
utE4stBergvesenet
Postboks 3021, 7002 Trondheim Rapportarkivet

Intern Journal nr Internt arkiv nr Rapport lokalisering Gradering




Trondheim Fortrolig

Ekstern rapport nr Oversendt fra Fortrolig pga Fortrolig fra dato:

Sul 346-74-24 SulfidmalmA/S Utmål




Bergvesenet rapport nr

BV 969

Kommer fra ..arkiv


Falconbridge

Tittel

Regional Exploration in the Steinkjer - Snåsavann area.
Del 2 Helikoptergeofysikk

Forfatter Dato Bedrift

Henrik Håbrekke
Oddvar Blokkum

1974 Sulfidmalm A/S
NGU

Kommune Fylke Bergdistrikt 1: 50 000 kartblad 1: 250 000 kartblad

Steinkjer Nord - Trøndelag Trondheimske 17232 Namsos
17233

Fagområde Dokument type Forekomster

Geofysikk Rapport Skrattås

Råstofftype

Malm/metall

Sammendrag

Del. I 4.e.. 3V 1i51.

Lt.c.,e

Emneord

Cu Zn Pb As



Appendixto report No. 346/74/24

jbv

(Translationof NGU reportNo. 1269)

Client: A/S Sulfidmalm

397 R
NGU report no. 1269

Helicopter-bornemagnetic and
electromagneticsurvey over
SKRATAS

STEINKJER,NORD-TRØNDELAG

17 - 29 June 1974

Responsibleleader: Henrik Håbrekke geophysicist

Operator: Oddvar Blokkum technician

Norges geologiskeundersøkelse
Geophysicaldepartment
Post box 3006

7001 TRONDHEIM

Telephone (075) 20166



INTRODUCTION

The geophysicaldepartmentof NGU receiveda contractfrom
A/S Sulfidmalmto carry out a geophysicalsurveyby
helicopterover an area (in this report called Skratås)
northeast of Steinkjer,North-Trøndelag. The area, which
covers about 100 sq. kms, is situatedalong the south-
eastern side of Snåsavatnetand extends from Trondheims-
fjord in the south , to Valøy in the north. NGU has
previouslycarriedout an aeromagneticsurvey (by fixed
wing aircraft)over the same area.

SURVEY CONDITIONS

Weather conditionsshould be reasonablygood in order to
get successfulresults. Such measurementscannotbe
carried out in strongwinds, rain or fog. If the wind is
too strong,the measuringprobe would swing, resulting
in a high noise level in the receiver.The noise also
increasesin rain, and moreoverthe visibilitywould be
reduced so that the low flight altitudecould be maintained.
During the measurementsover the Skratås area the weather
conditionswere good.

The speed of the helicopteris held to about 100 kph during
the actual survey,and the height over the ground is kept
constant at about 170 ft. The base map must be of good
quality $o that the navigatorcould give the correct
course and height. This is especiallyimportantif one
has few referencepoints on the ground to go by, like
rivers, lakes, roads etc. A photomosaicof 1:15 000
scale was used during this programme. The quality of the
mosaic was good, and there were few navigationproblems.

During magneticsurveys,either from a fixed wing aircraft,
from a helicopteror on the ground,one must guard oneself
against the fact that variationsof the magnetic field of
the earth one measures are dependenton time. This is
achieved by placing a magnetometerin the survey area
which registersjust such variations. On days with high
magnetic activitythe survey must be discontinued. We
did not have any days with such high variationsin the
magnetic field.
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The electromagneticreadingsare often interferedby radio
transmittersin the vicinityof the survey area, even if
they operatewith frequencieswhich are quite different
to the frequenciesof our instruments. The survey over
Skratås area was especiallydisturbedby an FM transmitter
on Byafjelletnear Steinkjerand by a militarystation
at Rinnleiret,Verdal. The signalsfrom the latter could
be filteredaway, thanks to its relativelylarge distance,
but the FM transmitteron Byafjelletdid make serious
disturbancesin the southernpart of the survey area. In
addition,a high voltagepower linetventthrough the
southernpart of the field. The radiationfrom this
interferedwith the electricreadingsin such a way that
there remainedan uncoveredzone of 150-200m on either
side of this Iine.

SURVEY METHODS INSTRUMENTS

During the survey of the Skratås area, two of the physical
propertiesof the earth were measured,i.e. the total
magnetic field of the earth, and the variationsof the
electricalconductivityon the ground under the helicopter.

The magnetic fieldwas measuredwith a Sander proton
magnetometer,type NPM 4. This instrumentconsistsof a
measuringprobe and an amplifier,which are placed in a
cigar-shapedinstrumentcontainer,65 ft below the
helicopter. Due to the large distancebetween the probe
and the helicopter,the magnetic field was measuredwith
great accuracy. The proton magnetometeris a point-
registeringinstrument. The time-intervalbetween
each measuringpoint shouldbe as short as possible,but
if this is too short, the accuracyof the instrument
would suffer. During the measurementsover the Skratås
area this intervalwas 1 second. The speed of the
helicopterbeing 100 kph, this would mean that one
reading is made every 25 meters. One tries to keep
the altitudeof the helicopterat 170 ft, and the
instrumentcontainerwould then be 100 ft over the ground.

The instrumentcontaineralso houses the mainpartof the
electromagneticinstrumentswhich are of the type Sander
EM 3.
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The transmittingand receivingcoils are placed at a distance
of about 7 m distancefrom each other, at either end of
the container. This is of the coaxialtype, and the system
is very little influencedby noise because of its special
construction. The depth penetrationis consequently
relatively large,and is indicatedby Sander Geophysics
Ltd to be about 100 m under the ground surface in favourable
conditions. The system measuresboth the real and imaginary
componentsof the signals from the conductorunder the
measuringprobe.

This "anomalysignal"is read in parts per million (ppm)
of the signal that the transmittingcoil inducesin the
receiver coil. The system is indicatedto have a noise
limit of 0.5 ppm for the imaginarycomponent,and 1 ppm
for the real component. These figuresare naturally
related to the most favourablecases with quiet weather
and good topographicconditions.

The registrationof the magnetic and electromagneticdata
was doneLinthe helicopteron a six-channeledoscillo-
graph recorderof the type Century 444. Two channelswere
used for magnetic,and two for electromagneticreadings.
The fith channelwas used for the recordingof the data
from the radar altimeterof the type Bonzer TR 70. This .
measures the height of the helicopterover the ground
with an accuracywithin 10 ft. The sixth channel
recorded the fiducialpoints from the Sander CM 3-12
camera. This photographsthe groundevery other second,
and the film is numberedwith the same code as used on the
recordingpaper. To make the plotting of the registered
anomalieseasier,the navigatoron the helicoptermarks
of the easily recognisablepoints along the traverseson
the photo mosaics. Such points are also registeredon
the recordingpaper.

While the surveywas being carried.out,a magneticground
station was establishedat the base in Steinkjerin order
to register,and to be warned by, the diurnal changes
in the earth'smagnetic field. This station of an Elsec
proton magnetometerand a recorder,and th field is
measured and recordedwith an accuracyof - 1 gamma.
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OPERATION

The limits of the area, the bearing of the profile-lines,
and the distancesbetween these lines,were determined,aftes
consultationwith A/S Sulfidmalm. The bearingwas 330'/150
and the profile intervalwas 200 meters.A total of 510
profile-kilometerswas flown.

The aerial surveywas carriedout in the period of 17 - 25
June and a field by By farm was used as landingground for
the helicopter.

The helicopterwas a Hughes 500, owned by A/S Helilift,
Hamar, and the crew was:

Helge Siljeberg pilot

Finn Hegle mechanic

PROCESSING

The processingof the resultsis the plottingof the correct
profile courseson the photo mosaic. On the average,one
point was plotted for each flown kilometer. We have assumed
that the helicopterhad kept the same course and speed
between these points. The transferof the measuredmagnetic
data to the plottedprofileson the mosaicswas then carried
out after the scale of the profilepapers was adjustedto
the scale of the mosaic. The magneticdata are then contoured
with 100 gammas'interval. The electromagneticreadings
were given correctionswith the help of the radar alti-
meter's recording,to a specialreferenceheight of 170 ft.
This is done to eliminatethe variationsin the amplitude
of the anomaliesdue to the varyingheightsbetween the
helicopter and the grojand.The electromagneticresults
are then plotted on the mosaic and contouredin the same
fashion as the magneticresults. The contouredintervals
we used were 0, 5, 10, 20 ppm.

-4-



RESULTS

The results of the survey over the Skratåsarea are presented
on the followingmaps in a scale 1:15 000:

2 mags. contourmaps, with flight lines Pl. 1269/1-2

2 electromagn.contourmaps,




real component with flight lines Pl. 1269/3-4

2 electromagn.contourmaps,





imiginarycomponent with flight lines Pl. 1269/5-6

2 interpretationmaps, with flight lines Pl. 1269/7-8

When making the interpretationof the electromagnetic
anomalies,both the imaginaryand real componentsshould
be used. If one assumesthat the conductorsin the area
can be regardedas thin verticalsheets,with large
extention in both strike directionsand in the down-dip,
(largerthan 200 - 300 m length and 100 m depth),one
can form some idea of the conductivityby comparingthe
real and the imaginarycomponents. One usually operates
with the product of the conductivityand the thicknessof
the conductor,(sigma.t).

When making the interpretation,one shouldbe aware of
the fact that Sanderssystem, and the majorityof other
helicopter systems,favourizeverticallystanding
conductors,because of the vertical,coaxialsymmetry
of the transmittingand receivingcoils. Thin, horizontally
lying conductorswill thereforebe bad targets for such
systems.

Strong magnetic anomaliescan often be detectedby the EM-
system. These can give positivereal componentsas
opposed to the usual conductiveobjectswhich give negative
real components.

The interpretationmaps in this report are worked out
from the response curvespublishedby Sander Geophysics
Ltd. The interpretationof the electromagneticanomalies
are based on the assumptionsmentionedabove,with regard
to the geometry,and moreoveron the assumptionthat the
conductorhas the same magneticpermeabilityas the
surroundingrocks.
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The numberswould then indicatethe measureof the conduct-
ivity. One can see from the interpretationmaps that the
majority of the anomalieshave (sigma.t)values lying
between 0 and 20. If one uses the interpretationmap
with the anomalymaps of the real and imaginarycomponents,
one sees that many anomalieswith low (sigma.t)values
form long conductorsand have strongreal and imaginary
values, while in contrast,high (sigma.t)values can often
refer to small real and imaginaryanomalies. It would
seem that the anomaliesin areas with low (sigma.t)
values are causedby quarternarygeologicalformations
like marine clay. Only one of the electromagneticanomalies
have very good (sigma.t)value, (100). This lies near
the FM-transmitteron Byafjelletand this seems to be the
best choice in the Skratås area, if one wants to use the
(sigma.t)values to make the priority list. As stated
before, one can use the interpretationmap to make such
a priority list to follow up electromagneticanomalies,
but one should alwaysbe aware of the assumptionson
which these interpretationsare based, and the knowledge
of the geologyshould also be taken into accountwhen
making these priorities.

Trondheim,December16, 1974

NORGES GEOLOGISKEUNDERSØKELSE

Geophysicaldepartmen

(signed)Henrik Håbrekke
geophysicist
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