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INTRODUCHON

During the period of February I7th 2004 through •arch 29lh2004 a UTEM 3
survey was carried out bv Lamontagne Geophysics Limited personnel for A/S
Sulfidmalm in the area of Espedalen, Norway (Eigure 1). This survey continues on
from a 2003 liTEM 3 survey (Loops 01-04). The location of the property is shown in
Figures 1 and 2. The survey was carried out to locate conductors in the immediate grid
areas with the intention of outlining targets for future ‘york.

A total of 123.000km of UTEM data was collected using 15 transmitter loops
(Loops 05-18) with the receiver operating in 10-channel mode. A transmitter frequency
of 3.251 Hz was used for all loops. All lines were surveyed measuring the vertical
component, Hz. A station spacing of 25m (50m bevond 1000m out from the loop) and
a line spacing of 200m was emploved with detailing lines closer intervals as required.

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

List of Personnel / Production Diary (Appendix 13)
an outline of the U.111 System (Appendix C)
Note on sources ot anomalous Chl (Appendix D)
Note on 41lz UTF. 1Data (Appendix

A/S Sultalmalm - 2004 1:1 F\I Survey Fspedalen - orway pg 2
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SliyvEy DESIGN

This LIENI survev is part ot a nickel exploration program in the Ispedalen area.
Historicallv mining of Ni-bearing massive sulfide deposits has been carried out in the
area. "fhe \ I survev was planned and carried out to outline and allow better

definition of known conductors, to detect/outline new conductors and to detect/outlinedeeper teatures and depth conhnuations of known features.

The grid and loop lavout \vas designed bv A/S Sulfidmalm/ halconbridge Ltd.
personnel to allow etficient coverage of the area. I ,00p 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 I/
to 3.25111z to eliminate the respOnse of manv -moderate" conductors - these responses
will have decaved awav bv Chl time. Anv r'emaining Chl responses are then
considered to be repreentative of conductors of an appreciablv higher conduchvitv.

l'he survev parameters emploved:
outside-the-loop coverage  vith 2 reieivers
variable transmitter loop size - to fit the area to be covered and the relief
1.18mm (- Imm2 -17-gauge copper wire) doubled in places for increased
current - more signal requires shorter stacking times and /or better qualitv data
line spacing of 200m with detailing lines at 100m intervals as required
statikm interval ot 25m reduced to I2.5m in anomalous areas. At -1000m from
the loop the station spacing was changed to 50m.
I/ vertical component measurements)

- ltl-channel data at a frequencv ot 12511 I/
minimum 25o stacking (512 Lalt-cycles) increased where noise levels dictate

In nickel exploration non-decaving Channel I (Chl) conductors are indicative Ol
highlv conductive minerali/ation. Any non-decaving anornalous ti I features are
theretore ot interest. Non-decavim, cbannel L I L\ 1 anomalies can retlect:

I the presence ot conductive minerali/ation
ii) the presence ot a magnetic anomalv

iii poor geometric control - either station location or loop location
These are outlined in more detail m Appendi I). brom an interpretation standpoint
magnetic anomalies and geometric control should be considered and evaluated as a
mandatorv part ot any interpretation. brom a tield standpoint precise geometric
control should be part ot anv L survev vhere the target is non-decaving. Poor

geometric control has the potenhal to both mask and invent Ch I conductors.

hor this survev (;I'S data was collected bv the client and made available for use in
reducing the ITINIdata. GN data was collected for all survev points and at intervals
around all tran-ani tter loops. hor reference (;1'S data collection for LI ENI reduction
should be most detailed along loop tronk - thc mo!-:timportant portion ot the loop
trom a L reduct lon perspectivc. The goal along the loop front - and loop

sides/bacL - is to recover the topographic shape loop as well as the loop/ line
intersection pomts.

\5 sulN(findlni 21'11 -4 I I Hurve% I speddltm - \ en‘av



\ T.Y WGISTICS

A Lamontagne Geoplavsics crew mobiliied trom Kingston on February 15th andarrived in Oslo on Februarv 16th. The crew and equipment were picked up bv client
representative Jean Lafores;t and dhven to the base ot operations for the Espedalen
survev - Strand Fjellstue (Figure 1 - www.strand-tjellstue.00). The survev began the
tollowing morning.

Fifteen transmitter loops were used during the LIENI survey for a total survey
coverage ot 123.000km. Loop numbering began at Loop 5 - I,00ps I through 4 were
surveved in the 2003 UTEM survev. Figure 2 shows the loop locations and grid lavout.
Access to the grid i,vas bv snowmObile along a series of pre-existing trails used for
accessing the area bv skiers/hikers etc. The grid/ Ioop po,:itions had been established
bv GPS and lvere demarcated bv bamboo wands and tlagging.

Surveving began ‘vith Inop 05. Tliu w ire tor this loop was laid in advance bv the
client. l'he generator (Honda 7500W) was alreadv in position. Electrical connection to
the generator was made through an isolatiOn-transtormer/Variac combination

rewired to conform \vith the sockets (standard 2-pin/ side-clip ground european) on the
generator. This worked  vell tor the duration ot the survev. The small-volume gas
tank on the generator \vas the only drawback - it required filling 2-3 times a survey
dav.

In general surveving tor all loops \vent \ve11. Noise levels proved to be high and
in places, along certain geologic structures, extremely high. This likely indicates
channeling telIoric currents along conductive teatures in the relativeIV-resistive host
rock. I)1Aring laving a double strand ot wire was laid along one side i1 the loop -


the side with the best access. Doubling the wire reduces the resistance of the loop and
this allows a higher transmitter current to be used. Iligher current equals more signal
and an improved signal-to-noise ratio - less stacking is required and surveving proceeds
more quickl v. In practice it requires a considerable additional eftort to lay: retrieve
double strands of wire. As a compromise only one side was doubled. Lse ot a heavier
gauge wire c(uald be considered tuture survevs.

Surveving ott-loop (to the gridnorth I trom I.00ps (K-12 and 1 was slowed byhigh levels -noise- (501-11transmission signal noise) reLailting trom a regional
powerline that lies just off the gridnorth end ot the ,-,ervev lines. The powerline is
shown Figure 2 as a grev line  vith short cross marks tirending \'N1V-1-iSh.across thy

northeast corner ot higure 2 (also shown crossing the upper left-hand corners of
Figures 3 and 4). .1he profiles from Loops 0S-12 and 1.; (Appendix A) become
considerablv noisier at the grid northern end. Lhe noise is particularly evident on the
earlier channels - Ch10-5 - as the channel vidth is too narrow to allow the 5011/
powerline transmission to be adequately stacked init Append

1he powerline angles towards the grid from east-to-west with the closest
approach - strongest intluence - being on lines surveved trom I.00ps 15/ 1 I and 12. Inpractice coverage approaching the powerline was hmited by noise levels and the
stacking required Note: /(.13.211/ a I K 2K stack takes H .30 minutes. traverse
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across the powerline \vas carried out on Loop 18 Line 2800E. The third receiver was
emploved in the process and very long readings \vere required. At —17:00both
receivers in use on this line \yere stacking close to the powerline and both overloaded at
the same time indicating a distinct change in the powerline transmission
characteristics/levels. he receiver gain could not be set at any reasonable level andsurveying was halted. Fluctuations like this would account for' line-to-line variations in
data quality approaching the powerline.

The final data kvas collected Nlarch 27thand all remaining wire \vas picked upNlarch 28th 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
 vas packed for shipping. The equipment was transported to SAS cargo at Oslo
Gardemoen Airport. "fhe 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.

The survey equipment consisted of two LIENI 3 receivers and one LIENI 3
transmitter as as all necessary accessories, support equipment and backup

equipment. Data was reduced ona field computer (Macintosh) and UTENIprofiles and
digital data ‘vere made available/emailed to the client's personnel on a daily basis.
Snoivshoes equipped with crampons were obtained for the survey. Given the
conditions stiff boots - insulated if possible - are recommended for kicking steps.
Consideration should also be given to crampons/ crampon-ready boots.

Particular care was taken during the survey not to leave anything on the site. In
practice the LIENI operators vorked with coilers. Where survey conditions allowed -
\vhere the topography was more gentie and towards the ends of survey lines where
long stacking times ivere required - the coiler tvas freed up to facilitate looping and
picket retrieval. The yeather conditions were generally good for surveving - cold
nights and pleasant davs. The snow conditions were generally good. Eligh winds
stopped surveving on bne dav - the loop broke under tension due to the vind.

SLRNTY RESULPH

The results ot the survey are summarized and presented as LIENI protiles in
Appendix A. The tinal grid and Loop Locations are presented in Eigures 2. Overall the
data quality is good - though in places it is noisy. A number of conductors and/ or
conductive- teatures are evident. Although every eftort was taken to shelter the
receiver coil minor kvind noise may be evident in some profiles.

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)

A description ot tlw standard plotting formats used and of the LIENI System ispresented in Appendix C.
Sul tid mal in - 2004 L I I\I Survev 0405 - Lsped(lIen - Norway pg 7



Outline of rofile t es

Hz continuous norm Chl reduced (blue separator)

Continuous normalization is usetul tor detection ot the presence of anomalies atany posihon on a profile. the anomalv shape is distorted by the normalizationto the local field. As the tield gets verY hig near the wire the continuouslvnormalized Chl tends towards zero.

top axis - Ch5-10
middle axis

-

Ch2-5
bottom axis - Ch
bottom axis - topography - iii vertical exaggeration

Hz point normalized Clii reduced (pink separator)

normalization point: all data--3ffim out trom the loop-tront centre
Point normalized data is useful for interpretation purposes. Anomaly shape ispreserved as is the amplitude it the normali/ation point is local to the anomaly.
All data has been point normalized to a the tield at a point -300m out trom thecentre of the loop front. Note that this held value is intermediate and it waschosen because the survev was roughlv hal t inside-theloop and hal t oft-loop.Normali/ing to an intermediate point allows the interpretation of responsesalong the entire line. l'he amplitude of respkgises close to (further from) (heloop front will be blown up (muted).
Note: lvpicallv the normalization point tor ot t-loop profiles is 4-3()(Im out tron;the centre of the loop front and tor inside-the-loop profiles it is the loop centre.
l'he disadvantage ot point normalization is lhat small errors in location near the).vire and in current tend to appear as large errors in lf the loop/ station
locations and the current are accuratelv known then point normalized Chl (inthe absence ot a local conductor) vill tend to be continuous approaching thewire - unlike the continuouslv normalized ( which, as described abk ve, will
dip to /cro.

top Ch5-I()
niiddle axis - Ch2-5

bottom axis - Ch I
bottom axis - topographv - vertical exaggeration

Discussion of the Grid

The protiles presented in Appendix A have been reduced with a grid producedtrom the (;PH data collected by the client. Ihe overall results are qni te good (AppendixAL Some ot the character profilesis due to renlaming errors in loop/ line
location - this is particularly true near the loop wire vhere errors in station/ looplocation/elevation have a larger ettect Appendix AL:ide from survey accur acv and
dav-to-dav variation souries of error in location include the loeating ot the double-strand loop sides and "adwstments- ot the loop to topography and wind. in onein,-dance Iiigli winds \vere bind to have bowed -3(n)m ot d side wire outwards

\ suitRinhdin 2[11; \ sun e i1C I -fetIdler: \ i  ry p":4



Discussion of Results

A number of responses of interest can be seen on the profiles. An interpretationis presented in two figures:
Figures 3 Interpreted Features
Figures 4 Interpretation

Features outlined are mainlv contacts, shallow conductors and thin conductive iones -geological units and structUral features. A series ot interesting conductors have beenoutlined and a numher \vere selected for modeling using NlultiLoop. The details otthese conductors and the lultiLoop modeling are presented in the Interpretationsection.

Note: Conductors are designated bv ESPedalen, loop number and conductor numher.For example: ESP-05-03 designates ESPedalen-Inop 05-Conductor 03.The two conductors outlined in the 2003 report ds Conductor A and B become:
Conductor A ESP-04-01
Conductor B ESP-02-02

Note that character on the Chl profiles mav retlect one or a combination ni (seeAppendix D):

local magnetics
conductive teatures
poor geometric control

Chl responses spikes and broader features - should be checked against magnetics andrechecked against geometrv. I he character ot the ( hI profiles suggests that geometriccontrol is qui te good. Htations attected by poor geometrv are close to the loop.

A number vi points c m be said ahout the results in general:

The pattern ot responses outlined in Figure 3 generallv tits with the map pattern nithe geological mapping, contoured airborne magnetics and contirms the resultsthe airborne I\I survev. Features are generallv continuous over sections ot thegrid - in thy case vi isolated loops over the entire grid. ( hanges in strike/ ettsetii;occur coincide with breaks in topographic leatures elevation changes. Iwo
examples:

the southeastern ilank of Grahoa/btortellet - Lines bt)()O/hs,(10E. mappattern interpreted teatures (Figure 3) changes at the sharp southeast-ta
flank down to \ ndreasherg.
the northwestern tlank ot '..storhoa - l mi he map pattern ofinterpreted teatures Figure 3) changes -coiniident \vith the saddle at the baseof the northwestern-tacing flank.

Etis ditticult to correlate Interpreted Features across either topographic feature.

Response ni interest are tvpicallv in the ( hr)-3 range, in places to Ch2. No clearChl responses Were detected.

\ 20111 I I \ I HIr“ . I spedalen - Nory,,i‘



The UTEM survey coverage was designed in part to follow up on conductivefeatures detected by the airborne EM survey. The responses outlined bv theUTEM survey outline teatures at a suitable depth - shallow - and sutticientconductivity - to UTENI Ch5-3 - to confirm the results of the airborne F3,1survey.Typically the airborne detects the updip edge (shallowest expression) of a feature.

There is generally a good correlation between the airborne magnetics and the Chl
profiles - for example the following correlate to highs on the airborne magnetics:
Loop 11 Line 2400E -5200N-5250N - local feature inside-the-loop Chl lowLoop09 Line 400011 5200N-5225N - local teature inside-the-loop CM lowLoop 06 Line 7400E	 6075N-6100 - local teature off-loop Chl high


5775N-6125N - local teature off-loop Chl highLoop 09 Line 4600E h000N-7200N - broad, subtle teature ott-loop Chl high
Chl slightly positive 6000-6150N, -tero b I50-6650N, positive 5630-7200N
Note that the correlation is not expected to be exact (Appendix D). Note that Chlresponses may represent features small enough or poorly-located (steep/sharpterrain) that they may not be reflected in the airborne survey data.

Responses reflect shallow features or teatures that have a shallow expression -possibly minor mMeralit ation. Manv features outlined in Eigures 3/4 representcontacts, shallow conductors and thin conductive tones geological units andstructural features.

Overall the background response seen in the profiles indicates a resistive area. Thebackground response is modeled in lul ti I.00p with a laterally-extensive layer(-15-305) at depth (-1100m). Where thelocal response requires it anotherlaterallvextensive bver (-0.2-25) is added at an intermediate depth (-5(h)m).

In areas of steep terrain - tyhere elevation changes niarkedly along suryl`N lines -care should be exercised in interpreting responses. Responses are often"distorted". The situation is analogous to a borehole survey \vheru the conductoris not necessarily beneath the survey - it m av he to the side or above.

The profi les are in places Liiri v noisy - in particular the mid-to-late time channels.Some of this is wind noise but a goOd portion of it is geological noise - retlectingthe character of the local mineralitation - in places thin stringers of sulphides - andthe lithology.

The otf-loop sections (to the gridnorth) il protiles (Appendix surveved from
Loops 08-12 become considerably noisier at the gridnorthern end - approaching aregional powerline. The noise is-particularly evident on the earlier channels -Chl 0-5 - as the channel tvidth is too narrow to allow the 501 powerlinetransmission to be adequatelv stacked out (Appendix E). Ihe powerline anglestowards the grid tnim east-to-tvest with the closest approach - strongest intluence- being on lines surveved from 1.0ops 18/ II and 12. In practice c(werageapproaching the potverline tvaslimited by noise lev els and the stacking required.Fluctuati(ms in the potverline transmissiori characteristics/levels account foryariations in data quality from line-to-line approaching the potverline.
5 511111drndlm- 2(11)1L I I \1 Hurvey 04(k - I-pedalen • \ or   •,3 p g w
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An interpretation is presented in two figures:
l'igures 3 Interpreted Features
Figures 4 Interpretation

Features outlined are mainlv contacts, shallow conductors and thin conductive zones -geological units and structUral features. A series ot interesting conductors have beenoutlined and a number selected tor modeling using Nlultikoop. The details ot theseconductors and the Nlultil.00p modeling are presented in this Interpretation section.

lhe interpretation presented in this section is an interpretation ot the LIE\ I data alone -kvi th a passing reference to airhorne magnetics and airborne VNl anomalv maps. Assuch it sh at Id be evaluated in conjunction with other available intormation on thepropertv.

Note (.onductors are designated bv ESPedalen, loop number and conductor number.hor example: ESP-05-03 designates ESPedalen-Loop 05-Conductor 03.The t \vo condlictc)rs outlined in the 2003 report as Conductor A and B bentme:
- Conductor A ESP-04-01

- Conductor B = ESP-02-02

In general in the model tigures significant conductors \vill be shown in black andother weaker conductors - inodeling details of the local response are shown inpale blue.

:-,everal points about the interpretation in general:

I Itere is considerable similaritv among the set of Conductors outlined by thecombined 2003/1004 LI I\l surveys. As noted in the 2(03 Report:
- the main conductive zonels) are modeled to be an enhancement along aconductive hori/on..
- nt Ïisy ater channels noisv et)incident with a Conductor suggests that sharpteatures - stringers ol mineralization? - mav be present.

I he models presented are n)it expected to match the drill results exactly. There 1reerrors in depth estimates and dip angle -5 to 1(1 ln particular note that themodeling of smaller zones at shallow depths will Itiave relativelv large errors.

As noted the ott-loop settions (to the gridnorth) ot Loop, (K-12 profiles becomucorKidt:r ablv noisier at the gridnorthern end - approaching a regional powerline.I owards the ends ot these Itnes as surveved it \vould be difficult to discern ananomaknis reponsc.

\ `-,1jrr1 inaltim - 2()(,41..ji \I ,-,urv, hspeddlen - \ on\ \ [T,



The responses chosen for discussion/

Conductor Figure z

modeling are as

Isig

follows:

Line z —station




ESP0503 Figure 5 koop 05 Line 8000F 8075 \
ESP_05_04 Figure h Loop 05 Line 8200E 5825N
ESP_0805 Figure 7a Loop 08 Line 5600F 8100N




Figure 7b IAny Oti Line 60001: 6100\




Figure 7e I.00p 08 Line 5800F 8100N




Figure 8 Loop 08 Line 5200E 8200N
ESP 0806 Figure S I.00p Os Line 520012. 5775 \
ESP_09_07 Figure ei i

i .00p ny Line 4800/5000E 3200 \
ESP_10_08 Ligure 10 Loop 10/ Iti line 35/ 3h/ 3700k h300 \
ESP_11_09/10/11




ESP 11_09 Figure I lb Loop 11 Line 1800F, 5100N




Figure 1Ic I.00p I I Line 1900F 5-I00NESP_11 11 Figure I ld I.00p 11 Line 2100F 4550 \ESP 11 10 Figure 1Ie I,00p 11 I.ine 2400F. 5250 \
ESP:12:12 Figure 12 I.00p 12 Line SOOF 4825 \
ESP 13 13 Figure 13 I.00p 13 lane 103001/. 5775 \
ESP14_14 Figure 14 Loop 14 1-tne 11100 / 11200F b350 \
ESP 15 15 Figure 15 Loop 15 1.ine 7700F 4400 \
ESP_16_16 Figure 1() 1.00p Ir, Line 8500F 2825 \
ESP_17_17 Figure 17 1.00p 17 I.ine 11400k 21)50\

An interpretation ot teatures toll(  \ \--.. \ otc: d generaIl.egend tor Figures 3 and 4 i
enlarged and presented as Figure 18.

A .2()(,; I 11\I tiurve c40ti- kkpedalen - or  ,1



Conductor ESP 05 03 Lines 7h/ 78/ 80 / 82/ 8400E -5950-h000:\
Conductor ESP_05_03 was detected during surveving trom Loop 05 and I.00p 0h.
With a rnuch tveaker character the Conductor ESP_05_03 response wntinues both:

to the gridtvest Lines 74/ 72/ 7000E or right up to the southeastern tlank ot
Grahoa / Stortellet. As discussed above it is ditticult to interpret across this
topographic feature - it is possible that Conductor ESP_OS 03 connects up with
the system of Conductor ESP_08 05 and Conductor ESP_10 08.
to the grideast Lines 8h/88/Y000E - no L:TENI surveving tvas done east ot this.

The overall best response detected was that on Loop 05 Line 8000F - to (.h2 - and
this response was selected tor lultil.00p modeling.
Nlodeling Conductor ESP 05_03: Loop 05 Line 8000E Figure 5

. fhe modeling results tor I.00p 05 I.ine 8000E are shown in Figure 5. I Le overall
background response was modeled using a laterallv extensive conductive laver at
a depth ot -1100m and a tveaklv conductivelaver at a depth of -400m. Details of
the local response are modeled "using a tveaker conductor (pale blue in Figure 5)
-parallel to the conductor but laterallv more extensive. Conductor ESP 05 03 is
modeled as an enhancement along a conductive horizon. 'Fhe late time response
(Ch3/ -,tiggests that Conductor ESP_OS 03 mav contain two parallel lerises -

alternativelv thk character mav represent thickening or changes along strike.
Details at ESP 05_03 as modeled as listed in Figure 5 are:

centre of top edge 8000E, 6095N, 961 m.a.s.l. (grid coords3

local elevation -993 m.a.s.l. giving -32m depth-to-top


strike/dip -140/15° conductance 500S

along strike/downdip 175m/75m

Conductor ESP 05_03 is interpreted to be a good conductor. It shRuild be
evaluated in CUmparkon with other known features in the Espedalen area - m
particular Conductor ESP 05 04 vhich is parallel and similar in character. Primarv
field coupling is - maximum coupled as modeled suggesting that the ckmductance
is a reasonable maximum estimate. Increasing the strike length f the modeled
bodv would act to Iknver the nwiductance somewhat.

- 21Y4 L IL \I .t,urvt d4Lk - I Lynidlen
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Conductor ESP 05 03 (1`, modeled on i (111)1:

Figure 5

ccentre of top edge 8000E, 6095N, 961 m.a.s.l. (grid coords.)


local elevation -993 giving -32rn depth-to-top

strike/dip -140/15° conductance 500S


along strike/downdip 175m175m

Notes:

- vie v is lookiny, (-C,20)
conduetor cts modeled is -md intum coupled
locations LIIV listed iii (;rid coordintite - reter to (;PH notes tor LI \l locations.
omduetors shown Ti light blue model the background/eurrent channehng/locil re•ponse in the vicini tv (he conduetor.the overdll Imekground response.in modeled by conductors (laterall v extent-;ive, eentred under loop) tit depth.
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Conductor ESP0504 Lines S)0(W.

Conductor ESP_0805 vas detected during surveving trom I.00ps 05 and is located at
the top a slope that faces gridsouth. With a much ‘veaker character the Conductor
ESP05_04 response continues both:

- to the gridwest Lines 80/78/7600F and may continue (Dgure 4) as a teature at
a contact as far gridwest as Line h400k to the southeastern flank of

Gråhoa, gridnorth of Storfellet. As discussed above it is difficult to interpret
across this topographic feature - as kvith ESP05_03 it is possible that
Conductor ESP0504 connects up \vith the system of Conductor ESPOS 05
and Conductor ESP 10_08.

to the grideast Lines 84/8600E and possibly further as a contact.

the overall best response detected was that on I .00p I.inu S21)0I: - to Ch4 - and
this response was selected for Niultil.00p modeling.
Nlodeling Conductor ESP05_04: I .00p 03 Line 52(10h. hi,ure h

. 1-he modeling results for Loop th'i Line S000h. are shown in higure i .lhe overall
background response was modeled using a laterally extensive conductive laver at
a depth of TOOmand a weakly conductive laver at a depth ot —400m. Details of
the local response are modeled-using two  veak conductors (pale blue in Figure h).
One  veak conductor is more steeply dipping and laterally more extensive. The
second is deeper, —parallel and more extensive laterally and down dip. Together
the two \veak conductors model a lithologie/structural contact that is related
to/reflected in the gridsouth facing slope below Conductor ESP35 04.
Conductor ESP05 04 is modeled as an enhancement in conductivity along this
feature. "Lhe details of ESP_05 04 as modeled as listed in higure h are:

centre of top edge 8200E, 5813N, 970 m.a.s.l. (grid coords.)

local elevation —987rna.sI. giving —18rndepth-to-top


strike/dip —140/15° conductance 500S

along strike/downdip 140m/62m

Conductor ESPO5 04 is interpreted to be a good conductor. it should be
evaluated in comparison with other known teatures in the l'spedalen area - in
partieular Conductor ESP3503 which is parallel and similar in chardeter. Primary
field coupling is —maximum coupled as modeled suggesting that the Ginductance
is a reasonable maximum estimate. Increasing the strike length t the modeled
body would act to lower the conductdnee somewhdt.

Note: Conductor ESP 05 03 is modeled  vith a conductance ot IET)(1-on line 820( li
(higuri2 h in conjunetion with modeling Conductor ESP 05 04).

\ 211(14I II \I Hun 114h, I .f,(.daj t,n -



Conductor ESP 05 04 as modeled on 1.1nu S200k


Figure 6

centre of top edge 8200E, 5813N, 970 m.a.s.I. (grid coords.)

local elevation —987 m.a.s.l. giving —18m depth-to-top


strike/dip —140/15° conductance 500S

along strike/downdip 140m/62m

"Notes:
view looking -320)
conductor as modeled vell-coupled but iL1 maxiMUM coupled.
locations are listed in (rid coordinates - reter to (if'S notes tor LI locations.
n)flductors shown in light hlue model the background / current channeling/Icwal retponse in the vicinity ot the conduchw.the overdll backgmund responsean modeled lav conduct(ffs (laterallv extensive, centred under at deptia
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Conductor ESP_08_05 I.ine 45-540011 --h2OON/I.5b0OIT -b075N/L5S-b400E, -b000

Conductor ESP_08 05 was detected during surveving trom Loops 07/0S/ 09. The
Conductor ESP 08_05 response is interpreted to be a long strikelength feature that
eontinues both:

to the gridwest where it conneets up ‘vith Conductor ESP_10 08.
to the grideast as tar as line 65001itl'igure 4) , up to the southeastern flank ot
C;rahoa, gridnorth of Storfellet. As diseussed above it is difficult to interpret
across this topographic feature - it is possible that Conductor ESP_08_05
connects up vith the system of Conductors ESP_05_03 and ESP 05 04.

The overall best response deteeted was that on I.00p OS line 5600E - to Ch5/4 - and
this response was selected for MultiLoop modeling. Note that at Line 5b0Oh. the
strike ot Conductor ESP_08_05 is -350 whereas overall the strike is -320.

Nlodeling Conductor ESP_08_05: I.00p OS line EbOOF hit,ure 7a

The modeling results for Loop OS Line 5b0Oh are shown in Figure 7a. The overall
background response was modeled using a laterallv extensive conductive laver at
a depth of 300m and a ‘veaktv conductive laver at a depth of -600m. Details ot
the local response are modeled-using a three conductors (pale blue in Figure 7a)
-parallel to Conductor ESP 08_05. One ot these is more extensive both laterallv
and down dip and retlects the overall strueture ot Conductor ESP 08 05. The -
other two are laterallv more extensive and model a broad, weak local
enhancement in conductivitv. Conductor ESP 08_05 is modeled as the best
portion of a local enhancement along a conductive horiion that is more extensive
laterallv and down dip and itself has a conductivitv ot -2-bS as modeled on this line
and on loop Osline 520) a b190N (l'igure ot Conductor ESP 08 05 ds

modeled as listed in higure 7 are:

centre of top edge 5600E, 6065N, 1230 m.a.s.l. (grid coords.)

local elevation -1253.5 giving -24m depth-to-top

strike/dip -350/15° conductance 300S

along strike/downdip 120m/80m

Conductor ESP 08 05 .(1 I ane EnOOL is interpreted to be fair-to-good conductor. It
should be evaluated iii eompanson with other known teatures in the Espedalen

area. Primarv tield coupling is less than maximum as modeled suggesting that the
conductance is a reastmable estimate - it could be higher. Inereasing the strike
length ot the modeled body would act to l()wer the conduetance somewhat.

Note: Additional modeling ot Conductor ESP 05 03 is shown in:

higure 7b Loop (IS I.ine 551)01:.

Ligure 7e Loop ft-; I ane h000T

Ligure 7d Loop 07 line bffilk

rigure 5 Loop Os I .ine 5200E

Nlodeling ol I ane tfit0I- i• difficult as the eonductor sits close to the loop edge ol
both I oop 07tind Loop OS - where the line was -split's. Line bil()Oh. vas the onlv
line "split" - hal t read trom one loop, hall trom another - on the survev.

\ HLwItidrnahly 1nLY-il. Y \I Stirvy'\ - y ..peddYer, \ I"



Conductor ESP_08_05 as modeled on Line 5600E

, Figure 7a

centre of top edge 5600E, 6065N, 1230 m.a.s.l. (grid coords.)

local elevation –1253.5 rn.a.s.l. giving –24m depth-to-top


strike/dip –350/15° conductance 300S


along strike/downdip 120m/80m

Notes:
view is looking along the strike of tlw conductor -
conductor as modeled is well-coupled but not maximum coupled.
locations are listed in (;rid coordinates - reter to GPS notes tor UTNI locations.

- conductors shown in light blue model the background / current channeling/local response in the vicinitv of the conductor.the overall background response.in modeled by conductors (laterallv extensive, centred under loop) at depth.

—101-11M0•01 Oln



Line 5600E Line 5600E
model profile

/I) field profile

t.)

A/S

Sulfidmalm

-
2004

UTENI

Survey

0

8
-
E

-£0-80-dSa

Transmitter

Loop 08

BUOD
riHro

b0(1/7 n

Ch model data

60ou
,B2ag

R4ou t-r £
130(ili

Ch field data

GOEK)
U2n() U4rio

OGDO fl
62!

54no
L

Minn

Ch I model data Ch ( field data
IEr

SC)Q

model data

BUnj
FI fl _L

64c%
13(J1)1)

hH-10field data

rn
g ...._>
9 cfi •..,

n n
aii8
S 1

•7. aq ln cii
C t 3 F)!-i
..- .-.

--. ro rd r2J
‘-,-.  

---] 0—I C
-13 ):1.?ri
in rri

Gmn't-'7
Line 5600E

BuDo
ESP-08-05

Note:
- View along strike of conductor - azimuth 350
- field profile shortened for this presentation

ul


?

P-11

0
,--i
.£-,
0

2
`.<

~.
0-

-•






§1-
54"
Ni

Conductor ESP_08_05 as modeled on Iine 5SDOE
(.1 Figure 7b

centre of top edge 6000E, 6000N, 1260 m.a.s.l. (grid coords.)

local elevation —1327m.a.s.l. giving —67mdepth-to-top


strike/dip —320/75° conductance 150S

along strike/downdip 800m/150m

Notes:
- view is looking gridwest (- 320)

conductor as modeled is ‘vell-coupled but not maxi murn coupled
- locations are listed in Grid coordinates - reter to GPS notes for 151.\I locations.

conductors shown in light blue model the background / current channeling/local response in the vicinity ot the conductor.the overall background response.in modeled by conductors (laterally extensive, centred under loop) at depth.
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Conductor ESP 08 05 as modeled on Iine bOOdh:


Figure 7c

centre of top edge 6000E, 5960N, 1290 m.a.s.l. (grid coords.)


local elevation -1305 m.a.s.l. giving -15rn depth-to-top


strike/dip -320/50° conductance 250S


along strike/downdip 200m/50m

centre of top edge 6000E, 5935N, 1250 (grid coords.)

local elevation -1288rn.a.s.1. giving -38m depth-to-top


strike/dip -320/50° conductance 75S


along strike/downdip 600m/100m

Notes:
vietv is looking gridwest (-32())
conductords ml)deled is but not imum coupled.
locations dre listed in Grid cotirdinates - refer Ui (iPS notes for liTNI locations.
conductors in light blue model the bdckground / current channeling/local response in the vicinitv Ol the conductor.
the overall bdckground response.in modeled Lv conductors (Iaterallv e tensive, centred under loop) at depth.
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Conductor ESP 08_05 as modeled on I ane 6000E - I ,00p 07
> (preliminary model)
tr,
7-, Figure 7d

centre of top edge 6000E, 5970N, 1260 m.a.s.l. (grid coords.)

local elevation -1317 m.a.s.l. giving -57m depth-to-top

strike/dip -320/60° conductance 8S

along strike/downdip 800m/150m

centre of top edge 6000E, 5950N, 1240 m.a.s.l. (grid coords.)


local elevation -1304m.a.s.l. giving -65rn depth-to-top


stri ke/dip -320/60° conductance 10S


along strike/downdip 800m/150m

centre of top edge 6000E, 5920N, 1250 m.a.s.l. (grid coords.)


local elevation -1288m.a.s.1. giving -38m depth-to-top


stri ke/dip -320/60° conductance 20S


along strike/downdip 800m/150m

Notes:

- view is looking gridwest (-120)
- conductor as modeled is vell-coupled but not maximum coupled.
- locations are listed in Grid coordinates - refer to GPS notes for LITN1 locations.
- conductors shown in Iight blue model the background / current channeling/local response in the vicinity conductor.
- the overall background response.in modeled bv conductors (laterallv extensive, centred under loop) at depth.
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Conductor ESP_08 06 I.ine 5200k -5775N
Conductor ESP_08 06 was deteeted during sut veving from Loop 08. The Conductor
ESP_08_06 response is a single-line feature - verv sligbt indieations of its presence are
seen on adjaeent prohles. The Line 5200k response was theretore chosen tor
modeling.

Modeling Conductor ESP 08_06: Loop 08 Line 5200E Figure 8
The modeling results tor I,00p OS I.ine are shown in Figure 8. The overall
background response was modeled using a Iaterallv extensive conductive Iaver at
a depth of -1300m. Conductor ESP_08_06 is modeled as an isolated eonduetor.
The response indicates a more-conductive eore - the -single point peak in Ch3/ 2 (a
5775\ indieating that the response in that area continues to Ch2. Details of
Conductor ESP 08_06 as modeled as listed in Figure 7 are:

centre of conductor 5200E, 5791N, 1155 m.a.s.l. (grid coords.)

local elevation -1186 m.a.s.l. giving -14rn depth-to-centre


strike/dip -320/05° conductance 4005

along strike/downdip 100m/35m

centre of conductor 5200E, 5791N, 1145 m.a.s.l. (grid coords.)

local elevation -1186 m.a.s.l. giving -24m depth-to-centre


strike/dip -350/15° conductance 505

along strike/downdip 100m/100m

Conductor ESP_08 06 i intcrpreted to be a small fair-to-good eonductor. It
should be evaluated in et ni pari stniWith l)ther known teatures in the h.spedalen
area. Primarv tield etutpling is -maximum as modeled suggesting that the
eonductanee is a reasonable -maximum esti mate. On the t)ther hand note that the
conductanee of the more-ci.Induetive etwe is hased primarilv on a single data point
on one line tI one-eomponent data - it is really onlv an estimate. Increasing the
strike length of the modeled bodv wt)tild aet to Io .ver the conductanee stnnewhat.

\ s 21) Li I \I sur‘, pe,jaicn 21



Conductor ESP 08 06 as modeled on i i nu52001.:


Figure 8

centre of conductor 5200E, 5791N, 1155 m.a.s.l. (grid coords.)


local elevation -1186 m.a.s.I. giving -14m depth-to-centre


stri ke/dip - 320/05° conductance 400S


along stri ke/downdip 100m/35rn

eentre ni conductor 520111, 5791N, 1145 (grid coordsi

localelevation -1186 giving -24m depth-to-centre

stril‘e/dip -150/15 vonductance 5115


along stri ke/downdip 100m/1 offin

Notes:

vietv is Iooking grid \vest 1-3201
condUctor as modeled -maximum coni)led.
locations are listed in Grid coordinates - reler to GP-; notcs tor 1.-17\1 Iocations.
conductors shown in Iight hIne model the background eurrent channeling/local response in the vicinity of the conductor.
the overall hackgrtmnd responsein mtaieled by conductors (Iaterallv extensive, eentred under Ioop) at depth.
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Conductor ESP 09_07 Line 4800/5000E -5250N
Conductor ESP_09 07 was detected during the surveving ot I.ine 5000E trom IAiop
08. "Lhe teature is at too great a depth to have been cLetected by the airborne E I.
Loop 09 was modihed slightiv - the eastern edge displaced 200m grid east - to allow
Line 5000E to be repeated trom Loop 09. Ihe response is limited to Lines 5000 and
4800E although:

to the gridwest there is no corresponding response on Line 4600E - though as
Conductor ESP 09_07 Nveakensand steepens from Line 5000E to 4800E this
1TLWbe due to orientation. Continuing gridwest to Storgruva - Lines
4400/42/41 / 40/11900E case can be made tor a connection.
to the grideast there is no corresponding response on Line 5200E - a quick test
indicated that even with an increase in the depth ot Conductor ESP_09_07 of
-75m it vould still be detectable. Continuing grideast a case can be made tor a
connection with a teature on Lines 54/ 5o/ 581)(11(Eigure 4).

he best response detected is on Line 50tME - to Ch2 - and the results from I.00p
and 09 vere virtuallv identical. The response on I.00p 09 Line 5000E \vas selected for
Multil.00p modeling.

Nlodeling Conductor ESP_09_07: I.00p 09 I.ine 5000E Eigure
The modeling resuIts for Loop 09 I.ine 5000l:. are shown in Figure 9 The overalI
background response vas modeled using a laterall v extensive conductive laver at
a depth ot 300m at-id a weaklv conductive Iaver at a depth of -600m. Conductor
ESP 09_07 is modeled \vith a Moderate dip to the gridnorth using three plates.
lIw shaIhnvest plate has a steeper dip and is considerablv weaker than the deeper,
more gentiv dipping pair. .rhe overalI model of Conductor ESP 09 07 is an
enhancement ot conductivitv along a structure/ckmtact I he details ot Conductor
ESP 09._07 tis inodeled as listed in Eigure q are:

centre of top edge 4965E, 5230N, 1030 m.a.s.l. (grid coords.)

local elevation -1127 m.a.s.l. giving -97m depth-to-top


strike/dip -320/20° conductance 6005

along strike/downdip 80m/130m

centre of top edge 4965E, 5260N, 1030 m.a.s.1. (grid coords.)

local clevation -1128 m.a.s.l. giving -98m depth-to-top


strike/dip -320/35° conductance 900S

along strike/downdip 120m/80m

centre of top edge 4985E, 5225N, 1085 m.a.s.l. (grid coords.)

local elevation -1069 m.a.s.l. giving -42m depth-to-top


strike/dip -320/45° conductance 305

along strike/downdip 200m/60m

Conductor ESP_09 07 is interpreted to be a good-to-excelIent conductor. It slioiil d
be evaillated in comparison with other known features in the Espedalen area.
Primarv tield couphng is -maximiam coupled asinodeled suggesting that the
conductanct is a reasonable maximurn estimate. Increasing the strike Iength ni the
modeled body voind act to Iower the conductance somewhat.

Hultk maim - 20LI 1 I I \1 surv.»  114(1‘- rApedaHi '\J,r‘%,)  



Conductor ESP 09 07 as modeled on Line 5(10)1

Figure 9

ce ntre of top edge 4965F, 5230N, 1030 tn.a.s.l. (grid coords.)


local elevation —1127 giving —97m depth-to-top

strike/dip —320/20° conductance 600S


along strike/downdip 80m/130m

centre of top edge 4965E, 5260N, 1030 m.a.s.l. (grid coords.)


local elevation —1128 rn.a.s.l. giving —98rn depth-to-top


strike/dip —320/35° conductance 900S


along strike/downdip 120m/80m

centre of top edge 4985E, 5225N, 1085 (grid coords.)

local elevation —1069 m.a.s.l. giving —42m depth-to-top


strike/dip —320/45° conductance 30S


along strike/downtlip 200m/60m

Notes:
view is looking gridwest (-320)
conductor as modeled is well-coupled but not maximum ioupled.

- locations are listed in Grid coordinates - refer to notes for LTN1 locations.
conductors shown in light blue iru)del the hackground/ current channeling/local response in the vicinity ot the conductor.the overall background responsean modeled by conductors (laterallv tensive, centred under loop) at depth.
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Conductor ESP_10_08 Line 34/35/ 36/ 37/ 3800E -62-6500N
Conductor ESP_10_08 ‘vas detected during the surveving of Loop 10. Detail Lines3500E and 3700E were put in and surveved from Loop 10. Detail stations @12.5m onLoop 10 Line 3700E define a conductor that -comes to surface at a waste/excavationpile (Jorstad) g 6345N. Lines 3500/3600/3700E were then repeated inside-the-loopfrom Loop 18. The shallower (gridsouth) weaker edge/ extension of ConductorESP_10_08 was detected by the airborne ENI survev

With a ‘veaker character the Conductor ESP_10_08 response continues both:
to the gridwest to the -break at the northwestern-facing flank ot Storhoa andpossiblv bevonct.

to the grideast into Conductor ESP_08_05.

the Conductor ESP_10_08 response on koop I0 Lines 35/36/3700E  vas selected forMultiLoop modeling. Note: Conductor ESP_10_08 as modeled tor the Loop 10protiles ‘vas transferred to models for Inop 18 Lines 35/ 36/ 3700E - the results
rnatched the Loop 18 protiles verv ‘vell.
Modeling Conductor ESP_10_08: Loop 10 Line 35/36 / 3700E Figure 10a,b,c

'Fhe modeling results for Loop 1,ine 35/ 36/ 3700E are shown in Figure 10a,b,c.The overall background response  vas modeled using a laterallv extensive
conductivelaver at a depth of -1300m. Conductor ESP_10_08 i s modeled as
dipping gridnorth with details of the local response modeled using 3/1/1 (Lines
35/36/3700E) conductors (pale blue in Figure 7) generallv -parallel to and moreextensive both laterallv and down dip than Conductor Conductor
ESP_10_08 is modeled as an enhancement in conductivity al(mg a
structure/contact Details of ESP_10 08 as modeled as listed in Eigure 10a,b,c are:

Figure 10a - Line 3500E
centre of top edge 3500E, 6330N, 1275 m.a.s.l. (grid coords.)


local elevation -1341 m.a.s.l. giving -66m depth-to-top

strike/dip -320/45° conductance 375S


along strike/downdip 400m/250m
Figure 10b - line 3600E

centre of top edge 3700E, 6330N, 1275 (grid coords.)
local elevation -1310 m.a.s.l. giving -35m depth-to-top


strike/dip -320/45° conductance 400S

along strike/downdip 400m/260m

Figure 10c - Line 3700E
centre of top edge 3625E, 6349N, 1295 (grid coords.)

local elevation -1329 m.a.s.l. giving -34m depth-to-top

strike/dip -320/55° conductance 3755


along strike/downdip 400m/100m
centre of top edge 3625E, 6420N, 1265 m.a.s.l. (grid coords.)


local elevation -1302 m.a.s.l. giving -37m depth-to-top

strike/dip -320/65° conductance 3755


along strike/downdip 500m/85m
- 2(104 Li FN1 Survey 0-lus - Kredalen - Non  a%



Conductor ESP_10_08 is interpreted to be a good-to-excellent conductor based in
part on its size - the largest feature of interest detected in this survey. Conductor
ESP_10_08 -cornes to surface at a ‘vaste/excavation pile (Jorstad) @6345N. It
should be evaluated in comparison ‘vith other known features in the Espedalen
area. Primary field coupling is -maximum coupled as modeled suggesting that the
conductance is a reasonable maximum estimate. Increasing the strike length of the
modeled body ‘vould act to lower the conductance somewhat.

\ /S Sultidnialm 2004 L \I Survey 0405 - I pedalen - Norwav pg



Canductor ESP 10_,08 js modeled 3r110E

Figure 10a

centre of top edge 3500E, 6330N,1275 m.a.s.I. (grid coords.)


local clevation -1341 m.a.s.l. giving -66rn depth-to-top


strike/dip -320/45° conductance 375S


along strike/downdip 400m/250m

\olcs:
- view is looking gridwest (-32M

conductor ds modeli'd isHnicHinunn coupled.
locations dre listud Ti (;rid n  ordindles - refer to note,-; tor L I N1 locations.
conductors ,,hown in light hint model the hackr,round current ih.mnulin4/locd1 response in the viumity ot the conductor.
the overall backround response.in modeled hv nmductors (Idterall tensive, centred under loop) at depth.
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Conductor ESP 10 OS cr, modeled no I .int

rigure lob

centre of top edge 3700E, 6330N,1275 m.a.s.l. (grid coordsi


local elevation —1310 giving —35m depth-to-top

strike/dip —320/45" conductance 400S


along strike/dmv ndip 400m1260m

Notes:

- view is looking gridwest (-320)
conductor ds nodcled is —1nd Unurn coupled
locations dre listed iii (;rid coordinates - reter to (;PH notes for L I\I occitions.

- t'onductors ‘hown in light Nue model the litn kground/ current chwineling./ response iii t Ite titt t oridtidot.- the ott-rill backround responsoin modeled conductors Ititerd v tensive, centred under Hor) it,iepth.
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Conductor ESP:10_08 as modeled on Line 3700N


Figure 10c

centre of top edge 3625E, 6349N, 1295 m.a.s.l. (grid coords.)

local elevation -1329 m.a.s.l. giving -34m depth-to-top


strike/dip -320/55° conductance 375S

along strike/downdip 400m/100m

centre of top edge 3625E, 6420N, 1265 m.a.s.l. (grid coords.)

local elevation -1302 m.a.s.l. giving -37m depth-to-top


strike/dip -320/65° conductance 375S

along strike/downdip 500m/85m

Notes:
view is looking gridwest (-320)
conductor as modeled is --maximum coupled
locations are listed in Grid coin-dinates - reter to notes for LITN,Ilocations.
conductors shown in light blue model the backgpflind /current channeling/local response in the vicinitv ot the conductor.- the overall background response.in modeled 1w conductors (laterallv extensive, centred under loop) at depth.
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Conductor ESP_11_09/10/11 Line 1S/ 19/ 20 / 21/ 22/ 2400E -4S-5400 \
Conductor ESP_11_09/10/11 was detected during the surveving of Loop I ELines 1900E and 2100E were planned from the outset becau-se the area was expectedto be complicated geologicallv and of significant interest - as evidenced bv thenumber of showings/old ‘vorkings in the area.

The interpretation in the immediate area -1.00ps 11 and 12 - is detailed in Figure Ila.The shallower (sharper response) features of Conductor ESP_11_09/10/11 weredetected bv the airborne ENI survev.

Lhe LIENI protiles indicate a conductive laver that is a patchwork of gentiv dippingconductors - this patchwork will be reterred to as Conductor ESP_11_09/10/11.Ntodeling of three specific responses was requested and these are referred to as(trom gridnorth to gridsouth):
- Conductor ESP_11_09: Line 240011 w 5250N
- Conductor ESP_11_10: Line IS/ Iq001 g/ 5100 \
- Conductor ESP11_11: Line1100E «i 4550 \

Note that in Eigure Ila Conductor ESP_11_09 is interpreted as an along-strikeenhatiettnkint 0 t Conductor ESP_11 _10 - it is not interpreted as connecting t theresp(mse on Line 2200E ca 49501-:(not modeled

With iweaker character the Conductor ESP 11 09/10/11 response continues both:
to the gridwest as a tone ot increased conductivity. Note that the gridsouthlimit of Conductor ESP_11_09/-10/11 connects up vi th Conductor ESP 12 12 -interpreted to by the conductivity enhanced termination of the weaklyconductive laver (the extension (1. Conductor ESP 11 09/10/11) or it mavsimply by a cOnductor at a contact.

- to the grideast into thy -break at the northwestern-facing flank ot Storhoa.

he Conductor ESP_11 09/10/11 response on I.Oop 11 Iines 1s/ 11/4.q / 24nokselected tor IuIti1.00p modyling.
Nlodeling Conductor ESP_11_09/10/11: Loop 11 I.ine 18/ 1(-+/21/2400E 1:igure li

I he inodeling results for Loop 11 line S/ Iti/ 21 /2400E are shown in Figure1-heoverall background response was modeled using a IateralIvextensive conductive laver at a depth ot -1200m. I)etails of the local responsemodeled using weaker conductors pale bIue in Eigure ConductorESP .11 09/10/11 is modeled as a gentiv dipping set ot plates that formpatchwork - patchv in both along and .across strike. As modeled the plates mirnica bn)ad syntorm (asis running -12( ). Ihe specitic conductors ConductorESP I I 09, Conductor ESP_11 _10 and Conductor ESP 11 11 are modeled dsplates that come closer to surtace - thev are not ot outstanding conductivitv butthev are shallowyr dri11 targets. Details of ESP_11_09/10/11 as modeled as listed inEigury 11b,c,d,e

ild111,11111 101 L F\I I,urve\ U.Ws - Lspedikiu pr p



Figure llb - Line 1800E

Conductor ESP_11_10

centre of top edge 1800E,5089N,1180m.a.s.1.(grid coords.)

local elevation -1205 m.a.s.l. giving -25m depth-to-top


strike/dip -320/30° conductance 70S

along strike/downdip 60m/110m

additional conductors
centre of conductor 1800E,4940N,1070m.a.s.l. (grid coords.)

local elevation -1177 m.a.s.l. giving -107m depth-to-centre


strike/dip -140/10° conductance 150S

along strike/downdip 60m/150m

centre of conductor 1800E,5070N,1105m.a.s.l. (grid coords

local elevation -1201 m.a.s.l. giving -96m depth-to-centre


strike/dip -140/20° conductance 150S

along strike/downdip 125m/100m

centre of conductor 1800E,5440N,1287m.a.s.l.(grid coords

local elevation -1201 m.a.s.l. giving -77m depth-to-centre


strike/dip -140/20° conductance 150S

along strike/downdip 120m/100m

Figure 11c - Line 1900E

Conductor ESP 11_10

centre of top edge 1900E,5125N,1168m.a.s.l. (grid coords.)

local elevation -1201 m.a.s.l. giving -33m depth-to-top


strike/dip -320/08° conductance 110S

along strike/downdip 60m/110m

Figure 11d - Line 2100E
Conductor ESP 11_11

air of conductors - 180Stotal - -4885N
centre of conductor 2100E,4889N,1117rn.a.s.l. (grid coords.)

local elevation -1135 m.a.s.1. giving -18m depth-to-centre


strike/dip -140/05° conductance 90S

along strike/downdip 300m/50m

centre of conductor 2100E,4882N,1120m.a.s.l. (grid coords.)

local elevation -1135 m.a.s.l. giving -14m depth-to-centre


strike/dip -320/05° conductance 90S

along strike/downdip 300m/50m
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Figure lld - Line 2100E (cont)

additional conductors

air of conductors - 160S total - @-5025N
centre of conductor 2100E,5025N,1110m.a.s.l. (grid coords.)

local elevation -1158 m.a.s.l. giving -48m depth-to-centre


strike/dip -320/05° conductance 80S

along strike/downdip 50m/150m

centre of conductor 2100E,5025N,1110m.a.s.l. (grid coords

local elevation -1158 m.a.s.l. giving -48m depth-to-centre


strike/dip -140/05° conductance 80S

along strike/downdip 50m/150m

air of conductors - 160Stotal - -5175N
centre of conductor 2100E,5175N,1140m.a.s.l. (grid coords.)

local elevation -1198 m.a.s.l. giving -58m depth-to-centre


strike/dip -140/05° conductance 80S

along strike/downdip 60m/100m

centre of conductor 2100E,5175N,1140m.a.s.l. (grid coords

local elevation -1198 m.a.s.l. giving -58m depth-to-centre


strike/dip -140/15° conductance 80S

along strike/downdip 60m/100m

Figure lle - Line 2400E
Conductor ESP_11_09

air of conductors - 150Stotal - -5268N
centre of conductor 2300E,5271N,1182m.a.s.l. (grid coords.)

local elevation -1227 m.a.s.l. giving -45m depth-to-centre


strike/dip -140/35° conductance 50S

along strike/downdip 375m/60m

centre of conductor 2300E,5267N,1186rn.a.s.l. (grid coords.)

local elevation -1227 giving -41m depth-to-centre

strike/dip -140/10° cond uctance 1005

along strike/downdip 375m/65m

Conductor ESP_11_09/10/11is interpreted to be a patchwork ot tair-to-gooduonductor. It should be evaluated in comparkon lv ith other known teature, in the
Iispedalen area. Primary tield -maximum c ni pIed ds modeled

sugge-iting that the ecinductanies listed are reai-ionabIemaxinillm CStim a
Inereasing the strike Iength ot the modeled hodies wouid dit to lower the
ciinductanee i4imewhat.
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Conductor ESP 11 009/10/11 ds modeled on Line I80012


Figure llb

Conductor ESP_11_10

centre of top edge 1800E, 5089N, 1180 m.a.s.1. (grid coords.)


local elevation -1205 m.a.s.1. giving -25m depth-to-top


strike/dip -320/30° conductance 70S


along strike/downdip 60m/110m

additional conductors

centre of conductor 1800E, 4940N, 1070 rn.a.s.l. (grid coords.)


local elevation -1177 m.a.s.l. giving -107m depth-to-centre


strike/dip -140/10° conductance 150S


along strike/downdip 60m/150m

centre of conductor 1800E, 5070N, 1105 rn.a.s.l. (grid coords


local elevation -1201 m.a.s.l. giving -96m depth-to-centre


strike/dip -140/20° conductance 150S


along strike/downdip 125m/100m

centre of conductor 1800E, 5440N, 1287m.a.s.l. (grid coords


local elevation -1201 m.a.s.l. giving -77m depth-to-centre


strike/dip -140/20° conductance 150S


along strike/downdip 120m/100m

Notes:
view Is looking gridwest (-320)
conductor as modeled is -maximum coupled.
locations are listed in Grid coordinates - refer to GFS notes tor LiNI locations.
conductors shown in light blue model the background / current channeling/local response in the vicinitv ot the conductor.
the overall background responsein modeled by conductors (laterallv extensive, centred under loop) at depth.
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Conductor ESPJ1_009/10/11 as modeled on Line 1900E


Figure 11c

Conductor ESP_11_10

centre of top edge 1900E, 5125N, 1168 m.a.s.l. (grid coords.)


local elevation —1201m.a.s.l. giving —33m depth-to-top


strike/dip —320/08° conductance 1105


along strike/downdip 60m/110m

Notes:
- view is looking gridwest (-320)
- conductor as modeled is —maximum coupled.

locations are listed in Grid coordinates - reter to GI'S notes for ti INI locations.
conductors shown in light blue model the background/ current channeling/ local response in the vicinity of the conductor.
the overall background response.in modeled by conductors (laterally extensive, centred under loop) at depth.
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Conductor ESP_11_009/10/11 as modeled on Line 2100E


Figure lld

Conductor ESP_11_11
air of conductors - 180S total - ((/ -4885N

centre of conductor 2100E, 4889N, 1117 (grid coords.)

local elevation -1135 m.a.s.l. giv ing -18m depth-to-centre


strike/dip -140/05° conductance 90S


along strike/downdip 300m/50m


centre of conductor 2100E, 4882N, 1120 m.a.s.l. (grid coords.)


local elevation -1135 m.a.s.l. giving -14m depth-to-centre


strike/dip -320/05° conductance 90S


along strike/downdip 300m/50m


additional conductors

air of conductors - 160S total - -5025N

centre of conductors 2100E, 5025N, 1110 rn.a.s.l. (grid coords.)

local elevation -1158 rn.a.s.l. giving -48m depth-to-centre

strike/dip -320/05° conductance 80S
strike/dip -140/05° conductance 80S

along strike/downdip 50m/150m
air of conductors - 160S total (g) -5175N

centre of conductor 2100E, 5175N, 1140 m.a.s.l. (grid coords.)

local elevation -1198 m.a.s.l. giving -58m depth-to-centre

strike/dip -140/05° conductance 80S
strike/dip -140/15° conductance 80S

along strike/downdip 60m/100m

Notes:
view is looking gridwest (-320)
conductor as modeled is -maximum coupled.
locations are listed in Crid coordinates - refer to GPSnotes tor LI NIlocations.
conductors shown in light blue model the background / current channeling/local response in the vicinity of the conductor.
the overall background response.in modeled by conductors (laterally extensive, centred under loop) at depth.
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Conductor ESP_11_009/10/11 as modeled on Line 2100F


Figure 11e

Conductor ESP_11_09
air of conductors - 150S total - «i –5268N 


centre of conductor 2300E, 527IN, 1182 m.a.s.l. (grid coords.)


local elevation –1227 m.a.s.l. giving –45m depth-to-centre


strike/dip –140/35° conductance 50S


along strike/downdip 375m/60rn


centre of conductor 2300E, 5267N,1186 m.a.s.l. (grid coords.)


local elevation –1227 m.a.s.l. giving –41m depth-to-centre


strike/dip –140/10° conductance 100S


along strike/downdip 375m/65m

Notes:
- view is I(()king grid  vest (-320)
conductor as modeled is –maximum coupled.

- locations are listed in Grid coordinates - refer to GPS notes lor LINI locations.
- conductors shown in light blue model the background/ current chanaeling/local response in the vicinitv of the conductor.
the overall background response.in rnodeled by conductors (laterallv extensive, centred under loop) at depth.
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Conductor ESP_12_12 ane 725/ 800/ 875E —4625N
Conductor ESP_12_12was detected during surveving trom Loop 12 and Ianes 725E
and 875E were added to detail the feature. The re-sponse indicates a feature that
shallows from Line 725 to 800 to very shallmv on lane 875E - the airborne ENIsurvev
detected the feature towards the 875E end. 'Fhe line 875E profile gridsouth of
Conductor ESP_12_12indicates fairly resistive terrain. Gridnorth of Conductor
ESP_12_12the earlier time-channels are raised indicating more conductive ground -
possibly the presence of a veakly conductive layer. Conductor ESP_12_12may
represent the conductivity-enhanced termination ot the \vealdv conductive laver or it
may simply be a conductor at a contacts. The sharp, shallow response on Line 875E is
of interest - and may be detectable at surface —4612-4662N- however, the best
response detected Was that on Loop 12 Line 800E - to Ch413. The Loop 12 Line 800k
response \vas selected for MultiLoop modeling.
Modeling Conductor ESP_12_12: Loop 12 lane 800E Figure 12

The modeling results for Loop 12 Line 800Eare shown in Figure 12 The overall
background response was modeled using a laterall v extensive conductive layer at
a depth of —1200m. Two flat-lying conductive plat'es (pale blue in Figure 12) are
positioned at —100mand —400mdepth under the loop and gridnorth of Conductor
ESP__12_12to model the weakly conductive laver under the loop. Conductor
ESP_12_12is modeled vith three similar plateS. .11iedetails of ESP_12_12as
modeled as listed in kigure 12 are:

centre of conductor 800E,4665N,1020m.a.s.l. (grid coords.)

local elevation —1065m.a.s.l. giving —45mdepth-to-centre


strike/dip flat conductance 150S

along strike/downdip 150m/90m

centre of conductor 800E,4660N,1013m.a.s.l. (grid coords.)

local elevation —1064m.a.s.l. giving —Mmdepth-to-centre


strike/dip —320/10° conductance 150S

along strike/downdip 150m/80m

centre of conductor 800E,4670N,1013m.a.s.l. (grid coords.)

local elevation —1069m.a.s.l. giving —56mdepth-to-centre


strike/dip —140/10° conductance 150S

along strike/downdip 150m/80m

Conductor ESP_12_12is interpreted to be a good conductor. It should be
evaluated in comparison vith other known features in the Especialen area.
Primary field coupling is —maximum coupled as modeled suggesting that the
conductance i a reasonable maximum estimate. lncreasing the strike length ot the
modeled body would act to lower the conductance somewhat.

Note: The broad negative response of Ch5 on lane 875E Conductor ESP_12_12
is interpreted as indicating an off-line feature - likelv Conductor ESP_12 12 as
modeled above on line 800E. The shallow respons-e seen on line 875E is
interpreted to indicate a remnant of the conductor as modeled on Line 800E.
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Conductor ESP 12 12 ds modeled on lane SOOF


Figure 12

centre of conductor 800E, 4665N, 1020 m.a.s.l. (grid coords.)


local elevation -1065 rn.a.s.l. giving -45m depth-to-centre


strike/dip flat conductance 1505


along strike/downdip 150m/90m

centre of conductor 800E, 4660N, 1013 m.a.s.l. (grid coords.)


local elevation -1064 m.a.s.l. giving -51m depth-to-centre


stri ke/dip -320/10° conductance 1505


along strike/downdi p 150m/80m

centre of conductor 800E, 4670N, 1013 rn.a.s.l. (grid coords.)


local elevation -1069 m.a.s.l. giving -56m depth-to-centre


strike/dip -140/10° conductance 150S


along strike/downdip 1,50m/80m

Notes:

view is looking gridwest (- 32(0
conductor as modeled is -maximum coupled.
locations are listed in (lrid coordinates - reler to GPS notes tor locations.
conductors shown in light blue model the background / corrent channeling/local response in the vicinity of the conductor.

- the overall background response.in modeled bv conductors (laterally extensive, centred under loop) at depth.
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Conductor ESP_13_13 Line 101/ 103/ 113/ 10700E —5800N
Conductor ESP_13_13was detected during surveying from Loop 13. The best
response detected was that on Loop 13 Line 10300E - to Ch5. The response lies
between two magnetic features (Chl profiles). The Loop 13 Line 10300E response
was selected for NIultiLoop modeling.
Modeling Conductor ESP_13_13: Loop 13 Line 10300E Figure 13

. 1.hemodeling results for Loop 13 Line 10300E are shown in Figure 13 The overall
background response was modeled using a laterally extensive conductive laver at
a depth of —700mand a conductive laver under the loop at a depth of
Details of the local response are modeled using three tveak conductors (pale blue
in Figure 13). One weak conductor models a topographic effect - it is —parallel to
the topography and more extensive than Conductor ESP_13_13.A pair of weak
conductors Conductor ESP 13_13- one of these is more extensive
laterally and down dip. Together this pair of weak conductors model the broader
structure of Conductor ESP_13_13.Conductor ESP_13_13is modeled as an
enhancement in conductivity along this feature. Ilie details of ESP_13_13as
modeled as listed in Eigure 13 are:

centre of top edge 10300E,5773N,820m.a.s.l. (grid coords.)

local elevation —825m.a.s.l. giving —5mdepth-to-top


strike/dip —140/75° conductance 125S

along strike/downdip 300m/70m

centre of top edge 10300E,5778N,825m.a.s.l. (grid coords.)

local elevation —825m.a.s.l. giving —Omdepth-to-top


strike/dip —140/75° conductance 10S

along strike/downdip 250m/90m

centre of top edge 10300E,5785N,820m.a.s.l. (grid coords.)

local elevation —827m.a.s.l. giving —8mdepth-to-top


strike/dip —140/75° conductance 125

along strike/downdip 400m/140m

centre of top edge 10300E,5750N,790m.a.s.l. (grid coords.)

local elevation —826m.a.s.l. giving —36mdepth-to-top


strike/dip —140/10° conductance 55

along strike/downdip 400m/250m

Conductor ESP_13_13is interpreted to be a fair conductor. It should be evaluated
in comparison tvith other known features in the Espedalen area. Primarv field
coupling is coupled as modeled suggesting that the conductance is a

reasonable maximum estimate. Increasing the strike length of the modeled body
would ad to lower the conductance somewhat.

Note: The response of a small response (Chs) can be seen near the loopfront on
Line 10400b 5975N just gridnorth ot a magnetic feature. A weaker version of the
same response„igain near a magnetic feature, is evident on Line 10300F (iif,000N
and a plate to —modelthis response has been added to the above model.

Sufildmahn - 2004 I L  .1 -,Lirvey 0405 - Especialen - onvd\ pg 4;



Conductor ESP_13_13 as modeled on Line 10300E


Figure 13

centre of top edge 10300E, 5773N, 820 m.a.s.l. (grid coords.)


local elevation -825 m.a.s.l. giving -5m depth-to-top


strike/dip -140/75° conductance 125S


along strike/downdip 300m/70m

centre of top edge 10300E, 5778N, 825 m.a.s.l. (grid coords.)


local elevation -825 m.a.s.l. giving -0m depth-to-top


strike/dip -140/75° conductance lOS


along strike/downdip 250m/90m

centre of top edge 10300E, 5785N, 820 m.a.s.l. (grid coords.)


local elevation -827 m.a.s.l. giving -8m depth-to-top


strike/dip -140/75' conductance 12S


along strike/downdip 400m/140m

centre of top edge 10300E, 5750N, 790 rn.a.s.l. (grid coords.)


local elevation -826 giving -36m depth-to-top

strike/dip -140/10" conductance 5S


along stri ke/downdi p 400m/250m

Notes:
view is looking gridwest (-320)
conductor as modeled is -maximum coupled.
locations are listed in Grid coordinates - refer to GPS notes for UTM locations.
conductors shown in light blue model the background/ current channeling/local response in the vicinity of the conductor.
the overall background response.in modeled by conductors (laterally extensive, centred under loop) at depth.
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.Conductor ESP 1414 Line 111/11200E -h350-h400
Conductor ESP14_14 was detected during surveving froni Loop 14 on both ot the
lines surveved from Loop 14. A rough MultiLooP model tvas made of Conductor
ESP1414 - not all details of the response tvere modeled. Ihe location of Conductor
ESP1414 is marked on Figure 4 but the roughlv modeled plates are not.
Nlodeling Conductor ESP_14 14: I.00p 14 Line 111/ 11200E Figure 14

The preliminary modeling results for I.00p 14 Line 11400E are shotvn in Figure 14.
The overall background response was modeled using a laterallv extensive
conductive laver at a depth of -SOOm Ihe response is modeled using two
conductors (Figure 14) Details of the Conductor ESP 14_14preliminarv model as
listed in Figure 14 are:

centre of top edge 11100E,6400N,946 m.a.s.l. (grid coords.)

local elevation -952 m.a.s.l. giving -6m depth-to-top


strike/dip -105/50° conductance 200S

along strike/downdip 75m130m

centre of top edge 11200E,6350N,946 m.a.s.I. (grid coords.)

local elevation -938.5 m.a.s.l. giving -49m depth-to-top


strike/dip -140/05° conductance 125S

along strike/downdip 200m/50m

Conductor ESP_1414 is interpreted to be tair-to-good conductor. kurther
modeling tvould be required it this conductor is considered a drill target. It should
be evaluated in comparison with other knotvn features in the Espedalen area.
Primarv tield coupling is slightiv less than maximum as modeled suggesting that
the conductance is a reasonable^-maximum estimate. Increasing the strike length
of the modeled bodv wouId act to lower the nmductance somewhat.
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Conductor ESP 14_14 ds modeled on line 111/11200h


Figure 14

centre of top edge 11100E, 6400N, 946 m.a.s.l. (grid coords.)


local elevation -952 m.a.s.l. giving -6m depth-to-top


strike/dip -105/50° conductance 200S


along strike/downdip 75m/30m

centre of top edge I1200F, 6350N, 946 m.a.s.l. (grid coords.)


local clevation -938.5 m.a.s.l. giving -49m depth-to-top


strike/dip -140/05° conductance 125S


along strike/downdip 200m/50m

Notes:

yieky is looking gridwest (-320)
eonductor as modeled is vell-coupIed hut not maximum e(mpled
location.; are listed in Grid coordinates - reter to (;1)!Snotes tor \l locations.

- conduetors shown in tight blue model the background/eurrent channeling/ tocat response in the  'icinity ot the eonduetor.
the oyerall hackgrk)Und re,fRnise.in modeled by conductor,, (laterallY e\ tensive, ventred under knip) at depth.
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Conductor ESP_15 15 I.ine 75/ 76/ 77/ 7SOOE - 4400N
Conductor ESP_15 15 was detected during surveving trom Loop 15. Several points
should be noted about the surveving of I.00p 15:

Espedalsvarnet does not freeze \vell in the area ot this grid - there is often open
\vater near the islands. As a result the loop \vas laid out entirelv on the
southwest side of the lake and surveving was carried out on the northeast
shore ,-1e1etrom the lake edge up.

all of the survey lines (except the detail line 7b00E) cross the powerline that
parallels the main road through Espedalen (Eigures 2, 3 and 4) - a powerline
response can be seen on the profiles

The Conductor ESP 15_15 response improves markedlv I.ine 7700 and the
response on this line was therefore chosen for modehng.

Nlodeling Conductor ESP_15_15: I .00p Ib line 7700E Eigure 15

The modeling results tor I.00p .15 Line 7700E are shown in Figure h. The overall
background response was mocleled using a laterallv extensive conductive laver at
a depth of -1200m. The Conductor ESP 15_15 response indicates a more-
conductive core and it is modeled using two -parallel plates - the \veaker one
more extensive both laterallv and downdip than the more conductive one. Details
of Conductor ESP_15 15 as Modeled as listed in Figure IS are:

centre of top edge 7675E, 4383N, 710 m.a.s.1. (grid coords.)

local elevation -724 m.a.s.l. giving -14m depth-to-top


strike/dip -320/05° conductance 800S

along strike/downdip 125m/65m

centre of top edge 7675E, 4356N, 705 m.a.s.l. (grid coords.)

local elevation -724 m.a.s.l. giving -19m depth-to-top


strike/dip -320/05° conductance 50S

along strike/downdip 150m/150m

Conductor ESP IS 15 is interpreted to be good conductor of short strike Iength.
It should be evaluated in comparison with other kninvn teatures in the Fspedalen
area. Primarv tield coupling is -maximum as modeled suggesting that the
conductance is a reasonable -maximum e,timate. Cn the other hand ni4e that thc
modeling is based primarilv on one line - conductance could irnprove (verv) localiv
on either side ot line 7700h. but the si/e is constrained bv the flanking lines.
Incred,-;ing the strike length ot the modeled bodv ni ni Id ad to lower the
conductance soille  %hat.
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Conductor ESP._15_15 s modeled on Line 7700E


Figure 15

centre of top edge 7675E, 4383N, 710 m.a.s.l. (grid coords.)


local elevation -724 giving -14m depth-to-top

strike/dip -320/05" conductance 800S


along strike/downdip 125m/65m

centre of top edge 7675E, 4356N, 705 (grid coords.)

local elevation -724 m.a.s.l. giving -19m depth-to-top


strike/dip -320/05" conductance 50S


along strike/downdip 150m/150m

view Iooking gridwest -3211)
conductt as modeled is -ma imum eoupled.
jocations are listed in (;rid coordinates - reter to CS notes tor ti 17\1 locations.
conductors shttwn in Iight model the backgrttund/ current channeling/local response in the vicinitv ot the conductor.
the overall background response.in modeled 1w conductors (lateralIv extensive, centred under k)op) at depth.
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Conductor ESP_16_16 line 80/ 82/ tg/ 85/ 86/ 8800E —2800N
Conductor ESP_16_16 was detected during surveving from Loop 1h. Å short-
wavelength rnagnetic response tracks the feature :see for example Chl Line 8400E
2825N. The best response is on Lines 8400E and 8600E and on Line 8500E - a detail
line added to better define the feature.

The overall best Conductor ESP_16_16 response detected - to Ch3 - is that on Loop
16 Line 8500E - in part because it is tlanked on both sides bv —significant responses.
The Line 8600E response is a verv close second. The Loop 16 Line 8500E response
tvas selected for NlultiLoop modding.
Modeling Conductor ESP_16_16: Loop 16 Line 8500E Figure 16

The modeling results for Loop 16 line 8500E are shown in Figure lô. The overall
background response ‘vas modeled using a laterallv extensive conductive laver at
a depth of —1200m.The Conductor ESP_16_16 response indicates a more-
conductive core and it is modeled using two plates - the weaker one

more extensive both laterally and downdip than the more conductive one. Details
of Conductor ESP_16_16as modeled as listed in Figure 16 are:

centre of top edge 8500E, 2810N, 988 m.a.s.l. (grid coords.)

local elevation —1011m.a.s.l. giving —23mdepth-to-top


strike/dip —320/45° conductance 600S

along strike/downdip 250m/65m

centre of top edge 8500,2800N, 990 m.a.s.l. (grid coords.)

local elevation —1011m.a.s.l. giving —21mdepth-to-top


strike/dip —320/45° conductance 40S

along strike/downdip 600m/100m

Conductor ESP_16 16 is interpreted to be good conductor. It should be evaluated
in comparison ‘vith other known teatures in the Espedalen area. Primarv field
coupling is slightly less than maximum as modeled suggesting that the
conductance is a reasonable —maximum estimate. Increasing the strike length of
the modeled bodv would act to lower the condudance somewhat.

Note: Because the response on Line 86001:.yas verv close to that of Line 8500E a
quick model was done for Conductor ESP_16_16 on line 8600Eand thk is inclucled
in the suite of NlultiLoop models on the accompanving CO. A rough model ot the
\veak conductor (-505) detected inside-the-loop (I.ine 8400 (a 2275 tor example) is
also in this additional nR)del.
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Conductor ESP 16 16 nHmodeled fl modeled on Inne S50011


Figure 16

entre of top edge 8500E, 2810N, 988 m.a.s.l. (grid coords.)

local elevation —1011m.a.s.l. giving —23mdepth-to-top


stri ke/di p —320/45° con ductance 600S

along strike/downdip 250m/65m

centre of top edge 8500, 2800N, 990 m.a.s.l. (grid coords.)

local elevation —1011 giving —21mdepth-to-top

stri ke/d ip —320/45° con d ucta nce 405


along stri ke/downdip 600m/100m

Notes:
view is looking gridweHt n--320)
Cknili uctor ds modeled is xvell-c))upled hut nol inn imum coupled
locntions nre listed in (lrid voordinnteH - reter to (l1)), noteH for 1.±17\1locntionH.

- conductors shown in hltw model the background /current chnnneling/lounl reponse in the vicinitv ot the conductor.
the overn11background reHronse.in modeled bv conductors (laternlly tensive, centred under loop) nt .depth.
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Conductor ESP_17_17 Line 112/ 114/ 115/ 11800E —2950N

Conductor ESP_17_17 vas detecTKI during surveying from Loop 17. The best
responses are on Lines 11400E, 11600E and 11800E. Note that the conductor strikes
—30: to grideast-west - the conductors as modeled have a strike azimuth of 290.

The overall best Conductor ESP_17_17 response detected - to Ch2 - is that on loop
17 Line 11400E and this response was selected tor MultiLoop modeling.

Modeling Conductor ESP_17_17: Loop 17 Line 11400E Figure 17
"Lhe modeling results for Loop 17 Line 11400E are shown in Figure 17. The overall
background response svas modeled using a laterallv extensive conductive laver at
a depth of —1300m and a weakly conductive laver at a depth of —800m. Details of
the local response are modelecrusing two Nveaker, laterallv more extensive
conductors (pale blue in Figure 17) - one —parallel to the cOnductor and a second
more steeply dipping. Conductor ESP_05_03 is modeled as an enhancement along
a conductiVe horizon. Details of Conductor ESP_17_17 as modeled as listed in
Figure 17 are:

centre of top edge 11400E, 2970N, 965 m.a.s.l. (grid coords.)

local elevation —984.5m.a.s.l. giving —20mdepth-to-top


strike/dip —290/35° conductance 3500S

along strike/downdip 75m/30m

centre of top edge 11400E, 2960N, 970 m.a.s.l. (grid coords.)

local elevation —987m.a.s.l. giving —17mdepth-to-top


strike/dip —290/35° conductance 150S

along strike/downdip 200m/50m

centre of top edge 11500E, 2935N, 980 m.a.s.l. (grid coords.)

local elevation —993m.a.s.l. giving —13mdepth-to-top


strike/dip —290/65° conductance 50S

along strike/downdip 275m/75m

Conductor ESP_17_17 is interpreted to be good-to-excellent conductor. It should
be evaluated in comparison vith other known teatures in the Espedalen area.
Primary tield coupling is slightly less than maximum as modeled suggesting that
the Con.ductance i a reasonable —maximum estimate. The small size of the most-
nmducti ve plate means that the error in the conductance estimate is large.
Increasing the strike length of the modeled body would act to lower the
Cl d uct ncu somewhat.

Note: Un'allse the response on Line I 16001 vas close to that of Line 11400k a
quick nmdel Wds done for Conductor ESP_17_17 on I.ine 11400E and this is
included in the suite of NiultiLoop models on the accompanving CD.
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Conductor ESP 17_17 .vs modeled on I.ine 114001:


Figure 17

centre of top edge 11400E, 2970N, 965 m.a.s.l. (grid coords.)


local elevation -984.5 m.a.s.l. giving -20m depth-to-top


strike/dip -290/35° conductance 3500S


along strike/downdip 75m/30m

centre of top edge 1 I-100E, 2960N, 9711m.a.s.I. (grid coordsd


Intal elevation -9s7 giving I 7m depth-to-mp

.trike:dip -2911/iR conductance I rIOS

along lin viidi 200m1:50m

centre of top edge 115001i, 2935N, 9s0 (grid coords.)

local devation -99; givi ng 13m depth-to-top

stri ke/di p -290/67,' cond ucta nce 50S

Iong .trike/downdip 275m/75m

otes:
view is looking along the .trike of the conduclor -
conduchw a. modeled is \vell-cimpled hut not makilll 11111

locations are listed in (;rid coordinate. - refer to (;1'S note. tor LI \1 location..
conductor..hown in light hlue model the background/eurrent channeling/local response in the vicinitv ot the conductor.
the overall background re.ponsein modeled bv conductor. (laterallv extensive, centred under loop) at depth.

1001 0011 11•1111fl ONNO 1111•11 11•111 111•0 1000
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CON.CILISIO AND RECONINITNDATIONS

The results of the survey are summarized and presented as LIENI profiles inAppendix A. Overall the data'qualitv is good and a numher ot conductive features areevident. The final Grid and Loop Incations are presented in Figure 2 and aninterpretation is presented as Interpreted Teatures (Figure 3) and Interpretation (higure4). There are a numher of responses of considerable interest - although no clear Ch 1conductors have heen delineated.

Features outlined are mainly contacts, shallow conductors and thin conductivezones - geological units and structbral features. "lhe pattern of responses outlined inFigures 3 and 4 tits the map pattern ot the geological mapping and pattern of airborneEN1conductors. In general the airhorne TNI detected shallower features or theshallowest occurrence of deeper features. fhere is also a reasonahle correlation
between the airborne magnetics and LITNI Chl features interpreted as magnetic inindicates that held locahon ot the (Trids was sufficientl v accurate to coverthe target geologv.

he protiles presented in Appendi .Ahave heen reduced vith a grid corrected asvell as pussi ble using available information. the location of all survev points and looplocations were colleded using a GI'F; system. Tor reference GI'S colledion tor LTENIreduction sh(mld be more detailed aldng T,op fronts. The goal along the loop front -and loop sides/ back - is to recoyer the topographic shape of the li)op as kvell as theloop/ line intersection points.

in tlii 2tn L I FNI survey the responses ot interest are generallv anenhancement ot conductivity along a conductive horizon/contact/structure. •Theprofiles were examined bv Talconbridge perstninel and a numher - 14 or 15 - wereselected tor modeling. I he results of the modeling are presented in the
Interpretati(m section and the reader is directed there and to the accompanving CI toi-specitic detamis. .Asummary tollows in which the modeled teatures and the 2003modeled features - in total 17 features - are grouped into one ot four categodes:
good-to-e\cellent - >111110!-; Conductors 01,07,08,17

;(it)d - 4011-10011H Conductors 03,04,15,16
tair-Tt-go()d - 15c-41n Conductors 02,05,06,09/10/11,12,14

Conductor 13
Note that some admstment was made to tor size - a large teature moving upcategon a srn all teature moving down. I he teatures are listed on the tollowing pagein numerical order - no ranking ot Conductors within a group has heen done.

In c(mclusion - the LIENI survey and subsequent modeling haveresulted m a ti ni ber ot Conductors ut interest. I.hese are generallv an enhancement otconductivi tv along a conductive Rature. Several ot the Cond uctors ot interest comesurface - allowing for lueld examination.- and several have been mined/are related toold mine workings. Following a surface examination of the shallower Conductors aprogrdill tu te,,t i munher ot the Cond uctors yould seem t be in order.

ILim-)1 II: \ 1 Survey a-10, Lspedalen - \



Conductor - ood-to-excellent >1000S

ESP_04 01 - 2000S
2003 keport Loop 04 line 5200E 1760N

ESP_09_07 - 15005
Eigure 9 I.00p 09 line 4800/5000E 5200N

ESP_I0 08 - 4005+ (large feature)
Figure 10 Loop 10/18 line 35/36/3700E6300

ESP 17 17 - 35005
Eigure 17 Loop 17 I.ine I1400E 2950

Conductor - ood 400-10005

ESP__05 03 - 5005
Iiiiiure 5 I.00p 05 I.ine 8000E 6075N

ESP_05_04 - 5005
I igure n I.cop 05 I int, 81001H 5825N

ESP15_ 15 - 8005
Iii;ure Vi koop 15 I.ine 7700E 4400 \

ESP16 16 - 6005
1-i?_;uru1n koop In Ii nc i-;5001: 2825N

Conductor - (air-to- mod 150-4005

ESP_ 04 02 - 2005
Report I oop 02 I Ine 31001/ 1975\

ESLOS 05 - 3005
I-i;ure 7,1 L000 ik I ine 5600E 6100 \

ESP_ 08 06 - 4005)
I-6;ure 'i, Ip ik I ,in,, 5200E 5775 \

ESP_-11 09/10/11 - up to 1605
l'h;ure I 11,,c koop I I I ine 18/ 1{40t 5100 \
Iii;ure I Id I.00p I I 1tny 2100k 4S50 \
Iii,.;tiiikiI le I.00p 11 IAne 24U011 5150 \

ESP 12 12 - 4505
hyire 12 koi p 12 line `..;00E 4625 \

ESP_ 14 14 - 3255
Iiitire 14 Loop 14 linv I 1100/ I 1200En350 \

Conductor - fair <1505

ESP 13 13 - I255
I re I koop 13 .ine 10300E 5775 \

2910 I I lo Hurve  c4k - Espedalen



In terms ot logistics the survev ran verv smoothlv and the crew supplied bvFalconbridge was excellent and is thnked for: their efforts. Several small points slitouldbe noted for tuture survevs:

kectangular transmitter loops \vork verv vell and are recommended. Transmitterloops, however, can take anv shape and take advantage of/be fit to trails andtopographv. Factors to cont:tider in setting out a uniquelv-shaped transmitter loop:
the prirnarv field be ‘vell-coupled to potential targets?

can the loop be safelv laid out and picked up?
can the loop be accu-ratelv surveyed?
avoid 111-Evlsurveying dose to (say \-yithin 3-400m of) "uniquely" shapedsidewires. Errors in location can sdperimpose the shape on Chl.

If the same generator is to be used on future survevs it should be rigged with ‘1Iarger gas tank. The small-volume gas tank currently on the generator requiredfilling 2-3 times a survey dav. With communication difficult in times due to terrainthis was a nmstant minor p-roblem.

(in lengthy jobs in ditficult terrain such as this one it is advisable to build inseheduled break for all crew members. Based on our experience with the weatherfrom 20(13 it was assumed some down time would occur - it did not. The crew wasprettv well beat at the end f the survev.

L se ot a heavier gauge vire on tuture survev could be considered.noted above: during this survev a Ilimble.strand of wire was Iaid along (me sideof the loop. In practice it requires a considerable additional effort to lay/ retrievedotible strands ot wire. l'he total loop resistance is lowered, however,"allowinghigher transmitter current. ignal-to-noise is improved, less stacking is requiredand surveving proceeds more quickl y. I )ata quality vould improve in aredshigh noise - along certain geolk)gic stro etu res and near powerlines.

2" I I\I Hurve ILWS - F‘tedalvn ,



Le end
more resistive

Contact (well/poorly defined)
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- latest response Ch5 shallow (<50m)
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Presentation

The results (.4:the survev are summarized and presented as UTENI profiles in Append
A. The final grid and Loop 1.dcations are presented in Figures 2. Overall the data qualitv is
good and a number of tmi.ors anditur conductive teatures are evident. Moderate-to-
severe noise levels to the gridnorth of lines surveved from Loops 05 through 12 reflect the
presence of a regional powerline bevond the end of the Enes. A description of the standard
plotting formats used and of the UTEM Svsteni is presented in Appendix C.

The profiles are listed hy 1.00p numher and presented as 3-axis profiles in the 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 anomalies at any
position on a profile. The anomalv shape is distorted bv the normalization to thjlocal
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 - topographv - no vertical exaggeration

Hz point normalized Chl reduced (pink separator)

normalization point: all data -300m out from the loop-front centre
Point normalized data is useful for interpretation of responses. Anomalv shape is
preserved as is the amplitude if the normalization point is local to the anomalv.
All data has been point normalized to a the field at a point -300m out from the centre
of the loop front. Note that this field value is intermediate and it was chosen because
the survev was roughlv half inside-the-loop and half off-loop. Normalizing to an
intermediate point allbws the interpretation of responses along the entire line. The
amplitude of responses close to (further from) the loop front will be blown up (muted).
Note: Tvpicallv the normalization point for off-loop profiles is 4-500m out from the
centre of the lOop front and for inside-the-loop profiles it is the loop centre.
The disadvantage of point normalization is that small errors in location near the wire
and in current tend to appear as large errors in Chl. If the loop/station locations and
the current are accuratelv known then point normalized Chl (in the absence of a local
conductor) will tend to be continuous approaching the \vire - unlike the continuouslv
normalized Chl which, as descrihed above,  vill dip to zero.

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

bottom axis - Ch
hottom axis - topographv - no vertical exaggeration

UTEN1 Survey 04US S Sultidmalm Ettudalen, Norwav Arrendix A g Al



Notes on Surve and Presentation/ lottin details

Please note the scales and the range on scale on all plots. Scales should be the same for a
given loop/normalization. An effort has been to keep the scales consistent from loop-to-
loop. Note that due a powerline crossing the lines surveved from Inop 15 (Dalin) the
uppermost axis range on the continuously normalized data is from ±100-100.

An effort has been to keep the scales consistent. The horizontal scale is lcm:100m. Three
lines from Loop 11 could not be fit on a letter-sized page at this scale. These profiles are
presented split in two with considerable overlap as follows:

most of the coverage
off-loop coverage

most of the coverage
off-loop coverage

most of the coverage
off-loop coverage

L nes added to 200m 1ne coverage to detail conductors:

Loop 07 Line 6500E Loop 12 Line 0725E
Loop 09.10 Line 3900E




Line 0875E




Line 4000E Loop 13 Line 10200E




Line 4100E




Line 10400E




Line 4200E Loop 15 Line 7500E
Loop 10/18 Line 3500E




Line 7600E




Line 3700E Loop 16 Line 8500E
I.00p 11 Line 1900E





Line 2100E




A short-strike-length feature detected by the airborne survey in the vicinitv of Lines
2600/2800E -5800N was covered from fhe south edge of Lobp 18 - designated as Loop 185.
These profiles are separated from the general coverage from Loop 18 and are presented
after the Loop 18 profiles as Loop 185 profiles. A few stations near the feature were missed
during surveying - in part due to high winds and very limited visibility. To ensure adequate
coverage a 300m profile across it was surveved from Loop 11 - 5725N - 6025N.

Loop 09.10 (listed between Loops 9 and 10) combined Loops 09 and 10 into a large loop in
order to detail a small features near Strogruva (Line 4000E -5200N). The feature is located
close to a sidewire of either loop and it was felt that loop/station geometry would be less of
a factor with the larger loop - no sidewires would fall in the vicinity of the detailing.

A traverse across the powerline was carried out on Loop 18 Line 2800E. The third receiver
was emploved in the process and verv long readings were required. At -17:00 both
receivers ir; use on this line were stacking close to the powerline and both overloaded at the
same time indicating a distinct change in the powerline transmission characteristics/levels.
The receiver gain could not be set at anv reasonable level and the surveving was halted.
Fluctuations like this would account for-variations in data quality from line-to-line
approaching the powerline. In practice coverage approaching the powerline was limited bv
noise levels and the stacking required Note: @3.2Hz a 1K/2K stack takes -15/30 minutes.

UTEM Survey 010ti -A/S Sulfidrnalm Espedalen, Norway Appendix A pg A2

Inop 11 Line 2200E 4250N - 6850N




5725N - 7100N




Line 2400E 4375N - 6825N




5725N - 7200N




Line 2600E 4450N - 6850N




5725N - 7200N



List of Data Collected and Plotted

Espedalen 2004 Grid
Surface coverage - @3.251Hertz

Line coverage




Loop 05 Line 7600E 5500N - 6325N 825m




Line 7800E 5500N - 6900N 1400m




Line 8000E 5500N - 6900N 1400m




Line 8200E 5500N - 6900N 1400m




Line 8400E 5500N - 6900N 1400m




Line 8600E 5500N - 6900N 1400m




Line 8800E 5500N - 6900N 1400m




Line 9000E 5500N - 6325N 825m




Loop 05 Total 10050m

Loop 06 Line 6800E 5400N - 6325N 925m




Line 7000E 5500N - 6900N 1400m




Line 7200E 5500N - 6900N 1400m




Line 7400E 5500N - 6900N 1400m




Line 7600E 5500N - 6900N 1400m




Loop 06 Total 6525m

Loop 07 Line 6000E 4900N - 6050N 1150m




Line 6200E 5000N - 7200N 2200m




Line 6400E 4925N - 7200N 2275m




Line 6500E 5025N - 6050N 1025m




Line 6600E 4950N - 7200N 2250m




Line 6800E 5200N - 7200N 2000m




Loop 07 Total 10900m

Loop 08 Line 5000E 4900N - 5900N 1000m




Line 5200E 4900N - 7200N 2300m




Line 5400E 4900N - 7200N 2300m




Line 5600E 4900N - 7200N 2300m




Line 5800E 4900N - 7200N 2300m




Line 6000E 5900N - 7200N 1300m




Loop 08 Total 11500m

Loop 09 Line 4000E 4900N - 7200N 2300m




Line 4200E 4900N - 7200N 2300m




Line 4400E 4900N - 7200N 2300m




Line 4600E 4900N - 7200N 2300m




Line 4800E 4900N - 7200N 2300m




Line 5000E 4900N - 7200N 2300m




Loop 09 Total 13800m
UTENISurvey 0408 -A/S Sulfidmalrn Espedalen, Norway Appendix A pg A3






Line coverage




Loop 09.10 1_ine 3900k 5100 - 5400N 300m




Line 40001 5075N - 5400N 325m




Line 4100k 5100N - 5450N 350m




Line 42001: 5050N - 5450N 400m




1.(mp 09.10 Total 1375m

Loop 10 Line 28001 6000N - 7150N 1150m




Line 3000E 4900N - 7150N 2250m




line 32001 4900N - 7150N 2250m




Line 34001 4900N - 71501N 2250m




Line 3500E 6000N - 6900N 900m




Line 3600k 4900N - 7150N 2250m




Line 3700k 6000N - 6850N 850m




Line 38001: 4900N - 7150N 2250m




1,00p 10 Total 14150m

Loop 11 Line 1800E 4250N - 6850N 2600m




Line 1900k 4525N - 5725N 1200m




Line 20001: 4250N - 6850N 2600m




Line 21001 4525N - 5725N 1200m




Line 22001 4250N - 7100N 2850m




Line 24001. 4375N - 7200N 2825m




Line 26001 4450N - 7200N 2750m




Line 2800k 5725N - 6025N 300m




Loop 11 Total 16325m

Loop 12 Line 0600k 4250N - 5150N 900m




Line 0725k 4450N - 4950N 500m




Line 0800k. 4250N - 5150N 900m




Line 0875k 4450N - 4950N 500m




Line 1000E 4250N - 6600N 2350m




Line 1200E 4250N - 6600N 2350m




Line 1400E 4250N - 6600N 2350m




Line 16001 4250N - 6800N 2550m




I.00p 12 Total 12400m

Loop 13 Line 10100k 5650N - 6050N 400m




Line 1020011 5850N - 6050N 200m




Line 1030011 5650N - 6350N 700m




Line 10400k 5850N - 6050N 200m




Line 1050011 5650N - 6350N 700m




Line 10700E 5650N - 6800N 1150m




I.00p 13 Total 3350m
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Loop 14

Line

Line 11100E

line 11200E

coverage

6100\ - 6800N

6050N - 6500N

1.00p 14Total

700m

450m

1150m

Loop 15 Line 7300E 4250N - 4850N 600m




Line 7500E 4325N - 4850N 525m




1,ine 7600E 4290N - 4490N 200m




I.ine 7700E 4325N - 4850N 525m




1.ine 7900E -1450N- 4850N 400m




Line 8100E 4550N - 4850N 300m




Loop 15Total 2550m

Loop 16 I.ine 8000E 2000N - 3200N 1200m




1.ine 8200E 2000N - 3200N 1200m




I.ine 8400E 2000N - 3200N 1200m




I.ine 8500E 2525N - 3100N 575m




I.ine 8600E 2000N - 3200N 1200m




I.ine SSOOE 2525N - 3200N 675m





Loop 16 Total 6050m

Loop 17 Line 11000E
Line 11200E
Line 11400E
Line 11600E
I.ine 11SOOE

2700N - 3400N
2700N - 3400N
2700N - 3400N
2600N - 3400N
2700N - 3400N

700m
700m
700m
SOOm
700m




I.00p 17 Total 3600m

Loop 18 1.ine 2800E 6950N - 7875N 925m
(surveved N) I.ine 3000E 6950N - 7650N 700m




Line 3200E 6950N - 7550N 600m




1.ine 3400E 6950N - 7600N 650m




line 3500E 6150N - 6950N 800m




line 3600E 6150N - 7600N 1450m




I,ine 3700E 6150N - 6950N SOOm




1.ine 3800E 6950NI- 7600N 650m




1.ine 4000E 6950N - 7650N 700m
Loop 18S I,ine 2600E 5400N - 6150N 750m
(surveved S) 1.ine 2800E 4900N - 6150N 1250m




Loop 18Total 9275m




Espedalen 2004 Total 123.000km
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Espedalen

Loop 5

Hz
@3.251Hz frequency

continuousnorm


Chl reduced

Loop 05 Line 7600E 5500N - 6325N 825m
Line 7800E 5500N - 6900N 1400m
Line 8000E 5500N - 6900N 1400m
Line 8200E 5500N - 6900N 1400m
Line 8400E 5500N- 6900N 1400m
Line 8600E 5500N - 6900N 1400m
Line 8800E 5500N - 6900N 1400m
Line 9000E 5500N- 6325N 825m




Loop 05Total 10050m

Loop5 - continuousnorm
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Espedalen

Loop 8

Hz
@3.251Hz frequency

continuousnorm


Chl reduced

Loop 08 Line 5000E 4900N- 5900N 1000m
Line 5200E 4900N- 7200N 2300m
Line 5400E 4900N- 7200N 2300m
Line 5600E 4900N- 7200N 2300m
Line 5800E 4900N- 7200N 2300m
Line 6000E 5900N- 7200N 1300m

Loop 08Total 11500m

Loop8 - continuousnorm
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Espedalen

Loop 9

Hz

@3.251Hz frequency

continuousnorm


Chl reduced

Loop 09 Line 4000E 4900N- 7200N 2300m
Line 4200E 4900N- 7200N 2300m
Line 4400E 4900N- 7200N 2300m
Line 4600E 4900N- 7200N 2300m
Line 4800E 4900N- 7200N 2300m
Line 5000E 4900N- 7200N 2300m




Loop 09Total 13800m

Loop 9 - continuous norm
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Espedalen

Loop09.10

Hz
@3251Hz frequency

continuousnorm


Chl reduced

Loop 09.10 Line 3900E 5100N - 5400N 300m
Line 4000E 5075N - 5400N 325m
Line 4100E 5100N - 5450N 350m
Line 4200E 5050N - 5450N 400m

	

Loop 09.10 Total 1375m

Loop09.10- continuousnorm
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Espedalen

Loop10

Hz
@3.251Hz frequency

continuous norm


Chl reduced

Loop 10 Line 2800E 6000N - 7150N 1150m
Line 3000E 4900N - 7150N 2250m
Line 3200E 4900N - 7150N 2250m
Line 3400E 4900N - 7150N 2250m
Line 3500E 6000N- 6900N 900m
Line 3600E 4900N - 7150N 2250m
Line 3700E 6000N- 6850N 850m
Line 3800E 4900N - 7150N 2250m




Loop 10Total 14150m

Loop10- continuous norrn
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Loop 13

Hz

@3.251Hz frequency

continuous norm


Chl reduced

Loop 13 Line 10100E 5650N - 6050N 400m
Line 10200E 5850N - 6050N 200m
Line 10300E 5650N - 6350N 700m
Line 10400E 5850N - 6050N 200m
Line 10500E 5650N - 6350N 700m
Line 10700E 5650N - 6800N 1150m

Loop 13Total 3350m

Loop 13 - continuousnorm
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Loop14

Hz
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continuous norm


Chl reduced

Loop 14 Line 11100E 6100N - 6800N 700m
Line 11200E 6050N - 6500N 450m

Loop 14Total 1150m

Loop 14- continuous norm
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Loop15

Hz

@3.251Hz frequency

continuousnorm


Chl reduced

Loop 15 Line 7300E 4250N- 4850N 600m
Line 7500E 4325N- 4850N 525m
Line 7600E 4290N- 4490N 200m
Line 7700E 4325N- 4850N 525m
Line 7900E 4450N- 4850N 400m
Line 8100E 4550N- 4850N 300m




Loop 15Total 2550m

Loop 15 - continuous norm



10
1

O
N

N
I

s
s

G
el

lf
l

,
aU

ff
il

1.
1

U
t

..<
•

I
C

>
-,

S
tit

C
D

(i1
0

0
•t

.,:
y

0
0

21
-4

11
0

00
0

00
1

it
/

0
0

.4
"

\"
i

t.
0

0
 o o

o
\

>
.'*

.

a
*'

,
',

•-
nc

.‘"

-
a

,
/

'.1
)•

0
A

nZ
et

-
0

r.
I

:; /
,'

..,
fr

'd
.r

ie
kt

-

Z
5(-,

..,.
./.

,1
1

\.
'<

 
 . 

Z
<

‘
".

,,.
.

 
‘

tr
.

'4
.

`.
,..

;
>

0

''`
..

/,
b

.
'5

,-
k.

—
..>

"/
/

V

,-
0

,4
/

.4
et

 
t•

-•
',

 
/

»
0

0
•

'\
‘/.

.ft
--

-:
-

T
I<

S
k<

0

tO
‘

t?
?"

nt
7

0

Z
 

/
:,,

,/:
1~

Z

t
\

•
')

t,

>

.
.

.
(U

.1
)

•A
01

3

Lo
op

:
15

S
ec

on
da

ry
,

(C
hn

-
C

hl
)/

IH
pi

U
T

E
M

S
ur

ve
y

at
:

E
sp

ed
al

en
Li

ne
:

73
00

E
C

on
tin

.
N

or
m

at
de

pt
h

of
0

m
F

or
:

A
/S

S
ul

fid
m

al
m

C
om

pt
:

H
z

B
as

e
F

re
q.

3.
25

1
H

z
å

C
E

O
P

IIN
S

IC
S

I
I)

•
G

I
01

'1
11

S
IQ

L
I

I
III

Jo
b

04
08

5H
tt,

_
15

54

C
O




0
o o

o
3

0°
3

50 o o



sl
if

fi
la

n
—

~1
11

10
11

se
G

IN
IO

N
I

 
S

am
e

 
•~

11
11

00
11

(W
)

'A
el

3

Lo
op

:
15

S
ec

on
da

ry
,

(C
hn

-
C

hl
)/

IH
pI

U
T

E
M

S
ur

ve
y

at
:

E
sp

ed
al

en

Li
ne

:
75

00
E

C
on

tin
.

N
or

m
at

de
pt

h
of

0
m

F
or

:
A

/S
S

ul
fid

m
al

m
G

E
O

pI
nS

IC
S

C
om

pt
:

H
z

B
as

e
F

re
q.

3.
25

1
H

z
I

Å
9

G
F

O
P

IIN
S

IQ
U

I:
I

IF
I

J
ob

!
I
n
v
o
y
e
d

H
e
d
u
c
e
d

2
,

04
0

8
P'
'
n
t
t
t
ù
:1f

l

C
O

0
,

)4
'

o
o

o
z

o
co

cn
cn

o
o

N
)

'N
)

'
cn

N
.)

cn
0

01
o

o
o

oo
0-

o
o

'y
z

yt

sy

1
.4

Z
tv

_.
.

o
o,

,)
),

*
0 Z

•
0



S
IN

IN
D

sa
ea

a
a

S
IN

11
10

1

1

rv .0
en



o-

-0

i
I

iI
I

rO
'

cn
"Ø

K
,

o

	

,0
0

.i.
t+

C
.5

0

	

o
-

0
."

<
"

•(
...

,

	

,x'
.

..

•

.'o
o

-.
P

.
o

-
 C

..
..,

.o
.'

\
N

",
‘..

-P
.

I0
cn

...
...

.,).
;-

. 
4,

	

_,
.

7.
..

71
0(

0

4
l

N
0

>
t

0
Z

.
,

f
C

rl
0

>
,

0
0

3

(w
)

•A
as

Lo
op

:
15

S
ec

on
da

ry
,

(C
hn

-
C

hl
)/

H
pi

U
T

E
M

S
ur

ve
y

at
:

E
sp

ed
al

en
Li

ne
:

76
00

E
C

on
tin

.
N

or
m

at
de

pt
h

of
0

m
F

or
:

A
/S

S
ul

fid
m

al
m

C
om

pt
:

H
z

B
as

e
F

re
q.

3.
25

1
H

z
Jo

b
t-

3

04
08

ffl
o

lte
d

G
E

O
P

M
S

IE
S

I
1D

G
I-

01
11

1S
1(

21
F

I
II

I



1.
9

on
na

—
as

ea
sa

—
a

s
s1

11
11

1
11

01
	

IK
.)

N
)

'
et

\-
,

-
I

f

	

a
(.

71
0

C
li

	

a
00

o
0

o
=

-
0 0

- — -

N
.)

0
O

3
09

3

R
.)

01
0

 
0

0

0
0

r•
O

th
,

ite

A
.1

(•
w

)
7\

a1
3

Lo
op

:
15

S
ec

on
da

ry
,

(C
hn

-
U

T
E

M
S

ur
ve

y
at

:
E

sp
ed

al
en

Li
ne

:
77

00
E

C
on

tin
.

N
or

m
at

de
pt

h
of

0
m

F
or

:
N

S
S

ul
fid

m
al

m
C

om
pt

:
H

z
B

as
e

F
re

q.
3.

25
1

H
z

•
I

G
E

O
P

II)
S

IE
S

II)
jo

b
ci

O
P

In
s1

(2
1_

1
I

III
04

08



N
O

N
N

O
M

a
a

s
00

11
00

1
fl

01
11 

e
M

el
10

11
e

01
o

v-
--

'n
Y

lk
.4

‘:
 )c

,.
a 0,

.)
,

‘.
:C

>
e•

C
D 0

/
y

\.,
ik

\I,
z

/
/

3

i

	

01
,

--
-4

01
.o

0
o

	

ul
.b

a
o

o 0

o
cn 0°

(w
)

•A
al

i

01
°

/

\
<

<

3

Lo
op

:
15

S
ec

on
da

ry
,

(C
hn

-
C

h1
)/

11
-1

pi
U

T
E

M
S

ur
ve

y
at

:
E

sp
ed

al
en

Li
ne

:
79

00
E

C
on

tin
.

N
or

m
at

de
pt

h
of

0
m

F
or

:
A

/S
S

ul
fid

m
al

m
.
C

om
pt

:
H

z
B

as
e

F
re

q.
3.

25
1

H
z

G
LO

P
I1

15
1(

S
LI

D
Jo

b
ci

or
In

ct
IQ

ui

S
ur

ve
ye

d
26

,2
.2

R
od

uc
ed

04
08

R
ou

ed



iN
S

S
le

en
e

O
N

IP
95

.

o o o

54
i* -1

:T
t

"<
">

T
,

>
,;:

‘,(
>

:•
-

Y

r:
3

0-
1 0

0-
0

(w
)

-A
el

a

'L
oo

p:
15

' S
ec

on
da

ry
,

(C
hn

-
C

hl
)/

iH
pl

'U
T

E
M

S
ur

ve
y

at
:

E
sp

ed
al

en

Li
ne

:
81

00
E

C
on

tin
N

or
m

at
de

pt
h

of
0

m
F

or
:

A
/S

S
ul

fid
m

al
m

C
om

pt
:

H
z

B
as

e
F

re
q.

3.
25

1
H

z
•

(;
E

O
P

IIN
S

IC
S

I
II)

G
LO

P
I

S
IQ

LI
III

I-
jo

b
,H

ry
+

Jy
,

y,
16

24
ie

du
ce

d
26

2

04
08

PH
tte

d
18

5.
1



Espedalen

Loop16

Hz

@3.251Hz frequency

continuousnorm


Chl reduced

Loop 16 Line 8000E 2000N- 3200N 1200m
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Espedalen

Loop 7

Hz
@3.251Hz frequencv


point norrn

Loop 07

(x,y,z) = (6500E,5750N, 1128 rn.a.s.1.)


Chl reduced

Line 60001: 4900N - 6050N 1150m
I.ine 6200[ 5000N - 7200N 2200m
I.ine 6400F. 4925N - 7200N 7775m
I.ine 6500E 5025N - 6050N 1025m
1.ine 66001:. 4950N - 7200N 2250m
I .ine 6SOOF 5200N - 7200N 2000m




Loop 07 Total 10900m

Loop 7 - point norm
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Espedalen

Loop 8

Hz
3.251 Hz frequencv

point norm

(x,y,z) = (5400E,6200N, 1213 m.a.s.I.)




Chl reduced




Line 3000E 4900N - 59001N 1000m
1iine 5200[ 4900N - 7200N 2300m
Line 5400E 4900N - 7200N 2300m
Line 5600E 4900N - 7200N 2300m
I.ine 5SOOE 4900 \ - 7200N 2300m
Line 6000E 5900N - 7200N 1300m




I.00p OSToLll 11300m

Loop 8 - point norm
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Loop 9
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point norm

Loor 09

(xx,z) = (4500E,6225N, 1249 m.a.s.1.)


Chl reduced
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Line 460011 4900N - 7200N 2300m
Line 4800E 4900N - 7200N 2300m
Line 5000E 4900N - 7200N 2300m




Loop 09 Total 13800m

Loop 9 - point norm
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Espedalen

Loop 09.10

HZ


@3.2511Iz frequencv

I .00p 09.10

point norrn


(x,y,z) = (4000E,6300N, 1775 nta .1.)




Chl recluced




Line 3900E 5100N - 5400N 300m
Line 4000E 5075N - 5400N 325m
Line 4100F 5100N - 5450N 350m
Line 4200F 5050N - 5450N 400m




Loop 09.10 Total 1375m

Loop 09.10- point norm



1111111110101•01111101111111•0011111111111-11011111•111111111111111•111•11111-011.10•11•1111

Loop: 9.10
S

econdary,
(C

hn
-

C
hl)/IH

P
I

U
T

E
M

S
urvey

at:
E

spedalen
P

oint
N

orm
.at

x,y,z
Line:

3900E
,

(4000,6300,1275)
F

or:
 A

/S
S

ulfidm
alm

:
H

z
B

ase
F

req.
,

.
i

.
G

E
O

P
E

IN
S

IC
S

LT
D

Job
S

urveyed

C
om

pt
3.251

H
z

	
13

3
4

G
E

O
P

IR
S

IQ
U

L
I

I
L1

0408
R

edueed
13

3/4
P

lolled
1854

I



I

o
o- 0 3

' 0
9 o
 0°

/

" v
.-

x
>

'

0
o

o 0
0




.»
:>

.o
f

>

T
:

>

,9
•




I


C
rl -0 0
0

>

0
 o
o

01



0

(U
I)

A
91

3

Lo
op

:
9.

10
S

ec
on

da
ry

,
(C

hn
-

C
hl

)/
II-

Ip
I

U
T

E
M

S
ur

ve
y

at
:

E
sp

ed
al

en
P

oi
nt

N
or

m
.a

t
x,

y,
z

Li
ne

:
40

00
E

F
or

:
A

/S
S

ul
fid

m
al

m
(4

00
0.

63
00

,1
27

5)
G

E
O

C
om

pt
:

H
z

B
as

e
F

re
q.

3.
25

1
H

z
å

9
Å

P
ID

S
IC

S
I

ID
G

l
O

P
IIN

S
IQ

L
I

I
I

I
I

Jo
b


04
08

ve
1J

co
a

1
18

5

N
O

93
9

N
O

01
.9

N
O

93
9

N
O

01
.9



IS
IM

IN
IN

IN
D

O
M

IS
O

N
M

O
-1

11
10

•1
11

1-
01

•0
10

11
—

O
N

1S
10

11
1

'
11

I
L

'
(W

)
'A

G
IE

3
N

O
01

79

N
09

39

N
O

01
-9

(3
1

C
n

N
O

01
79

N
O

S
39

N
O

0

l9

47
;

o
s'

.‘z
o

o

0
0

o
o

o

IL

(C
hn

-
C

hl
)t

-ip
t

U
T

E
M

S
ur

ve
y

at
:

E
sp

ed
al

en
at

x,
y,

z
F

or
:

N
S

S
u(

fid
m

al
m

,1
27

5)
Jo

b
•

G
E

O
P

M
S

IC
S

LI
D

G
F

O
P

IIN
S

IQ
H

:
I

III

S
ec

on
da

ry
,

P
oi

nt
N

or
m

(4
00

0,
63

00

B
as

e
F

re
q.

3.
25

1
H

z

Lo
op

:
9.

10

Li
ne

:
41

00
E

C
om

pt
:

H
z

,
S

ur
ve

ye
d

1:
33

.1
R

ed
uc

ed
13

34
04

08
P

lo
tte

d
18

54



01



0 ce
o

N
O

0b
9

N
O

99

N
O

01
-9

Lo
op

:
9.

10
S

ec
on

da
ry

,
(C

hn
-

C
hl

)/
11

-I
pi

P
oi

nt
N

or
m

at
x,

y,
z

Li
ne

:
42

00
E

(4
00

0,
63

00
,1

27
5)

C
om

pt
:

H
z

B
as

e
F

re
q.

3.
25

1
H

z

U
T

E
M

S
ur

ve
y

at
:

E
sp

ed
al

en
F

or
:

N
S

S
ul

fid
m

al
m

G
E

O
P

H
1S

IC
S

LT
D

å
G

E
O

P
I

S
IQ

U
I

I
F

L

S
ur

ve
ye

d
:

13
/3

/4
ne

du
ce

d
:

13
/3

/4
04

08
 

P
lo

tte
d

18
/5

e1

J
o

b



Espedalen

Loop 10

Hz
@3.251Hz frequency


point norm

Loop 10

(x,y,z) = (3400E,6300N,1351m.a.s.1.)


Chl reduced




Line 2800E 6000N - 7150N 1150m
Line 3000E 4900N - 7150N 2250m
Line 3200E 4900N - 7150N 2250m
Line 3400E 4900N - 7150N 2250m
Line 3500E 6000N - 6900N 900rn
Line 3600E 4900N - 7150N 2250m
Line 3700E 6000N - 6850N 850rn
Line 3800E 4900N - 7150N 2250m




Loop 10 Total 14150m

Loop 10- point norm
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Appendix B

0408Production Diary

UTEM 3 Surface Survey

Espedalen Grid
Norway

for

A/S Sulfidmalm



Date

Production Log (0408)

UTEM Survey - Espedalen


Norway

A/S Sulfidmalm

Rate Production Cornments 


to February 08 Discussions, signing of the contract, assemblv of crew
and equipment.

Februarv 09 Mob (equip) Equipment packed up and labelled Picked upfrom
Kingston. Shipping address is:
A/S Sulfidmalm
Strand Fjellstue
2658 Espedalen
Norway AnN Svein Sorum phone (47) 38 10 14 40

Februarv 15 Mob The 1,Gl, crew -Rob Langridge and Rvan I.and - travel
from Calgarv (YYC) and Halifax (Yl IZ) respectivelv to:
1,ondon(l.11k)->Oslo (OSL)
Falconbridge personnel in Espedalen lav out wire.

Februarv 16 Mob Continuation of air travel. Crew arrives in Oslo and is
collected by Falconbridge personnel. The crew is
transported to the hotel in Espedalen. The gear clears
customs and is transported to the hotel in Espedalen.
Unpack gear and prepare for survev.

Februarv 17 P(2)-2 1650m Pack gear and travel out to Loop 5 Tx site. Get to the site
and get the transmitter setup bv -12:00. Rvan and Rob
survev with Claude and Ole Kristian respeCtivelv . Jean
and Dag GPS grid and lav outwire. Back in camp -17:00.

Loop 05
Line 7600E 5500N - 6325N Hz Rx08
Line 8200E 5500N - 6325N Hz Rx10

Crew: R.1.angridge, R.Land Total to date: 1.650km

Februarv 18 P(2)-2 3125rn Get to the site and get the transmitter setup bv -10:00.
Problems with Rx10 - return to the Strand to'get Rx0S.
Tlw transmitter also shuts off later on - possiblv due to
generator problems. Back in camp -17:30

Loop 05
Line 7800E 5500N - 6325N Hz Rx08
Line 7800E 6325N - 6900N Hz Rx10
Line 8000E 6325N - 6900N Hz Rx10
Line 8200E 6325N - 6900N Hz Rx10
Line 8800E 6325N - 6900N Hz Rx08

Crew: R.Langridge, R.Land Total to date: 4.775km

UTENI Survey 041e+- AS Sulfidmalm Espedalen, Norway Appendix B pg B I



Date

Februarv 19

Rate Production Comments 


P(2)-2 3300m Get to the site and get the transmitter setup bv -09:30.
Problems again with Rx10 - return to the StriMd to get
Rx06. Back in camp -18:30

Loop 05
Line 8400E 5500N
Line 8600E 5500N
Line 8800E 5500N
Line 9000E 5500N

Crew: R.Langridge, R.1,and

- 6325N Hz Rx06
6325N Hz Rx06
6325N Hz Rx08
6325N Hz Rx08


Total to date: 8.075km

Februarv 20 P(2)-2 3125rn Get to the site and get the transmitter setup bv -09:30.
Finish off Loop 5 and move over to Loop 6. 'Connect up
the corners and find the loop is still open. Find several
breaks including what looks like a place where the wire
on the new spool was tied together in the factorv. Back
in camp -17:30

Loop 05
Line 8000E 5500N - 6325N Hz Rx08
Line 8400E 6325N - 6900N Hz Rx06
Line 8600E 6325N - 6900N Hz Rx06

Loop 06
Line 7000E 6325N - 6900N Hz Rx08
Line 7400E 6325N - 6900N Hz Rx06

Crew: R.Langridge, R.Land Total to date: 11.200km

February 21 P(2)-2 3825m Breakfast moved 30 minutes earlier (to 07:30). Get to the
site and get the transmitter setup by -09:00. Read on
Loop 6. fligh winds stopped surveving on Line 6800E.
Back in camp -17:30.

Loop 06
Line 6800E 5975N - 6325N Hz Rx08
Line 7000E 5900N - 6325N Hz Rx08
Line 7200E 5500N - 6325N Hz Rx06

	

6325N - 6900N Hz Rx08
Line 7400E 5500N - 6325N Hz Rx06
Line 7600E 5500N - 6325N Hz Rx08

Crew: R.Langridge, R.Land Total to date: 15.025km

February 22 P(2)-2 1550m Get to the site and get the transmitter setup by -09:00.
Read on Loop 6. High winds slowed surveying on Line
6800E. Moved gear over to Loop 13 on Trontjorna.
Back in camp -16:00.

Loop 06
Line 6800E 5400N - 5975N Hz Rx08
Line 7000E 5500N - 5900N Hz Rx08
Line 7600E 6325N - 6900N Hz Rx08

Crew: R.Langridge, R.Land Total to date: 16.575km
UTEMSurvey 0-108 - AiS Sulfidmalm Espedalen, Norway Appendix 13 pwB2



Date Rate Production C omments

Februat 23 P(2)-2 2950m Get to the site and get the transmitter setup h 09:00.
1<ead on Loop 13. I lelp out laving Loop 14 a-rid set up to
read for hmlorrow. Back in camp -16:00.




Loop 13




Line 10100E 5650N - 6050N liz Rx08
Line 10300E 5650N - 6350N Hz Rx06
Line 10500E 5650N - 6350N Hz Rx06
Line 10700E 5650N - 6800N Hz Rx08

Crew: R.Langridge, R.Land Total to date: 19.525km

February 24 P(2)-2 1550m ;et fl i iusite and get the transmitter setup bv
Read on 1nop 14. Set up to read. Back in cat-np

Loop 13




Line 10200E 5850N - 6050N Hz Rx06
Line 10400E 5850N - 6050N Hz Rx08

Loop 14




I.ine 11100E 6100N - 6800N Hz Rx08
I.ine 11200E 6050N - 6500N Hz Rx06

Crew: R.I.angridge, R.I.and Total to date: 21.075km

February 25 P(2)-2 3600m Let to the :site and get the transmitter st.
>ne doek had been off for some time.

tup by -09:00.
Read-on Loop 17.
Back in campPack gear and come back to Espedalen.

—17:4(5.
Loop 17





Line 11000E 2700N - 3400N Hz Rx8/6
Line 11200E 2700N - 3400N Hz Rx08
Line 11400E 2700N - 3400N Hz Rx08
Line 11600E 2600N - 3400N Hz Rx06
Line 11800E 2700N - 3400N Hz Rx06

Crew: R.I.angridge, R.Land Total to date: 24.675km

February 2 P(2)-2 2350m Get to the site and get the transmitter setup by -09:30. .
1<ead on Loop 15 at Dalen. Pack gear and come back to
Fspedalen. Back in camp -17:45.

Loop 15
Line 7300E 4250N - 4850N Hz Rx816
Line 7500E 4325N - 4850N Hz Rx08
Line 7700E 4325N - 4850N Hz Rx08
Line 7900E 4450N - 4850N Hz Rx06
Line 8100E 4550N - 4850N Hz Rx06

Crew: R.1.angridge, R.1.and Total to date: 27.035km

UTEN1 Survey oatn - A; S Sulfidmalm EtedaIoia Nonvav Appendix fl pg



Date

Februarv 27

Februan 28

Rate Production ( omments

P(2)-2 7175m Back to 1)alen and get the transmitter setup bv -09:30. .
Read detail line on Loop 15 at Dalen. Pack g-ear and
come back to Especlalen. Out to I.00p 07. Problems
with Rx OSclock again - switch to Rx 10. Read on I.00p
07. Back in camp -18:00.

Loop 15
Line 7600E 4290N - 4490N Hz Rx06


Loop 07
Line 6000E 5175N - 6050N Hz Rx06
Line 6200E 5000N - 6050N Hz Rx10

Crcw: R.langridge, R.Land Total to date: 29.150km

P(2)-2 3025m Out to I oop 07. Skidooing adventures included breaking
the loop wire twice. Read on Loop 07. Back in camp
-18:00.

Loop 07
Line 6000E 4900N
Line 6400E 4925N
Line 6500E 5025N
Line 6600E 4950N

rew: R.I angridge, R.Land

5175N Hz Rx06
6050N Hz Rx10

- 6050N Hz Rx06
- 5550N Hz Rx10

Total to date: 32.175km

Februarv 29 P(2)-2 3650m Out to I oop 07. Read on Loop 07. Back in camp -17:30.
Loop 07

Line 6600E 5550N - 7200N Hz Rx06
Line 6800E 5200N - 7200N Hz Rx10

Crow: R.I.angridge, R.Land Total to date: 35.825km

March 01 P(2)-2 2300m Out to 1,0op 07. Read on Loop 07. Verv high winds in
the morning - the Tx site was almost completelv drifted
in. Nloved Tx to a more sheltered site. During the
move/setup the N value on the Tx changed to 45. This
delaved the start of surveving. Finished the loop and
moved the Tx to the next loop. The loopers had some
adventures. Back in camp ~17:30.

Loop 07
Line 6200E 6050N - 7200N Hz Rx06
Line 6400E 6050N - 7200N Hz Rx10

Crew: R.I.angridge, R.Land Total to date: 38.125km

March 02 P(2)-2 5000m Out to Inop 08. Verv windv - ended up settling for
surveving all the in-loop lines. Back in camp -17:00.

Line 5000E 4900N - 5900N Hz Rx06
Line 5200E 4900N - 5900N Hz Rx06
Line 5400E 4900N - 5900N Hz Rx6/8
Line 5600E 4900N - 5900N Hz Rx08

Loop (is
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Date Rate Production Comments

Line 5800E 4900N - 5900N Hz Rx08
Crew: R.Langridge, R.l.and Total to date: 43.125km

March 03 P(2)-2 2600m Out to Loop OS. Noisv - surveved two off loop lines
Nlinor pn)blems with 1-.10dnd coll 10. Back in camp
-17:20.

Loop 08
Line 5600E 5900N - 7200N Hz Rx06
Une 5800E 5900N - 7200N Hz Rx08

Crew: R.Langridge, 1:.1.and Total to date: 45.725km

Ntarch 04 P(2)-2 3900m Out to Loop OS. Hurveved three off loop lines. S went
verv shghtiv ont ci v.ne - such that essentiallv Ch10 and
-Ch9 were attoctcLl.. monitor to Ch8. Ilre data
before and after redueed using calibration data

trom betore/after the event. I he result can he seen in
the data in tWOplaees

where it oceurred on lane o000E between stations
6350E and 6375Il (Chg/10)

\vhere a spliee was made with another R\'s data - 1.ine
5200E stations 6575/6600N.

Back in camp -18:45.
Loop 08

Line 5200E 5900N - 7200N Hz Rx6/8
Line 5400E 5900N - 7200N Hz Rx06
Line 6000E 5900N - 7200N Hz Rx08

Crew: R.l_angridge, K.I.and Total to date: 49.625km

Out to Loop 09. C(Innected up the loop and surveved
three in-looplines and one off loop hne. Loopers picked
up one side of 1,00p 8 and then the loop/grid @ I,00p 17.

March 05 P(2)-2 4300m

Back in cant -17:15.
Loop 09

Line 4600E 4900N
Line 4800E 4900N
Line 5000E 4900N

Crew: R.1.angridge,

- 5900N

- 5900N

7200N
Total to date:

Hz R6/10
Hz Rx06
Hz Rx10
53.925km

Ntarch 06 P(2)-2 3550m and survevedOut to Loop 09. ( mnected up the loop
off loop lines. I)inner in Lilliehammer.

Back in camp -17:15.
Loop 09

Line 4000E 6575N
Line 4200E 5900N
Line 4600E 6925N
Line 4800E 5900N

Crew: R.Langridge,

7200N
7200N

- 7200N
- 7200N
Total to date:

Hz Rx10
Hz Rx10
Hz Rx06
Hz Rx06
57.475krn
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1)ate 1<ate Production Comments 


Nlarch 07 P(2)-2 3600m Out to Loop 09. Surveved - loop lareak in the afternoon.
Back in camp -17:25.
loop 09

Line 4000E 4900N - 6575N Hz Rx10
Line 4400E 4900N - 5900N Hz Rx06
Line 4600E 5900N - 6925N Hz Rx06

Crew: L1,angridge, R.Land fotal to date: 61.125km

Nlarch 08 2300m (hat tol.00p 09 - vith new recruit I lansFrie, Surveved -
loop hreak in the morning.. l'acked generator back to
camp lor inaintenance. ed equipment in the evening.


Back in calnp -16:30.
Loop 09

Line 4200E 4900N - 5900N Hz RxO6
Line 4400E 5900N - 7200N Hz Rx10

Crew: LI angridge, R.I.and .11otalto date: 63.425km

Nlarch 09 P(2)-2 2300m ()ut to Iamp 10. Connected up the loop and surveved.
Back in camp -17:10.
Loop 10

Line 2800E 6000N - 7150N Hz Rx06
Line 3400E 6000N - 7150N Hz Rx10

Crew: R.I.angridge, R.Land Total to date: 65.725km

March 10 P(2)-2 3450m Out to I,00p 10. Surveved three lines.
Back in camp -18:05.
Loop 10

Line 3000E 6000N - 7150N Hz Rx06
Line 3200E 6000N - 7150N Hz Rx10
Line 3600E 6000N - 7150N Hz R6/10

Crew: Ll.angridge, R.Land Total to date: 69.175km

March 11 l'121-2 4450m Out to Loop 10. Surveved three lines in-loop and one line
offloop.

Back in camp -17:30.
Loop 10

Line 3200E 4900N - 6000N Hz Rx10
Line 3400E 4900N - 6000N Hz Rx06
Line 3600E 4900N - 6000N Hz Rx06
Line 3800E 6000N - 7150N Hz Rx10

Crew: ICI.angridge, R.Land lotal to date: 73.625km
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Rate Production Comments

P(2)-2 3950m Out to la  op 10. Hurveved two
detailing lines othloop.

Baek in ctamp
Loop 10

Line 3000E 4900N
Line 3500E 6000N
Line 3700E 6000N
Line 3800E 4900N

Crew: R.1.angridge, R..1.and

lines in-loop and two

	

- 6000N Hz Rx06

	

- 6900N Hz Rx06

	

- 6850N Hz Rx10

	

- 6000N Hz Rx10
I otal to date: 77.575km

Date

Nlarch 12

Nlarch 13 P(2)-2 11375m Out to Loop 09.10. Windv vith snow - quite low
visibility. Repaired loop.9 and combined I.00ps 9 and
to survev in the vicinity ot Horgruva. Getting around
proved to be diffieult in the  veather conditions.
Surveved and moved I setup onto 1.00p 1S.

Back in camp -17:05.
Loop 09.10

Line 3900E 5100N
Line 4000E 5075N
Line 4100E 5100N
Line 4200E 5050N

Crew: 1Z.I.angridge, R.Land

March 14 P(2)-2 4375m Out to I.00p 1S. Cloudy with
\\'ds repaired. Hurveved and
home in the poor light.

Back in cany -18:15.
Loop 18

Line
Line
Line
Line
Line

Crew: R.I.dngridge, R.Land

10

	

- 5400N Hz Rx10

	

- 5400N Hz Rx10

	

- 5450N Hz Rx06

	

- 5450N Hz Rx06
Total to date: 78.950km

new snow. One loop break
had a little trouble getting

2800E 6950N - 7875N Hz R8/10
3000E 6950N - 7650N Hz Rx10
3500E 6150N - 6950N Hz Rx10
3600E 6150N - 7300N Hz Rx06
3700E 6150N - 6950N Hz Rx06

. rotal to date: 83.325km
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Date Rate Production Comments

March 15 P(2)-2 1850m Out to Loop 18. Cloudv with more new snow. Crew
surveving Line 280012 ran into very windy conditions on
top of the mountain and switched-to Lint; 3800E. Verv
windy in general - the transmitter site filled with snoW
and a.problem developed vith the Tx. This was fixed
but the weather seemed to be deteriorating so we aU
headed back to Espadalen - arriving there in rain.

Back in camp
Loop 18

Line 2800E 5725N - 6150N Hz Rx06
Line 3200E 6950N - 7550N Hz R10/8
Line 3400E 6950N - 7125N Hz Rx08
Line 3800E 6950N - 7600N Hz Rx06

Crew: ftl.angridge, R.I and Total to date: 85.175km

March 16 P(2)-2 1800m Out to I.00p 18. Sunny and windv. Crew surveving Line
2600E ran into verv Windv conditions on top of the
mountain and switched to Line 400012. Verv windy in
general. Finished up the powerline ends of lines.

Back in camp -15:45.
Loop 18

Line 2600E 5825N - 6150N Hz Rx06
Line 3400E 7125N - 7600N Hz R10/8
Line 3600E 7300N - 7600N Hz Rx08
Line 4000E 6950N - 7650N Hz Rx06

Crew: R.Langridge, R.Land Total to date: 86.975km

March 17 P(2)-2 3650m Out to Loop 18. Sunny and verv windv. Crew surveved
I.ine 2800 and 2600E into very windy Conditions..Moved
Tx down the mountain to an intersection point of Loop
11 and 12. Read Lines 1800E (to allow next loop to be
laid out) and 1900E. Back to camp in very soft snow
conditions.

Back in camp -18:35
Loop 18

Line 2600E 5400N - 5825N Hz Rx10
Line 2800E 4900N - 5725N Hz R10/6

Loop 11






Line 1800E 4525N - 5725N Hz Rx10
Line 1900E 4525N - 5725N Hz Rx06

Crew: R.Langridge, R.I.and Total to date: 90.625km
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Date Rate Product on Comments

March 18 P(2)-2 3225m Out to Loop 11. Sunnv and windv. Read Lines 200011and
1800E (to allow next loop to be laid out) and 2400E.
Problems with Rx06 caused an -1.5hr delav.

Back in camp -18:15.
Loop 11

Line 1800E 4250N - 4525N Hz Rx06
Line 2000E 4250N - 5725N Hz Rx06
Line 2400E 5725N - 7200N Hz Rx10


Crew: R.Langridge, R.Land Total to date: 93.850km

March 19 S(2)-2 Out to Loop 11. Cloudy, snowv and verv windv. Set up
to read. Move the reciver crews out to line 2200E. The
transmitter vas off - the loop had broken. Checked
skidoo wire crossings and determined that the wire was
not broken there. The high winds were likelv the cause
of the break. It was decided to end surveving for the
dav because of the coinditions and limited visibilitv.

Back in camp -11:05.
Crew: R.Langridge, R.Land Total to date: 93.850km

March 20 P(2)-2 4025rn Out to Inop 11. Cloudy, snowing and moderately
windv. Found a wire break on Line 1600E. Repaired the
break: and surveved three lines in-loop.

Back in camp -16:50
Loop 11

Line 2100E 4525N - 5725N Hz Rx06
Line 2200E 4250N - 5725N Hz Rx10
Line 2400E 4375N - 5725N Hz R6/10


Crew: R.Langridge, R.Land Total to date: 97.875km

March 21 P(2)-2 3775m Out to Loop 11. The past few days of wind and snow
have built up quite a bit of sno \+;on the northeast sides
of the mountains. We surveyed lines that were
considered safer today - and added a small section of
Line 2800E to cover an anomaly.

Back in camp -18:15
Loop 11

Line 2200E 6375N - 7100N Hz R6/10
Line 2600E 4450N - 7200N Hz R6/10
Line 2800E 5725N - 6025N Hz Rx06

Crew: R.Langridge, R.Land Total to date: 101.650km
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Date Rate Production Comments

March 22 P(2)-2 2900m Out to Loop 11. Surveyed the remaining Loop 11 lines.
Note: Breakfast @07:30.Depart camp -08:30-08:40.

Line 1800E 5725N - 6850N Hz R6/10
Line 2000E 5725N - 6850N Hz Rx10
Line 2200E 5725N - 6375N Hz Rx06

Crew: R.Langridge, R.Land Total to date: 104.550km

March 23 P(2)-2 4700m Out to Loop 12. Conected up Loop 12 and surveved two
lines. Jean GPSed in Loops 11/12 and picked up-wire.

Backin camp -17:35
Loop 12

Line 1200E 4250N - 6600N Hz R6/10
Line 1400E 4250N - 6600N Hz R6/10

Crew: R.Langridge, R.Land Total to date: 109.250km

March 24 1/2P(2)-2 3175rn Out to Loop 12. Conected up Loop 12 and surveyed.
1/2D Tx10blew a fuse part way through the day with one


crew on one side of the mountain and the other crew on
the other. Returned to the Strand for fuses and Tx 8. A
replacement fuse seemed to work - and then blew.
Used Tx8 for the rest of the dav.

Backin camp -18:20
Loop 12

Line 0600E 4525N - 5150N Hz Rx06
Line 1600E 4250N - 6800N Hz R6/10

Crew: R.Langridge, R.Land Total to date: 112.425km

March 25 P(2)-2 3525m Out to Loop 12. Conected up
Backin camp -18:20
Loop 12

Loop 12 and surveyed.

Line 0600E 4250N - 4525N Hz Rx06
Line 0800E 4250N - 5150N Hz Rx06
Line 1000E 4250N - 6600N Hz R6/10

Crew: R.Langridge, R.Land Total to date: 115.950km

Backin camp -16:15
Loop 11
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Ibto Rate Pn)duction Comments

March 26 P(2)-2 3400m Out to 1.00p 12. Conected up Loop 12 and surveved
detail lines with one loop break. Pack, move ge-ar back
to Strand and then up to Loop 16. Read 2 lines with one
loop break.

Back in camp -18:50
Loop 12

Line 0725E 4450N - 4950N Hz Rx08
Line 0875E 4450N - 4950N Hz Rx06

Loop 16





Line 8000E 2000N - 3200N Hz RxO8
Line 8400E 2000N - 3200N Hz Rx06

Crew: ICLangridge, R.Land .1"otal to date: 119.350km

March 27 P(2)-2 3650m to 1.00p 1n. Read 4 lines including a detailing line
with minor 1 trouhle Packed up the liTENI gear and
headed back to camp.

Rack in cant -17:15.
Loop 16

Line 8200E 2000N - 3200N Hz Rx08
line 8500E 2525N - 3100N Hz Rx08
Line 8600E 2000N - 3200N Hz 12x06
Line 8800E 2525N - 3200N Hz Rx06

( rew: R.1.angridge, R.1.and Total to date: 123.000km

Nlarch 25 L(2)-2 Received word we could pack up. Picked up remaining
1.00p 12 and Loop 16 \vire. Retrieved pickets from 1.0op
16. Packed gear for transport to Gardemoen in the
inorning (Monday).

Crev  R.Land Total to date: 123.000km

Nlarch 29 dernob (;ear and crew to Gardemoen.

Nlarch 30 demob 1<van 1.and to Canada. Rob Langridge takes dav off in
Oslo.

March 31 demob Rob I.angridge to Canada.

April 1-07 equipment bquipment in transit.

April OS Equipment arrives in Kingston.

LEGEND

P(n)-x tiurface Production (# of receivers) - # of personnel
1.(n)-x Looping (# of receivers) - # of personnel
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1)ate Rate Pmduction Comments

S(n)-x St,Indby of receivers)- # of personnel
D(n)-x Down (# of receivers) - # of personnel
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Appendix C

The UTEM SYSTEM

TENI 5\ stern

LITEM Data Reduction and Plotting Conventions


Data Presentation



The UTENI SYSTEM

UTENI uses a large, fRed, horizontal transmitter Itn as its source. IA,Ops range
in size from 300m x 300m up to as large as 4kin x 4km. Smaller loops are
generallv used over conductive terrain or for shallow sounding work. The
larger lobps are onlv used over resistive terrain. The LrFENI receiver is tvpicallv
svncronized with the transmitter at the beginning of a survev dav and operatels
ri.imotely after that point. 1he clocks emploved - one in each .of the receiver
and transmitter are sufficientiv aceuratt to n'aintain svnchronisation.

Nleasurements are routinelv taken to distance of 1.5 to twice the loop
dinkinsions, depending on the local noise levels, and can be continued further.
I.ines 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 ty detect horizontal conductors. 1311UTIlNI - the borehole version of
UTENI -survevs have been carried out to depths up to 3000+ metres.

Svstem Wavefornl

The UTENI transmitter passes a low-frequencv (4lz. to 90 I lz) current ot a
preciselv regulated triangular waveform throlugh the transmitter loop. The
frequencv can be set to any value within the operating range of the transmitter,
however, it is usuallv set at 31 I lz to minimise power line (60 I lz in North
America) effects. Since a receiver coil responds to the time derivative of the
magnetic field, the UTUNI system reallv -sees" the step response of the ground.
UTENI is the onlv time domain system.\vhich measures the step response of the
ground. All other systems to date transmit a modified step current
and "see- the (im)pulse respon.se of the ground at the receiver. In practice, the
transmitted 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.

System Sampling

The receiver measures the time variation of the magnetic field in the
direction of the receiver coil at 10 delav times (channels). UTENA channels are
spaced in a binarv, geometric progression across each half-cycle of the received
wavetorm. 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 Figure
helow). The measurements obtained for each of 10 channels are accumulated
over manv half-cycles. liach final channel value, as stored, is the average of the
measureMents fbr that time channel. The number ot half-cticles averaged
generallv ranges between 2048 (1024 full-cycles - 1K in 1:TENI jUrgon) to 32768
(16K) djpending on the level of amhient noise and the signal strength.
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2 Channel 1 UTEM Channels

3 2 Channel 1
Half cycle

Full cycle

System Confi Yurations

For surface work the receiver coil is mounted on a portable tripod and
oriented. During a surface UTEM survev the vertical component of the
magnetic field (Hz) of the transmitter loop is alwavs measured. Horizontal in-
line (I lx) and cross-line (Ilv) components are alsO measured if more detailed
information is required. The UTEM Svstem 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.

BlIUTEM surveys emplov a receiver coil that is smaller in diameter than the
surface coil. The borehSle 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 between coil and receiver in
borehole surveys the signal must be transmitted up to the receiver. 1n
131IUTEM the signal is transmitted to surface digitally using a kevlar-reinforced
fibre-optic cable as a data link. Using a fibre-optic link avoids signal
degradation problems and allows surveving of boreholes to 3000+m. The cable
is also very light - the specific gravity is nearly 1.0 - making the cabk handling
hardware quite portable.

The EM Induction Process

3

9876 5
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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 secondarv field, vhich has an inherent "inertian that resists the change in
primarv field direction. This "inertial" effect is called self-inductance; it limits
the rate at which current cm change and is onlv 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, \vhereas 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 ot the current. This Emf decavs with
time - it vanishes when the reversal is complete - and the characteristic time of
the Emf decay as measured bv the sensor is referred to as the d eca y time of the
conductor.

The large-scale current which is induced in the half-space bv the primarv field
produces the half-space response as seen in tvpical UTEM profiles. This
background response is influenced bv the finite conductivitv of the surrounding
rock. Other currents mav be induced in locallv 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 primarv field vaveform, 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
substantially (and anomalouslv) distorted.
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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 by the receive'r
is expressed as a of the calculated prirnary magnetic field vector magnitude at
the station. These are total field values - the UTEM system measures during the
"on-time" and as such samples both the primarv and secondarv fields.

For plotting purposes, the reduced magnetic field data (as it appears in the data
file) are transformed to other formats as required. The following is provided as
a description of the various plotting formats used for the displav of UTEM data.
A plotting format is defined bv the choice of the normalLation and field tupe
parameters selected tor

NORNIALIZATION

UTEM results are al ways expressed as a a normalizing field at some point
in space.

In continuously normalized form the normalizing factor (the denominator) is
the magnitude of the computed local primary field vector. As the primary
exciting field magnitude diminishes with increasing distance from the
transmitter loop the response is continuously amplified as a function of offset
from the loop. Although this type of normalization considerably distorts the
response shape, it permits anoMalies to be easilv identified at a ‘vide 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 profiles which come verv
close to the loop. Without this adjustment option, the normalizing field is so
strong near the loop that the secondarv effects becorne too small in the
presence of such a large primary component. In such circumstances
interpretation is difficult, however; bv "norrnalizing at sorne 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 estirnated target depth is
used.

In point normalized form the normahzing 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 displayed in the title block
of the plot. Point normalized profiles show the non-distorted shape of the field
profiles. Unfortunately, the very large range in magnitude of anomalies both
near and far from the loop means that small anomalies, particularly those far
from the loop, rnav 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 norrnalized profile. Point normalized data is
often used for interpretation where an analvsis of the shape of a specific
anomalv 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 entirely inside a transmitter loop. The primarv
field does not varv greativ inside the lbop, therefore, the benefits of continumis
normalization are not req-uired in the displav of such results. In these cases data
is often point normalized to a fixed point near 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 secbndary field that is most useful for the recognition and
interpretation of discrete conductors.

UTEM Results as Secondary Fields

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

1) UTEM Channel 1

One estirnate of the primary signal is the value of the latest time channel
observed bv the UTEM Sysfem, channel 1. When Channel 1 is subtracted
from the UTEM data the resulting data displav is termed Channel 1 Reduced.
This reduction formula is used in situations \. .-here it can be assumed that all
responses from anv target bodies have decayed awav by the latest time
channel sampled. The Channel 1 value is then a reasonable estimate of the
primary 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 delay time. In these cases channel 1 is
indeed a good estimate of the primarv fieid and using it avoids problems due
to geometric errors or transmitter loop current/system sensitivity errors.
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Calculated primary field 


An alternate estimate of the primary ficid is obtained by computing the
prilnary field trom the known locations ot the transmitier loop and the
receiyer stations. When the computed primary field is subtracted from the
UTEN1 data the resulting data displav k tormed Primary Field Rniuced

The calculated primary field will be in orror it the geometry is in error -
rnislocation of the suryev stations or the loop vertices - or if the transmitter
loop current /sYstem s'ensitiyity is in orror. Nlislocation errors from
loop 1station goometry may giye rise to yerv large secondarv field orrors
depending on the accuracv of the loop and -station location mothod used.
Transmitter loop current / ,,:ystem sensitiyity orror is rarely greater than 2,
Primary Field Reduced is .plotted in situlltions \yhere a large Channel 1
response is observed. In this case the assumption that the Channel 1 value is
a reasonable est imate of the primary tield effect is not yalid.

Note: When t: 1FNI data is plotted in the Channel 1 Reduced form the
secondary field data tor Channel 1 itself are always presented in Primary Field
Reduced.form and are plotted on a .oparate aids. -This plotting format serves to
show any long time-constant responses, magnetostatic anomalies and /or
geometrie orrors present in the data.

Niathematical l'ormulations

In the following expressions:

Rni is the result plotted for the n h LTENI channel,

is the result plotted for the latest-time UTEM channel, channel I,

Chnj is the raw component sensor yalue for the nfill channel at station j,

Chij is the raw component sensor value for channel 1 at station

HPi is the ciimputed primary field component in the sonsor direction

I HP is the magnitude of the computed primary field at:
a fi \ed station for the entire line Ipoint normalized data)
the local station of obseryation (continuously normalized data)
a fi \ed depth below the stathin (flintinuousky normalized at a depth).
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Ch anne I 1 Reduced Secondary Fjells. Flere, the latd,t time channel, ehannel I
is used as an "estimate" of the prirnarv signal and channels 2-10 are pressed
as:

Rnj = (Chnj- Ch1j) / IHP I x 100%.

Channel 1 itself is reduced by subtracting a calculation of the primary field

observed in the diredion of the coil, HP as follows:

R11 = (Chlj - HPj) / I I x 100",,

Primarif Tield Reiluced Secomlary Fichis : In this tkirm all channeF- are reduced
according to the eguation used tor channel 1 ahovi

Rnj = (Chni- HPj) / HP I x 100%

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


control is availahle (leading to low error in the calculated primary field, HPj)

and where verv slowly decaving responses result in significant secondarv field
effects remainnng in channel 1 Jiservations.

UTEM Results as a Total Field

In certain cdses results are presented as a ",) of the Total Field. This displav is
particularly useful, in borehole surveys where the probe may actually pass
through a"verv good conductor. In these cases the sbielding effect of the
conductor wilbcause the observed (total) field to become very small helow the
intersection point. This nullification due to shielding effects bn the total field is
much easier to see on a separate Total Fiehi plot. In clses where the amplitude
ot the anomalies relative to the primary field is small, suggesting the presence
of poorly conductive hodies, the Total Fiehl plot is less useful.

- Fhe data contained in the UTEN1 reduced data iiles is in Total Field,
continuously normalized torm if:

Rnj = Chnj / IHP I x 100",,
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DATA PRESENTATION

All UTEM survey results are presented as profiles in an Appendix of this
report. For BHUTEM surveys the requisite Vectorplots, presented as plan and
section views showing the cfirection 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 S stem Mcan Bela times
10Channel Mode ((i!31 hz.(approx.)

base freq: 30.974 hertz )

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

1 0 0.024

Plot Symbol

L
7
X

Notes on Standard plotting formats:

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

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

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

Top axis - The early 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, ch8 to ch10, mav not be plotted to avoid clutter.

10 channel data in Priman Field Reduced form: The data are displayed using a

single axis plot format. Secondary effects are plotted using a Y axis on each
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single axis plot format. Secondary ettects are plotted using axis on each
data plot with peak to peak values up to 200.

BHUTEM data ilotted as total field profiles: Data are expressed directiv as a
percentage of the Total Field value. The Y axis on each single axis data plot
shows peak values of up to 100. "Lhese departures are alwavs relative to the
measured total field value at the observation station.

BHUTEM data -ilotted as secondary  field profiles: Check the title block of the plot
to determine if the data is in Chann-el 1 Reduced fonn or in Primary tield Reduced_
form.

Note that on all BHUTENI plots the ratio between the axial component of the
primarv field of the loop and the magnitude of the total primary field strength tdd
is plotbed as a profile  vithout symbols. In jargon this is referred to as the

- primary tield- and it is plotted for use as d polaritv reference tool.
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Note on sources of anomalous Chl

Ihis section outlines the possible sources of anomalous channel 1 which is not
correlated to the Ch2- 10 data plotted on the upper aws of a (himild I normalized 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 chiliiiiel 1 normalLed Ch2-10. The effect is amplitied near the loop tront.
This can be seen in the profiles - the error in Chl generallv increases approaching the
loop. As a rule a 1"- error in measurement of the distance from the loop will result in,
for outside the loop survevs, an error in Ch I of:

near the loop front (long-wire lield varies as I /r)
3, at a distance from the loop front (dipolar field varies as 1. r1)
2. at intermediate distances (intermediate field varies as 1t r2)

Errors in elevation result in smaller errors but as the often atkct the chainage thev
accumulate along the line.

.1-hein-loop survev configuration generallv diminishes geometric error since the field
gradients are verv low. At the centre of the loop the gradiont in the vertical field is
essentiallv zero so it is difficult to introduce geometric anomalies near the loop contre.
Near the loop sides and at the closest approach of (he 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

Magnetostatic UTEM responses
Magnetostatic UTEM responses arise over rocks which generate magnotic anomalies.
Such magnetic materials will amplifv the total (primarv + secondarv) field of the UTEM
transmitter which is sensed bv the r-oceiver coil. The secondarv field is generated bv
subtracting a computed primarv which does not include magnetic effects. This can
give rise to strong and abrupt channel 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 (rom DC magnetic anomalies in the following three major wavs:

I) In (he case of DC1magnetics the field is dipping N and is verv uniform over the
scale of the survev area while the UTEN1 held inside the loop is vertical and it is
stronger near the' loop edges.

2) Nlost aeromagnetics are collected as total field while with IlTI1N1 measure a
given (in this case generallv z,x) component.
I)C magnetic instruments observe the total magnetization of the causative body
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 Chl response is explained bv the fact that the UTEN1
primarv field is otten more favourablv coupled (magnetostat speaking) to
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magnetic mineralization as compared to the earths field. Artother factor could be the
presence of a reverse remnant component to the magnetization.
Note that positive magnetic anomalies will cause:

positive Chl anomalies 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 vi11give 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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Appendix E

Note on 4 Hz UTEM data:
The effect of the presence of a 60-cycle

powerline.

Note

While this Appendix uses data collected in the presence of


a 60Hz powerline the issue dealt with applies equally to

UTEM data collected in the presence of a 50Hz powerline.

Note: The standard presentation in Appendix A has Ch2-5 plotted on the middle axis.

An alternative presentation - with Ch2 and Ch3 on the middle axis - is sometirnes


chosen when a powerline cuts through the surveyed area. This Appendix is a brief

discussion of whv the alternative presentation is chosen.
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Note on 4 Hz UTEM data:The effect of the )resence of a 60-cycle -)owerline.

This appendix outlines and discusses the effect of the presence of a 60-cycle
powerline on —4Hz (3.872Hz) UTEM data. The exarnple data is from Loop 12 Line 2805.
TI-ds line is from a series of loops with a powerline cutting across the survev area. The
Loop 12 Line 2805 U1EM data is affected bv the presence of the powerline.

example data:

Figure El(a) is the example data as presented in Appendix A - an alternative
presentation with Ch2 and Ch3 on the middle axis. The standard presentation is shown
in Figure El(b) - with Ch2-5 plotted on the middle axis. The alternative presentation
was chosen for a series of loops (including this loop) with a powerline cutting through
the surveved area. Figure El(c) shows whv - Ch4 and Ch5 show a pattern where when
one is up-the other is down and vice versa. The amplitude of the pattern decreases vith
distance awav from the powerline. It was felt that this pattern obscured the
information in Ch2 and 3 and the alternative presentation was chosen.

explanation:

Figure E2a) shows the UTEM waveform at —4Hz with a 60Hz waveform superimposed
on it. Roughlv 16 cycles of the 60-cycle waveforrn fit into the full UTEM waveform. On
a channel-bv-Channel basis

—4cycles fit into Chl
—24cles fit into Ch2

cycle fits into Ch3.
The multiple cycles tend to cancel out. Farlier channels are narrower - onlv part of a
cycle wide. In particular Ch4 is —half a cycle wide and Ch5 falls in the oppCisite halfc/cle.
the result is the pattern shown in Figure 1(c): Ch4 and Ch5 tending to diverge from
one another - more stronglv near the powerline.

other presentations:

Figures E3(a) and (b) show the example data in two other presentations where several
channels are combined to give fewer, cleaner channels:

Eigure E3(a): In this presentation Ch4 and 5 are combined to give a combined Ch"4"
that is —1.5times as wide as the original Ch4. The Ch"4" is cleaner than
the original. The original Ch5-10 are shown on the upper axis.

Figure E3(b) In this presentation Ch4-10 are combined to give a combined Ch"4" that
is 2x as wide as the original Ch4 (equal in width to the original Ch3). The
Ch"4" is as clean as the original Ch3. Note that Ch10 is added in twice to
make the 2x factor exact. The original Ch5-10 are shown on the upper
axis.
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Discussion:

Several elements of UTEM survey design and procedure will have an affect on the
number of useful channels in the final data set. These would include:

careful positioning of the transmitter loops relative to the powerline(s)
increasing the transmitter current (and the signal-to-noise ratio)
care in the selection of gains during surveying. Near a source of coherent noise

(eg powerline) the signal gain should be selected to minimize data rejections.

Consideration should also be given to increasing the station spacing in the vicinity of
the powerline. This allows additional stacking to be done (at fewer stations) withOut
much of an increase in surveying time.

Several other ways to increase the number of channels free of the powerline affects are:

lowerin 7 the frec uenc each factor of two lower in frequencv would add a channel
relatively free of the affects of the powerline. The cost would be increased stacking
time at each station.

takin multi le readin each reading starts at a different (random) point on the 60-

cycle waveform. The sum of several readings will tend to better average out any
affect.

alternative channel sam lin : Figure E2b) shows the standard UTEM 3 Boxcar channel
sampling. An alternative - tapered channel sampling - is available (and often used)
with UTEM 4. In this case if tapered sampling had been available it would likely have
been used. The result would have been:

- a slightly noisier Ch3
a considerably improved Ch4
an improved Ch5

The choice of which sampling to use on a UTEM 4 survey depends on the frequency
of the survey, the proximity and the frequency of any local powerline and the type of
decay seen.
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Appendix E

Figure E1(a)
Original 4Hz data: alternative format

Figure Ela

Append i - pg lA



Ch5-10 Ch2-5 Ch1(±elevdtion)

4

Diner.

74-

LO

1.01) Ipl

nn a ,Iurth wt n[n
GEOFFIN SICS LTIL

ompt: I I/ mt 3 c211; GEOPHYSIQUE LTEE

• GEOPMSICS LED
GEOPIR SIQUE LLEE

Appendix E

Figure E1(b)

Original 4Hz data: standard format

Figure Elb
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Figure E1(c)
Original 4Hz data: Ch415detail

Figure Elc
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b)UTEM channel sam lin
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Appendix E

Figure E2
a) -4Hz UTEM Channels with 60Hz signal


b) UTEM Channel sampling options

Figure E2
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Modified 4Hz data: Ch415combined

Figure E3a
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Figure E3(b)
Modified 4Hz data: Ch4-10 combined

Figure E3b
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