of 200m was
emploved with detailing lines at 100m intervals as required.

This report documents the UTEM survey in terms of logistics, survev parameters
and field personnel. Appendix A contains the data presented in profile form. Other
appendices contain:

List of Personnel/Production Diary (Appendix B)
an outline of the UTEM System (Appendix C)
Note on sources of anornalous Chl (Appendix D)
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SURVEY DESIGN

This UTEM survey is part of a nickel exploration program in the Espedalen area.
Historically mining of Ni-bearing massive sulfide deposits has been carried out in the
area. The UTEM survev was planned and carried out to outline and allow better
definition of known conductors, to detect/outline new conductors and to detect/outline
deeper features and depth continuations of known features.

The grid and loop lavout was designed by A/S Sulfidmalm/Falconbridge Ltd.
personnel to allow efficient coverage of the area. Loop size and locations were selected
to provide good coupling with the expected targets and to allow efficient coverage of
the grid area. The base frequencv was lowered from the international standard —261-Iz
to 3.251Hz to eliminate the response of manv "moderate" conductors - these responses
will have decaved away by Chl time. Any remaining Chl responses are then
considered to 6e repre;entative of conductors of an appreciably higher conductivitv.

The survey parameters emploved:

outside-the-loop coverage with 2 receivers (or 1 receiver as available)
approximately 2000x1200m transmitter loops
1.18mm (-1mm2 —17-gauge copper wire) doubled in places for increased
current - more signal requires shorter stacking times and/or better quality data
line spacing of 200m with detailing lines at 100m intervals as required
station interval of 25m reduced to 12.5m in anomalous areas
Liz (vertical component measurements)
10-channel data at a frequencv of 3.251Hz
minimum 256 stacking (512 half-cycles) increased where noise levels dictate

In nickel exploration non-decaving channel 1 conductors are indicative of highlv
conductive mineralization. Anv non:decaving anomalous channel 1 features are
therefore of interest. Non-decaying chanriel UlEM anomalies can reflect:

the presence of conductive mineralization
the presence of a magnetic anomaly
poor geometric control - either station location or loop location

These are outlined in more detail in Appendix D. From an interpretation standpoint
magnetic anomalies and geometric control should be considered and evaluated as a
mandatory part of anv interpretation. From a field standpoint precise geometric
control sh'ould be part of any UTEM survey where the target is non-decaving. Poor
geometric control has the 1.-ential to both mask and invent channel 1 conductors.

For this survey GPS data was collected by the client and made available for use in
reducing the UTEM data. GPS data was collected for all survey points and at intervals
around all transmitter loops. For reference future GPS collecti'on for UTEM reduction
should be more detailed along loop fronts - the most important portion of the loop
from a UTEN1 reduction perspective. The goal along the loop front - and loop
sides/back - is to recover the topographic shape loop as well as the loop/line
intersection points.
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SURVEY LOGISTICS

A Lamontagne Geophysics crew mobilized from Kingston on March 31sl and
arrived in Oslo on April 1st The crew and equipment were picked up client
representatives Jean Laforest and Dag Inge and driven to the base of operations for the
Espedalen survey was Strand Fjellstue(Figure 1 - www.strand-fjellstue.no). The survey
began the folloWing morning.

Four transmitter loops were used during the UTEM survey for a total survey
coverage of 29.250 km. Figure 2 shows the loop locations and grid layout. Access io
the grid was bv snowmobile along a series of pre-existing trails used for accessing the
area by skiers/hikers etc. The grid/loop positions had been established by GPS and
were demarcated bv bamboo wands and flagging.

Surveving began with Loop 2. The wire for this loop was laid in advance by the
client representatives. The generator (Honda 7500W) was alreadv in position. Electrical
connection to the generator was made through an I.Gl. isolation-transformer/Variac
combination rewired to conform with the sockets (standard 2-pin/side-clip ground
european) on the generator. This worked well for the duration of the survev. The
small-volume gas tank on the generator was the only drawback - it required- filling 2-3
times a survey day.

In general surveying for all loops went well. Noise levels proved to be high and
in places, along certain geologic structures, extremely high. This likely indicates
channeling telluric currents along conductive features in the relatively-resistive host
rock. In places individual stations were stacked for 4+ times the stacking used at
neighbouring stations. In response to the noise levels stacking in general was increased
and double wire was laid out. We had enough wire (-10km total) to double all sides on
only one loop. The wire available coupled with the logistics of laying/picking up
wire(s) in icv, steep terrain resulted in the doubling of the side-wires only - wires
common to two loops. Comparison of the data from Loop 3 (two sides doubled) and
Loop 2 (no sides doubled) shows that the Loop 3 data - more signal, more stacking - is
less noisv (Appendix A).

Particular care was taken during the survey not to leave anything on the site.
The verv hard-packed snow on the northeast-facirig slopes meant that protection was
required on some survey lines. In practice the UTEM operators would work alone and
Dag Inge, a qualified mountain guide, along with Jean Laforest would set up the
protection. The protected portions would then be surveved with a crew of two -
operator plus coiler.

The final data was surveyed April 15th and all remaining wire was picked up
April 16th along with a number of lines of pickets (all trace of the survey had to be
removed after completion). The survey was declared completed and the equipment
was packed for shipping. The equipment was transported to SAS cargo at Oslo
Gardernoen Airport. The crew demobilized to Ontario, Canada. Details of the daily
production and personnel are included in the Production Diary (Appendix B) along  vith
a summary of production.
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The survev equipment consisted of two UTENI 3 receivers and one UTENI 3
transmitter as ‘vell as all necessarv accessories, support equipment and backup
equipment. Data was reduced on a field computer (Macintosh) and UTENI profiles and
digital data were made available/emailed to the client's personnel on a daily basis. At
the suggestion of the client snowshoes equipped with crampons were obtained for the
survev - Dag Inge suggested that serrated frames would also have been useful. Given
the conditions stiff boots - and insulated if possible - are recommended for kicking
steps. Consideration should also be given to crampons/crarnpon-readv boots. Where
required the protection involved a climbing harness. On future survevs crew could
bring along a harness and even a climbing helmet if thev have them available or are
difficult to fit.

The weather conditions were generallv good for surveving - cold nights and
pleasant davs. The snow conditions were ge-nerallv good although towards the end of
the survev the afternoon snow conditions were beComing prettv stickv. High winds
stopped :-:urveving for one dav.

SURVEY RESULTS

The results of the survev are summarized and presented as UTEM profiles in
Appendix A. The final grid and Loop Locations are presented in Figures 2. Overall the
data qualitv is good - though in places it is noisv. A number of conductors and/or
conductive features are evident. Although every effort was taken to shelter the
receiver coil minor wind noise mav be evident in some profiles.

Profiles are listed by Loop number and presented as 3-axis profiles in the
following order:

Hz continuous norm Cia reduced (blue separator)
Hz point normalized Chl reduced (pink separator)

A description of the standard plotting formats used and of the UTEM System is
presented in Appendix C.

Outline of rofile t es

Hz continuous norm Chl reduced (blue separator)

Continuous normalization is useful for detection of the presence anomalies at
anv position on a profile. The anomalv shape is distorted bv the normalization
to the local field. As the field gets verv big near the wire the continuouslv
normalized Chl tend towards zero.

top axis - Ch5-10
middle axis - Ch2-5

bottom axis - Chl
bottom axis - ground magnetics - 48000 to 5S000nT
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Fk point normalized Chl reduced (pink separator)

normalization point: off-loop data —400m out from the loop-front centre

	

inside-the-loop data @ the centre of the loop

Point normalized data is useful for interpretation of anomalous responses.
Anomalv shape is preserved as is the amplitude if the normalization point is
local to the anomalv.

The normalization point for off-loop survevs is tvpicallv 4-500m out from the
centre of the loop front. The field at this point is interMediate (-1200m lines).
Normalizing to an intermediate point allows the interpretation of responses
along the entire line. The amplitude of responses close to (further from) the
loop front viIl be blown up (muted).

The disadvantage of point normalization is that small errors in location near the
wire and in current tend to appear as large errors in CM. If the loop/station
locations and the current are accurately known then point normalized Chl (in
the absence of a local conductor) will tend to be continuous approaching the
wire - unlike the continuously normalized Chl which, as described above, will
dip to zero.

top axis - Ch5-10
middle axis - Ch2-5

bottom axis - Chl
bottom axis - topography - no vertical exaggeration

Discussion of the Grid

The profiles presented in Appendix A have been reduced with a grid produced
from the GPS data and notes collected bv the Lamontagne crew. The steps in this
process are described above. The overail results of this process are quite good
(Appendix A). Some of the character in Chl profiles is due to remaining errors in
loop/line location - this is particularlv true near the loop wire where errors in
station/loop location/elevation have-a larger effect (Appendix D). For reference future
GPS collection for UTEN1 reduction should be more detailed along loop fronts - the
most important portion of the loop from a U1EM reduction perspective. The goal
along the loop front - and loop sides/back - is to recover the topographic shape loop as
well as the loop/line intersection points.

It is also advisable to treat GPS data collection on grids for UTEM survevs as one
would treat a land survev:

- surveving the loop front in a single pass and being sure to t e in all survev lines
to th-e loop front (probably the most inportant factor)

- closing survey "loops"
- surveving Basehines and survey Lines as single entities (where possible).
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Discussion of Results

A number of responses of interest can be seen on the profiles An interpretation
is presented in two figures:

Eigures 3 Interpreted Eeatures
Figures 4 Interpretation

Eeatures outlined are rnainlv contacts, shallow conductors and thin conductive zones -
geological units and structUral features. The best responses are in two areas :

Conductor A: Lines 5100E/5300E and infill Lines 5200E and 5400E —1765N
- a sharp Ch2 anomalv at the southeastern tip of Stvlskampen

Conductor B: Lines (2700E)/2900E/3100E/3300E/3500E --1900-2100N
- a broad anomalv that correlates with known mineralization

Conductor A and Conductor B are discussed in detail in the Interpretation section.

Note that character on the Chl profiles mav reflect one or a combinati n of (see
Appendix D):

- local rnagnetics
- conductive features
- poor geometric control

Chl responses - spikes and broader features - should be checked against magnetics and
rechecked against geometrv. The character of the Chl profiles suggests that geometric
control is quite good. Stations affected bv poor geometrv are close to the loop in
locations where the loop shape is complic:.ated bv local topographv.

A number of points on be said about the results in general:

The pattern of responses outlined in Eigure 3 generallv fits with the map pattern of
the geological mapping. Features are generallv continuous over sections of the
grid - some over the entire grid. Changes in strike/offsets occur coincide with
breaks in topographic features and elevation changes. For example the map
pattern of interpreted features (Eigure 3) changes at the offset in the northeast-
facing slope down to Espadalsvatnet between —3800Eand —4200E. Line 3900E was
stopped shorter than adjacent lines due to a sharp drop in elevation - the
combination of the short line and the offset makes it more difficult to correlate
features across this offset.

Known mineralization on Lines 2900/3100/3300E and flanking lines shows a
response (Conductor B) roughlv rnidwav along the survey lines. Extensions of
these responses can be tracked across the grid. This indicates that the overall the
grid locations were sufficientiv accurate to cover the target geology.

Responses reflect shallow features or features that have a shallow expression -
possiblv minor mineralization. Eeatures outlined (Figures 3/4) are mainlv
contacts, shallow conductors and thin conductive zones - geological units and
structural features.

A 'S SuIfidmJtm - 2033 UTEM Survev 3315 - Espedalcn - Norway



Overall the background response seen in the profiles indicates a resistive area.

In areas of steep terrain - where elevation changes markedly along survey lines -
care should be exercised in interpreting responses. Responses are often
"distorted". The situation is analogous to a borehole survev where the conductor
is not necessarily beneath the survey - it may lie to the side or above.

The profiles are in places fairly noisy - in particular the mid-to-late time channels.
Some of this is wind noise bui a good portion of it is geological noise - reflecting
the character of the local mineralization - in places thin stringers of sulphides - and
the lithology as evidenced bv the spikv character of the ground magnetics. In this
situation isOlated stations ar-e noisv - f-orexample even though Line 2700E Station
1950N was stacked 4x as long (10 Minutes vs 2.5 minutes) as the stacking used at
flanking stations it appears noisv (Appendix A). Some stations were repeated
doubling/tripling and in some cases using 4 times the stacking at specific stations
on lines 2100 E(1550, 1850 and 2025) and 2300E (1950, 2100). In general there is a
noisv station that correlates to (Figure 3 - I.ine 2100E chosen for example):

- a thin conductive zone -1550E (Line 2100)
- at the western edge of a magnetic feature -1850E (Line 2100)
- at the eastern edge of a magnetic feature --2025E (Line 2100)

There is generallv a good correlation between the magnetic profiles plotted on the
continuously not:malized profiles (blue separators, Appendix A) and the Chl
profiles - for example Loop 3 Line 4700E from 1950N-2300N. Note that the
correlation is not expected to be exact (Appendix D).

From --Line 2100E1through Line 3900E there is a weakly conductive feature that
marks a change in lithology to a unit characterized by a more active/spiky
magnetic signature - Line 2900E and 3100E are sharp examples. Stations c-oinciding
with this transition are often noisv and required additional stacking. Crideast of
Line 3900E this feature was not as noticeable - retlecting an offset or possibly
deeper burial under Stvlskampen.

Lake øvre Medgrundstjonnet is outlined bv a series of weak contacts on Lines
2500-330011@-1450N.
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IN i LRPRETATION

An interpretation is presented in two figures:

Figures 3 Interpreted Features
Figures 4 Interpretation

Features outlined are mainlv contacts, shallow conductors and thin conductive zones -
geological units and structUral features. These are discussed above. The best responses
are two features along a trend that is interpreted (on the basis of this survey only) to be
continuous across the extent of the area surveved (Figure 4). This suggests that
extending the survey along strike shouki be considered if the geologv is favourable.
The two best respor;ses are:

Conductor A: Lines 5100E/5300E and infill I.ines 5200E and 5400E -1765N
a sharp Ch2 anomalv at the southeastern tip of Stvlskampen

Conductor B: Lines (2700E)/2900E/3100E/3300173500E -1900-2100N
a broad anomalv that correlates with known mineralization

An interpretation of these two features follows. Note: the Legend for Figures 3 and 4 is
enlarged and presented as Figure 7.

Conductor A Lines 5100E/5300E and infill Lines 5200E and 5400E -1765N

Conductor A was initiallv detected during surveving frorn Loop 3 as a feature
strengthening to the grideast on across Lines 4900/5100/5300E. Note: when
exarnining the profiles that Line 5300E just gridsouth of Conductor A was bent
around a cliff - the southeastern tip of Stvlskampen. Infill Lines 5200E and 5400E
were set out and surveved during the routine surveving of Loop 4. Line 5300E was
repeated from Loop 4. The Conductor A response weakens to the grideast on Lines
5400/5500E. The overall best response detected was that on Loop 4 Line 5200E and
this response was selected for MultiLoop modeling.

Modeling Conductor A: Loop 4 Line 5200E Figure 5
The modeling results for I.00p 4 Line 5200E are shown in Figure 5. The overall
background response was modeled using a laterally extensive conductive laver at
a depth of 1100m. Details of the local response are modeled using a pair of
conductors (pale blue in Figure 5). One of these is steeply-dipping (gridnorth) - the
other is -parallel to the conductor but laterallv more extensive. Conductor A
appears to be an enhancement along a conductive horizon. Details of Conductor
A as modeled as listed in Figure 5 are:

centre of top 5200E, 1762N, 1105 m.a.s.l. (grid coords.)

local elevation -1140 m.a.s.l. giving -35m depth-to-top


strike/dip -320/45° conductance 2000S

along strike/downdip 200m185m

Conductor A is interpreted to be an excellent conductor - it should be evaluated in
comparison with other known features in the local area. Primary field coupling is
good but the feature is not maximum coupled as modeled suggesting that the
conductance is a reasonable estimate - it could be higher. Increasing the strike
length of the modeled body would act to lower the conductancc somewhat.
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Conductor B Lines (2700E)/2900E/3100E/3300E/3500E, -1900-2100N

The survev started with Lines 2900/3100E as surveved from Loop 2 to cover
Conductor B. Line 2900E was repeated from Loop 1. The Conductor B response
changes character along strike and weakens gridwest of Line 2900E/grideast of Line
3500E. The response is generallv that of a flat-Iving conductor or a top anomalv. The
main response is complicated by a set of noisv, weaker responses mav indicate the
presence of stringer mineralization. The overlall best response detected was that on
Loop 2 Line 3100E and this response was selected for MultiLoop modeling.

Modeling Conductor B: Loop 2 Line 3100E Eigure 6

The modeling results for Loop 2 Line 3100E are shown in Eigure 6. The overall
background response was modeled using laterallv extensive conductive lavers at a
depth of 1100m and 400m respectivelv. Details o-fthe local response are mOdeled
using a set of conductors (pale blue in Eigure 6). Three of these are steeply-
dipping (gridnorth) - the other is bracketed by two of the steeply-dipping
conductors and is -parallel to the Conductor B but is laterallv more extensive.
Like the case for Conductor A, Conductor B appears to be an enhancement along
a conductive horizon. Conductor B has been modeled as a set of two similar
plates offset slightly verticallv and slightiv overlapping. Details of Conductor B as
modeled as listed in Figure 5 are:

centre of top gridsouth plate 3100E, 1940N, 1070 m.a.s.l. (grid coords.)
local elevation -1110 m.a.s.l. giving -40m depth-to-top


along strike/downdip 500m180m

strike/dip -320/10° conductance 175S

centre of top gridnorth plate 3100E, 2015N, 1050 m.a.s.l. (grid coords.)
local elevation -1100 m.a.s.l. giving -50m depth-to-top


along strike/downdip 500m195m

strike/dip -320/10° conductance 175S

Conductor B is interpreted to be a -1755 conductor - it should be evaluated in
comparison with other known features in the local area. Conductor B is
maximum coupled as modeled suggesting that the conductance is a reasonable but
minimum est imate. The later channels are noisv coincident with Conductor B
suggesting that sharp features - stringers of mineralization? - mav be present.

It has been noted that Conductors A and B are interpreted to fall along the same
trend (in this report on the basis of this survev). Perhaps not surprisinglv the
modeling results share several characteristics:

the main conductive zone is modeled to be an enhancement along a
conductive horizon that dips -gently gridnorth.

the main conductive zone is modeled to be -bracketed bv steeply grideast
dipping features.

This suggests that what is known about Conductor B should be useful in
evaluating Conductor A.
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Es ecialenGrid 2003-Loo 2
Conductor B -Line 3100EModelin
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conductance (both) 175S
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CONCLUSIONS AND RECOMMENDATIONS

The results of the survey are summarized and presented as UTEM profiles in
Appendix A. Overall the data quality is good and a number of conductive features are
evident. The final Grid and Loop Locations are presented in Figure 2 and an
interpretation is presented in Figures 3 and 4. Features outlined are mainly contacts,
shallow conductors and thin conductive zones - geological units and structural features.
The pattern of responses outlined in Figures 3 and 4 fits the map pattern of the
geological mapping and in general indicates that field location of the grids was
sufficiently accurate to cover the target geology.

The best responses are two features along a trend that is interpreted on the basis
of this survey only to be continuous across the extent of the area surveved (Figure 4).
This suggests that extending the survey along strike should be considered if the
geology is favourable. The two best re:sponses were selected for MultiLoop modeling:

Conductor A: Lines 5100E/5300E and infill Lines 520017.and 5400E —1765N

- a sharp Ch2 anomalv at the southeastern tip of Stvlskampen

- details of Conductor A as modeled with a single plate are (Figure 5 ):

centre of top 5200E,1762N,1105m.a.s.l. (grid coords.)

local elevation —1140m.a.s.l. giving —35mdepth-to-top


along strike/downdip 200m/85m

strike/dip —320/45° conductance 2000S

Conductor A is interpreted to be an excellent conductor - it should be
evaluated in comparison with other known features in the local area.

Conductor B: Lines (2700E)/2900E/3100E/3300E/3500E —1900-2100N

- a broad anornalv that correlates with known rnineralization

- details of Conductor b as mocieled with two plates are (Figure 6 ):

centre of top gridsouth plate 3100E,1940N,1070m.a.s.l. (grid coords.)
local elevation —1110m.a.s.l. giving —40mdepth-to-top


along strike/downdip 500m/80m

strike/dip —320/10° conductance 175S

centre of top gridnorth plate 3100E,2015N,1050m.a.s.l. (grid coords.)
local elevation —1100m.a.s.l. giving —50mdepth-to-top


along strike/downdip 500m/95m

strike/dip —320/10° conductance 175S

Conductor B is interpreted to be a —1755conductor - it should be evaluated in
comparison with other known features in the local area.

A/S Sulfidmalm - 2003 UTEM Survey 0315 - Espedalen - Norway pg 17



Conductors A and B are interpreted to fall along the same trend (in this report
on the basis of this survey). Modeling results share several characteristics:

the main conductive zone is modeled to be an enhancement along a
conductive horizon that dips -gently gridnorth.

the main conductive zone is modeled to be -bracketed by steeply grideast
dipping features.

This suggests that what is known about Conductor B should be useful in evaluating
Conductor A.

The profiles presented in Appendix A have been reduced with a grid corrected as
well as possible using available information. The location of all survey points and loop
locations were collected using a GPS system. For reference future GPS collection for
UTEM reduction should be more detailed along loop fronts - the most important
portion of the loop from a UTEM reduction perspective. The goal along the loop front -
and loop sides/back - is to recover the topographic shape loop as well as the loop/line
intersection points.

Noise levels during the survey proved to be high and in places, along certain
geologic structures, extremely high. Doubling the loop wire or the use of a heavier
gauge wire would allow higher transmitter currents - increasing the signal-to-noise
ratio of the survey and improving data quality. In addition care should be taken to
ensure that stacking is adjusted on a station-by-station basis to allow for noisy stations.

A/S Sulfidmann - 2003UTEM Survey0315- Espedalen - Norway pg 18



Legend
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Figure 7
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Presentation

The results of the survey are summarized and presented as UTEM profiles in Appendix
A. The final grid and Loop Locations are presented in Figures 2. Overall the data quality is
good - though in places it is noisy. A number of conductors and/or conductive features are
evident. A description of the standard plotting formats used and of the UTEM System is
presented in Appendix C.

The profiles are listed by Loop number and presented as 3-axis profiles in the following
order:

Hz continuous norm Chl reduced (blue separator)
Hz point normalized Chl reduced (pink separator)

Outline of rofile t es

Hz continuous norm Chl reduced (blue separator)

Continuous normalization is useful for detection of the presence anornalies at any
position on a profile. The anomaly shape is distorted by the normalization to the local
field. As the field gets verv big near the wire the continuously normalized Chl tend
towards zero.

top axis - Ch5-10
middle axis - Ch2-5

bottorn axis - Chl
bottom axis - ground magnetics - 48000 to 58000nT

Hz point normalized Chl reduced (pink separator)

normalization point: off-loop data -400m out from the loop-front centre

	

inside-the-loop data @ the centre of the loop

Point normalized data is useful for interpretation of anomalous responses. Anomalv
shape is preserved as is the amplitude if the normalization point is local to the
anomalv.

The normalization point for off-loop surveys is typically 4-500m out frorn the centre of
the loop front. The field at this point is intermediate (-i200m lines). Normalizing to
an intermediate point allows the interpretation of responses along the entire line. The
amplitude of responses close to (further from) the loop front will be blown up (muted).

The disadvantage of point normalization is that small errors in location near the wire
and in current tend to appear as large errors in ChI.. If the loop/station locations and
the current are accurately known then point normalized Clii (in the absence of a local
conductor) will tend to be continuous approaching the wire - unlike the continuously
normalized Chl which, as described above, will dip to zero.

top axis Ch5-10
middle axis - Ch2-5

bottom axis - Chl
bottom axis - topography - no vertical exaggeration

UTENI Survev 0315 -.A/ 5 Sulfidmalm Espedalen, Norway Appendix A pg .A1



List of Data Collected and Plotted

Espedalen 2003 Grid

Surface coverage - @3.251 Hertz

Line coverage




Loop 1 Line 17+00E 13+00N-22+25N 925m




Line 19+00E 13+00N-22+50N 950m




Line 21+00E 13+00N-23+00N 1000m




Line 23+00E 13+00N-22+25N 925m




Line 25+00E 13+00N-24+50N 1150m




Line 27+00E 13+00N-24+50N 1150m




Line 29+00E 13+00N-25+00N 1200m




Loop 1 Total 7300m

Loop 2 Line 29+00E 13+00N-25+00N 1200m




Line 31+00E 13+00N-24+75N 1175m




Line 33+00E 13+00N-23+75N 1075m




Line 35+00E 13+00N-24+75N 1175m




Line 37+00E 13+00N-23+75N 1075m




Line 39+00E 13+00N-20+75N 775m




Loop 2 Total 6475m

Loop 3 Line 41+00E 13+00N-24+00N 1100m




Line 43+00E 13+00N-24+00N 1100m




Line 45+00E 13+00N-24+75N 1175m




Line 47+00E 13+00N-26+00N 1300m




Line 49+00E 13+00N-25+75N 1275m




Line 51+00E 13+00N-25+50N 1250m




Line 53+00E 13+00N-26+00N 1300m




Loop 3 Total 8500m

Loop 4 Line 52+00E 15+00N-21+00N 600m




Line 53+00E 15+00N-20+00N 500m




Line 54+00E 15+00N-21+00N 600m




Line 55+00E 15+00N-26+00N 1100m




Line 57+00E 15+00N-25+50N 1050m




Line 59+00E 15+00N-25+75N 1075m




Line 61+00E 15+00N-25+50N 1050m




line 63+00E 15+00N-25+00N 1000m




Loop 4 Total 6975m

Espedalen Total 29.250km

UTEM Survev 0315 -A /S Sulfidmalm Espedalen, Norwa> Append A pg A2



Espedalen

Loop 1

Hz
@3.251Hz frequency

continuous norm


Chl reduced

Loop 1 Line 17+00E 13+00N-22+25N 925m
Line 19+00E 13+00N-22+50N 950m
Line 21+00E 13+00N-23+00N 1000m
Line 23+00E 13+00N-22+25N 925m
Line 25+00E 13+00N-24+50N 1150m
Line 27+00E 13+00N-24+50N 1150m
Line 29+00E 13+00N-25+00N 1200m




Loop 1 Total 7300m

Loop 1 - continuous norm
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Espedalen

Loop 2

Hz
@3.251Hz frequency

continuousnorm


Chl reduced

Loop 2 Line 29+00E 13+00N-25-i-OON 1200m
Line 31+00E 13+00N-24+75N 1175m
Line 33+00E 13+00N-23+75N 1075m
Line 35+00E 13+00N-24+75N 1175m
Line 37+00E 13+00N-23+75N 1075m
Line 39-i-00E 13+00N-20+75N 775m

Loop 2 Total 6475m

Loop2 - continuous norm
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Loop 3

Hz

@3.251Hz frequency

continuousnorm


Chl. reduced

Loop 3 Line 41+00E 13+00N-24+00N 1100m
Line 43+00E 13+00N-24+00N 1100m
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Loop 3 Total 8500m

Loop3 - continuousnorm
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Loop 4

Hz

@3.251Hz frequency

continuousnorm


Chl reduced

Loop 4 Line52+00E 15+00N-21+00N 600m
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Line54+00E 15+00N-21+00N 600m
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Loop 4 Total 6975m

Loop 4 - continuous norm
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Espedalen

Loop 1

Hz
@3.251Hz frequency

point norm

@


(x,y,z)= (2300E,1700N,1150m.a.s.1.)

Loop 1




Chl reduced




Line 17-i-00E 13+00N-22+25N 925m
Line 19+00E 13+00N-22+50N 950m
Line 21+00E 13+00N-23+00N 1000m
Line 23+00E 13+00N-22+25N 925m
Line 25+00E 13+00N-24+50N 1150m
Line 27+00E 13+00N-24+50N 1150m
Line 29+00E 13+00N-25+00N 1200m




Loop 1 Total 7300m

Loop1 - pointnorm
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Espedalen

Loop 2

Hz

@3251Hz frequency

point norm


(x,y,z)= (3500E,1700N,1150m.a.s.1.)

Loop 2




Chl reduced




Line 29+00E 131-00N-25+00N 1200m
Line 31+00E 13+00N-24+75N 1175m
Line 33+00E 13+00N-23+75N 1075m
Line 35+00E 13+00N-24+75N 1175m
Line 37+00E 13+00N-23+75N 1075m
Line 39+00E 13+00N-20+75N 775m




Loop 2 Total 6475m

Loop2 - pointnorm
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Espedalen

Loop 3

Hz
@3.251Hz frequency


point norm


(x,y,z)= (4700E,1700N,1150m.a.s.1.)

Loop 3




Chl reduced




Line41-i-00E 13+00N-24+00N 1100m
Line43+00E 13+00N-24+00N 1100m
Line45+00E 13+00N-24+75N 1175m
Line47+00E 13+00N-26+00N 1300m
Line49+00E 13+00N-25+75N 1275m
Line51-i-00E 13+00N-25+50N 1250m
Line53+00E 13+00N-26+00N 1300m




Loop 3 Total 8500m

Loop 3 - point norm
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Loop 4

Espedalen

Loop 4

Hz
03.251Hz frequency

point norm

@

(x,y,z)= (5800E,1900N,1150m.a.s.1.)


Chl reduced




Line52+00E 15+00N-21+00N 600m
Line 53+00E 15+00N-20+00N 500m
Line 54+00E 15+00N-21+00N 600m
Line 55-i-00E 15+00N-26+00N 1100m
Line 57+00E 15+00N-25+50N 1050m
Line 59+00E 15+00N-25+75N 1075m
Line 61+00E 15+00N-25+50N 1050m
Line 63+00E 15+00N-25+00N 1000m




Loop 4 Total 6975m

Loop4 - pointnorm
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Appendix B

0315Production Diary

UTEM 3 Surface Survey

Espedalen Grid
Norway

for

A/S Sulfidmalm



Production Log (0315)

UTEM Survey - Espedalen


Norwav
A/S

Rate Production Comments

Discussions, signing of the contract, asstanbly of crew
and equipment.

Mob (equip) Equipment packed up and labelled Picked up in the
afternoon. Shipping address is:
A /S Sulfidmalm
Strand Iljellstue
2658 Espedalen
Norwav ATIN Svein Syrum phone (47) 38 10 14 40

Date

up to Nlarch 27

March 27

March 31 NIob

April 01 -Mob

April 02 P(1)-2 1175m

April 03 P(2)-2 3450m Out to lAlop 2 1\ site
camp —18:20.

Loop 2
Line 2900E 1300N
Line 3300E 1300N
Line 3500E 1300N

Crew: R.I.angridge, R.Land

The crew -Rob I.angridge and Rvan Land - travel
from Kingston (11lK) and Halifax (iTIZ) respectivelv to
Toronto Pearson Airport and begin trip:
Toronto (YYZ)->Frankfort (FIZA)->Oslo (OSL)
Equipment arrives Oslo.
Falconbridge personnel in Espedalen lav out Loop 2.

Continuation of air travel. Crew arrives in Oslo and is
collected bv Falconbridge personnel. The gear has
cleared customs and the crew and gear are transported
to the hotel in Espedalen. Linpack gear and find coil
collar vokes are missing. Arrange transport.

Pack gear and travel out to I.00p 2 Tx site. Get to the site
and get the transmitter setup bv just after 12:00. It is
discovered that Rx1 was accidelatallv turned off in the
morning. Rvan and Rob survev larte 3100E . Jean and
Dag lav out three sides of Loop 3 and then limp the
"Grizz-lv" snowmobile home. Back in camp —18:20.

Loop 2
Line 3100E 1300N - 2475N Hz

Crew R.Langridge, R.Land Total to date: 1.175km

Windv dav in the hills. Back in

- 2500N Hz
2475N Hz
2375N Hz


Total to date: 4.625km.

1:1-EM Surve - A Sulfidm;:lm N‘m-wav AppenWx B p BI



Date Rate Production Comments

APril 04 1/2P(2)-2 Out to I.00p 2 Tx site. Verv windv. Charged the car
1/2 standby batterv for the Ix for -30Mins. The wind seemed to


have died down so we set up /out to read. On the ridge
it was actually getting windier so we decided to pack it
in for the dav. Back in camp -11:45. TV/radio crew
arrived and "interviewed/tilmed the crew.

April 05 P(2)-2 1850m Out to I.00p 2 Tx site. Verv windv dav in the hills.
Problems with one coil late in the dav could not be fixed
in the field. One loop break.

Loop 2
Line 3700E 1300N - 2375N Hz
Line 3900E 1300N - 2075N Hz

Crew: R.I.angridge, R.Land Total to date: 6.475km.

April 06 P(2)-2 2200m Out to I.00p 2 Tx site. Moved gear to Loop 3 Tx site.
an additional wire along the east/west sides of

I.00p 3. Read two lines with fixed ropes on both. Back
in camp -18:00.

Loop 3
Line 4100E 1300N - 2400N Hz
Line 4300E 1300N - 2400N Hz

Crew: R.I.and Total to date: 8.675km.

April 07 P(2)-2 2475m Out to I,00p 3 Tx site. I'icked up the gridsouth and
gridnorth sides of I.00p 2. Dag set out fixed ropes for
the survev lines Read two lines with fixed ropes on
both. Dag and Jean laid out all remaining wire on Loop
4 - it missing -300m. Back in camp -18:15.

Loop 3
Line 4500E 1300N - 2475N Hz
Line 4700E 1300N - 2600N Hz

Crew: ICLangridge, R.Land Total to date: 11.150km.

April OS P(2)-2 3825m Out to I.00p 3 Tx site. Fixed a loop break. Dag set out
fixed ropes for the survey lines Read three lines with
fixed ropes on all of them. Dag headed off to get a
replacement skidoo. Back in camp -19:00.

Loop 3
Line 4900E 1300N - 2575N Hz
Line 5100E 1300N - 2550N Hz
Line 5300E 1300N - 2600N Hz

Crew: R.I.angridge, R.Land Total to date: 14.975km.
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Date Rate Production Comments 


April 09 P(2)-2 2650m Out to Loop 3/4 Tx site. Picked up one of the double
sides of loop 3 and then laid out the final sides of loop 4
and buried wire on ski trails. Dag set out fixed rope on
5300E again. Read three lines. Back in camp -18:30.

Loop 4

April 10 P(2)-2 3125m

April 11 P(2)-2 1200m

April 12 P(2)-2

April 13 P(2)-2 3800m

Line 5300E 1500N - 2000N Hz
Line 5500E 1500N - 2600N Hz
Line 5700E 1500N - 2550N Hz

Crew: R.Langridge, R.Land Total to date: 17.625km.

Out to Loop 3/4 Tx site. Read three lines. Snow scooter
problems. Back in camp -16:45. Movecl evervthing
from the house to rooms. Snow started to fall -18:00

Loop 4




Line 5900E 1500N - 2575N Hz
Line 6100E 1500N - 2550N Hz
Line 6300E 1500N - 2500N Hz

Crew: R.Langridge, R.Land Total to date: 20.750km.

Out to Loop 3/4 Tx site. Dag waited for snow scooter
repairman. Jean laid out detail Lines 5200/5400E with
the GPS. Rob and Ryan attempted to lav out part of
Loop 1 but near-whiteout condition preented it. Read
the detail lines and picked up the remainder of Loop 3.
Back in camp -16:00.

Loop 4
Line 5200E 1500N - 2100N Hz
Line 5400E 1500N - 2100N Hz

Crew: R.Langridge, R.Land Total to date: 21,950km.

Out to Loop 3/4 Tx site and moved evervthing over to
the Loop 1/2 Tx site. Laid in Loop 1. Firlished -13:30.
Decided to do other work - changed oil.in generator,
picked up Loop 4 and removed pickets from Lines
4900/4500E. Back in camp -17:15.

Out to Loop 1/2Tx site. Rvan and Rob read one line
down with no coiler and Une line up with coilers. Jean
and Dag complete collecting the bamboo wands
(pickets) off Lines 3900-4900E. Problems with Rx 5
recording slowed things down and with 1 station to go
the Tx shut down. Back in camp -19:00.

Loop 1
Line 1700E 1300N - 2225N Hz
Line 1900E 1300N - 2300N Hz
Line 2100E 1300N - 2250N Hz
Line 2300E 1300N - 2225N Hz

Crew: R.Langridge, R.Land Total to date: 25.750km.
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Date Rate Production Comments

Apri114 P(2)-2 3500m Out to 1.0op 1/2 .1.xsite. Rvan
with coilers. Back in cdmp -1

Loop 1
Line 2500E 1300N
Line 2700E 1300N
Line 2900E 1300N

Crew: klangridge,

and Rob read three lines
8:45.

	

- 2450N Hz

	

- 2450N Hz

	

- 2500N Hz
Total to date: 29.250km.

April 15 L(2)-2

April 16 demob

April 17 n/c

April 18 demob

April 19-23 equipment


April 24 equipment

Out to 1.00p 1/2 Tx site. Pick up I.00p 1. Move
equipment down the mountain and pick pickets up
Jean speaks to a local meeting late in the afternoon. Get
the okay to leave. Transfer wire and pack.

Finish packing. Geir drives crew and equipment to SAS
Cargo at Gardemoen Airport.

Crew dav off.

Crew travels Oslo-D-ankfurt-Toronto 1Zobmoves on to
Kingston, Rvan to Port Ilope..

Lquipment in transit.

1quipment arrives in Kingston.

IIGEND

P(n)--x
L(n)-x
S(n)-x
D(n)-x

Surface Production (# of receivers) - # of personnel
1.00ping (# of receivers) - # of personnel
Standbv (# of receivers) - # of personnel
1)own of receivers) - # of personnel
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Appendix C

The UTEM SYSTEM

The UTEM System


UTEM Data Reduction and Plotting Conventions


Data Presentation



The UTEM SYSTEM

UTEM uses a large, fixed, horizontal transmitter loop as its source. Loops range
in size from 300m x 300m up to as large as 4km x 4km. Smaller loops are
generallv used over conductive terrain or for shallow sounding work. The
larger lo-ops are onlv used over resistive terrain. 1"he UTEM receiver is tvpicallv
svncronized \vith the transmitter at the beginning of a survev dav and (perate's
remotelv after that point. The clocks emploved - one in each of the receiver
and tr‘Msmitter - are sufficientiv accurate to m'aintain svnchronisation.

Measurements are routinelv taken to a distance of 1.5 to twice the loop
dirnensions, depending on the local noise levels, and can be continued further.
Lines are tvpicallv surveved out from the edge of the loop but mav also be read
across the loop wire and through the centre of the loop, a configuration used
mainlv to detect horizontal conductors. BEIUTEM - the borehole version of
UTEM -survevs have been carried out to depths up to 3000+ metres.

S.'stem Waveform

The UTEM transmitter passes a low-frequencv Hz to 90 Hz) current of a
preciselv regubted triangular waveform through the transmitter loop. The
frequencv can be set to anv value \vithin the operating range of the transmitter,
however, it is usuallv set at 31 Hz to minimise power line (60 Hz in North
America) effects. Since a receiver coil responds to the time derivative of the
magnetic field, the UTEM system reallv "sees" the step response of the ground.
UTENI is the onlv time domain system which measures the step response of the
ground. All other T.D.E.M. sys:tems to date transmit a modified step current
and -see- the (im)pulse response of the ground at the receiver. In practice, the
transmitted UTEM waveform is tailored to optimize signal-to-noise.
Deconvolution techniques are emploved within the system to produce an
equivalent to the conceptual "step response" at the receiver.

Svstem Sampling

The UTEM receiver measures the time variation of the magnetic field in the

direction of the receiver coil at 10 delav times (channels). UTEM channels are

spaced in a binary, geometric progressi.on across each half-cycle of the received
waveforna Channel 10 is the earliest channel and it is 1/210 of the half-cycle
wide. Channel 1, the latest channel, is 1/21 of the half-cycle wide (see Eigure
below). The measurements obtained for each of 10 channels are accumulated
over manv half-cycles. Each final channel vakie, as stored, is the average of the
measurements for that time channek The number of half-cycles averaged
generallv ranges between 2048 (1024 full-cveles - 1K in UTEM jargon) to 32768
(16K) depending on the level of ambient noise and the signal strength.
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2 Channel 1 UTEM Channels4 3

10
9876 5

2 Channel 1

Half cycle

Fufl cycle

System Confiemrations

For surface work the receiver coil is mounted on a portable tripod and

oriented. During a surface liTEN/1 survev the vertical component of the

magnetic field (1-1z)of the transmitter loop is ahvavs measured. Ilorizontal in-

line (I 1x) and cross-line cornponents are alsO measured if more detailecl

information is required. The UTEN-1System is also capable of measuring the

two horizontal components of the eleCtric field, Ex and Ev. A dipole sensor

comprised of two electrodes is used to measure the electric field components.

This is generallv used for outlining resistive features to which the magnetic field

is not verv sensitive.

131112-1.EMsurvevs emplov a receiver coil that is smaller in diameter than the

surface coil. The borelle receiver coil forms part of a down-hole receiver

package used to measure the axial (along-borehole) component of the magnetic

field of the transmitter loop. Due to the distance hetween coil and receiver in

borehole survevs the signal must he transmitted up to the receiver. In

131IUTENI the signal is transmitted to surface digitallv using a kevlar-reinforced

fihre-optic cahle as a data link. Using a fibre-optic link avoids signal

degradation problems and allows surveving of horeholes to 3000m. The cable

is also verv light - the specific gravitv is:nearlv 1.0 - making the cahle handling

hardware quite portable.

ENI Induction Proces

4
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Any time-varving transmitted ("primarv") field induces current flow in
conductive regions of the ground below and around the transmitter loop (i.e. in
the earth or "half-space"). This current flow produces a measurable EM field,
the secondary field, which has an inherent "inertia" that resists the change in
primarv field direction. This "inertial" effect is called self-inductance; it lirnits
the rate at which current can change and is only dependent on the shape and
size of a conductive path.

It takes a certain amount of time for the transmitted current flow to be
redirected (reversed) and reestablished to full amplitude after the rate-of-
change of the primary field reverses direction. This measurable reversal time is
characteristic for a gi-ven conductor. In general, for a good conductor this time
is greater than that of a poor conductor. This is because in a good conductor
the terminal current level is greater, whereas its rate of change is limited bv the
inductance of the current path. The time-varving current causes an Emf in the
sensor proportional to the time derivative of ffie current. This Emf decays with
time - it vanishes when the reversal is complete - and the characteristic -time of
the Emf decav as measured bv the sensor is referred to as the decay time of the
conductor.

The large-scale current which is induced in the half-space bv the primary field
produces the half-space response as seen in tvpical UTEM profiles.- This
background response is influenced bv the finite cdnductivity of the surrounding
rock. Other currents may be induced in locally more conductive zones
(conductors) that have longer decav times than the half-space response. The
responses of these conductors are superimposed upon the background
response. The result is that the UTEM receiver detects:

the primary field waveform, a square-wave
the half-space (background) response of the surrounding rock
a slight-to-large response due to any conductors present.

The result is that in the presence of conductors the primary field waveform is
substantiallv (and anornalouslv) distorted.

Appendix C - The UTEM System pg C3



UTEM DATA REDUCTION and PLOTTING CONVENTIONS

The UTEM data as it appears in the data files is in total field, continuouslv
normalized form. In this form, the magnetic field data collected bv the receive-r
is expressed as a of the calculated primarv magnetic field vector rnagnitude at
the station. These are total field values - the UTENI system measures during the
"on-time" and as such samples both the primary and secondary fields.

For plotting purposes, the reduced magnetic field data (as it appears in the data
file) are transformed to other formats as reguired. The following is provided as
a description of the various plotting formats used for the displav ot L TEM data.
A plotting format is defined bv the choice of the normolLatbn and ,field type
parameters selected for displav.-

NORMALIZATION

LITEM results are alwavs expressed as a of a normalizing field at some point
in space.

In continuously normalized form the normalizing factor (the denominator) is
the magnitude of the computed local primarv field vector. As the primarv
exciting field magnitude diminishes with -increasing distance from the
transrnitter loop the response is continuouslv amplified as a function of offset
from the loop. Although this type of normjilization considerablv distorts the
response shape, it permits anoMalies to be easilv identified at a wide range of
distances from the loop.

Note: An optional form of continuous normalization permits the interpreter to
normalize the response to the magnitude of the primarv field vector at a fixed
depth below each station. This is useful for surface prbfiles which come very
close to the loop. Without this adjustment option, the normalizing field is sb
strong near the loop that the secondarv effects become too small in the
presence of such a large primarv component. ln such circumstances
interpretation is difficult, however; by "normalizing at some depth" the size of
the normalizing field, near the loop in particular, is reduced and the resulting
profile can be more effectivelv interpreted to a verv close distance from the
transmitter wire. The usual choice for the depth is the estimated target depth is
used.

In point normalized form the normalizing factor is the magnitude of the
computed primarv field vector at a single point in space. When data is
presented in this fOrm, the point of normalization is displaved in the title block
of the plot. Point normalized profiles show the non-distorted shape of the field
profiles. Unfortunatelv, the verv large range in magnitude of anomalies both
near and far from the loop meahs that small anomalies, particularlv those far
from the loop, mav be overlooked on this type of plot in favor of presenting
larger amplitude anomalies.
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Note: Selecting the correct plot scales is critical to the recognition of conductors
over the entire length of a point normalized profile. Point normalized data is
often used for interpretation where an analvsis of the shape of a specific
anomaly is required. Point normalized profiles are therefore plotted selectively
as required during interpretation. An exception to this procedure occurs where
surface data has been collected entirelv inside a transmitter loop. The primary
field does not varv greativ inside the loop, therefore, the benefits of continuoUs
normalization are not required in the display of such results. In these cases data
is often point normalized to a fixed point ne'ar the loop centre.

FIELD TYPE

The type of field mav be either the Total field or the Secondary field. In
gener-al, it is the secjmdarv field that is most useful for the recognition and
interpretation of discrete cdnductors.

UTEM Results as Secondary Fields

Because the UTEM system measures during the transmitter on-time the
determination of the secondary field requires that an estimate of the primary
signal be subtracted from the: observations. Two estimates of the primary
signal are available:

1) UTENI Channel 1

One estimate of the primarv signal is the value of the latest time channel
observed bv the LITEM System, channel 1. When Channel 1 is subtracted
from the UTEM data the resulting data displav is termed Channel I Reduced.
This reduction formula is used in situations c -here it can be assumed that all
responses from any target bodies have decaved awav by the latest time
channel sampled. the Channel 1 value is then a reasonabie estimate of the
primarv signal present during Channels 2....10.

In practice the Channel 1 Reduced form is most useful when the secondary
response is verv small at the latest delav time. In these cases channel 1 is
indeed a good jstimate of the primary field and using it avoids problems due
to geometric errors or transmitter lodp current/svstem sensitivity errors
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2) Calculated -)rimarv field

An alternate estimate of the primarv field is obtained bv computing the
primarv field from the known locafions of the transmit.ter loop and the
receiver stations. When the computed primary field is subtracted from the
UTENI data the resulting data displav is termed Primary Field Reduced

The calculated primarv field will be in error if the geometrv is in error -
mislocation of the survev stations or the loop vertices - or if the transmitter
loop current/svstem sensitivitv is in error. Nlislocation errors from
loop/station geometrv mav give rise to verv large secondarv field errors
depending on the accuracv of the loop and station location Method used.
Transmitter loop current/svstem sensitivitv error is rarelv greater than 2?().
Primary Field Reduced is.plotted in situations where a large Channel 1
responi;e is observed. In this case the assumption that the Channel I value is
a reasonable estimate of the primarv field effect is not valid.

Note: When UTEM data is plotted in the Channel I Reduced form the
secondarv field data for Channel I itself are alwavs presented in Primany Field
Reduced form and are plotted on a separate axis. -This plotting format serves to
show anv long time-constant responses, magnetostatic anomalies and /or
geometriC errors present in the data.

Mathematical Formulations

In the following expressions:

Rni is the result plotted for the nth UTENI channel,

is the result plotted for the latest-time UTEN1 channel, channel 1,

Chnj is the raw component sensor value for the nth channel at station
is the raw component sensor value for channel I at station

is the computed primarv field component in the sensor direction

HP is the magnitude of the computed primary field at:
a fixed station for the entire line (point normalized data)
the local station of observation (continuouslv normalized data)
a fixed depth below the stdtion (continuousfv normalized at a depth).
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Channel 1 Reduced Secondacy Fields I lere, the latest time channel, Channel 1
is used as an "ustimate- of the primarv signal and channels 2-10 are expressed
as:

Rnj = (Chnj- Ch1j) / I x 100?o

Channel 1 itself is reduced bv subtracting a calculation of the primar field

observed in the direction of the coil, P as follows:

Rli = (Chlj - HPj) / IHP I x 100%

Primary Field Reduced Secondary Fields : 1n this form all channels are reduced
according to the ecluation used for channel 1 above:

Rnj = (Chnj- HPi) / I 1-113 x 1000

This type of reduction is most often used in cases where verv good geometric


control is available (leading to low error in the calculated primarv field, HPi)

and where verv slowlv decaving responses result in significant secondarv field
effects remaining in channel .1 observations.

UTEM Results as a Total Field

In certain cases results are presented as a of the Total Field. This displav is
particularlv useful, in borehole survevs where the probe mav actuallv p.ass
through a'verv good conductor. In these cases the shielding effect of the
conductor will cause the observed (total) field to become verv small below the
intersection point. This nullification due to shielding effects On the total field is
much easier to see on a separate Total Field plot. 1n cases where the amplitude
of ifie anomalies relative to the primarv field is small, suggesting the presence
of poorlv conductive bodies, the Total held plot is less useful.

The data contained in the UTENI reduced data files is in Total
continuousk normaliied form if:

Rnj = Chnj / I HP x 100%
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DATA PRESENTATION

All UTEM survev results are presented as profiles in an Appendix of this
report. For BHUTEM survevs the requisite Vectorplots, presented as plan and
section views showing the direction and magnitude of the calculated primarv
field vectors for each transmitter loop, are presented in a separate Appendix.

The symbols used to identify the channels on all plots as well as the mean delav
time for each channel is shown in the table below.

UTEM System Mean Delav Times

10 Channel Mode @:31 hz.(approx.)
( base freq: 30.974 bertz 


Channel # Delay time (ms)

1 12.11

2 6.053

3 3.027

4 1.513

5 0.757

6 0.378

7 0.189

8 0.095

9 0.047

10 0.024

Plot Symbol

L
7
X

Notes on Standard plotting formats:

10 channel data in Channel 1 Reduced  form - The data are usuallv displaved on
three separate axes. This permits scale expansion, allowing for accurate
determination of signal decav rates. The standard configuration is:

l3ottom axis - Channel 1 (latest time) is plotted alone in Primary Field Reduced
form using the same scale as the center axis.

Center axis - 11w intermediate to late time channels, ch5 to ch2 are plotted on
the center axis using a suitable scale.

Top axis - The earlv time channels, ch10 to ch6 and a repeat of ch5 for
comparison are plotted on the top axis at a reduced scale. The
earliest channels, chS to ch10, mav not be plotted to avoid clutter.

10channel data in Priman Field Reduced form The data are displaved using a
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single axis plot format. Secondarv effects are plotted using a axis on each
data plot with peak to peak values iap to 200(i.).

BHUTFM data -)lotted as total field -)rofiles: Data are expressed directiv as a
percentage of the Total Field value. The "1"axis on each single axis data plot
shows peak values of up to 100 These departures are alwavs relative to the
measured total field value at the ohservation station.

BHLTEN1 data ilotted as secondarv field -)rofiles: Check the title block of the plot
to determine if the data is in Chann.el 1 Recluced form or in Primary Fjell Reduced_
form.

Note that on all BHUTIINI plots the ratio hetween the axial component of the
primarv field of the loop and the magnitude of the total primarv field strength (dc)
is plotted as a profile without svmhols. In UTENI jargon this is referred to as the
"primarv field" and it is plotted for use as a polaritv reference tool.
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Note on sources of anomalous Chl

This section outlines the possible sources of anomalous channel 1 vhich is not
correlated to the Ch2-10 data plotted on the upper axes of a chonnel i riormalized plot.

1) Mislocation of the transmitter loop and/or survey stations
Mislocating the transmitter loop and/or the survev stations results in an error in the
calculated primarv field at the station and appears as an anomalous Chl value not
correlated to clumnel I nornuilized Ch210. The effect is amplified near the loop front.
This can be seen in the profiles - the error in Chl generallv increases approaching the
loop. As a rule a 1", error in rneasurement of the distance from the loop will result in,
for outside the loop survevs, an error in Chl of:

1Y near the loop front (long-wire field varies as l/r)
3";) at a distance from the loop front (dipolar field varies as 1/r3)
2", at intermediate distances (intermediate field varies as —1/r2)

Errors in elevation result in smaller errors but as thev often affect the chainage thev
accurnulate along the line.

The in-loop survev configuration generallv diminishes geometric error since the field
gradients are verv low. At the centre of the loop the gradient in the vertical field is
essentiallv zero so it is difficult to introduce geometric anomalies near the loop centre.
Near the loop sides and at the closest approach of the lines to the wire mislocation of
the loop and the station becomes more critical. Tvpicallv loop sides are designed to be
>200m from anv survev stations.

2) Magnetostatic UTEM responses
Magnetostatic UTENI responses arise over rocks which generate magnetic anomalies.
Such magnetic materials will arnplifv the total (primarv secondarv) field of the UTENI
transmitter which is sensed bv the r'eceiver coil. The secondarv fiefd is generated bv
subtracting a computed primilrv which does not include magnetic effects. This can
give rise to strong and abrupt c-hannel 1 anomalies when the source of the magnetics is
at surface. This is the case in a number of places on these grids. UTEM magnetostatic
anomalies differ from DC magnetic anomalies in the following three major wavs:

In the case of DC magnetics the field is dipping N and is verv uniform over the
scale of the survev area while the UTEM field inside the loop is vertical and it is
stronger near the loop edges.
Nlost aeromagnetics are collected as total field while with UTEM we measure a
given (in this case generallv z,x) component.
DC magnetic instruments observe the total magnetization of the causative bodv
which is due to its susceptibilitv as well as any remnant magnetization. An AC
method such as UTEM will not respond to the remnant portion of the
magnetization.

The larger amplitude of the UTEM Ch I response is explained bv the fact that the UTENI
primarv field is often more favourablv coupled (magnetostaticallv speaking) to
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magnetic mineralization as compared to the earths field. Another factor could be the
presence of a reverse remnant component to the magnetization.
Note that positive magnetic anomalies will cause:

positive Chl anornalies in data collected outside the loop
negative Chl anomalies in data collected inside the loop

3) Extremely good conductors
An extremely good conductor will be characterized by a time constant much longer
than the half-period (@30Hz >>16ms). This will give rise to an anomalous Chl which
is not correlated to the Ch2-10data plotted on the upper axes of a channel 1 normalized
plot.
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