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INTRODUCTION

As a contract work for AS Sultidmalm. in September and Detober. 2005. a helicopter

geophysieal survey was carried out over four areas in Southern Central Norway. Thev were

Bamble in Telemark countv and Ertelien. SiEtelal and Ramsdal in Buskerud countv. The

distances flown (with tie-lines) and areas covered are approx. 1450 line-km and 130 km: for

Bamble: 1100 line-km and 98.8 km2 for Ertelien: 500 line-km and 46.4 knY for Sigdal and

200 line-km and 18 km: for Ramsdal. See fig.2 and for the outline of the areas.

Magnetic and electromagnetie (11E1\11data were eollected. The primary objective of the

sun ev as to provide geophysical information for mineral prospecting in the area.

Stat SCOZIO
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fig. I Outline (4 the Bantble arett threction 066 246 t.
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SURVEY VARIABLES AND CONDITIONS

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

2.1 Vseather conditions

Strong wind ean inerease the noise level of airbome geophysical data. fligh winds were not

frequent during the survev. but were encountered oceasionally. Non of the flights were

aborted because of wind.

2.2 Topographic conditions

The resolution of geophysical sensors deereases exponentiallv with flving height. To achieve

the greatest possible resolution. the helicopter should be tlown as low as is safely possible.

The topographv in the tbur areas are varving trom fairlv flat to quite steep and it is diffieult to

keep a constant terrain clearance during fiving, The surveys were flown using a helicopter

strong enough to elimb the hills but in spite of this, data are stronglv effected by altitude

difierences uphill and downhill. As a consequence of this it was impossible to drape the

terrain with the bird 30 - 10 meters above ground as specified in the contract.

2.3 Magnetic conditions

Diumal changes in the eartlfs magnetic field affeet magnetic data. The base station magnetic

field never indicated strong magnetic storm conditions during the survevs. Magnetic data

qualitv on all lines used for production is verv good.

2.4 ENI data conditions

Strong vertical temperature gradients can affect EM leveling because the temperature at the

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

level for the EM sensor). In addition to this. measuring at different altitudes may cause drift

effects along profiles. Drift effects between nulling points are correeted using standard linear

interpolation. drift is characterized as low.

The target tiving height is meters above ground le el. Due to the severe terrain. flving

height varied considerablv in the present survev. This effected both the magnetie and the

electromagnetic datasets.
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1n general EN1 signals are low in all the areas. and this created problems when producine

conductivity maps. The qualitv of the EM data can be characterized as good.

DATA ACQUISIT1ON

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

100 km per hour (28 meters per second). Flighi lines were flown in directions 066" 2462 in

Bamble. 078°/258' in Ertelien and I02°/282° in Sigdal and Ramsdal with a flight line spacing

of 100 m in all areas. 1n addition a tew tie-lines were measured for all areas. The 5-

frequencv EN1system and the magnetometer were enclosed in a 6-m long 'bird suspended bv

cable 30m beneath the helicopter.

NGU personnel responsible for data acquisition were John Olav Nlogaard and Janus Koziel.

Pilots from AIRLIET ASA were Leif Ilus and Stian Follaug

3.1 Nlagnetie measurements

A Scintrex C5-2 cesium vapor magnetometer xNasused. The magnetometer resolution is 0.01

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

Scintrex 1-1\VI-mag proton precession magnetometer was located at Geiteryggen

Skien for the I3amble area and at Iggemoen airfield. Ilonefoss for the other areas. and was

used for base station measurements. The base station magnetometer was synehronized with

the Scintrex magnetometer in the helicopter to ensure proper removal of diumal magnetic

changes from the helicopter magnetic measurements. The magnetic total field at the base

station was digitallv recorded during flights everv third second.

3.2 Electromagnetie system

The EM system used was the 5-frequencv liummingbird system made in Canada bv Geotech.

Ltd. The Hummingbird records data at a sampling rate of 10 measurements per second. 1t

has two coil orientations-N ertical coaxial V(.A) and horizontal coplanar tHCP). The VCA

coils operate at 980 liz and 7001 lix. The 11CP coils operate at 880 Hz. 6606 Hz. and 34133

The transnntter-receiver separation is 6 in for lower frequencies and 4.2 m for 34133 Hz.

The manufacturer specified noise level for each frequencv is 1-2 ppm.
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3.3 Navigation, altimetry, and data logging

The navivation system used is an Ashtech 012. 12 channel receiver. Position accuracy using

this system is better than 5 m.

The navigation console is a PNAV 2001 manufactured by the Picodas Group. Ltd. of Canada.

Profile line data are entered into the console and are displayed on a lefTright-display on the

console. The pilot can see his position with respect to these predefined lines and adjust

accordinuly.

The helicopter is equipped with a King KRA-430 radar altirneter measurinu heiuht above

ground level. The altimeter data is recorded diuitally and ahltude is displayed in front of the

pilot. The altimeter is accurate to 5 percent of the true flyinu heiuht. Unfortunately data are

stronulv affected when tlyinu over dense forest.

The data logging system is an integral part of the Hummingbird electrornagnetic system.

manufactured bv Geotech. Ltd. of Canada. Data is recorded both diuitally and analog.

4 PROCESSING

The data were processed at the Geological Survey of Norway in Trondheim usinu Geosofi

processing software (Geosoft Oasis Montaj 6.2. 2005).

Obvious inaceuracies in navigation were manually removed from the data The datum used

was \VGS84 and the projection was UTM tone 32 for all areas.

4.1 Standard processing

Total field magnetie data: The data were inspected fliuht-by-flight and anv cultural

anomalies were identified and manually removed. A base station correction was applied to

each flight usinu corrections based on the diurnal measurements from the base station

magnetometer at Geiteryggen and Eugemoen airfields. Finally a time lau of 0.6 sec (6 points)

were applied to the basemau-corrected (levelled) magnetie data.

EM data: EM data were processed on a flight-by-flight basis. Zero levels and drift control

for each frequency were obtained by frequent excursions 300m AGL, usually at the end of

every second flight line. A nonlinear filter was applied to all EM data to remove data spikes

resultinu from sferics. Before levelling, all data were low passed usinu a 45 m filter.

Noise levels for all frequencies were within an envelope of 2 ppm. Noise levels over 2 ppm
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occurred near powerlines. All EM data (and especially in Bamble and Ertelien) were

affected of huae powerlines crossing the survey areas. A manually levelling on a line by line

basis were done for the two frequencies used ffir apparent resistivity calculation. Magnetic

structures havina high susceptibility may produce negatively oriented in-phase anomalies. A

time lag of 0.5 sec (5 points) were applied to all channels before plotting of maps.

4.2 Map Production

Nlagnetic maps in scale I: 50 000. total magnetic field and first vertical derivative. were

produced usina a grid cell size of 25 x 25 metres. The problems in keeping a correct tiving

height in parts of the area, created some leveling problems. These were significant on a tirst

version of the contour maps. and were correeted for without ruining the information in the

data utilng median micro-levelina procedures created at the NER: (Mauring & Kihle 2000).

The contoured color maps are produced with a shaded relief of the high frequeney content. 1n

agreement with the clients representative. magnetic measurements outside the predefined area

 was kept in the magnetic maps. Elving heiaht and profile separation mav be out of

specifications and as a result lower data qualitv.

As a standard. stacked profiles of all ENI frequencies in scale I: 50 000 were produced

following standard procedures. Based on quadrature data. apparem resistivitv was computed

for 6606 1li coplanar and 7001 Hz coaxial using least squares inversion and a homogeneous

half space model (Geosoft 1997). 1n agreement with the clients representative. conductivitv

maps instead of resistivitv nlaps were produced using 6606 Hz coplanar and '001 Hz coaxial

trequencies. Due to low EM signals high resistivitv). neaative EM responses due to high

susceptibility and problems to keep a constant Ilving altitude. it was a verv difficult to create

conductivitv maps with a satisfactorv layout. I3ecause of this. a resistk itv grid was created

which \ as micro-leveled usina median filtering (Mauring & Kihle 2000) before inverting

data to conductivitv. (irid cell size was 50 x 50 metres.

DEL1VERIES

1n agreement with the clients representative. the followina stand alone maps in scale 1 50

000 are produced and delivered to the client as printed maps:

	

Map 2006.021-01n: Hight path.
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Map 2006.021-02n:

Map 2006.021-03n:

o Map 2003.001-04n:

o Map 2006.021-05n:

Map 2006.021-06n:

Map 2006.021-07n:

Map 2006.021-08n:

Map 2006.021-09n:

Map 2006.021-10n:

Total maunetic field.

First vertical derivative of magnetic total field.

EM stacked profiles 7001 Hz coaxial.

EM stacked profiles 6606 Hz coplanar.

EM stacked profiles 980 Hz coaxial.

EM stacked profiles 880 Hz coplanar.

EM stacked profiles 34133 Hz coplanar.

EM apparent conductivity 6606 Hz coplanar.

EM apparent conductivity 7001 Hz coaxial.

Where = A Ertelien area

n = B Bamble area

n = C Sigdal (and Ramsdal) area

These maps are also delivered on DVD in Geosott packed maps format.

Dignal magnetic an electromagnetic data in Geosoft XYZ file formats and grid files of these

data are delivered on DVD as described in Appendix A.

6 REFERENCES
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Geosoft XYZ file formats.

Final Delivery on DVD

File: nMAG.XYZ (including tielines)

x_filt meters Final processed x (masked to the extended area polygon)
y_filt meters Final processed y (masked to the extended area polygon)
magjinal nT Levelled and time-lagged magnetic data (0.5 sec)
mag_final 1D nT,m Calculated vertical gradient

meters


meters

meters

PPrn

PPm

ppm

ppm

ppm

ppm

ppm

ppm

ppm

ppm

mS-m

File: nEM.XYZ

x_filt

y_fill

reenum

UTCtime

bird height m

IP1J L_lag

QU'Llag

1P2_f L_Iag

Q2_f L_Iag

1P3_1. L_Iag

Q3_f Llag

IP4_f Llag

Q4_f Llag

IPSt l_lag

Q5_1. Llag

condb606_final

cond7001_final

Final processed x (masked to the area polygon)

Final processed y (masked to the area polygon)

Internal record number. ordinal. per flight. incremented at

0.1 per tenth of a second

Universal time Hours: Minutes: Seconds. Decimal seconds

Processed radar altimeter data minus 30 meter

	

Filtered. leveled and lagged inphase 7001 Hz Coaxial

quadrature 7001 Hz Coaxial

 inphase 6606 Hz Coplanar

quadrature 6606 Hz Coplanar

 inphase 980 Hz Coaxial

quadrature 980 Hz Coaxial

 inphase 880 Hz Coplanar

quadrature 880 Hz Coplanar

 inphase 33133 Hz Coplanar

quadrature 33133 Hz Coplanar
Apparent conductivity (6606 Hz coplanar)

Apparent conductivity (7001 Hz coaxial)

Where n = A Ertelien area

= B Bamble area

n =C Sigdal (and Ramsdal) area

The following Geosoft grid files are copied to the DVD :



magjinalm.grd Micro levelled magnetic urid (circular median filter)

used in map (25 m cell size)

magjimd 1Dm.grd Calculated vertical gradient grid used in map based on

the

res6606jimitgrd

res7001jinaLgrd

cond6606finatgrd

cond7001finaLgrd

final magnetic grid file .

Apparent resistivity grid from res6606 channel (50 m

cell size)

Apparent resistivity grid frorn res7001 channel (50 m

cell size)

Final conductivity grid file used in map afier micro

levelling 6606 Hz coplanar freq. (50 m cell size)

Final conductivity gfid file used in rnap after micro

levelling 7001 H7 coaxial freq. (50 rn cell size)
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