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TIME DOMAIN EM SURVEY IN THE LPKKEN REGION IN 1985

Summary

Introduction

Data acquisition by EM37 equipment was success-
fully completed in the late summer 1985. In the
enviranments of Lékken mine an area of about

26 km“, 15 km from west to east, was sur-

veyed equaling 46 kilometers or 429 occupied
stations measured. Power lines and civiliza-
tion bothered somewhat, but one line could be
successfully shut off for the measuring. Data
processing and interpretation were straight-
forward using available programs. Only faint
indications were probably obtained from the
Ldkken orebody, but no anomalies of possible
new massive-like large good conductors were ob-
served. "Vasskis" horizons are found almost
everywhere, and in many places there exists an-
other parallel but inconsistent zone of same
anomaly character. The used method is not very
accurate to outcropping twin conductors, and the
results must be correlated by for instance
Genie-measurements surveyed later here.

Transient or time domain EM (TDEM) method has
been noticed suitable for fast deep reconnais-
sance sounding and profiling in prospecting of
massive sulfide orebodies, which are good con-
ductors. The depth penetration of the method
depends on the resistivity of the ground, the
size of the energizing loop and the current
intensity flowing in the loop. In quite resis-
tive ground (> 1000 ohmmeters) and with a
reasonably large loop and portable power source,
the depth range to detect middle sized ore-
bodies is down to 500 m. The method is geome-
try dependent, which means that profitably
situated bodies, i.e. as large projection as
possible is parallel to the loop and below it,
produce multifold anomaly intensities compared
to perpendicular position. So the system is
sensitive to horizontal bodies below the loop,
and vertical ones outside the loop. Therefore
quite resistive halfspace below the loop pro-
duces anomaly level that limits the detect-
ability of a deep target. Also a suitably situ-
ated conductive host rock layer or dike with
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Survey results

a large parallel projection causes a marked
anomaly threshold. It is self-evident that power
grid lines can also have harmful effects to this
kind of sensitive system. A more thorough treat-
ment of the method and some cases are included
in appendix 1.

The details of the survey sites and layouts have
been described in appendix 2. Covered 15 km long
(E-W direction) region have been divided to ten
subareas, each of which have their own appendix
no.s from 3 to 12 starting from west. There are
a layout map scaled 1:5000 and the results plot-
ted as profiles, all the 20 channels drawn
logarithmically and also linearly, if useful, 2
and X (one Y) components, the latter below. Thin
plate models interpreted are included for each
Z-component anomaly. Depth inversion or DIT-
plots have been processed and plotted, too.

Three areas measured in a grid, Hpydal, Ur-
vatnet and Amot have been drawn as contoured
maps, every fifth channel both Z and X
components.

Data processing and interpretations have been
carried out by HP9845 micro having 512 kb of
memory and programs made by Outokumpu Oy, Ex-
ploration. This started already during the
survey. Evaluation of the data is, however,
mainly qualitative. In a fixed loop mode TDEM is
good at locating conductive bodies, but does not
give accurate estimates for their geometric or
physical parameters. 15 transient decay curves
and their time constants have been shown in
appendix 13/1. To find out the true detectabi-
lity in different situations four profiles have
been specially modeled with a thin plate ap-
proximation and results shown in appendices
13/2-5.

Not a single distinct anomaly of deep-seated
origin was found.

Two profiles in Bjornli (app. 8) pass over the
Lékken orebody, which lies at a depth of about
400 - 500 m, but the ore has been mostly ex-
cavated already. This was the only place, where
there were some free space left and even here it
was too many power lines and too close housing.
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So the results are full of surface disturbances,
only a small indication of possible bedrock
conductor can be found in profile 250 W in
channels 19 - 20. DIT-plot does not support its
different nature, but it is possible to make a
thin plate model that fits the data and is
situated at the right place (app.13/ 2). But it
is too small indication to be pinpointed in a
virgin soil.

In Moen the profile 0 pass over the untouched
Lékken orebody lying at a depth of 700 - 800

m. DIT-plot (app. 5/3) here shows, how nicely
the results can indicate a large gently dipping
conductive horizon, probably "vasskis'. The
depth at point 400 N, just above the Lokken
orebody, can be measured to be 800 - 900 m. This
and also the next point 600 N show a minor
increase in conductivity-thickness product, and
in linear plot (app. 5/4) a small anomalous lump
can be noticed. This again can be nicely modeled
with a thin plate analogous to Ldkken orebody
(app. 13/3). It seems quite reasonable to assume
that there is something extra conductivity
besides the "vasskis". But it could be regarded
just to be a change of conductivity or thickness
of the "vasskis" horizon. Anyway this is what we
must be looking after in this region. DIT-plot
indicates that "vasskis'" can be remarkably
homogeneous and this gives more hope that it is
possible to find and discriminate an analogous
orebody even close to vasskis and quite deep, if
it only existed.

Surface-bound "vasskis'" anomalies seem to be
present almost everywhere. The strongest anom-
aly is found in Damlia (app. 6/2), where it has
been drilled to be surely 'vasskis'". It can be
thought to be the same horizon as in Moen,
though in Moen it does not come to surface, as
it was proven by Genie.

"Empty" areas are Blokkum and Mogset, and al-
most empty profiles are in HOgasen Y 33.5,
Urvatnet Y 43.0 and Amot Y 42.0.

A northerly dip can be determined almost every-
where, and mostly gentle. Quite vertical dip
exists in Urvatnet, however.
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Anomaly twins are common in HS8gdsen, Hepydal,
Urvatnet and Amot. They can be caused by two
parallel conductive horizons at the surface, and
this was proven in most cases by Genie measure-
ment. Very often Genie gave two or three par-
allel anomalies and EM37 one or two, but two
times in Héydal Genie had only one and EM37

two clear anomalies, profiles Y 37.5 and 38.0.
See also horizontal projection maps (app.s 2/3
and 2/4). When modeling it was found surprising-
ly difficult to locate these parallel conductors
accurately, because they screen each others, the
one in the transmitter loop side being in a bet-
ter position. In the resistive environment the
anomaly shape does not change much, may one or
both conductors be "blind" bodies even to

100 - 200 m down.

In Hdydal it is interesting to notice that the
anomaly, closer to transmitter loop can be
connected to Hg¢ydal orebody. This conductive
horizon is more variable from one profile to
another. Its depth, conductivity and thickness
may vary a lot. This has an analogy with Moen
profile, too. So this double anomaly must be
looked at very carefully. Wherever this more
northern parallel conductive horizon is not
verified to be caused by "vasskis'", it should be
checked. Though really good massive type does
not exist in surveyed profiles.

Transient decay curves (app. 13/1) and calcu-
lated time constants confirm strongly that the
best conductivity-thickness product is met in
Moen and Damlia (note that Moen has a different
time scale and the eighteenth channel is 0,
because it could not be measured at that last
profile of the whole survey). Time constant is
about 5 ms in Moen and increasing close to 5
also in Damlia. In Bjdrnli the two last channels
rise the time constant to about 2.3 ms. The best
anomaly in Hgydal in profile Y 37.0 gives

about 1.4 ms. Others are too small to earn spe-
cial observing. Decay curves of peak to peak
values did not change time constants or any
parameter of some interest.

Hdgdsen profile Y 32.50 (app. 13/4) and Hg¢ydal
Yy 37.50 (app. 13/5) were modeled putting an
extra imagined thin plate at variable depth and
with an extinction angle dip, 45O N and fi-
nally 5° N. The model corresponds a good
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conductor of less than five million tons. It is
noticed that from the depth of 200 m when in
extinction angle the response is strong enough
to become observed in spite of the "vasskis" and
overburden anomalies. The difference is still
visible when the model is at 300 m, but it is
doubtful to be recognized anymore. With a prob-
able dip of 45° N the response is well dis-
cernible when at 500 m and with a most advan-
tageous dip of 5° N the anomaly is readable

even at 800 m and the body is only 200 m long
in the direction of dip (800 m long in the
strike direction). The same remarks apply to
Hpydal situation (app. 13/5).

Conclusions and recommendations

This large survey succeeded well. Measurements
were completed as scheduled, data processing and
interpretation occured straightforwardly. Test
profiles over the L@dkken orebody were not,
however, quite successful, but that was ex-
pected, because either the civilization masked
when shallow enough, or it was too deep. The
probable indications were found after all.

The results are not as desired. Any new inter-
esting large massive orebody was not observed,
and it can be convinced that till the depth of
200 - 300 m in the surveyed area there does not
exist any economic copper ore, and probably this
is true even to 500 m.

The known 'vasskis" horizons are present almost
everywhere, dipping north, but they are not so
good conductors as massive sulfide ore. 'In many
places there is a more inconsistent parallel
horizon of approximately same conductivity. In
analogy to Lékken and Héydal this might be

ore potential horizon, and should be carefully
looked at in that respect. But only less conduc-
tive or smaller orebodies are to be found close
to surface in the surveyed area.

This method is not very accurate for locating
outcropping conductive bodies, so the results of
Genie when available should be used for that
purpose, and it is not a wonder that TDEM in-
terpretations given do not always correlate
exactly.
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In similar areas this kind of geophysics are
highly recommended as before. If the depth range
is to be increased AMT or multifrequency high-
power dipole-dipole system like Maxiprobe should
bqﬂapplied.!

PN s s

Ensio Lakanen

Gudmund Grammeltvedt, Ldkken Griber AS & Co.

Distributed to:
UKP OKME
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Abbreviations
TDEM = time domain electromagnetic method
= transient electromagnetic method
EM 37 = Geonics Ltd.'s transient electromagnetic
equipment
HI = High frequency = 25 Hz pulse frequency
MD = Medium frequency = 6.25 Hz pulse frequency
Z = 7- or vertical component of electromagnetic
field (time derivative)
X = X horizontal " "
Y - Y ” 1" "

nV/Am

TR
ch.
DIT

Tx

Ra
mean
+ dec.
Rx

(X is the direction of survey line, Y is perpendicular
to it, note that X and Y are used as coordinate axes

as well)

- unit of the time derivative of the electro-

magnetic field normalized by the transmitter
loop current (nanovolts per Ampermeter squared)
transmitter

channel

depth inversion techniques = apparent resisti-
vity versus depth inversion

apparent resistivity

mean of apparent resistivity at one station
one order of magnitude more or less than mean
receiver

electric power line
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APPENDICES

1/1 Introduction to TDEM

1/2 A successful application of the transient method

1/3 Geonics Ltd., Technical Note TN-12

2/1 TDEM survey in Lékken, overall survey layout 1:50000

2/2 Description of survey details

2/3 Horizontal projection map of interpreted conductive
zones in Moen-Damlia-H3gasen

2/4 Horizontal projection map of interpreted conductive

zones in H@ydal

3/1 Area Svinsds, survey layout 1:5000
- 3/2 " 1, profile 600 W with interpreted plate
model
3/3 " 2, profile 150 W with interpreted plate
model
3/4 " 1-2, profiles 600 W and 150 W, DIT-plots
1:10000
4/1 Area Blokkum, survey layout 1:5000
4/2 " , profile Y 30.30
4/3 "o, " " " , DIT-plot 1:10000
_ 5/1 Area Moen, survey layout 1:5000
5/2 " , profile 0 with interpreted plate model
5/3 " , " ", DIT-plot 1:10000
5/4 " , " ", reduced linear plot
6/1 Area Damlia, survey layout 1:5000
6/2 w , profile Y 31.75 with interpreted plate model
6/3 ", toon " , DIT-plot 1:10000
7/1 Area HOgdsen, survey layout 1:5000
7/2 ", profile Y 32.50 with interpreted plate
models
7/3 " , profile Y 33.00
7/4 " , profile Y 33.50
7/5 " , profile Y 33.50, Y-component
7/6 " , profiles 32.50 - 33.50, DIT-plots 1:10000
8/1 Area Bjdrnli, survey layout 1:5000
8/2 " , profile 250 W
8/3 " , profile O
8/4 " , profiles 250 W and O, DIT-plots 1:10000
8 9/1 Area Mogset, survey layout 1:5000
9/2 ", profile Y 33,35
[} "

9/3 ", " , DIT-plot 1:10000
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10/1 Area Héydal, survey layout 1:5000

10/2 " 1, profile Y 36.75 with interpreted plate
model

10/3 " , profile Y 37.00 with interpreted plate
model

10/4 " 2, profile Y 37.25 with interpreted plate
model

10/5 " , profile Y 37.50 with interpreted plate
models

10/6 " 3, profile Y 37.75 with interpreted plate
models

10/7 " , profile Y 38.00 with interpreted plate
models

10/8 " 4, profile Y 38.25 with interpreted plate
models

10/9 " , profile Y 38.50 with interpreted plate
models

10/10 " , profile Y 38.75 with interpreted plate
models

10/11 " 1, profiles Y 36.75 and 37.00, DIT-plots
1:10000

10/12 " 2, profiles Y 37.25 and 37.50, DIT-plots

10000
10/13 " 3, profiles Y 37.75 and 38.00, DIT-plots
10000

10/14 " 4, profiles Y 38.25 - 38.75, DIT-plots
1:10000

10/15 " , contoured map 1:5000, channel 5, Z comp.

10/16 " , " " " '|’ X " .

10/17 ”" , " " " 10, Z 11}

10/18 n , " " " 10, X n

10/19 " , " " " 15, z n

10/20 " , 11} " " 15, X "

11 /1 Area Urvatnet, survey layout 1:5000

11/2 "n 1, profile Y 40.00 with interpreted plate
model

11/3 " 2, profile Y 40.50 with interpreted plate
model

11/4 m 3, profile Y 41.00 with interpreted plate
model

11/5 " 4, profile Y 41.55 with interpreted plate
model

11/6 " 5, profile Y 42.00 with interpreted plate
model

11/7 " 6, profile Y 42.50 with interpreted plate
model

11/8 " 7, profile Y 43.00 with interpreted plate
model

11/9 " 1.2, profiles Y 40.00 and 40.50, DIT-plots
1:10000

11/10 " 3.4, profiles Y 41.00 and 41.55 DIT-plots

1:10000
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11/11 Area Urvatnet 5-6, profiles Y 42.00 and Y 42.50, DIT-

N N G
R R QK (Y
N~ NN NN
[N G G
OO WN

Area Amot,
11

JURGEN
NN
~ S~
N =

14

R N
NN N
N~
0o W

_ e e
NN

NN NN NN
O 0 J O

- w N~

Transients

5 n "

[ G W
wwwww
S wNh -

Special modeling results of
" " 11

plots 1:10000
7

" "

N N N N NS N~

survey layout 1:5000

profile Y 43.00 DIT-plot 1:10000
contoured map 1:
11

5000, channel no. 5
n "

" n

n "

MK N KN

’
]

14
0,
0,
S,
5,

-
-
-

2, profile Y 41.00 with interpreted plate

model

profile Y.41.50 with interpreted plate models

1, profile Y 42.00

plots 1:10000
contoured map 1:5000,
contoured map 1:5000,

" "

and time constants of

area
"

" 1-2, profiles Y 41.000, 41.50 and 42.00, DIT-

channel no. 5
1]

A

X

" 10,2

" 10,X

15 different stations

Bjdrnli, profile 250 W
"

Moen 0
HOgasen "y 32.50
Héydal "y 37.50
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Duta file MALA/MALC/MALB

LINL 124
dBX/de wV at quin # 6

Channels

1
4
7
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Data file

LINE 124
dBZ/dt mV at

MALA/MALC/MALB

Channels
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Z Component
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SR EEE

Duta Fila KOL blovchondbebons boodbenr o b Data File KOL
LINE 600 X Componunt . LINE 680 2 Componant
diX/de wV at gatn # 7 dBZ2/de mV ot gain # 7

Channale Scala

Channale Scala
1 to 3 300. 00 1 to 3 300. 00
4 to 6 100. 00 4 to 8 100. 00
7 to 13 30. 00 9 to 13 30. 00
14 to 17 10. 00 14 to 18 10. 00
18 to 20 3.00 19 to 20 3.00

U R — ————

Figure 8.

“.»n- « ”ﬂuw -2 l».* .».D 3 < 3 {9 ﬂ-"
Be ¥ B o £ B
A nnmemnnnns




e e e

HE 2 BH H # £ B

blonhiobdea boaddbin i b

fJuta fila KOL

LINE 680 X Componant
X (picowabure/Am™2); T0=0

Channale Scala
1 to 13 10. 00
14 te 20 3.00

Data fila KOL

L.INE 680 Z Componunt
HZ (picowabare/Am~2); T0-0

Channals Scala
1 to 14 10. 00
15 te 20 3.00

wﬁu- MW" s:-h -~ r- . - .M- e x» €
BE £ Bd o o £ B
mmmamemmmmnr

Figure 10.




LOOP

Kivivuopio

HANNUKAINEN X 7496.80

Laurinoja Kuervaara

\

\

Resistive Bedrock

MODEL PLATE
S =22 mhos

S S

0] 500 m

1 | |

-
b
-

Figure 12.



Pata fila KAUTO

ILINE 140 X Camponant
dBX/de wV at guin # 7

Channale Scalu

1 to 3 10000. 00
4 ta 6 3000. 00
7 to 9 300. 00
10 to 14 100. 00
1S to 19 30. 00
20 te 20 10. 00

- ;=2

AHRBHE RRE

I

Data fila KAUTO

LINE 140 Z Componant
dBZ/dt wmV at qain # 7

Channalse Scale

I to 3 10000.00
4 ta 6 3000. 00
7 to 9 300. 00
10 to 14 100. 00
15 to 19 30. 00
20 to 20 10. 00

300

m m ”
[ I |

WEH
(I

o ~

—....- ’-

333.
- L’:E
3002

Figure 14.




"9 9an3tg

!r ) i | 1 ]
[— -0l ~ =0l-
I
r 8- - - 8-
e ==
\ /—o’: O - A'/r O
\ Pl ’)""\“:........—;'/
- N - - ——- -5
- Xg q0o  F zg ol
Y AW OOLI BNi-I ® AW
! | ! § j| 1 ! ! ! ] ! ! J
e 8 A S g 14 € 2 -SNOIL1VLS -6 B 2 ] ¢ 14 € 7
1 i i ' T i 1 i 1 R Al Al i
- -Gl - - Si-
= - Ol' - /// .\ -'Ol"
- / N S-
/
0
~
N
b & - 9
N 9old
N
L N\ [ —0!
N I
N\
~ piop Aaaing }\ / 75!
/
- \\}' oz
-
- A -G¢
| OOt! 3NIT 8 Trw
| ) | | | ] J ! ] )] N j] 1

oes W L.§ GBI suueyd  ONIIXOLNVM






APPENDIX 2/2

1
DESCRIPTION OF THE SURVEY DETAILS

Equipment was transported from Espoo Finland to Ldkken by the
Finnish technician, Jouko Longi, who taught the local crew to
use it and supervised the survey all the time. Geophysicist En-

sio Lakanen was present from 15th to 23rd of August.
Equipment

The ground transient EM device EM37-3 is manufactured by Geonics
Ltd., Canada. This instrument was first introduced in 1980, but
has been updated so that this unit is the latest No. 3 version
delivered in 1984.

Transmitter consists of a console weighing 20 kg and power unit
with 5 HP Honda gasoline engine coupled to 120 V, 3-phase, 400
Hz alternator weighing 60 kg. Output power is 2.8 kW, maximum
current 30 A and voltage 150 V. The transmitter loop was built
up with 4 mm2 isolated copper wire; 9 reels with 400 m, 20 kg
each were available. The current waveform in the transmitter
consists of alternating bipolar current pulses with a slow ex-
ponential turn-on and a rapid linear shut-off (turn-off) time
depending on the 1loop size and current, normally less than
0.5 ms. The repetition rate can be set at 2.5 or low, 6.25 or

medium, and 25 Hz or high.

Receiver consists of a console weighing 22 kg and air-cored
100 cm dia. coil weighing 8 kg. A coil holder is supplied to
facilitate measurement, along three axes. The measured quantity
is the time rate of decay of magnetic flux at 20 logarithmically
spaced time channels covering range from 0.08 at high to 80 ms
at low repetition rate. 4 digits plus sign LED display is used
and integration time can be selected from 2" (n = 4, 6, 8, 10,
12, 14) cycles at 25 Hz. The effective area of the coil is about
100 m2. Synchronization of receiver to transmitter can be main-
tained with oven controlled high stability quartz crystals. Re-
ceiver energy is taken from 12 V rechargeable NiCd batteries
of 20 Ah.



At the receiver the induced voltage in the coil is measured in
millivolts. The reading is normalized by dividing with the ef-
fective area of the coil and the current in the transmitter loop

and is written in nanovolts per A X meterz(nV/Amz).
Survey

The fixed or large loop mode of measurement was used meaning
that the transmitter is located in a fixed position feeding a
large loop, here 400 x 400 m2 or more, and the receiver with
the coil moves from station to station along survey line. One
or more lines or profiles are measured with one transmitter posi-
tion, and they cross the loop continuing outside of it as far
as the field is strong enough, which equals about the perpendicu-
lar length of the loop. Then the transmitter is moved to another

location.

Altogether 20 transmitter locations were needed to cover the
desired area in the surroundings of Ldkken, 18 loops 400 x
400 m2 in size and two double sized loops. Survey lines, number-
ing 30 were spaced 250 or 500 m apart so that two or one lines
per loop were measured respectively, three with one double sized
loop. The length of the lines varied from 0.9 to 2.6 km total-
ling 46.35 km. Point spacing was mostly 100 m (occasionally 50
or 200 m), 429 stations or points were measured. There were two
men crew measuring and two extra men were laying the next loop
beforehand except the double sized loops. Two components along
7z (vertical) and X (along the line) axes were recorded, and in

one profile also Y.

Repetition rate of 25 Hz or high was mainly used, one profile
with medium frequency. Integration time n = 10 and gain N = 7
(quite high indicating resistive environment) were used. Power
lines and inhabited areas caused some trouble and some places
had to be dismissed. One power line from west to Astrup shaft
was totally switched off during the measurements close to it.
Only one instrument failure occurred, when measuring the last

profile the eighteenth channel was lost; it was later noticed



to be caused by moisture. The weather was mostly favourable,
but rains got heavier in September. The average of 13 stations
occupied per working day can be regarded satisfactory in the

rough terrain with long carrying distances.

The survey has been divided to 10 separate areas introduced from

west to east (appendix 2/1).
Svinsds (appendix 3)

Two transmitter loops 400 x 400 m2 centered at
1: 600 (m) W(est), 150 N(orth) (local coordinates)
2: 50 W, 275 S(outh)

Two profiles in south - north direction
1: 600 W, 700 S to 800 N
2: 150 W, 800 S to 500 N
Point spacing 100 m
Total 2.8 km 30 p(oints)

Blokkum (-Marka) (app. 4)

Transmitter loop 400 x 400 m2 centered at

Y = 30.4, X = 98.65 (east and north resp.)
Profile in south-north direction

Y = 30.4, X = 99.3 - 100.8

Point spacing 100 and 200 m

Total 1.5 km 14 points

Moen (app. 5)
Transmitter loop 700 x 900 m2 centered at
0, 0 (local coordinates)
Profile in southsouthwestern - northnortheastern direction
0, 1300 S to 1000 N
Point spacing 100 and 200 m
Total 2.3 km 18 p.



Damlia (app. 6)

Transmitter loop 400 x 400 m2 centered at

Y = 31.85, X = 98.65 (regional coordinates)
Profile in south - north direction

Yy = 31.75, X = 97.9 - 99.3

Point spacing 100 m

Total 1.4 km 15 p.

H8gdsen (app. 7)
Transmitter loop 800 x 800 m2 centered at

Yy = 33.0, X = 98.95

north direction

Three profiles in south

: Y = 32.5, X = 97.7 - 99.9
2: Y = 33.0, X = 97.6 - 100.2
3: Y = 33.5, X = 97.6 - 99.8

Point spacing 100 m and 200 m
Total 7.0 km 53 p.

Bjdrnli (app. 8)

Transmitter loop 275 x 525 m2 centered at
120 W, 150 N (local coordinates)
Two profiles in about southwest - northeast direction
1: 0, 400 S to 650 N
2: 250 W, 400 S to 700 N
Point spacing 50 and 100 m
Total 2.15 km 28 p.

Mogset (app. 9)

Transmitter loop 400 x 400 m2 centered at
Y = 33.25, X = 102.05

Profile in south - north direction
Y = 33.35, X = 101.2 - 102.7
Point spacing 100 and 200 m
Total 1.5 km 14 p.



Four transmitter loops 400 x 400 m2

Hpydal (app. 10)

1: Y = 36.9, X = 99.35
2: Y = 37.4, X = 99.25
3: Y = 37.87, X = 99.25
4: Y = 38.5, X = 99.15

Nine profiles in south - north direction

Urvatnet (app. 11)

Point spacing 100 and 200 m
Total 10.4 km 91 p.

centered at

2)

3)

1: ¥ = 36.75, X = 98.8 - 99.8 (loop No. 1)

2: Y = 37.0, X = 98.6 - 100.2 (loop No. 1)

3: Y = 37.25, X = 98.6 - 100.1 (loop No.

4: Y = 37.5, X = 98.5 - 100.1 (loop No. 2)

5: Y = 37.75, X = 98.5 - 100.0 (loop No.

6: Y = 38.0, X = 98.5 - 100.0 (loop No. 3)

7: Y = 38.25, X = 98.4 - 100.0 (loop No. 4)

8: Y = 38.5, X = 98.4 - 99.9 (loop No. 4)

9: Y = 38.75, X = 98.4 - 99.9 (loop No. 4)

Point spacing 100 and 200 m

Total 13.3 km 134 p.

Seven transmitter loops 400 x 400 m2 centered at

1: Y = 40.0, X = 98.75

2: Y = 40.5, X = 98.85

3: Y = 41.0, X = 98.65

4: Y = 41.55, X = 98.85

5: Y = 42.0, X = 98.65

6: Y = 42.5, X = 98.65

7: Y = 43.0, X = 98.45

Seven profiles in south - north direction

1: Y = 40.0, X = 98.0 - 99.6 (loop No. 1)

2: Y = 40.5, X = 98.1 - 99.5 (loop No. 2)

3: Y = 41.0, X = 97.9 - 99.2 (loop No. 3)

4: Y = 41.55, X = 98.0 - 99.4 (loop No. 4)

5: Y = 42.0, X = 97.8 - 99.4 (loop No. 5)
: Y = 42.5, X = 97.7 - 99.3 (loop No. 6)

7: Y = 43.0, X = 97.6 - 99.1 (loop No. 7)



Amot (app. 12)

Two transmitter loops 400 x 400 m2 centered at
1: Y 41.25, X = 100.4
2: Y 42.05, X = 100.35

north direction

Three profiles in south

1: Y = 41.0, X = 99.8 - 101.0 (loop No.
2: Y = 41.5, X = 99.5 - 100.6 (loop No.
3: Y = 42.0, X = 99.5 - 101.0 (loop No.

Point spacing 100 and 200 m
Total 3.8 km 31 p.

1)
1)
2)
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/BJARNLL/Line EW=—-.23 Z and X-Comp.

415/432 1:19280 Date 18.03.1386 nV/Am2
432--BJORNLI Date 18.03

Line EW= -.259 18

Line direction= 8@ Altitude= @

TRANSMITTER PARAMETERS:

Loop size! 275 x 525 m~2, An

gle= 9 d .

Current= 13 A and T;rn-off time= 0?;
CeTtre: .15 , -.12 km, ARAltitude=z B8 m
RECEIVER PARAMETERS:
Starting point=s -.5 km, Gain= 7 , SpAC|nb=

ms

S0

m

APP.

-t
Channel 19
L1 5.7 ms
LAt o
\§\¢.4 -3 fﬁx
\ [N
\ N
-~
79

INTERPRETED PARAMETERS OF MODEL NO.

1

CONDUCTANCE= 79.0900 S, LOCATION=
DEPTH=400.80, LENGTH= 660 and HEIGHT=
y-COORD. OF CENTRE= 9.0 m

DIP= 5.0 STRIKE=
FLUNGE= ©.0 degrees

INTERPRETED PARAMETERS OF MUDEL NO.

CONDUCTANCE= 10.080. S,

LOCATION=

0.0 (9 means perpen

2

DEPTH= 4.9, LENGTH= S8@ and HEIGHT=

y-COORD. OF CENTRE= 9.0 m

pIP= 90.0 STRIKE= 9.8 (@ means
PLUNGE= 0.0 degrees

IMTERPRETED PRARAMETERS OF MODéL NO. 3

LOCATION=
and HEIGHT=

COMDUCTANCE= 48.098 S,

DEPTH=200.8, LENGTH= 200

y-COORD. OF CENTRE= 9.0 m .

DIP= S.8 STRIKE= 0.0 (B means per
FLUNGE= 0.0 degrees

199.00 "
1S m

325.89 m
260 m

50.99 m
20 m

13/2

dicular to lire> and

perpendicular to lineg)> and

pendicular to line)> and



APP. 13/3

/MOEN/Line Prof=0 Z and X-Comp.
4157432 1:109@@ Date 18.93.1386 n¥sAm~2

Channel 13 432-2/MOEN Date 18.83.1986
Line Prof= 9.000
Line direction= @ Rltitude= @
5.6 ms TRANSMITTER PARAMETERS:
Loop size!: 980 x 780 m~2, Angle= @ degr.
Current= 186 A and Turn-off time= .385 ms
Centre: © , © km, HRltitude= BV m
RECEIVER PARAMETERS:
Starting point= -1.3 km, Gain= 7?7 , Spacing= 188 m

Measured

INTERPRETED PARAMETERS OF MODEL NO. 1

L-.§
CONDUCTANCE= 26.560 S, LOCATION= -1190.00 m
DEPTH=330.0, LENGTH= 880 and HEIGHT= 888 n
y-COORD. OF CENTRE= 9.0 m
DIP= 28.S5 STRIKE= 0.0 (@ means perpendicular to lineg) and
PLUNGE= 8.8 degrees
1:20080 °

INTERPRETED PARAMETERS OF MODEL NUO. 2
CONDUCTANCE= 498.09990 S, LOCRTION= 998.99 m

5 DEPTH=7988.08, LENGTH= 3@ and HEIGHT= 13

@
y-COORD. OF CENTRE= 9.0 m
DIP= 178.4 STRIKE= 9.8 (8 means perpendicular to line) and
PLUNGE= 0.0 degrees

s <
/ / - —
PSS S S { - T T SRS S WS U S G W S ... I R

T,L:’-i.-a.-ll-.3'.&.*?-%/?,5.4~43-.2~.ﬁ .1.2.3.4.5.6.7.8.91 1.1

hy

44




APP. 13/4

HOGAZEN-Line ¥=32.5 I and X-Comp.

|
. 411‘3-'4’;:3 1:10380 Date 18.03.1386 nV/Am~2
[ | 432//HBGASEN Date 18.03.1986
1 Line Y= 32.300
Line directions 8 Altitude= @
I ‘ TRANSMITTER PARAMETERS:
Loop size: 800 x 800 nm~2, Angle= © degr.
Current= 10 A. and Turn-off time= ,295 ms
Centre: 98.9%5 , 33 km, Altitude= 8 m
. RECEIVER PARAMETERS:
i | 2.2 ms . Starting points 98 km, Gain= 7 , Spacing= 100 m

p — o~

c} Ss.ll!BA 98.298.4 !S.SQD.SSB./QQ.QBE.SQS 99.199.299.399.499.599.699.799.299.9 1280
4 : 5 X

INTERPRETED PARAMETERS OF MODEL NO. 1

40 CONDUCTANCE= 40.000 S, LOCATION= 98920.08 m
DEPTH=300.0, LENGTH= 808 and HEIGHT= 200 m
y-COORD. OF CENTRE= 8.9 m
DIP= 110.0 STRIKE= 8.0 (0 means perpendicular to line> and
PLUNGE= 0.9 degrees .

Sum of measured and calculated

L L L " YA

| . .

9 93.198.298.398.498.598.698.798.898.999 /J9.1!9‘299.39944 99.599.6399.799.899.9 l@a
: e

)

I} ’ /
i e K INTERPRETED PARAMETERS OF MODEL NO. 1

/
-—/' CONDUCTANCE= 40.000 S, LOCATION= 93900
l e o p— DEPTH=500.0, LENGTH= 800 and HEIGHT= 20&03 "
2 - ;;goong OF CENTRE= 8.0 m
L4, 4 . = 45.0 STRIKE . i
. i @ \ PLuncE=. o'8 d.q:.'se @ (8 means perpendicular to line)> and

|
l
|
\
n
L

pg  98.188. 98.39944!E,SSH.S93.798.9“.999/’99.1 99.299.399.499.599.693.799.899.9 188

| -/
l e J INTERPRETED PRRAMETERS OF MODEL NO. I
7 Ve
4 CONDUCTANCE= 40.000 S, LOCATION= 98900.99 m
/' / DEPTH=800.0, LENGTH= 800 and HEIGHT= 30
- y-COORD. OF CENTRE= 9.0 m
/ / DIP= 5.0 STRIKE= @.0 (@ means perpendicular to lingd and
/’ PLUNGE= 0.9 degrees
Lyes | ;o
49



2-H@YDAL/L1ge Y=37.5 Z and X-Comp. ]
g9 Date 18.03.1386 nv/Am2

4157432 13

2.2 ms

APP. 13/5

432-2/HBYDAL Date 18.083.1986

Line Y= 37.500

Line direction= @ Altitude= @

TRANSMITTER PARAMETERS:

Loop size: 408 x 480 m~2, Angle= @ degr.

Current= 13 A and Turn-off time= .2 ms
Centre: 99.25 , 37.4 km, Altitudez @ m
RECEIVER PARAMETERS:

Starting point= 98.5 km, Gain= 7 , Spacing= 180 m

VA

399 !!9/9!)«99-3%9\99! 499 S&Q\S\?J 299.299.9 100 10@.!
e

\_4 /

INTERPRETED PARAMETERS OF MODEL NO. 1

CONDUCTANCE= 40.0088 S, LOCATION= 99300.00 m
4@ DEPTH=300.@, LENGTH= 508 and HEIGHT= 200 m

y=-COORD. OF CENTRE= 2.0 m
DIP= 78.@ STRIKE= 9.0 (B means perpendicular to line) and

PLUNGE= 0.0 degrees

Measured and calculated

—

SN
f : -
\ / L

ag. 19323\\399 499/

7
Ny
S ;JQ 799.899.9 122 10@.1

V4 INTERPRETED PARAMETERS OF MODEL NO. 1

CONDUCTANCE= 40.00@ S, LOCATION= 99300.00 m
DEPTH=50@.08, LENGTH= 508 and HEIGHT= 2@@ m

y-COORD. OF CENTREs= 8.0 m
DIP= 4%5.0 STRIKE= 2.0 (@ means perpendicular to line) and

42 PLUNGE= 0.9 degrees

. 9‘59 9/199 299\399 ey ss\s? 799.899.9 108 102.1

;.
5

b

P

\ _//
INTERFRETED PARAMETERS OF MODEL NO. 1

CONIUCTAHCE= 40,008 S, LOCRTION= 99308.00 m

DEFTH=3060.@, LENGTH= 500 and HEIGHT= 30 m

~-COORD., OF CENTRE= 0.0 m

IIF= 5.8 STRIKE= 9.0 (@ means perpendicular to line) and
FLUNGE= 2.0 degrees

+a
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