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I.  INTRODUCTION

l., Geénaral Information

(1) The aercmagnetic survey desoribed below was oarried out
in the Arendal Area of Norway on bshalf of Det Rongelige Departement
for Industri: Og Hendverk, It vas carried out jointly by
Videroe Flyveselskap 4/S and Hunving Geophysics Ltd.

 (41) The swvey cperational time exténded betwsen the
28th September, 1958, and ths 9th Ootober, 1958, :

The expedition rersonnel consisted of s~

2 Pilots (Widerce Pilyveselsksp 4/3)
2 Navigators (Witierce Fl;visel
4/8 and Runting Geophysics Ltd..
1 Licensed Alroraft Frgineer (Wideros

Fiyveselakap 4/8) .
1 Electronio Engineer (Bunting
Geophysios Ltd,)

2e m_sa of the Survey

(1) To compare the magnetic pettern cbtained over the area
with the known geclogy, . e

(41) To examine negnetic anomalies in relation to the knum
mineral dsposits, -

- (444) To derive additionsal information about geclogicsl trends
and to. investigate the probability of existence of unknown mineral

dmitSQ

3¢ Area Sw.'ve' ml d )

(1) The srea was cemtred approximstely on the tosm of Arendal,
Jatitude 58°274'N longitude 8%5?; being rectangular in shape and
having approximate dimensions 30 kms x 16 kms, '

(41) The actual comtract line miles/kms flcwn wore 698 and 1,123
respectively,

IY. METHOLS AND INSTRUMENTS EMFLOYED ON THE STRVEY

L The Airborne Ma-netometer

(1) Mothod

In the aeromugnetio method employed on this sixvey, variations
in the total magnetic field were mersured, As the inatrument does
not measure the absolute value of the field, the cbservations are
related to an arbitrary datum,

(11) Instrument (Flates 6B, 6C, 6D)
The installation consisted of Gulf Research and Developmant

Comparny megnetometexr MKIII, The deteoting pexrt of the instrument
was installed in the bird which was towed behina the aircraft,

/This instrument
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This instrumert was of. fluxgete type. The maa.surug ﬂmate
waa maintained in the direotion of the total magnetio field through
the sotion of the servo motors operated by two orienting ﬂwrgatu.

The effect of the arbient megnetic field on the measuring
fluxgat< is cempensated and the voltage changes across the
receruing potentiometer due to the changing oompensating ourrent,
are reoorded continuously in terms of magnetic units on the
recorder chart of a Leeds and Northrup Recorder,

(4i1) Record (Flate 3)

The speed of the record was 6" per minute and the full scale
deflection was set to be 1,200 ganmas, The value of the atep
chauge (an automatic reset procedure cperating when the magnetio
field variations exoeed the range of the full scale) was 1,000
gemmas,

(iv) Cglibration

The instrument was calibrated by Gulf Ressarch ‘and Developuent
Corporation using a Helwholtz Coil,

(v) Zeate

{a) Leg Test

Lag (or delay of the response ocnsidered in relation to the
ground position of the airoraft) is due to the delay in the electronic
olroultry of the equipment and the difference in the position of the
35mm pogitioning camera and the deteotor head,

A test was flown and the lag was found to be 0,75 seoonds
which is equivalent to 0,075 inches on the record at a speed of
6 inches per minute,

The offaet of the recording pen from the camera fiducial
pen ranged from 0,225 to 0,25 inches end was added to -.he
aforemntionea lag,

(b) Beading Test

The eff'eot of the airoraft's megnetic field on the recorded
variations of ths magnetic £ield, depends on the heading of the
airoraft, Compensation can be made for a part of this effect,
A heading test is ocarried out in order to check the ocompensation
of the aireraft and to assess the uncompenssted residual
effect, The results of the heading test flown on this survey,
at en altitude of 500 feet above ground level, shows the
maximym change peak to peak to be 2 gammas,

Be  Angllary Fquipment
l, 35mm Pomitioning Camera

(1) Method and Instrument (Flate 6F)

A Vinten positioning camera was mounted in ths airoraf't
with its optical exis vertical for level flight of the alroraft.
Exposures u..re rade automatically at 1 second interval,

The speed of the shutter was 1/250 of a second, and the
apertures was varied manually according to the light intenaity,

/The camera
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' The oamera exposures were related 1o the magnetic recoird by
a system of fiduciel warkss The exposuce counter was also
photographed and the photograph nurber appears in the oorner of
each photo-frame,

(44) Film (Flate 5)

The £ilm used was Kodak Plus X. It was processed by the
Survey Team and by George Humphrles and Gompany of Londone

(131) Tests

The funotioning of the came~a was teated by taking & series
of exposures in flight and developing the £ilm prior to the
oommencement of the swrvey. Similar tests were also carried
out during the survey.

2, Redio Altimeter (Fletes 4 and 6E)

Apart from the bercmetrio altimster which is a standard
instrument oarried in the airsveft, a radio altimeter of the
AJP.N.1 type was also carrieds The full scale range was
0-800 feet end the speed of the reoord, on which varistions of
altitude of the alroraft above the ground were recorded
continuously, was 6 inches per miinte.

1IT, FLYING OPERATIONS

1. Adroraft

The airoraft was a Lockheed 12,registration letters LN-BFE,
belonging to Widerce Flyveselskaps
S 3

The airoraft was equinped witl novmsl radio equipment.
2, DBasei,

The aircraft wea based st Kjevik Airport, Eristiansand,
The airficld was §0 milamstres from the survey area,  The
orew were accommodsted at the Astoria Hotel, Kristlansand, which
is approximately 14 Xilometres from Kjevik Airport.

3, Maps, Photographio Ucver end Photo Mogaios

(1) Maps

e (a) 1/50,000 scele maps were used for navigation
and flight planning.

5. {p) A 100,000 scale map wes also used for flight |
planning., This mup was enlarged to 1/25,000 but this enlargement
was not used operationally. '

(11) @otog' aphic Cover

{a) Photographic prints were supplied by Wideroe
Flyveselskap at the ocommencement ¢f ithe survey., These prints
were at three different scales ranging from 1/15,000 to 1/20,000 .
and only partially covered the area. Stick Cown mosaics were
compiled, but were not used operationally. '

/()
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(b) AititiomaT photographis cover wus found as the
survey proceeded and the oomplete set of oontaot Iu'ints Fere
used :Ln the £iral reduction, .

(i44) Puaoto Mosaics

. Semi controlled mosaics at a scals of 1/25.000 (apprcax, )
were ocnstruoted and nrunted on' Pagra for final :preneuhtion.

&4+ Navigational Nothod

The navigation of the survey sxea was &ocouplished 'by
map reading using the 1/50,000 meps mentionsd above.

S»  Flying and Navizations). Probleus Encountered

(1) Adroraft Servicesbility sod Mgintenance

Ko delays were experienced dus to mscrvioaabﬂd.ty of thc
mm.

( 11) Weather

Seven days were lost because of ant nathar caused
by low stratus,

(21i) Navigetional Problems

Owing to maps which were al:lttlo inaocurste, trmld.ngm
found to be a.irfioult in certain areas where detall was apu'u.

6s Flight Pattern (Flates 1 and 2)

(1) Might Line Spacing and Direction

mumﬂightmwwu}mmmm
direction 310°/330°,

Thapattmanhiwodisuahomonthoﬂmlm

-(44) - Pying Hedght -

mpmmmmnmgh.mtmmm-(soor-w)
above ground level,

(144) Befiying (see Flate 1)

Aoutdnmmtorrdlyingmmm&aoh
migaﬁonﬂmammmwm

(1v) Supelementary Fiying

The n:l.ghtlimnm eu:tondeaf.ronthom:lnmtnm
to amlla-isluﬁsinmuofintarest.

7o rns Procedure
(1) Mumisg Up of Tnstruments

- mmmmammmmmh;trm-md'
Leuthd:anhmn-betmmmmbqutomm
manamwmum

/(41)
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(43) Annotation cf Records

During the survey the records were annotated fox reduotion
and plotting purposes. :

The following annotations were mades—

a{ Staxt and end of line giving nunber and direction
b} Step nunbers
Camv:xa f£iducial n.mbera
d) Insttument drift oorreotions/indications
e) Navigational fixes
f) Time checks
g} Other relative information

(441) Dedly Flight Reporta

These reports give a detailed desoription of tie sortis from
an operational point of view and show the following informatlons—

a) Times of start and end of sortie

b) Instruments nsed and relevant detalls

o) Crew mambers and functions

d) 35mm photograph numbers

e} Times of start and findsh of lines

£} Directlor of lines flown

g) Changes of magazines, charts, eto.

Eh Weather

i) Navigator's diagram showing the scrtis's flying

IV. MAGNETIC CONTROL PROCEDURES

1, Control of Observation

The control of cbservations was achieved by terrdnating
the ends of each line over common tie points, connecsing the
tie points by an indevendent tie line and flylng anocher
tie line across the nor+hern ends of the ‘lines,

This system of conirol made it posaiblei-

(a) To esteblish a c.ommon reference datum for
the whole survey.

(b) To determine and adjust smell errors caused

by instrumental drift, diurnal megnetic
varistions, mincr local magnetic disturbances.

2. Iy_f\mﬂt Drift

Instrmment drift was checked at intexrvals of approximately
every 15 minutes, Standardisation adjustment was carried
out when necessary.,

3. External Check on Magnetic Disturbances

In order to detect any major magnetio disturbances which
oould have occwrred, a vertical forne magnstomster (Sohmidt
type and Askania manufacture) was set up at Kjevik Adrport,

" Kvistiansands,
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V. FINAL REDUCTION QF DATA ..

1. Plotting of Flight Path

(1) This was achieved by identifying points from selected fremee
of 35mm film on photographs o% scales of 1/45,000 %e 1/20,000 (approx.,
The points sslected for ifentification were along the flight linss
at an average distance of 750 metres, this distance heing greater
in areas where detail was sperse, X

2, ‘Twensfer of Flotted Flight Path

The points plotted were transferred to astrafoil overlays
4o photo mosaios mounted on Pegra at & scele of 1/25,000 {approx.)

3, Relating Profiles to the Flotted Flight Path

M1 plotted and estimated points were marked on the record,
using the photo—frame nurbers and the corresponding f£lduoial
marks, after allowance had been mede for lag.

4o Datum Lining and Iatercepting

(1) Recorded profiles were referred to a oommon datum
based on tie points, ' RO

(11) Intercepts were read from yrofiles at minima and maxima,
Also at intorvals of 20 gemas in epeas of low magnetilo gradient
and at 100 gammas in arees of high mognetic gradient.

(431) The intercepts were transferred to the overlays meking
due allowance for horizontal soale changes. '

5 Ooxrbom

Intercepts transferred to the overlays were contoured at
intervals of 20 gemmes in ereas of low megnetic gradiewt and at
100 gammas in creas of high magnetic gradient, '

B Worgi Shecta

Copdes of the magnetio contour work sheets on Acourens
transparent material and working copy photo mogados mounted on
1inen were given to the olient's representativea. '

VI, COMPILATION OF CONTOUR MAES

1. Base Meps

The Base Meps are semi controlled photo mosalcs at a acale
of 1/25,000 (approx.) mounted on Pagres :

NOTE: Duplication ani omission of topographio

= detall exists on the photo mosalcs used
as a basis for the presentation of the
geophysical data. They have affected
the anomaly pattern presented, This
should be taken into account when a
detailed study of anomaly position end
shape is made,



2, Presentation

{4) The finsl maps are presented on transparent un-afoﬂ.
and overla;y the Pagra photo sosaics,

(i1) The topographiocal detail is taken from the base maps and
rresented in black,

(111) . Flight lines areshminblaokmdplottedﬁmwin:u :
are show at :I.nterval; along the lines,

(iv) The magnetio oontours are g_hown in red,
VII, MISCELLANEOUS

1, Liaison with Client Quring Bm,;

Mazars, Anlstad (Geophysioist) and Bcrgm ('I'echn:l.ci.an)
were the olient's reprementatives at Kristiansand and Funtirg
Goopliysios laboratories, London, vhilst the ﬂ,ying and data
reduction was in progresa.

2, Mate ) +0 tha Glﬂ.en'b

The following maps, mosatlcs, reports and records were
supplied to the olient:~

(1) Maps et 1/ 25,000 (approx.)
' Ons oopy of the following:-

H Magnetic Contour Work Sheets on Acourene,

b) PFinal Magnetio Contowxr maps on transparent
astrafoil,

(o) Interpretation mep,

(44) Momaics at 1/ 25.0_39_ {epprox,)

One oopy of each of the foJlowingsé

iag Working copy mounted on linen
b) PFinal mosaic mounted on Pagra

(111) Reports

Two copies of the Operational Report
Two oopd.es of the Interpretation Report

(v) Records | o
Afxborne Geophysicel Mecords oomi.sting ofs-

Jirborne Magnetometer Record |
Radioc Altimeter Record

35mn £41m

Daily ¥light Roporba

W)
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INDEX TO LINES FLOWN ‘ T

AEROMAGNETIC SURVEY ~ AHENDAL ARRA (NOR¥AT)

HoGele SURVEY NOs G170

No. ,of | “True ' Dai-;o Sortis ) " Remarks
" Flight dirention .~ Flown Ro,
Line , F’.u%ht {where
Line applicable}
' degmea :
1 1290 4/10/58 : Reflown due to navigat-
: ional error (part used
- ir. reduction)

1 RP 3099 8/10/58 2

2 1290 4/10/58 - - |

3 129° 4/10/58 -

4 - 1290 L/10/58 '

5 129°. 4/30/58

6 1290 7/1.0/58 1

7 129° 7/10/58 ;! Reflown due to navigat~

. ional m;ngpm used
’ ‘ :Ln_re&.m '

7R 129° - 8/10/58 2

8 129° 7/10/58 1

9 1290 7/10/58 1

10 1290 7/10/58 1

11 129 7/10/58 1 1

a2 129° 7/10/58 1 g

13 129° "7/10/58 1

L 129° 7/10/58 1

15 1290 7/20/58 1

15 309° - 4/1Y/58 '

17 309 | 4/10/58

18 3090 /0758

19 309° i/20/58

20 309° 4/10/58

2 309° | 7/10/58 1

22 309° 7/10/58 1 :

23 3090 7/15/58 1 Reflown due to navigat- }
donal errcr (part used
in reduction)

BEF | 309° | 7/10/58 1

2% 305° 7/10/58 1

25 309° 7/10/58 1 Reflown &ue to instrument |
. aryor ‘
25 RP - 509° 7/1/58 1




No, of | True . Data Sortie Renarits
Flight direotion | Flown No, e
Line “of m?ht (where '
Lines (in applioable)
dogrees) o
26 3090 7/1y/58 1
27 309° 7/10/58 1 - .
28" ° /58
_, Sl e C "“i.?:',:."‘ &3&“‘&
-~ inr
BRF | 3090 | 7A0/8 | 2
2 309° | 7/20/58 2
30 309° | 7/10/58 2
n 309° | 7/10/58 2 |
32 309° 7/4/58 2 Reflown due to navigat-
ional error (pert used
'} _ _ in reduction)
32RF 309° | 7/10/58 2
33 309° 7419/58 2
N 309° | 7/1/58 2 Reflown due to navigat~
R | 3090 V7008 | 2 -
35 309° | &a/s8 | 1
36 - 309° | 8/10/58 1
5 309° | 810/58 1
38 309° | 810/58 3 U
39 309° 8/10/58 N
Lo 129° | &/10/58 1 ‘
A 129° | 8/10/58 1 Reflown dus to navigat=
' , ional error
W1 xp 129° 8/10/58 1
52 1290 8/10/58 1
W ©309° | 820/58 2
'S 129° 8/10/58 2
oo e |88 | 2
e . 129° f /158 | 2
57 1290 | 710/58 2 -
L8 129° | 7/10/58 2
T . 129° | 7/w0/8 | 2
50 |  19° | 710/ 2
- a 1290 | /10/58 2
5 129° | .7/20/58: 2
53 309° | 8/10/58 2.
5 309° 8/10/58 2
55 309° | 8/19/58 2
. 5 309° 8/10/58 2




No, of Trus Date Sortie Remaris
Flight direction { Flown Noe _
Line of m.%ut (whers

| Lines (in applicadble)
degrees) .

L74 390 8/10/58 2

58 1299 . &/20/58 2

55 129° 8/10/:8 2

60 129° 8/19/58 2

61 129° 8/10/58 2

62 1290 8/10/58 2
No, of
Tie Line

1 2200 8/10/58 2




 ‘Plateno 2
LOCATION MAP, SHOWING FLIGHT LINES AND |
SHEET LAYOUT.
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Plate no 3.

SPECIMEN GULF MK I MAGNETOMETER RECORD
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Plate no 4,

RAD!O ALTIMETER RECORD

SPECIMEN APNI




PLATE No. §

IDENTIFICATION
OF
FLIGHT PATH

TOPOGRAPHICAL MAFP
1: 25,000

AERIAl PHOTOGRAPH
1:10,000

ISMM  FILM



PLATE N° 6A

Lockneed I,



PLATE N° 6B

"

®
»

Gulf Mk I  magnetometer  detector head



PLATE N°6C

Guif Mk TI  Mognetomeber console



PLATE N°6D

Gulf magnetometer

Leeds Northrup  recorder for the



PLATE N°6E

The APN.l. Radioc Altimeter showing transmitter/ recaiver  unit,

AN

anfenno ond pllots  indicoter



PLATE N°6F

The Vinten 35mm camero end intgrvolometer



