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summan.:

In April 2006, a helieopter 2cophHcal sur e \kas earried tnit o er Sjaekerdalen . Nord- I roendelag

counh. rhe purpom: of the sur  e>, v‘as to pro  ide geophy sical intbrmation for mineral exploration. I he

data \Nere collected and processed h the Geological 1ittr\ of Norx  a NGU lA total ot ahout 6-0

line-km ur eleetromagnetie il.N1) and magnetie data vo:re aequired using a norninal 100-m line spaeing.

fhe nonnnal thing height  :as 00 in abo“: ground lexel N(11.). and lines nere flo  :n in different

alternating directions at head ings of 141 and 3:1 : Noke Ie el. ere x‘ithin surveN pec

All initial processing as carried l'ut on a tlight-k-flight hasis. \ lagnetie data. consisting of total tleld

measurements colleeted li i eesium \ apor inagnetometer. \:ere eorreeted En removing diurnal xariations

as recorded at a magnetie hase station in Verdal. I1N1 data \:ere le eled using data from frequent high

altitude excursions 300-in “11.. .111 tinal processed data \\ ere gridded using 25-m eell iie. GeopInsical

maps ere produeed at a scale of 1:50 000 and are eonsidered as stand alone produets.

his report co‘er aspeets of data acquisition and processing.

1:c   ords: Geof  sikk Nlagnetometri
(Geoph  sicsi (Nlagnetometry)

Hektromagnetisk maling Databehandling Faurappon

(Eleetromagnetie measurements) (Data processinu (Feehnical report
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1 1N1'RODUCTION

As a contract work for AS Sultidmalm. in April. 2006. a helicopter geoph  sical sun e.v \\ as

carried out over parts of Skjaekerdalen. Nord-Troendelag eountv. l'he distanees tlown (‘‘ith

tie-lines) and areas covered are approx. 750 line-km and 70 km2. See tig. I for the outline of

the area. Magnetie and eleetromagnetie I \ 1)data \Nere colleeted. fhe primarv ohjecti e of

the survey w,asto provide geophysieal information for mineral prospeeting in the area.

Owlinc SkjackcnIalen arcd ‘Iireclion 141 $21 ).
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SURVEY VARIABLES AND CONDITIONS

Several conditions may intluence on the quality of the geophysical data.

2.1 Weather conditions

Strong wind can increase the noise level of airhorne geophysical data. Iligh winds were not

frequent during the survey. but were encountered occasionally. .tio data w.ere acquired during

unacceptable wind conditions.

2.2 Topographic conditions

The resolution of geoph  sical sensors decreases exponentially with flying height. To achieve

the greatest possible resolution. the helicopter should be flown as Iow as is safely possible.

•The topography in the area are arying from fairly tlat to quite steep and it is difficult to keep

a constant terrain clearance during flying. The surveys were flown using a helicopter strong

enough to climh the hills but in spite of tIns. data are effected by altitude differenees uphifi

and downhill. As a consequence of this it v,as very difficulte to drape the terrain with the hird

30 - - 10 meters abo e ground as specified in the contraet.

2.3 Nlagnetic conditions

Diurnal changes in the earth's magnetic field affect magnetic data. The hase station magnetic

field never indicated variations close to tlw project maximum acceptable  alues during the

survey. Magnetie data quaIity on all lines used for produetion is very good.

2.4 EM data conditions

Strong vertical temperature gradients can afkct ENI leveling because the temperature at the

300-m nulling altitude is different from the temperature at survey altitude (30 m above ground

level for the IHNI sensoil. In addition to this. measuring at different altitudes may cause

nonlinear drift effi:ets along protiles. Drift efkcts between nulling points are correeted using

standard linear interpolation. drift is eharacterized as low.

Tbe target flving height is 60 meters above ground level. Due to the severe terrain. tlying

height varied considerahly in the present survey. This effected both the magnetic and the

eleetromagnetie datasets.



1n general EM signals are high in the area. and producing conductivity maps were fairly

simple. The quality of the EM data can be characterized as good.

DATA ACQUISITION

The survey aircraft was an Aerospatial Ecureuil AS 350 13-2.Flying speed was approximately


100 km per hour (28 meters per second). Flight lines were tlown in directions 141"321°

ith a tlight line spacing of 100 m . In addition a six tie-lines were measured. The 5-

frequency EM system and the magnetometer were enclosed in a 6-m long 'bird suspended by

cable 30m beneath the helicopter.

NOU personnel responsible for data acquisition were John Olav Mogaard and Janus Koziel.

Pilots from HELITRANS AS was Jens Fjelnset

3.1 Magnetie measurements

A Seintrex CS-2 cesium apor magnetometer was used. 'Fhe magnetometer resolution is 0.01

nI. Sampling rate is 10 measurements per second (approximately 3 meter spacing).

A Seintrex ENVI-mag proton preeession magnetometer was located at the base in Verdal. and

was used for base station measurements. The base station magnetometer was synchronized

with the Scintrex magnetometer in the helicopter to ensure proper removal of diurnal

magnetic changes from the helicopter magnetic measurements. The magnetic total tield at the

base station was digitally recorded during fliuhts everv third second.

3.2 Eleetromagnetic system

. I'he EM system used was the 5-frequency Hummingbird system made in Canada by Geotech.

I.td. The Hummingbird records data at a sampling rate of 10 measurements per second. It has

two coil orientations. ‘ertical coaxial (VCA) and horizontal coplanar (IICP). The VCA coils

operate at 980 1li and 7001 Ilz, The HCP coils operate at 880 1lz. 6606 Hz. and 34133 111.

The transmitter-receiver separation is 6 m for lower frequencies and 4.2 m for 34133 Ilz. 'fhe

manul'acturer specilled noise level tbr each frequency is 1-2 ppm.
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3.3 Navigation, altimetry, and data logging

l'he niw igation systenl used is an Ashtech 612. 12 channel reeek er. Position accurac using

this s\ stem is better than —- 5

fhe navigation console is a PNAV 2001 manuthetured hy the Picodas (iroup. Ltd. of Canada.

Proille line data are entered into the console and are displaved on a len right-displaN on the

console. 1.11epilot can see his position with respect to these predetined lines and adjust

according1).

fhe helicopter is equipped with a King KRA-430 radar altimeter measuring height aho‘e

ground le‘el. I he altimeter data is recorded digitallv and altitude is displaNed in front of the

pilot. I he altimeter is accurate to 5 pereent of the true 11\ing height. 1.Mbrtunatel  data are

strongly afleeted when th, ing over dense tbrest. In these cases. altitude data are adjusted

using an interpolating teehnique.

fhe data logging ssstem is an integral part of the IlummMghird electromagnetie ssstem.

manuthetured us ( ieotech. 1.td. of Canada. Data is recorded hoth dignalls and analog.

4 PROCFSSING

1.1iedata were proecssed at the Geologieal Sur es of Norwas in Irondbeirn using Ceosou

processing sonware Weosoft Oasis Montai 6.2. 2005).

Ohvious iimecuracies in navigation were manually removed from the data 1-he datum used

was W(ISS4 and the projection   as zone 33.

4.1 Standard processing

'Fotal field magnetie data: I he data were inspected tlight-hy-tlight and any eultural

anomalies were identitied and manually remoNed. A hase station correetion was applied to

each flight using correetions hased on the diurnal tneasurements from the hase station

magnetometer at the hase in Verdal. Finally a time lag of (1.6 see t6 points) \sere applied to the

hasemag-eorreeted tle elledi magnetie data. Vertical magnetie gradient as ealeulated from

the total magnetie tield hs appl  ing a first order derivation tilter to the data.

EM data: FNI data were processed on a hasis. lero le  els and drift control

for each frequeney were ohtained hs frequent excursions 300m usualls at the end of

e cr5 second tlight line. À nonlinear filter was applied to all FN1 data to remo‘e data spikes


resulting from sferies. Ilefore all data xvere mildly lo passed tiltered using a 45 in
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tilter. Noise levels for all frequendes \kere v.ithin an emelope of 2 ppm. Noise le‘ els abme

2 ppm occurred near a povserline erossing the area. • huge military radio transmitter located

at Rinnleiret. Verdal seemed to affeet the 33 khz frequeney. A manually le elling on a line bv

line basis w.ere done for the ty o frequeneies used for apparent resisth ity ealeulation.

Magnetie struetures ha‘ ing high suseeptibilit  may produce negatkely oriented in-phase

anomalies. A time lag of 0.5 see t5 points) were applied to all ehannels belbre plotting of

maps.

4.2 Nlap Production

Magnetie nlaps in seale I: 51) ilfl, total magnetie tield and first vertical derhati‘e. v‘ere


produeed using a grid cell size of 25 x 25 metres. The problems in keeping a correet thing


height in parts of the area. created some le eling problems. These v.ere significant on a tirst

ersion of the eornour maps. and  \ ere correeted for vdthout ruining the information in the

data using median nnero-le eling procedures ereated at the Mauring & Kihle 2000).

rhe 1D tilter radius talong the lines) v‘as 250 m and the 2D filter radius (circular  AMdm‘ )

 Nas 350 m. Uhecontoured color maps are produeed with a shaded relief of the high frequeney

content. 1n agreement vdth the clients representati e. magnetic measurements outside the

predefined area v,as kept in the magnetie maps. l'hing height and protile separation ma be

om of speeifications and as a result Imxer data qualit  .

As a standard. stacked protiles of all EN1 frequencies in scale 1: 50 000 were produced

ing standard procedures. Based on quadrature data. apparent resisth it as computed

for 6606 I li eoplanar and 7001 lit coaxial using least squares inversion and a homogeneous

half space model ideoson 1()97). In agreement v.ith the elients representati e. conducth ity

maps were produced using 6606 Ilz coplanar and 7001 lli coaxial frequenetes.

DATA DELINTRIEN

the follow ing stand alone maps in scale I: 50 000 are produeed and delivered to the client as

printed nlaps:

Nlap 2006.041-01:

Nlap 2006.041-02:

Map 2006.041-03:

Map 2003.001-04:

Nlap 2006.041-05:

Nlap 2006.041-06:

Nlap 2006M41-07:

Nlap 2006.041-08:

Nlap 2006.041-09:

Nlap 2006.041-10:

flight path.

1otaI magnetie

'irst ertical derivative of magnetie total


stacked profiles 7001 Ili coaxial.

Tv1stacked proffies 6606 lit eoplanar.

stacked protiles 980 Hz coaxial.

stacked profiles 880 Hz coplanar.

stacked protiles 34133 11zeoplanar.

TN1apparent conduetivitv 7001 li, coaxial.

apparent eonductivity 6606 lit eoplanar
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These maps are also deliveredon DVD in Geosoft packed maps format.

Digital magnetic and electromagneticdata in Geosoft XYZ file formats and grid files of these
data are deliveredon DVD as described in Appendix A.

6 REFERENCES
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Mauring, E. & Kihle, 0. 2000: Micro-levelling of aeromagnetic data using a moving
differential median filter. NGU Report 2000.053.
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Appendix A: Data delivery formats.

Geosoft XYZ file formats.

Final Delk en on DVD

File: MAGSJAKER.XYZ (including tielines)

xfilt meters l'inal processed x (masked to the extended area polvuon)
yfilt meters linal proeessed y (masked to the extended area polyuon)
mag_final n I. I.eNelled and time-lagged magnetie data 10.5 see I
magjinaLID nl- m Caleulated \ ertical gradient (tirst derk ative)

File: EMSJAKER.XYZ

x_fill meters Final processed x (masked to the area pol uon)

yjill meters I i ial proeessed (masked to fite area pok uon)
reenum InternaI record numher

. 7t Wme i nn ersal time Ilours: Nfinutes: Seconds. Deeimal _seeonds
hird fieightin meters Processed radar altimeter data mimis 30 meter third heiuht )
iF/fL lag ppm l'iltered. IeNeled and lagged inphase 701)lIli Coaxial

Q/ fl. lag ppnl quadrature 7001 III Coaxial

11)2j lag ppm inphase 6606 11, Coplanar
CLUJJag ppm quadrature 6606 Ilz Coplanar
1113JL lag ppm inphase 080 111Coaxial
Q3 Liag ppm quadrature 980 II/ Coaxial
1P4Jitiag ppnl inphase 880 lit Coplanar
Q4j. lag ppm quadrature 880 IIf Coplanar
IPSJILJag ppm inphase 33133 IIt Coplanar
Q5_[L /ag ppm quadrature 33133 lit Coplanar
com/64506final mti-m Apparent conductivitx (6606 11/ eoplanar)

cond7001 jinal ruti-m pparent conductivitx (7001 II/ eoaxial
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The followine Geosoft grid files are copied to the DVD :

magjinatgrd

matfinal_ID.grd

cond6606jinatgrd

cond7001 jinatgrd

Micro levelled magnetic grid (circular median filter) used

in map (25 m cell size)

Calculated vertical gradient grid used in map based on

the linal magnetic grid file .

Final conductivity grid tile used in map after micro

levelling 6606 Ilt coplanar freq. (25 m eell site)

Final conductivity grid file used in map after micro

levelling 7001 111coaxial freq. (25 m cell size)
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