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INSTRUMENTATION FOR AIRRORND CRCPHYSICAL SURVEYS -

| WITH D.Q.3. ATRORAFT

BY J.K, NEWMAN, BUREAU OF MITT927, RESOURCES, ATSTRALIA.

The Commonweallh Burcau of Mineral Resources conducts
asrial magnetometer and scintillograph surveys using a DC.3. aireralte.
This paper describes {the equipment installed in the aircraft and that
associated with the ground organisation. In addition to the D.C.3. air-
craft, the Bureau employs a light alrerafi for low-level scintillograph
'surveys as described in a separate paper = Radiometric Surveys using &8

Light Aireraft by J.M. MULDER,

PRIMARY EQUIPMENT
MAGHRETOMETER |

The magnotometer is of {the self=-orienting fiuxgate
typee The main detecior channel employs a single core fluxgate giving
an output of sharp voliage peaks ﬁhich are dotected and amplified by a
balancel/detector and a differential analyser. Orientation of the
detector fluxgate is achieved by means of auxiliary fluxgate channels

which operate tﬁo servo systons,

The table below summarises the characteristics of
the Bureau's airborne magnetometer s

Responsa " o 3 DCs %0 2 cupes. {high frequency

~

response to mecommodate "backing-
Coff™ shift in datum.

Sensitivity (in gammas per 5000, 2000, 1000, 500, 250

.9

full scale deflection on
a 10 inch chart)

‘Stability and Reproduci-

[

0.2% (Calibration can be adjusted

bility of Calibration ' to * 0,1% of nominal value)
“*Backing=off* current ¢ Dongiterm drift is limited to an
supply absolute meximum of 041% per hour,

but is generally 0.02% after

" warning-up periocd,



"Backing;off'stops X Adjustable to 6 inches of chart, ¢ 0,02
inches, on each esensitivity range. 16

steps automatic in operation,

8tability of\oalibration is achieved by.roturning éortion
of the output current to a feedback coil on the detestor fluxgate., The fe?dbaok
ratio 1s.a$ least 50 on the 250 gamma range, and 800 on the 200 gamﬁa range,
80 that the calibration ia mainly dependent on the coil énd a stable dividing
notwork; and dn the stability of a 10 inch Leeds andlﬂorthrupp "Speedomax"

recorder.

The main portionp of the earth's field is amnulled by means
of a "burtent fed to the maln fluxgate drive windings, To simplify calibrations,
en additional "backing-off" coil is included, This coil is standardised with
respeot to the earth's field at an absolute magnetio station and is employed
;l a looondnry étandard for sensitivity calibrations to ¢ 0.01};, This method
has been found to be much simpler and more acourato than tho use of Helmholts

coils, in that orientation problems aro uvoided.

%

~

The eoneitivity ranges of 2000, 1000 and 500 gammas full
scale are employed during sﬁrvaying and are associated with 16 automatio .
"backing-off" or datup shifting steps of 1200, 600 and 300 gamma-lroapootively.
The 5000 gamma range is incorporated fg; adjuatmont.purposoa and for the rare ..
occasions when it is desired to\fecord extromoly.largo anomillon., To date the |

250 gamma range has been found useful for making cheoks on hoading_orror, but

has not been employed in routine surveying;

To reduce the effect of aircrart.magnotinm the magnetometer
detector head is installed in a boom extending from the aireraft's tail come,
With the detector element positioned 11 feet from the tail come the total
variation im recorded field due to heading error, as the airoraft's heading

varies continuously throﬁgh 360 degrees, is found to be approximately 15 gammas

in southern Australia (magnetio latitude 70 degrees) and 35 gammnl in northern

‘.

Australia (magnetic latitude 40 degrees).
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The values of the longitudiual and transverse components
of permanent magnetisation and the combined effect of longitudinal and trans-
verse induced magnetisation, are checked at the commencement of a survey,

by the flying of a small ssquare'on the four cardinal headinge over an area

of low magnetioc relekf, The track of the airoraft is similtaneously recorded

by a vertical strip camera. Thé square is treated as a minute survey grid in

which the misclosures are due solely to heading error. Drift can be neglected

- and careful imspection of the sirip film enablea all position error to be

removed, if the magnetic relief is not great.' A uinglg_squaro (more commonly
known as a "oloverleaf® due to the route the aireraft follows in the flight)
provides two values for each ccmponent of permanent magnetisation, and,
offectively, four values for the combined effect of longitudinal and trans-

verse induced magnetisation,

The heading error is reduced'to negligible proportions
by compensation with f&o horizontal electromagnets and twin soft irons
compensator pods fitted one on each side of the magnotométef boom, The
problem of measuring and compensating héading epror is simplified by the
fact that the magnetomster deteotor is mountea on ;n axis of symmotry.of
the airoraft with respect to the magnetic iron 1qéng1nen and cables, Thus
all but two of the nine cootficients of induced magnetisation can dbe
neglected, and these two can be “treated as one, providing it is assumed that

the giroraff rotates in azimuth but doeaAnot change attitude. £ raugh

| correction for the vertical induced and pormanent magnetisation to reduce

the effeot of manoeuvre noise is made by means of a vertical electromagnet.

The total vertical magnetisation is most effectively checked by ground tests
with a stationary fluxgate magnetometer set up close to the magnetometer

boom,

In addition to the 10 inch Speedomax recorder, it has

been found convenient %o employ & second recorder oparating at appronimatoly

one quarter of tho chart width and chart speed, to producn reduced -calo rocords.

\
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These reduced scale records, when mounted in gtoups on large sheets, provide
a much more convenient guide to the progress of a eufvey than the large unwieldy

full scale records.

For monitoring disturbances in the.mégnétic field, a single
element fluxgato magnetometer is maintained at a ground station and the records
from this instrument are used if necessary for applying corrections to the
airborne data, £9 a rather arbitrary criterion, magnetic disturbancwessof more
than 6 gammas in 6 mingtes are considéred t0 necessitate correction of the

Disturbances

airborne trace, Distankesigreater than 20 gammas in 6 minutes require a

roeflying of the relevant portion of the airborme survey,

N
~

SCINT&LLOGRAPHS
Two scintdllometers are employed, one mounted 1naﬂp

the aireraft, the other carried in a towed "bird ®, The inboard scintillo-

metor employes two €halk Kiver type detector heads, each with two sodium rodlido

orystals, 2 1nohe§ in diemeter and 4 inches long, which feed into a single

Chalk River ratemeter. The effective time constant of the arrangement is 2

secondse,

Tﬁo second scintillometer oompfises a plastiec phoéphor
5 inches in diameter and 6 inches 1ong;:photo-tube detector, transistorised
pre=amplifier and E.H.T. supply built into a "bird" with a total woighf of
approximately 70 1be The "bird" is towqd at 290 below &hd 360 feet behind
the airoraft by a steel cable 1/8Binch in diambter, and of 900 1b, breaking
strain, The steel sheath of the cable forms the olectriﬁal gound and a
single central conductor carries a filtered 12 volt D.C. supply dowh,to the
bird and returns the amplified scintillation pulses to amnother inboard Chalk
River ratemator. This hae an effective time constant of thé,aeqond. The
‘output of the two separate ratemeters are recorded by a dual ﬁ;n Toxas

Instrument's "Rectiriter” rocprdor.



NAVIGATIES & EQSITIONING EQUIPMENT o

| Two methods of navigatiﬁg and recording the fiight patl"xb h
of the survey aircraft are currently in us#. Those methods are described
in detail in another paper = Problems of Navigation and Position Plotting.
Shoran navigation and the recording of Shoran position co-ordinatés are
employed when aarial‘phbto-doveraga is not available, for éxamplo‘when the
area includes a large ppoportion of water or featu%?esﬂ torrain, or when ...

a very close flight-line spacing is required, - =

When serial photogf;phy is adequate, £he }féferréd mothod
is to navigate Sy'means.of.photo-mosaics and.to récord true position with a
vertical camera and Air Position Indicator system. The vertical camera
record is used to identify true position at approximately 15 mile intervals
| or whero tie-lines oross flight lines, and the Air Position Indicator provides

a.fairly rapid means of interpolgting between photo 1dsntifisd'points. :

SHORAN - -
- An AN/APN-84 Shoran transmitter and indicator are installed

in the D.C.3. aircraft whon required, and are usually operafed %n conjunction

with throo_AN/hPN-za ground stations during the survey. The a} - gtation trans-
; s g
mits 20 KVA peak power at 250 and 230 mec/s.. - <

As ia wveoll know;, the combination 6flthé-5horan air
station plus two ground stations pf;videa' tﬁo range meaéufeﬁente, which
are continuously available for trilateration of the airﬁfaft's positl on,
The principal drawback of the Shorem system is its dépendence on an
nnoﬁstructed line=of-sight between aircraft and beacon, For thia.reason {the
averagoe geophysical airborne survey, flown at lev;ls between SOOIand 1,500
feet, neoessitaﬁea the siting of grouﬂd stations at a éziiér of high.points
{to provide ooﬁplete coverage of the survey afea. To facilitate the change-

over from eontrol f¥y one beacon pair to another, a third groungdstation is
i o '

oo . ~




/ ' normally moved into a new position while the first two beacons are still
/i
/ in operation, The third beacon sorves also a roservoir of spare Shoran

units to meot bpeakdown emergencies.

/i 4

ﬂ% In operating the airborne Shoran, two sets of signal.

% and marker pulses must be kept in alignment bj continuous: adjustiment of

m marker pulse delays, the adjustmen£ being controlled by two handwheels.

. Counters registering from 0,001 to 99,999 are mochanically coupled to

the handwheels and iranslato the marker pulse delays into mileages. As
it is almost aAphysical impbssibility for a single operator to continuously
adjust the two handwheels and maintain the pulses in alignment for long |

¥ periods, the Bureau.has constructed Aided Layers to a design provided by
the Division of.Radiophysics of the Commonwealth Scientific and Industirial
Rqsqgrch Organisation, This equipmenit was designed along the line$ ol
éunlaying equipment and ie a considerable aid to the Shoran operator in
that it removes the constant wvelocity component ffom thq&anual adjustments.
Nevertheless, the operator is more or less continuougly.occupied in
maintaining the adjustments required to accommodate ch;nges in the air-

craft's speed relative the beacon's,

An Automatic Follower, which removes the need for
manual alignment of Shoran pulses, is available in the U.S.A., under
the designation of Indicator Agéémbly ID-288D/APA-54a. The Bureau
investigated the problem of developing an automatic follower for itv“;.

LN om use but decided that the relatively small scale of the Shoran -

operaﬁbne would not justify the projocts The present method of semi-

1 manual alignment using Aided Layers has proved aurpr;singlyAaccurate,
: Jnctiviaval

the error varjing from 0,01 to 0,02 miles for an additional distance

measurement.

In recording Shoran position co-ordinates two methods
are used, The first is by photographing repsater mileage counters at
intervals of ten seconds with an instrument camera, the main requirement

being that the photographic image of the counters on the film should be

-



large enough‘for reading without mapgnificetion,

The second method ¥ad a $traight Line Flight Indicatar
and Plotter, which has beon constructed to the design'brovided by the
Division of Radiophysics of the Commonwe&lfh Scicntific and Industrial
Research Organisation. The original version of this instrumont has beon .

described by Richardson (1959),

The instrument consists of two mechanical linjages
which are electrically coupled to the Shoran mileage indicators and auto=
matically indicate the position of the aircraft. One linkege drives an
electgical probe, representing the position of the airoraft over an
adjustadble glnss.plate coated with a thin layer of mstal, through which

is engraved a line rspresenting the dcsired flight path., The probe produces

" a signal, which is proportioned to the doviation from the line and whose

gign depends on the direction of the deviation, The signal operates a

left/iight position indicator in the cockpit, The second linkage drives .

"a scribe which draws the actual flight path (according_ﬁo Shoran

co~ordinates) on a lacquered glass plate. -In both linkages, M-type motors
adjust the position of the prove on two lead scrows to represent the two
Shoran range measuremenits. The lead sorews pivot at points which represent

the positions of the two ground stations.

The area over which the Straight Line Flight Indicator
and Plotter can be used im restricted'by the mechanical characteristics of
the instrument., The probe and scribe; which are mounted co=axially énd
represent the position of the mircraft, camnot cross the baseline beitween
the two lead~screw pivots or approach very close 10 each pivot. Limitations
ere also imposed on the range of operati;n and on the beacon separatione
VERTICAL CAMERAS. | N

A photographié¢ record of the track of the alrcraft is
obtained by a 35 m.m. camera arréngod to-photograph thoe terrain vertically
below the airerafi, Continuous sgirip gnd Lrome cameras'have been uséd at |

différent timege The ccmiinucus sirip camsra is proforrod for the following



reasons -
(a) It is mechanically simpler aend mors reliable in operation,
(b) Fhe correlation system depending on $iducial marks on
recorder charts is mofe easily epplied to the ocontinuous
strip film, |
(o) I% has been found easier fox a draftsman to :ollaw and
plot the flight path wﬁen rocorded as a continuous

image on strip film rather than on ovsrlapping frames,

Both strip and frame cawmsras are fitted with wide-anglo
lenses giving an angle of view of approximaiely 90°, It is concidoered thad

an even wider angle of view could bo uscd 10 advantagoe.

During Shoran operatioans, an Fe24 acrial camera, which
produces Séinch squére photoéraphs has been used on occasions to fix a
Shoran ground station chain with respect to survey irige. points, Shoran
controlled F.R4 photo-ruﬁs have also been employed 1o provide control for

photo-mosaics in inaccossible areas,

ATR POSITION INDICATOR

The Adr Pbsition'lndicatorl(A.P.I.) continuously computes
eir position in tarﬁs of nautiéal miles north=south ;nd east=wvest of an
arbitrary origin. The two éounters; thch repeat thé Shoran mileages and
are photographed by an instrumenf camera during Shoran=controlled surveys
can alternatively be elctrically coupled to the AJP.I. to pravide a record
of poéition; Recently, the output of the AL .I. has been couplyd to a
rectilinear chart recorder in such a manner that the chart's time scale
indicates position along a flight line and the pen deflection shows the
drift left or right of the planned track, In this manner a continuous
record of the computed air position ig available for intarﬁolation between
photo-identifiod positions. This replaces the recording of co~ordinates

at 10 second intervals by the instrument camera,



The AP .d. receivea distance information from an Air
"‘Mileage Unit which integrates air speed information from the standard
pitot tube installed in the nose of the aireraft, and receives dirsction

information from & Sperry Gyrosyn compass.

A Ground Position Indicator {(G.P.I.} hos also been
£light tested, This equipmsnt corrects tho aiir position dasta for wind .
velocity to produce an estimated ground positiqn. An extra man is needed
to operate gyro-stabilised drift melcr and to feed wind information to the
GJLP.I. At tho low altitudes common in geophysical surveying, this wind
information has uever‘provéd sufficiantly acecurate to jgﬁtify the extra
men, and the G, P.I. has not been adopted for survey use,
RADIO ALTIMETER

A radiocaltimetery, type ST 30 supplied by Standard
Telephones and Cables -is instellod in the aircrafi. This instrumont
transmits a 4000 mc/b gignal, froquency mciulated at 300 cyoles, verti=
‘oally downward. The signal reflected from the ground is mixed with the
trgnamitted signal and the difforence frequency becomes a measure of tln
phase ¢ifference, at 300 cyclas/%ec, of the transmitted and reflected
signals, and this is proportional to the alititidegy. Two ranges, 1000
foot and 5000 feet full scald, have béen found most convenient for
curvey flights from 500 to 1500 foot above torrain, The altitude
indication is displayed on meters in the cockpit and the cabin, is
recorded on a Texas Instrﬁﬁent Rootiritér, and also operates limit-

lights in the cockpit,

CORRELATION SYSTELNL . —
e —

Dopending upon the type of survey, up to seven

different records must be synchronised by the correlatich system. Tho
various records are 3=
Magnetoneter
Dual pen scintillograph
- Radlo altimeter
AP JI. recorder

Vertical camera




Instrument camora = (for Shoran or AJP.I.)
Shoran position plotter.
Obvibusly the seven records are not usually required together on one survey,

but it is very common to require at least five of them. , .

%, .

In order to adoid the troubles which inevitably occur“
' witﬂ a system in whieh number oouﬁtera are the sole means of identifying
instrument camera frames and strip film positions, and which requires the
flight operators to record identifying numbers on the various charts,

a coded fiducial system has been adapteds This system depends on a pulse
timerwhich produces single pulses at an intefval usually adjuated between
10 and 20 seconds, a double pulse for évery tenth interval and a triple
pulse for every hundredth interval. The fiduclals are recorded as side-
pen marks on the charts, as small hlanked-off lines across the vertical
strip film an; as small deflections of the Shoran plotter soribe, In the
frame camera the single pulses trigger‘the shutter and are recorded as
frames, the double pulses light a aiﬂgle lamp and the friple pulses light

Y

the indicator lamps on the instrument panel,

.The u;e of number counters, photographed by thq
vortieal and 1nstrpment cﬁmeras, haas been continued and operators are
required to write én occasional numb;f against the fiducials on the charts,
However, the numbers are alw;}a”checked for agreement and if,; for example,
number 397 coincides with threo fiducials on the vertical strip film, this
nugiber is altered to 400, In a similar manner all gorrelation errors are
guarded against as long as the fiducial marker pens on the recorders are
adjusted so that there is no parsllax beiween their movements and these

of the main pens,
L B

COMMUNICATION EgUIPMENT. ‘ -

Apart from mandatory communications equipment, an

'ad&itiongl BC 348 receiver ahd a Collins ART 13 transmitter are installed
for communication between aircraft and the Shoran ground beacons, Some-

times the same equipment is used for communication with the survey base,

\
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Standerd intercommunication equipment is installed for
liaison between the flight erew, The pilots have found a loudspeaker
installation preferable to earphones and steps are now being takdm to fit ) ¢

several loudspeakers in the main cabin,

GENERAL REMARKS ‘ , ' i

The power required to operate the geophysical equip=
ment in the aircraft is supplied by two 200 amp., 28 voli, D.C. genorators,
The magnetometer requires 60 amp., the Shoran equipmentilO amp, and the
winoh for the towed bird 90 amp.,s The rémainder of the equipment requires

appioximately 40 ampe i

- A “spparat8e power unit, consiting of a 300 amp., 28
volt, D.C. motor generator mounted on a vehicle trailer, is used for pro- |
viding power nécgasary for testing the equipment when 1% airoraft is on

the ground, - . . . .

The method of installation of the o&hipmént described
in this paper is illustrated in a series of photographs which have been :

mado available for display duriny the Seminar,-

With regard to thé:personnol required for operation of

" the survey equipment in the sircraft, it has been found in practice that two opera-
' |
tore are sufficient for both Shoran and photo-controlled magnetometer:and {

sointillograph ;urveya. During a Shran survey, one operator is fuily
occupied maintaining alignment of the Shéran signals, while the other
supervises thé r;méinder of the equ;pmant from a seat placed in front of
the magnetometer recorder, kfhe tﬁo operators take turns in attending to
the Shoran equipment, in order to avoid excessive fatique;'and consaquent

errors in pulee alignment,

The Bureau has recantly completed plans for introducing
modifications to the magnetometer inatrumentafion which will provide for j

recording of the magnetic data directly in digital form on punched tape

]



and enable reduction of tho data to be carrisd out by an electronic somputer,

The possibility of repléoing the fluxgate magnetometer
by e nuolear resonance magnetometer is being investigated and it is likely
- that the fluxgate will be replaced eventually by an absolute magnetometer,
based on proton precession or possibly rubidium vapour resonance abaorption."
A megnetomoter of this type offers the advantage zoro drift which would . -
‘3djm1i$¥ftho_problem_o£ reduoingltha data, and shoul@ be more suitable than

the fluxgate type for installation in light eircraft,

REFEHENCE
A Straight-Line F light Indicator for the Pilot of a Rader-
Bquipment Aircraft. By R.C. RICHARDSON, _
Australian Journal of Applied Scolence voi. 2 Noe 2. pages

. 2232234, 1951,




PROBLEMS OF NAVIGATION AND POSITION PLOPTING IN AIRBORNE GECPHYSICAL
- - SURVEYS.

by

R. M. CARTER AKD J. MATHER,

BUREAU OF INERAL RESCURCES,
AUSTRALIA.

INTRODUCTICH

The information given in this paper is based
mainly on the experience of the Comnmonwealth Bureau of Iineral
Resources in the conduct during recent years, of airborne

geophysical surveys on an extensive scale throughout Australia.

" In an airborne sufvey carried out for geophysical
purposes, it is essentlial that reliable metﬁsds be used, firsily
for flight navigation, to ensure that the aircraft io flown
along the pre-determined lines and gecondly for the plotting
on aerial photographs or maps of the paths actually flown, %o
eﬁabie the geophysical dgﬁg %o be finally presented in map

N :

‘ form.

The methods of navigatioﬁ and plotting moat
frequently employed in Australia are based*on the use of
aerial photographye. In general, theae.méthods have been found
moct suitable for aeromagnetic surveys of sedimentary basins
and for surveys of a reconnaissance type over metalliferous
wining provinces. Howevér, where the surveys extend over
'off-shora areas or over terrain lacking identifiable'features

or where very detailed surveys are required as for the inveoti-

gation of particular mining localities, 1t is usually preferable




to replace the photographic methods by a Sheran radar navigation
system. The methods below are used with a D.C.3 type of zircraft,

specially equipped for magnetometer and scintillomster curveys.

FPIOTOGRAPHIC NAVIGATIOH. .

The aircraft is navigated by visual comparison
of ground features with detail om aerial photographe. The
photographs are usually on a scale o2 1 to 50,000 or lvto
30,000 and for convenience are assembled intoe mosaics of
suitable size,Aon which the planhed'flight lines are drawne.
These are usually straight and parallel at separations of
% or 1 mile, and cover the survey area with a K-S or E-%
grid, the directlion being governsd by geolpgical‘considera-

tions,

At intervals along_each £flight line, the pilot marks
well-identifiable features on the merial -photographs. The
check ﬁoints 80 narked are given rofercnce numbers and assist
in the subsequent plottin0 of flight paths from vexrtical

. strip film to aecrial pbotovra:hs. The strip élaﬁ’ia exposed
by a 35 mn. camera carried in the aircraft, and arranged to
photograph continuouéiy the terrain varfically below the
aircraft. The strip film is correleted with the magnetometer
andother instruaent charts by wezns of a coumon fiducial aark-
ing system and provides the means whereby the final accurate
plotting of the flight path on the aerial photographs is

~ accomplished,

, Flotting of the flight patho concists of iransferring
eachfcheck point and intermediate fiducial points from strip-
| film to aerial photographs. The tre-iines are uaually |
plotted first and then the traverse lines. Care must be

- exercised in plotting the iatersections of tie and traverse =



lines to avold introducing errors into the subsequent

prooess of reduction of fhe profiles ¥o a common datum.

' The aerial photographs shoald be of good quality

and should give complete covorage of the aroa to bae curveyede

- Scareity or poor definition of topographioal features rondexrs

navigation difficuls and reduces the eace apd accurazy of the

" plotting of the flight paths. The acourécy-ia reduced

because of the lengthening of the intervals botween points

which can be reliably and accurately transferred from stirip '

-film to photo-mosaic or map. The quality of the etrlip film -

pimilarly affeots the ease and accuracy oif plotting and

: correct processing of fhe film iq thorefora of considerable. -

importances

S

T
~

In Australia 1t has been found that extreme
diversity of terrain types may occur in an exténsive,aurvey g
area and may reoult in variabllity of plotting accuracys

Changes in ground features may occur with passage of tlme

‘and it is therefors dssirable that the aerial photography

1

ugsed should be as recent as .possible.

- AIR _POSITION INDICATOR..

The plotting of flight lines by the method outlined

aﬁove is, in general, a long and tedious process. It hacs been

found. that the time required Lor this task con be reduced

. conaidprably by using an instrumont known as sn Alr Position

" Indicator (A.P.I.). This is installed in the survey aircrafd

and is designcd %o provide a continuous measura of the airx

position of the sircraft rolative Vo ito siaxting polint or

-other Imewva point, in Texma ¢f %wo eo=oxdlnaies. Tho A.P.d.
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integrates air speed and compass heading with time and records

" @ position, which, in the absence of wind, will be the true
ground position of the aircraﬁ. The A.P.I. oo-ogdizmtes
; ‘are indicated by mileage counters mounted on a panel and

“ photographed automatioally at regular intervals by an
instrument camera. _

Attempts were made to use a Ground Position
Indicator (G.P.I.) in conjunction with the A.P.I. The G.P.I.
is designed to compound the A.P.I. data with the wind vector
t0 give the ground position of the aircraft qt any instant.
'However, this method involves the calculation of wind velooity
by some separate means such as a drift meter, and was finally
discarded in favour of the use of the A.P.I. alons, becauss
of inaccuracy caused by errors in wind measurement and also
because the method required an extra air—orew member for
drift-meter observations. o _'

The A.P.I. method has been used to reduce
effectively the work involved in plotting flight lines.
Accurate plotting by transference of points from strip ﬁlm
- to merial photographs is still required for the tie lines,
cheock polnts and the 1nteraectione of tie and traverse lines,
the A.P.l1. data being used for the portions of traverse lines
between check points. The distance between check points
over which interpolation by the A.P.I1. 132 satisfaotory.
varies be:ween 7 and 15 miles depending on the particular
conditions of the BUIrvVeye The flight path between each pair
- of check points is drawn on an appropriate soale, usually
1l mile to 1 inch from the mileage co-ordinatoa recorded
during flight and is then adjusted proportionately %o f£it
" the relevont pair of cheok points marked on a base map on the

‘same scale. An improvement of the method is wnder © 2%
‘development, whereby the A.P.I. data will be recorded in

the aircraft by a pen on a moving chart 8o as to give a trace
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representing the position of the aircraft. Transference
of the flight path recorded in this way to a planimetric map
is facilitated by a opecielly constructed type of ypantograph.

SHORAN RADAR NAVIGATION SYSTIM.

This system was designed to provide an
accurate means of navigating an aircraft and of fixing its:
position relative to known ground stations. It provides an
acourate method of navigation over water or over land arecas
where suitable aerial photography is not available.
|  The principle of operation consists in

measuring distance in terms of the transit time of a radio
éignal in the form of a train of pulsesy which is8 transmitted
| from the aircraft end recived by two fixed ground beacons.

The beacons are triggered by thé incoming signal and send

out & pimilar train of pulses which is received by the
equipment in the aircraft. The transit line for the path
from aircraft to beacon and return 1s measured and converted
t0 a distance axpreaaad in miles. Thus, tha maater equipment
‘in the aircraft interroga$99 two beacons established at points
fixed by a ground survey, in order to measure the distance
from each beacon. The distances are displayed on miloage - :
counters. One pair of countéra is photographed
~automatically at regular intervals by an instrument oamera.( iy
the other is mounted on the pilot's panel. A trilateral fii;j
of the aircrafi’s position is therefore made and maintained
. continuously during flight. | .
Ravigation of the aircraft along pre—determined

traverses necesoitates the calculation beforehand of the i
| mileoge co—-ordinates at numerous points aldng each traversa.
The pilot is provided with a 1list of sud .co~ordindtes and
maintains the correct track by oontinuously gomparing the )

Oalqulated,éo-ordinatea with the changing co-ordinates

gl
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indicated by the mileage counters.

In some of the surveys carried out by the
Bureau 1t has been possible to simplify the application of
the Shoran method by flyinz ércs instead_of.atiaight liﬁos,
in which case the aircraft maintains o cdhsfant distunce from
‘one beacon during each arc traverse. The procedure reduces
the work reguired in calculation of co-ordinates for flight
navigation and mnkes the task of the pilot easier; - but,
on the other hand may create difficultios in the subsequent
roduotion of_the geophysical data.

' A device known as & Btraight Lines Flight
‘Indicator end Plotter ia_sdmetimes used a8 an adjunct to the
Shoran equipment. The device ia designed to facilitale the
flying along pre—determined straight lines and obviates the
need for ﬁrevioua calculation of milesge co-ordinntes. The
plotter incorporated in the device traces on a lacquered
plate, a line representing the track of the aircraft, and
gives in effect a plan of the flight lines which is convenient
for reference during survey. Ilowever, the instrument haé not
beon widely uoed-bec§§se of several inherent disadvantages

cauged by ita mechanical limitations.

The positions of the Shoran beacons are accuratel#
fixed prior to the commencement of the survey by triangulation~
or ground traverse. Tﬁe flight lines can then bo plotted
accurately using the known beacon positions and the
photographic record of the mileage co—~ordinates,(i.c., thel
dietances of the aircraft from each of a pair of beacons)

" made during the flight. The plotting 48 done on transverse

mercator projection at a scale of one or two miles to an inch.

The process of plotting from the mileage co~ordinates




is facilitated by using graticules drawn on transparent

ahéeta and consisting of concentrié circles at intervalas of

- 1/10th inch. The graticules are placed co that the cemtre

‘of the circle system of a graticule coincides with each of

the two beaopn points. This @ethod of plotting is considerﬁbly
- quicker than the method using vertical strip film eand aerial i
photographs, an& has the further advantage that it is very ,
- convenient for use by the field party during the course
of a survey. In the Bureau‘s.operatiéna it ie customary to :
plot the flighﬁ lines on the day followinglthe actual flying é
so that any omission of lines or éxcesaive departure from the |
planned flight lines can be detected and rectified in subaequent
£11 ghts. - i

As examples of alrborne geophysical surveys which

required the use of Shoran the following surveys are clteds=

Tennant Creek Mining Field, Northem Territory,

where on area of about 2,500 square miles of rela= ‘
tively featureless terrain wuas surveyed with airborne -
'magnetometer\gpd scintillometor along f£light lines
spaced 1/5th mile apart. The principal aim of the
survey was to delineate magnetic anomalies, which,

in the Tcennant Creck fieid are known to be ;
associated with copper and gold ore bodies, ard to
locate them as accurately as possible in relation

- %o existing mines and mine leasess

Bonaparte Gulf Basin'in Vestern Australia and :
- Northern Tefritory and Perth Basin in Westerm |
Australia. Aeronmagnetic éurvaya were made of

these sedimentary basins to asmsist oil exploration.

The use of Shoran was e¢ssential to enable the i
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surveys to cover the off-ghoxe extensions of
the basing and parts of the land arcas where

mapping and aerial photography were inadeguaice.

ACCURACY OF PLOTTING NMETHODS.

‘The accuracy of photographic plotting of airoraft
-position bas been estimated taking into account the folloﬁing

. possible sources of error:~

Frror due to tip or tilt of aircraft of upi

to 30°, at 1,500 £t. Qbove ground level. X 80 feet.
Possible error in good slotted template §

photo-assembly. t 50 feete
Personal error in tranaferring from astrip )

£ilm to photographse. t 100 feet.

Hence it is eatimated that the overali accuracy to be
expected in photographic plotting is of the order of .i 230
feet (0.04 mile) or batter. -

The A.P.I. method was tested over two traverses
each 90 miles long and comparcd with the results using strip
film and 8 reliably controlled alotted tenplate assembly.

It was found that the errors introduced by the use of the A.P.I.
for interpolation over distances of 90, 30 and 10 miles were o
+ 0.50, 3.0.25 and # 0,10 mile, respectively. Similar tesis
made in a different area indicated errors of i 0.25 mile for
distances of 45 miles and s 0.1 miles for 30 miles and less.
sihus, if interpolation by the A.P.I. io restricteé to distanceaA;
of 15 miles or less the maximum error is uhlikely to excead

- o 010 miloe. >

The overall accuracy of plotting using Shoran da%a




‘and the graticules described above is estimated %o be

+ 0,02 mile.

HRICKT MEASUREMENT BY RADICALTIMETERS

It is normal practice in airborne geophyslcal
surveying to control the height of the aircraft by means of

a radiocaltimeter, a micro-wave transit-time measuring device

- which measures the distance between aircraft and ground with

an agcuracy of‘i 3%« In the survey aircraft used by the
Bureau, the radiocaltimeter indicates the height on a‘diél.
mounted on the pllot's panel and also operates warning

limit lighto which aseist the pilot in maintaining the
height within the limits imposed by the survey requircments.
In addition, the height is continuously recorded on a moving

chart in order to provice a permanent record, which is

normally required in subseqguent analysis\Bf the geophysical

data'

" COMPARISON OF NAVIGATION METHODS T S

The pnotcvruphlc metho& of navigation and glottinuc

'is the one generally preferred and most widely used for~

airborne geophysical surveys in Australia, both by the

Bureau and other operators. Uhder'certain circumsiances, for
example, over water or over land arecas where suitable
photography is not available, a radio method such as Shoran

has been found to be escential. The Shoran method has certain
advantages for general use but these are ouxweighed by the highe:
cost of the Shoran operation resultlﬂg from the additional f
personnel required aad the nacessity of estaollsh¢ng temvorary

grouna beacon statiomns.
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Other systens of navigation have been examined

as possible alﬁernatives to Shoran but none has distinct
enough advantages to Justify the abandonuent of the Shoran
systen. The Raydist system ie similar to Shoran in some
respects, has greater msccuracy, smaller range andé is
similarly complex. The Dappler Navigatior haé advantages
as regafds greater sinplicity and Isss weight, but has 2 lower
overall dccuracy due to dependancéldn a magnetic compass and
a range affected by many factors. The Loran system kas o
high;accuracy'but iw 20t sultable for short range measurements.
The Decca Navigator coaprises anAairborne'unit and thres

. noy SEEES
' than the Shbran_system while the cost of the equipment and

its operation is consideravly higher.

/
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She first experiments in ihe use of sevoradiwneiris
techniques began in 1946. &ince then much d“?blﬁﬁﬁﬁﬁi f
tecimigue and egulpment has iﬂkau B¢“u% and the methods have
been adopted in many countries. Ghe eorliest techniques, uwing
“ion chismbers or g@iyur Cot nter* huVﬂ given ploce $o bhe nse of
highly sensitive ond efficient acantilla%ima(caanters.

The airborne scintillograph is desipgned to produce a
continuons record of terrestrial gamma radiallon ot an 2itituds
of up to 500 feets The pﬁrﬂa ‘e of tae pororadiomstric measurce
ments is to locate reglons of anomalous radlcactiviiy which
micihit be associated with u,anidm.mlaarali acia“.éz comnareial
gradce

Sincle Altituds

In the interpretaticr of the scintillogrs pir Tetord, a
difficulty arises from the fact that when an u&maaﬁy is rosowied
alﬁﬂg a flight line, the trachk of the alireral® mlght nol have

assed through the v@ wtre of the sourge. ThusSy a ia¢“@ surfoce
ar@a écaauit of low grade with cenire close fo tuﬂ %r“aL of thﬂ
girerast could be confused with z point or small surfece avea
ﬁ@ﬁﬁwiﬁ lying further from the track. Furiher confusion ¢an

rise in the differentiaticn boltween polunt and line deposiis, and
b@tw&an.gruuvs of tha former and Gepgsits of lavge surfazco grods

_ A single sirborne sc“nniilogrann can provide &ﬂly
single record of gamma rodiation intensity: there sre %hrev Vg
kpoun quantities involved In the interpretation of the record.

~.

uurfaca area of depesit.

Position of deposit {the foﬂut ai tance of its centre
from th& track of the alreraftle

- {rade of deposit, in effectiva rass of radiosetive
material por unlt arﬂa.af surfzce B8ZXPOSUND.

if the offset aistance of the éepasit be assumed o be
zar0y then the supface ares of the deposit ¢an bo estimatod from
the anaualy width} and the effective mass of Uy0g can be osiimated

‘frsn the anomaly asmplitude, for specific valuss a niveprold alfle
tude and 1nutra§§n%§i ine’en ﬁsagﬁ. ouchh a @?a@aéuru wumgﬁg

fal&mweﬁ, glve somo reali»tie resulis, and some would be xaun&
confusing and inscourate upen.graund.1naesuigai¢an.

To assist in the evaluation of the anomalles one praatica
has boen to classify all asnomalicss aaaoruzng to thelr amplitudes
_commwraﬁ with the standavrd deviation of the siadisticsl varistions
of the "background? radiation, asswaing thad the &Pﬂmuliﬂﬁ are

dua to<aspesit$ &t zero offset distance.

The epriteria used sre somoewhat arbitrary, but haw@ the
effect of reducing the likelihood of g random variati&m in ﬁaunﬁing
rate belng Interpreted as a significant anomaly. Houover, Small
doposits of high grade can thus be 0?@?1&?58& gh\~ﬁ copanisance. 48
tazon of those of large area and low groade. This can ocour whore
conciderations ef'anafa3y'ﬂﬁglitud9 wnly ave madei W meanding
of the ancmaly widih must be appr eciatod in order ia fuprove the
techndque of intarpraﬁatian.

TWidth heve and nenuafa?%h ra fgrﬁ to '*iﬁh a%.maﬁzﬂmaamﬁxn
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The amplitude of the anomaly due to a point depo:it
falls to one=~third of its maximum at an offset distance cqual
to the detector altitude; for a line deposit, the corresponding
- value 18 one-half. By rogarding the figure o% one=third of the
maximum amplitude of anomaly for a specific point deposit as the
- lower limit of resolutiony then the effective width of swathe
would beg dvee 1,000 faat for an aircraft altitude of 500 fect.

At 500 feat, a flight-line spacing of 1 mile would
therefore result in the surveying of 20% of the overall area,
gadzgze probability of detecting a single localised deposic would

e (f

From several sources have come suggestions for the
obtaining of two raecords of the surface radioactivity over :a
specific area or along a spocific flight line.

_ A procedure at first suggested (Godby et al.), and
later attempted in Australia by the Bureau, is the reflying of
a portion of a flight line, corresponding to a significant
anomaly, at a lower altitude. The ratio of the square of the
maximum amplitude of the anomaly recorded at the lower altitude
t0 the maximum amplitude of the anomaly recorded at the higher
altitudey was found to have a crude relationship to the grade
of the deposit, between certain limits of area.

It can be shown that the ratio of the maximum ampli- .
tudes of the anomalies recorded at the two altitudes is a function
of the deposit area and offset distance: thus, given one it
would be poosible to calculate the other. Further, on the assump-
tion that the offset distance were zero, one or other of the peak
amplitudes can be used to estimate the effective quantity of U30g
in the deposit, N

Howevory it is difficult to refly a line exactly
becguse of navigational difficulties over ill-defined topographi-
cal featuresy particularly so at an altitude of 200 feet and at
a ground speed of 130 knotse Therefore the result could be that
the anomaly recorded during the second flight would correspond
to a different aircraft track. Thusy, no further information of
the nature of the deposit would- ‘be forthcoming.

It will be useful, therefore, to adopt a technique
vhereby a dual record of the surface radioactivity can be obtained
in an aircraft, so that the records correspond to a single air-
craft tracke The notion of measuring gamma radiation by usging
two detectors simultaneously at two altitudes was suggested by

re than one source (Godby et ale.)e It was proposed that a single
- 1nboard scintillograph be used, and in addition, a similar instrue-
ment towed beneath the aircraft, at an altitude difference of
about 250 feot. -

A reconnaissance geroradiometric survey at high altitude
(500 feet), using such a technique, could partially or wholly
obviate the geophysical purpose of a lower-level follow-up surveys
the flight-l1ine spacing adOpted in the former case would be a
qualifying factor.

The technique of the simultansous use of two scintillo~
graphs at two altitudes, using one aircrafty, has been investigated
by the Bureau, and since 1957, experiments have been conducted
duzgng airborne reconnaisoance surveys in order to develop the
mothode.

Briefly, the instrumentation consis ts of ono scintillo-
graph carried at 500 feet above ground, and another, idontical in
function, towed at 210 feat above grounde.
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: Al) deposits are assumed to be c¢ircular in exposure,
. and the formulae used in the development of the theory refer
also to the limiting case of the point deposit.

However, there are two imporient exceptions to which
other considerations must be glven: those are line deposits
and groups of small deposits. .

- 4 line deposit could be recorded In various formsg
as a point deposit, a small circular deposit, or & broad deposit,
deponding upon the angle bebtueen 1ts axis and the track of the
aircrafte The adjocent {flight-line records might show evidence
of the existence of a line deposit by indicating point deposits,
the posltions of which could be linked up on a map, afitar a care=-
ful study of the local geological formationse

i
_ The problemyd:flerentlating between point and line
deposits can be partially resolved by consideraticn of the slope
of the resultant ancmaly, and by applying the fact that for a
noint deposit, the anomaly recorded along a line over the deposit
£211s to 0.3 of 1ts maxinum value at a distanca from the centre
egqual to the detector altitude: for a line deposity, the corres-
ponding amplitude is 0.5 of the maximune

A group of small deposits night be assumsed to be a
single broad deposit, and adjacent flight-line records might give
no additional information. In such a case, greater resolving -
paover must be provided by lowor-level f£iight and/or smaller flighi-
line spacing. . )

—
ne ' ONOSITLSe

In natural deposits only the upper layer of thickness
20 centimetres, effectively contributes to the radlation detected
above the surfacs. However, tho derivation of formulae relating
the detoctable radlation intensity, at a point above the ground
surface, with the area, position and grade of a deposit, 1s con-
siderabiy'more complex ian the case of a thick deposit than for a
supsrficial one. The curves prepared from the numerilcal
valuss of the resultant functions differ only slightly for the
two types of deposit. Therefore, the simpler mathematical tiroate
ment has been used, and all deposits are thorefore treated as
suparficial exposures.

Eyvaluation of a _svecific anomalyv.
| The following families of curves have been prepared @

(1) Anomaly width yersug deposit radius. Parameters are deposit
offset distance, detector altitude and instrumental time
constante .

(2) A similar sot, with deposit radius and offset distance inter=
changed as variables.

(3) Recorded count-rate per curie yersus deposit radius. Para=-
meters are deposit offset distancey, detector aititude and
instrumental time coastant. . .

(%) A similar set, with deposit radius and offset distance inter=
changed as befores

- (5) Ratio of recorded count-rates per curie at the two altitudes




(5)econt'd.

Xersus deposit radiuse Farameters are offset distance and
instrumental time constants. .

The gnomely widihs gt two altitudss can be peasurcd
and comparcd with curves relating snozely width to deposil padiud,
at various values of offset distance; at various altitudes. in
effocty there are thus two unlnown quantities involved, and two
simulianeons equations avallzble, by using a2 fanily of curves
! for each altitude. Therefore, abproximate values of radius and
" offset distance can be obtained.

The znomraly widths must be messured as indepandent of
the alrceraft sir specd, drifty; recorder chart speed variations,
slCey and thercfore they must be expressed as distances egual to
those traverszcd by the aireraft znd measured along the ground ‘
surface.. This can be done by comparing the resultant plotted
zireraft track on the photographic mosaics with the rocorder
charty correlated by fiducial marks.

One or othar of ths znomaly amplltudes can then be
sed in order to estimale the effectivo mastg of Ux03 considorod
8 a surface exposure, bocause the oblique distante from the centre
£ the deposit to the dstector can be caleulats

Jdludoes Cow fia pltitudes.

The ratio of INBOARD/CUIBOARD anomaly amplitudes can
be used to calculate the radius of the deposit, after huving
mede due adjustmsnt for differvence of detector sensitivitios.
Such calculations would be based on the assumption that ths offset
wore zerog and therefore couid be comparad with the rosuli of the
%30 of two width measurements, whers the offset had been found to .

O ZEroe ' .
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‘ Few concroate results or verifications of the theoretical
figures are available as yet because no ground investigations
nave followaed upon the reconnalissance surveys in regard {o any
specific anomaly. MNevertheless, the method has distinct possibil-
itics in the estimation of the size of a deposit and ite position
relative to the alrcraft tracks:s the calculation of grade is thus
made possiblee e g

The accuracy of the method depends upon several fectorss
sirnal-noise ratioy, detector secnsitivity, detector responso,
_ recorder mechanicai noise, circuit electrical noise, and statisti=~

cal varlations of the counting ratee All of these affect the

degree of precision with which the anomaly width and ampiitude can
be measured; for example, a point deposit at 500 feet gives rise
to an anomaiy of width 908 feety using a one-second time constant.
Fopr worthwhile results this width must be moasured to within 50
feets the ancmaly on the recorder chart must therefore be measured
to within 1/50 inch at a chart speed of about % inches per minute.

A test of the feasibility of making sufficiently accurate
width and amplitude measurements has been made by comparing the
values of deposit radius and offset distance, in scveral idoallised
casesy determined first by width measurcments and then by amplituds
ratlo measurements, on the appropriate curves in cach case. 4LgTec—
mont to within about 5% was obtaineds

e

Some experimental results obtaired by measuring the
anomalies produced by a test point deposit show agrecment Lo within
10% betwoen the valuos of radius and offset distance estimated
from the widih measurements, and the actual configuration: fthe_
corresponding anomaly ampiitude ratios were in geed agroement oSlfoe
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Finally, some anomalles recorded during a recent airborne
survey in Australia wvere examined and the deposit grades wore
estimated indepondently from each of the two records, by us ing

,the assigned values of radius and offset distance os%imated from
[the width measurements. The differencesbetween the pairs of values
' of grade for 5 out of the 6 anomalies examined is within 10%. In
the case of the reomaining anomaly, the peak was off-scalse on one
record and was therefore merely estimatod. .

dnsirumentations

The detecting unit consists of a pair of crystal heads,
each fitted with a gair of thallium-activated sodium iodide
crystals and a single photomultiplior.

The outputs of the detecting hoads are combinod, amplie
fied and integrated in a Chalk River radiation monitor, to form
a D«Cs current vhich energlses one channel of a dual-channel
Rectiritar recorders

The recorder pen deflection is thus directly proportional
to the intensity of the incident radiation. A sensitivity of 100
CePesSe full scale 1is usually used, and the time constant of the
integrating circuit 1is normally 1 second.

The detecting unit is contained in a 'tcuad-bird‘, which
is an gerodynamically-stable fibreglass shell; this can bo trailed
below the aircraft, suspended by a cable. The upper end of the
cable 18 attached to a hydraulic winch within the aircrafty and
during take-~off and landing the bird reposes 1n a cradle structure
mounted on the underside of the fuselagee.

The airborne shell contains a plastic phOSphor dotector
and a photomultiplier, plus a transistorised preamplifier and
battery operated power unit,.

The towving cable conveys the electrical output of the
dotoctor to a gecond Chalk River radiation monitor within the airs-
crafty and the output of this is connacted to the second channel
of the dual-channel recorder.

A sensitivity of approximntely 300 CepeBe 18 used, and
a time constant of 1 seconde.

A The towed detector, in flight, is normally 290 faet
below the aircraft.

- Concluzions.

The dual-scintillograph technique deseribed herein has
beent considered mainly from a theoretical point of view and rests
upon several assumptions: however, it is felt that some support
or supplementation of the current empirical processes of aeroradio-
motric data interpretation is necessary.

It 1s not suggested that ground axploration, ground oy .
airborne follow-up of airborne work, or geological studies of the
ares in question, will be obviated. It is expectod that, some ro-
duction in the amount of airborne and ground follow=-up work will -
be made possible by enahling discrimination to be made butwoon
broad deposits of low grade and localised depoaits of high grade.

It is hoped that the radiomatric data ropultiqg f;om




e

current and near-future airborne surveys in Australia will, on
interpretation, establish tho tachnique on a practical basise
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APPLIDIX

The following formulae have been dorived in order to relate the
detectable radiation intensity at a point above tho ground surface, to the area,
pooition and grade of a nearby radioactive superficlal deposit.

Consider the response at a point P, &t & horizontal distance x from
the centre of a circular superficial deposit, radius =r.

fLan

| T
“The response due to the alomsnt &A = 5(2.95.107) ged Ae 67 »  counts/mecond

vhere & = grade in CURILES f./C}’:‘(‘?

S = cryotal area in CHZ

-A:/ 1124-12 +/2-2x/ cos &

- 5(2.95.107). g/ 4/ @ @ ‘o

| | p°ex®+/2-23x f cos

The integration of this expression we.r.t. 8y necomsary to determine the response
due to thoe annular area, is apparently not feasible without certain restrictionsg
the absorption faotor will therefore be noglected initially.

The response due to the annular ring = 5(2.95.109) g/ d/ fﬁ" a9
i B -2 :;/ cos &
where 82 he + +/ 2 . _\ ' .
- 25(2.95 109) S of 2 T '
- 99 8 ——
32 /114 4 £ 2 - 2.
- 25(2.95.109).gf afl > =
/ j(hz+xz{2)z_412/2
... The response due:to the wholo deposit = I = .
- /T df .-
23(2095.109) _80”/
| . - do (n? +xf2)2-4z/2
Ve | : d(P 2,2 -3

e ils= 23(20950'09) g;ﬂ ‘% ; ' ' ..
0 v (hﬂjﬁ"!-x2 +4h£x‘ |
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. . - .
e e Im 25(20950‘09)80” l arginh 2 .X
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2’.95.109 - }.1.1010 and § CURIE™ 3.7.1010 disintegrations per spcond.
% . 4 . . )
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) | 2 120 22 oS (22 n2 2232 53
oo lw 5(20950109)030—7// log r+ b X +\/ (1'2\ h Z ) +4h =
' 21

md gy 's° wC where C = content of doposit im CURIES
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It i8 proposed that an average absorption factor be used for the whole deposits

. the resultant count-rate is a very close approximation to that appropriate to the

~ overhcad positiony whore the largest error caused by using a poor approximaticn «
*  would occur.

The absorption factor becomes

" jh-a-(x /2) +\/h+( /2)2

|
The complete equation for the response due to the totgxl doposit ic = !
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coum*s/:sz‘:c./cuu_::rs/c:nf.r.2 OF CRYSTAL.

Tais expréssian i'epréaents the static response of a detector to the pregence of a
superficial deposit, radius ry; offset x; content 09 from an altitude he.

The ahsorption coefficient Avaries with L o 12 1%+ ¥ and the relationship suggected ‘.
by Cook where ‘w 0.0000594(0.116 + 0.0977 log 0.0059 h) has been used, by substituting
L for h. S,

This cxpreseion was postulated Jy(Cook)for L = 1.8 Moouve, and it has been
found (Berbezier et al.) in experiments using = gemma-ray spectrozraph thaty for
uranium, 1.8 M.c.v. is approzimately that at which the absorption of the gumma~radiation
by air and soil is loast. Alsoy it has been found (Faul) that the energy distributioa
of gamma—-rays is approzimately contant from O to 1000 feet above grounde.

The increase in sc:{{';tering by Compton effect because of the oblique path of
the radiation tharough the lower air his been assumed negligible.

This agsumption appears to be justified by the results of exzperiments
(Cray, Lsvin; and White) in which equivalent values for the absorption cosfficient for
air ot altitudes up to 1,000 feet wors found to fall far chort of the theorcetical
‘narrow=beam® value for a non=homogeneous mediumy in such a medium no photona
scattered by the Coapton ei‘fect reach the detector from a source on the ground.

The average value of/"“air from the experiments is 46.10-6cm. =1, and the

-1

theorotical 'marrow=-beam® value is 75.10‘60.‘11. .

Other azperimon.s (Goaby ot al.)y have prodaced values ioi:'/'L air of 37.4.’80-6cm.

™! for altitudes of 0 %o 500 fast, and 41.1.10 " c.™! Zor altitudes of O = 1,000 foot.
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The conclusions dramn by the writer axve 3

(a) Coapton scattering at altitudes of from O to 1,000 feot is smaller than
to be expecied for a non~homossncous medium such as the aluiospherce

(v) Its variation with altitude over that range of olilitude is nogligiblc
becouce of the doegreo of homogeneity which cxiats.

Therefore, an oblique air path of inclinaticn .;0 (the ninimum value used
in the analysis in this paper, i.e. =< 500', h =205°) aisfers enly negligibly
. from a vertical aixr path of equal length, as regaxds ihe scattering of gomma radis-
tion from & source on the grounde ‘

The esquution =

25010 olog r2+h -y (:c~2+h2 22 )24 472 -4 [/ h2+(z¢-r/2)2+,/ hz-r(x-r/e'?)a
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ANOMALY WIDPH - -

The two records give rise to two values of ancmaly width. The curves relating width ‘

to radius and offsect distance can be used %o find a single solution i.0. cns value
cach of zradius and offset which gatisfy both the width wvalues.

7

MOIALY AVPLITUDE

Using the two records of counting rates two values of peak axplitude of anamaly ocan
* be obtained, by using also the nmown values of radius and offset distance. .

Then the curves relating 4  (in COUNTS/SEC./CURIE/CiPe OF CRYSTAL),

5C o .
to anomaly radius and offset distance can bs used to provide two values for C; of
which 2 mean can be taken.

(Id . » peak anomaly umplitude (@™ dyncmic response)
s = dotector crystal arca (sz) - ' ; o

C .= content of source (CURIES)
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RADIOMETRIC SURVEYS USTING LIGHT ATRCRAFT

by JoMe-MIIDER i 0§ 2ot mewt, v b

BUREAU OF MINERAT "7SCTMRCES., AUSTRALTA

INTRODUCTION

A:light aircraft can be used to advantage for aiiborne
radiometric'surveying where tﬁe terrain is rugged or where the
flying of closely spaced lines for detailed surveying is required.
High manoeuvreability enableé the aircraft to be pilloted along
valleys and creek beds and along the contours of ridges with a
satisfactory maintenance of performance. The ability to use
small improvised landing strips enhances the usefulness of light
aireraft in fhe more Iinaccessible areas. Where detailed surveys
are réquired, maximum economy may be obtained because of the
facility with which flight line spacing can be adjusted to suit
the geological environment.

. The height above gréund level normally adopted for survey
by light aircraft is 200 feet. This height is well below the
maximum at which the search for Uranlum can be carried out effect-
ively. At the.same time the height is regardeé as a minimum safe
height for continuous surveying. The alrcraft is flown at speeds
from 70 to 80 knots.

In 1955 the Commonwealth Bureau of Mineral Resources
conducted its first light‘aircraft survey at low level using a
chartered Auster aircraft;-vThe instrumentation was designed solely
for radiometric surveys and consisted of a scintillation counter
" and a chart recorder. Following this survey, others were carried
out in many parts of Australia under a variety of climatic con-
ditions. |

In 1956 an Auster Jg5P Autocar was purchased. Thils air-
craft, equipped with improved scintillograph equipment, radio-
altimeter and radio transceiver, has since been flown on numerous
surveys. Although the Auster's performance was found to be satis-
factory over relatively flat country its usefulness was restricted
in areas of rugged terrain and under coidltioms of high density

altitude. The Auster has therefore recently been replaced by a
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Cessna"1800

EQUIPMENT

| During the last ten years scintillation counters have
replaced Geiger counters almost entirely for:airborne work
because of their superior efficiency 1n gamma-radiation detection.
This type of_counter contains_a phospnor as a detecting element,
optically coupled to a photomultiplier tube. Scintillations pro-
duced in the phosphor by incident gamna—radiation.ane reproduced.
-as electrical pulses by.tne photemultiplier tube. .These pulses
are fed into a ratemeter, the output of which is a current pro-
portional to the count-rate of nhe de»GCtOLa A continuous record
of the gamma radiation intensity is Drov1dea by counling a con-
tinuously recording meter to the ratemeter output.

The payload of the light aircraft 1s generally sufrlclent
for the following equipment - a scintillation conntersconsisting
of a detector head and ratemeter, necorder, radio altimeter, an
HF and/or. VEF. transcelver ‘and emergency rations.

Units comprising une survey eqnipment can be mounted
behind the pilot's seat,‘with the recorder sultably placed so that
thelobserver can inspect it during flight. A remote control unit
on the panel ln front of theuobserverlearrles a milliammeter shoﬁ-
ing the_count-rate§ a push bnttoneforvehart_annotation and a switch
to operate the recorder.. .. |

The transceiver is used by pilot fo: reporting the .
position, operating height, etc., at regular intervals during the
surveye. Emergency rations,; canned vater, a rifle and a Verey

pistol are carried,for use in the event of a forced landing.

FIELD OPERATIONS

Aasurvey pa;tylengaged in light'airc:aft-operations
normally consists of a geophysiclst, acting as party leader, a
technical assistant, a draftsmany a pilot, a lleld assistanto<
With this arrangemenu of persomnel the party lcauer and his |

technical assistant fly as observers and the draftsman's work =
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is confined to the plotting of flight lines and results.

Upon arrival in the survey area, reconnalssance flights
are made at 2,000 feet to familizrise the pilot and obsexrvers
with topographical and geological features. IFollowing the recon-
naissance flights aerial photographs are examined and the direc-
tion and spacing of flight lines is decided. Where possible, the
direction of the flight lines is kept at right angles to the
strike of geological formations.

The following tests are carried cut during each flight

to check the survey equipment for satisfactory operation :-

(1) On taking off, the performance of the radio altimeter
is compared with the barometric altimeter by flying along the
alr strip at survey altitude.

(11) On the flight to the survey area the radiometric
equipment 1s checked at an altitude of 2,000 feet above ground
level. At this height terrestrial gamma radiation is effectively
reduced to zero and the radiation reéorded represents cosmic and
contamination background. A small standard source 1s then placed
at a predetermihed distance from the detector ahd the deflection
on the record of the gamma radiation intensity is notede.

Before the commencement of survey flying, one or two
trial runs are made at 200 feet to assess the drift. With the
direction of the flight lines knowny and the drift estimated,
the pilot sets course, and\flies by the compass or by landmarks.
During surfey flight the observer checks and plots the track on
aerial photographs, marking the start and end of each line and
prominent features along the flight path. These points provide
a means of reducing inaccuracies caused by varlations in the
groundspeed. Starting points, finishing polnts and prominent
features are marked on the chart by means of a side marker, which
is operated by the observer when the aircraft is vertically over
such points. Flight lines are usually flown parallel to each
other, except when circumstances necessitate the contour Iflying
of steep ridgesy escarpments or deep river and creek valleyse

Experience has shown that pileoi fatigue can be prevented
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by flights of short duration with the weekly total not exceeding
25 hourse For this reason two survey flighis efrzi to 3 hours

are made each day.

JUTERPRETATION OF BESTTTS

A scintillograph carried in a low-flying alrcraft will
lrecord a certain background level of gamma radiaticn criginating
from the ground, as all rocks and soils arevradioactive to soume
eXtent since they contain minute quantities of the radioactive
| minekals, uranium, thorium and potassium. Cosmic radiatlon and
radiation dus to aircraft contamination will also contribute to

the background radiatione. ‘

Variations in the gamma radiation over any area are
mostly broad and can often be correlated with the geology.
Increases in gamma-ray intensity, which can not be regarded as
part of the background radiation; are considered to be anomalies,
| | For a count-rate to be considered ancmalous its ampli-
tude must be several times larger than the standard deviation of

the background count-rate. Ampi:itudes are therefore expressed
" in term of the standard deviation &~, and a factor 3¢ has been
accepted as a minimum level of detectability (Peirson & Franklin,
1951). ‘ |

Not only the amplitude of an anomaly but also its shape
is of importance. Whereas, the amplitude depends on the gamma-
ray intensity, which varies with the concentration of U308 on the
surface as well as with the.distance from the source to the detect~
or, the width depends on the extent of the deposit, the altitude
of the aircraft, and the time constant of the scintillograph
equipment but is independent of the amplitude.

' An airborne scintillograph survey is designed to detect
anomallies and to locate their positions accurately, so that in~
vestigation by ground parties can be made. Anomglies of most

1,

interest in the search for uranium are those due To sources of
WX . L

small aerial extent. Such ancmalies approximaie 1o a poinlt scurce

anomaly, which has a width ai hali-rise of aboub 500 feet, for &

survey altitude of 200 feet and a tice comstant of sbout 1 seConde
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The process of _anerpretuthon begins with an imspection
of the bcintlllogmdph record to belccc the anomalies in gaﬁmnuray
Intensity which exceed 3¢, and which at the same time satisfy some -
arbitrary width limitation. These anomalics are then examined to -
determine whether they arise from a ohange in altitude or topo=-
graphical feature. IThis examination requires an lnspection of the
radio—altiﬁeter record and may necessitate the study of aerisl
Jphotographs through a sterecscoplc viewer.

Where anomalles are shown to be due to changes in altitude
or to topographicsl features they are diccardeds It is the evalua-
tion of the remaining anomalzes that forms the most difficuld part
of interpretation.

The evaluation of znomalies depends to a large extent on
the experience and judgment of the interpreter. i is essentlal
to take into consideration all the available geological and geo=
physical data and the results of his own ground inspection where
practlcablo. These studies lead to the sslcetion of anomaiies
which could be assoclagted with the ceeurrence of uranlferouﬁ OrSe
During the course of the survey the anomalies~aré plotted onto
aerial phctogfaphs and the phatbéraphs made avéilable for public
inspection. ( B ”

For the purpose of publication the results are presented
in the form of a planimetric map df the area surveyed, surrounded
by copies of aerial photographs showing the position of the ano-
malies located. The published map is given as wide a distribution

as practicable.

- REFERENCES

Peirson; D.He and Franklin, E., 1951 = Aerilal prospecting for
radioactive minerals.
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sLECIRONIC PROCHSSIHG OF ARROMAGHETIC DATA

INTRODUCT ION

8ince 1951 the Commonwealth Bureau.of Minersl Resources
has reduced several hundréd thousand line miles of acromagnotic
data using conventional hand reduction methods. In 1953 investi-
gations wers commenced on the application of electronic cOﬁputers
for the processing of airborne survey data and towards the middle
of 1959 the reduction of a small test survey was carried out in a
trial programme run uslag Sydney University's SILLIAC computere.
Good agreement Qas found to exist between the results of this
trial and the results of a hand reduction of the sams data.

Elcctronic data processing offers two main advantages
over conventional hand methods of reduction; namely, speod, with
consequent reduction in cost, and accuracy. With the exception of
the coﬁputation of the corractiops to bejahpliad_at tie ‘and line
~ intorsections, the various steps in handérédugticnfare:earried out
by computing assistants using.é pencillahd'rule.‘ The process is
tedious and subject tdihuman érror; 1t also requires7a'1arge team
of computing assiétanté to'redﬁhé the records obtaihcd during the
course of one field £62aS0N. Thé:Bureau's investigations so far
indicate that a saving of 603 in tize and cost would be achicved
. by the adoption of electronic data processing of Qigitisad aero=-
magnotic records. | | | |

Equipment suitable for oparation:id'tha sufvey aircraft
and designed to record the seromagnetic data in digital form on
punched tape is being developed and will undergo trials during the
1960 field season. A description of this equipment is given beldw

following a discussion on computer programminge

CQUPUTER _PROGRAYMING | .
In the following discussion it 18 as3umed that the

airborne survey is designed to enable a least sqnarés method of

reduction to be applied to the aeromagnetic data. A brief
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deseription of this type of survey design is discussed elsewhere.
(Reduction of Aeromagnetic Survey Data by W.A.L. Forsyth). Ilowaver
é general programme may be designed for any systematic method of
data reduction.

A computer programme is contained iIn two types of
punched tape, the programme tape and the parameter tapes. In the
procoess of reduction these tapes operate on the data tape, on which
the basie survey information has been recorded during flight. The
progranme tape carries instructions for the least squares analysis
and the instructions for reduction. For surveys over arcas of rec=
tangular shape the programme tape remains unchanged from one survey
to another. A computer programme éan therefore be used repeatesdly,
with slight modifications for individual surveys being introduced
by means of the parameter tapes. For example corraection to be
applied in distribution of random error can be found from a least
squares analysis by means of a table 6f pre~determined coefficients. |
These coofficients depend upon the number of lines and ties in the
survey area and are fed into the computer on & parameter tapa.

The number of parameter tapes vary with the survey design
and can be reduced by standardisation of the size of the survey
area and of the tie and flight line pattorn. The parameter tapes
contain information such as 3

(a) Line and tie intcrsectlons as read from flight line plot.

(b) Direction of each line and tie.

(c) Division of area into majoi.and'minor ractangles for a
least squares analysils. |

(d) Magnetometer senéitivity valuee.

(c) Loast squares coefficients.

(f). Details of systematic errore.

(g) Reglonal gradicnt correction (if any).

(h) .Roquired datum and contour interval for final map.

(1) Form of output required from electronic computer.

The data tape will contain the series of magnetic field
values and corralation data digitally recorded at intervals of one

sacond. Additions or alterations to the data tape can be carried
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out in an editing process preceding the computer prograrming.
Irogramme and paranmeter tapes are prepared as required. These
operations are performed by mecans of a Creed Tape Editing con-
sisting of a keyboard perforator and an automatic tape reader.

The sequence of operations involved in presenting
programmed aeromagnetic data to an electronic computer has the
following general outline., The data fapes are fed to the computer
which stores all data in specified blocks of its memory. Pro-
gromne and parameter tapés are similarly entered and stored and
computation is commenced by operation of a control button. |
Corrections for systematic effoctsldue to diurmal or instrumental
drift and regional gradient are first applied to the magnetic
field values, and corrected values returned to the maﬁory. These
effacts are linear in distribution over suitably chosen intervals,
and the computer is capable of distributihg the corrections
linearly over intermediate values. | -

The computer proceeds tolextract tha'éppropriate-magnetic
field values at the tie and line intersections listed in the para-
neter tape, and determines field vélue differences along each tie
~and line. By reference to tho instruction details of the least
squares analysis, the computer selects those lines and ties form-
ing a network of major rectangles, and calculates the misclosures
around each rectangle. Thase miéclosures and the table of co-
qfficients previously mentioned are used to dotermine the correc-
tions to be applisd along the sides of the major rectangles to dis-
tribute random error. Corrections'along tias are distributed
proportionately to the segments formed by the intersection of ine
fermediate lines, and adjustments made unt;l all misclosures in
the minor rectangles are removed, ‘

When all magnetic field values have been corrected and
referred to an arbitrary datum level, each value on a lines is
tested to determine its level with reépect {o an Integral multiple
of the contour interval selected for final presentatlon of the
data. In this manner positions of contour level. intersections are

- determined, by interpolation if necessary, and this information is
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printed out. |

During the computation, varlous checks can be applled,
such as a print-out of the misclosures preceding the lecast squares
analysis to ensure that they lie within reasonable limits. It is
anvisaged that the complete reduction will not be carried out in
a single run, but in several short runs, intermediate print-outs
being obtalned which can be manually checked for any abnorual
results. The final information regarding contour level 1g@ersece
tions will be manually transferred to the fiight line plotjas at
presents eventually this process may be carried out automatically.

RECORDING WU PMIAR

~ The use of electronic data processing requires that the. 3
magnetometer record should be free from "nolse" and excessiva
instrumental drift. A "noisy" graphical record can be smocothed
by hand, or excessive instrumental drift corrected in the hand
reduction but when electronic data processing is employed, the ;
time taken to correct this inaccurate 1nformation-outweigﬁs s |
advantages gaiﬁed by using the computer. The essential informa=- E
tion to be recorded on the punched tape consisté of magnetic field ‘
intensity values at a spocificd time interval, changes in the i
"backing-off" field, and fiducial marks for corrclation with the :
strip eamera, recorded Shoran cqq:dinates, or other ailrcraft i
positioning record. : . i

The equipment reéﬁlred to produce automatically a digi-
tal record of the magnetie field comprises a shaft encoding disec,
control unit, and punched tape reperforator. The disc and reper- f
forator are available commercially, but because of the special 3
nature of the data to be encoded,'ghe control unit has been designed;
and built in the Bureau's labcrathy. _ |
shafl . 5Ce

The most convenient mcthod of producing a digital record .
.frog a flux-gate magnetometer is to use a shaft encoding disc which
will encode the digital information from an analogue recorder.
This recorder a Leeds ﬁnd Northrup Speedoﬁaz recorder’is retained

in the system to cnable visual chocks of the magnetometer record,
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and spot chacké of the encoding system. A shaft encoding disc
manufactured by the C.l. Giannini Company was selected, as it
can be attached directly to the "Specdomax" recorder. The dise
‘produces a cyclic binary code of 1024 bits, giving a resoclution -
of epproximately O.1% which 1s somovhat better than the accuracy
.of the Speedomax recorder. Thus no additional error in the
nagnotic field readings is introduced by the encoding disc. This
disc is'designed such that readings can be taken while the disc
is rotating. | | ‘
_ . . :
The control unit has three main sections which perform
the following functibns s | _
1+ The generation and selection of timing pulses for operating
the reperforator and for correlating data. |
2. The decoding and storing of instantaneous readings taken
‘from the shaft encoding disc until the reperforator record-
ing operation 1s complete.
3+ Ensuring that the characters, including backing-off, magnetic
field data, and correlation data'are recorded by the reper-
forator in the correct sequencoe. |
The con;rol unit is completely trahsistorized axcept for
thres relays providing pulses for external camerase The timing
soction consists of a hoo-cycle'transisforized tuning~fork unit
with two binary and five decade counters, which provide pulses at
" 1 sccey 10 sec.; 100 sece and 1000 second intervals. These pulses
are routed to the strip camera, 1nstrumehtation camera and analogue
recorder and provide fiducial characters én the punched %tapee.
The decoding section.translates the cyclic binary code
to the sexadecimal code before recording on the punched tapace.
This step is useful in that the editing set used for processing i
the programme and SILLIAC output tapes can thén print out portlons i
or all of the data tape in sexadecimal form for checking or other |
purposes., In addition, this unit uses "flip-flop" ecircuits which ?
store the 1nstantanaogs reading obtained from the shaft enccding

disc until a sequence of punching operations is complete.
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The third section of the control unit provides the
reperforator with the'coded data in the correct sequence for
punchinge. This seqﬁence normally comprisges one character rep-
resenting "backing-off" field, followed by three characters rep-
resenting the magnetic field data. This sequence recurs every
second, and after each ten saeconds two additional characters are
introduced to correspond to a ten-second fiducial mark on the
strip camera and analogue records. Similarly, after each 100
seconds, thfea charactors are added. These ckaracters are not
included by the computer in the computation of the results but
are checked against a total count of the data characterse. Thoy
also facilitate printing out by the teloprinter-reproducer sysiem.
Another function of this section is to provide about twelve inches

of delay symbols between eéch survey line so that the taps can be

cut and spliced if necessary.
The operation of the controi unit is 1llustrated b&
the block diagrem in Fige 1o
The fork, scaler, and fiducial pulse selector units
produce pulses at 1 sacey 10 scGcey 100 s8cey and 1000 second
intorvalse At the start of a survey line, a mamially operated
press button gates the 1 second operating pulse to the following
circuits 3 |
1« Docode and Mbmory.A The pulse triggers "flip~flop"
| eircuits which hold the digital mognetic field information
until punching is completed.

‘2, Sequence. The pulse triggers the first "flip~flop" circuit,

which, together with the "and" gates and punch magnet
amplificr, sefs up the punch magnets for the first
character to be punched.

3. Raeperforator "on/off". The reperforator starts its cycle
of operations Sy punching the first character. When this
character is punched, a synchronising pulse from the re-
perforator switches off the first "flip-flop" and switches

on the second, setting up the noxt character to be punched.

This sequence of operations is repeated until all characters
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-required are punched. At the end of the sequence, an cutput pulse
from the unit switches off the reperforator and clears the magnotic
ficld daﬁa memory circuits to awail the next 1 second operating
pulsee -0

At 10 sec.y 100 sec., and 10CO second intervals, the
tape fiducial unit introduces additional "Iflip-flops" to the
sequence unit so that appropriate fiducial characters are punched.
'At the end of a survey line, the "line start-finish" button leaves
the last sequence "flip-f 1op“ in operation for 10 seconds; thus
a series of about 300 delay characters are punched before switching
off to await the noxt survey linc.

The tape punch used is a standard Creed No. 29 high speed
reperforator. The.unit will be shockmounted to minimice the effect
of aireraft vibration, but it is possible that scma trouble might

be experienced from aireraft movemcnt under turbulent conditions.

oome thought ia baing given to poosible devclopments of
'this‘system. The first of these is the use of a nuelear resonance
vmagnetometer instead of the fluxz-gate type. This wonld simplify
both the aircraft equipment and tiie electronic computer programming.
‘The nuelear resonance magnetomeier has a basically digital output
and therefore no analogﬁq:#o—digital converter would be required.

The electronic cdmputer offers also great advantages in
yhe procassing of the navigationai data used in the present photo~
plotting system. Basically, the present systenm entalls ths plottihg
of selected.check points at approximately 15 mile intervals from
tvhe strip camera record to & base-photo-mnsaic, srnd the use of an
alr position Indicator to obtain intermedlate peints by interpola=-
tione If the air position d“ta were recorded digitally, and co-
ordinates and fiduclals of the check points were fed to tho computer
intorpolation could be carried out automatically and an ocutput tapa
would show fiducial rmumbers with their corresponding base map co-

ordinatese.
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The system could be further developed, _and at the
same time mado suitable for use with the Shoran navigation o
method, by introducing an automatic plotting device which would
accept the punched tape output of the electronic computer. The

system would then provide a map showing the plotted flight lines

and the contour intersection points.
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THE REDUCTION OF AEROMAGNETIC SURVEY DATA.

by We A. L. Forsyth,

Bureau of [ineral Resources, Australia,

INTRODUCTION.

The results of an aeromagnetic survey are
initially recorded in the form of continuous profiles
representing changes in total geomagnetic field intensity
along a syostem of traverses. Each profile is referred to
its own arbitrary datum level, which depends on the
magnetometor control settings and other 1nstrxmenfa1 faetqrs
and on diurnal variation of the geomagnetic field. Direct
. comparison between profiles is therefore possible only after
the profiles have been referrcd to a common datum. The
process of réduotion consists in adjusting 0.11 the profiles
from a survey to a common datum level in order to make the
individual profiles directly comparable and suitable for the -

production of contour maps.

CORRICTION FOR SYSTEMATIC EFFICTS.

- The main systematic effects which must be taken
into acoount in the reduction proocess are instrumental drift,
divrnal variation and "heading errors” duerto magnetism of the
aircraft. The influence of diurnal variation upon the
recorded profiles is indistinguishable from that of instrumental
drift and their combined effect is therefore treated as a
single systcmatic effect. The magnetic field at fhe nagnet-

<

ometer detoctor is modified by the resultant field pz;odi}ceﬁ 4
by the wvarious magnetic components of the airci'nft. It is

usual to take precautions to compensate for the inagnetiam of
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the aircraft but, in ggne:al, small rgaidual effects remnin
known as "heading errors", which resuit in a displacement of
the profile datum by an amount which is constant for any given.
aircraft heading but varies with the heading. ' .

It is impossible to detect the presence of
systematio effects by examining individual profiles and it
is only by use of some sultable form of tie system that they

can be measured ond corrsected for.

TIE SYSTENS.:

The common refercnce level may be provided by
an auxiliary profile along a tie line which intersects all
traverses, adjustments being'applied 4o the arbitrary datum
of each traverse profile o that the recorded field on the
traverse profile is made eQual:to the recorded field on the
tie profile at tha intersection of the traverse with the tie
line. For the satisfactory correction of errors due to the 2 ¢
various systematic effects, it is necessary to use a system of

tie lines located at intervals-over the survey areca.

—There are at._least two_fbrma of tie system which

nay be used. These arei=

{a) Double—flovn ties, which conaist of two
cloaely-spaoed parallel linea on reciprooal
headings, flown in immadiate aucceaaion to
fonm a loop. (See Pigure 1). |

(b) Single-flown ties, which are lines flown across
the survey area, successive ties being flown

on reciprocal headings. (See Figure 2).

8

.Considerations of diurnasl vnriation and instrumental
drirt indicate the desirablility of orienting the tie lincs at




right-angles to the traverses and apac;ng them at distances
correéponding to 6 to 8 minutes flying time.

REDUCTION PRCCEDURE.

The data required before the results of em
aeromagnetio survey may be reduced consist ofi=

(a) Profiles. A complete set of profileé‘of |
magnetic field intensity, bearing correlation
data in the form of a time scale common to all
survey records. | |

(h). Base Map.' A map showing a plan view of all

~ traverses and tie lines surveyed, plotted by
reference to the common time scale.

| (e¢) Flight Records. Details of instrument control

aattinga snd information for the correlation
of recoxded profiles with positions as plotted

on the base map.

The reduction of a set of survey data is carried
out in the following stagesi= \
~..(a) The'tﬁmés correspondiné\to all crossover points
or intersections of traverses with tie linea,..
are read off the base map and tabulated.
{(b) The crossovers are located on the profiles by
reforence to the time scale on the recorder charts.
(o) The profile heights at tho orossover positions
| are read off the traverse and tie line charts,
and tabulated.
(d) Calculations are made of the corrections to be

applied to the datum levels of the traverse

(7

profiles at the crossover points im order to- -
make the recorded field intensity oﬁ the traverse
profile equal to the corresponding recorded

intonsity on the tie profile.




(e) The corrections are plotted on the traverse
charts at the positions corresponding with
the crossover points and,lon,the assﬁmption
that the correction varies linearly with time
- along the traverse prdfiles betweeh adjacent
tiéa! the plotted correction points até'joined
by straight base lines. The base lines
represent the desired common reference datum
and inteioomparison'between piofiles ﬁay be |
- made by_iefeiring each profile to its corrected
- “baseline. ,
(£) For the'producfionfof'magnetié contours, lines
representing conlour levels are drﬁwn parallel
‘with the baselines and spaced at the selected |
contour interval;r'
(g).'The.conxour intefcepfs'are located by referehca
to the Yime scale on the edge of recorder chart.
(h) The position and value of cach comtour intercept
' is transferred to éhe'base map to provide the

data necessary for the drawing of contours.

 In drawing the'contoux map, the contour interval
is chosen to be not less than four times thg standard .

deviation of the residual errors in the survey data after

correction for systcematic effects.

‘SINGLE FLOWN TIES AND METHOD OF LEAST SQUARES.

Owing to the combination of systematic effects
and random errbrs, the observed incremente of field intensity
‘ summed oye¢lically arocund rectangles formed by.adjaeent single—
flown tie lines and pairs of traverses will, in gemeral, show:

misclosures, These nisclosures nay be adjusted by distribution




around the sides of the rectangle using the lethod of Loast

Squares, and all profiles roferred to a common datum.

The distribution of misclosures may be effected
‘.by inspection, using a method such as that describsed by

" smith (1951), or by ealculation, using either a table of

.coefficients or an electronic computer. The last two methods
are referred to in a separate Seminar paper by Barlow and

Seers (1959) .

As the Method of Least Squores presupposes the
- presence in the data of random error only, it is necessary
to ensure that the data is free from systematic effects before

deciding to apply this method of reduction.

FRRORS IN REDUCTTION.

IZ misplacomcnt of baselines on traverse profiles

charts has taken place through errors in fh; re&ucfion PI0CesSSs,

characteristic distortions Will be produced in the fimnal contouxr

map end visual examination of the contour pattern may indicate

which profiles have been reduced incorrectly.

A specimen positive magnetic anomaly oriented at £

- right angles to the traverse dirécfion is illustrated in
Pigure 2la. The effcct of an upward displacement of the

baseline for the profile of traverse 3 is shown in Figure 3b k

and that of a downward displacement in Figure 3¢. The
distortion of comtours resulting from alternate upward and
downward displecement of baselines for successive profiles is

depicted in Figure 3d.

Another form of distortion of contours results
from a parallax effect on the profile charts, caused by a
displacenent batweén the refercnce time scale on the chart

end coxrresponding points on the profile. This effect is



illustrated in figure 3e.

It will be realised that accuratie reducticn of
aeromagnetig data depends, to a laége extent, on correct
performahce of the airborne equipment and the use of a
relicsble fiducial marking system. It is important to
recognise the various sources of error and to easure that
the survey incorporates a suitable tie gystem which will

enable the errors to be reduced o 2 minimum.
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Thig papexr deals with the
aims and methods used in interpreting seromagnoetic
BUrvVeys. I% outlines praciical probloms exXpere
lenced in tha. interpretation of data recorded over

*

metalliferous reglons snd gedimentary basino.

Exemples ere given in waps of
metalliferous regior’ia within Auetralies Hethods
used by the Buveaw of Nineral Resources :m interprae=
tinz maps of gedimentary basins are .éesariﬁé&., zﬁ“ﬁ}x

o discussion of their merits.
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The recorvded aeromagnetic datlz,
after reduction to 2 common dalum, is normally
presentsd on a base mop ss contours of totol magnetic
intengity, or as reducedwscale mognetle profiles, using

the pletsed flizht itraverses as baselines. The Duves

of Mimersl Resocurces uses conbour presenbation for all

5]

broad TeCONNAiSSoncE SUIVETSe

-~

;ﬁtarﬁrﬁtaﬁi&n of The aeramagna%ié
map consisis basically of determining the form and
estinating the depth of magnetised bodles vwhich salisiy
the y&ramaﬁars of Yhe observed magretic cuomalics ond
are consistent wlth the known or msouzed géalagieal
conditions of the area. 3y applying tho principles
of magneﬁié potential %haar#,'ﬁha interproter atbenpls
to distinguish the moagnetic effecis of ba&ies varying in
shape, size, susceptlbility, polarization dirvection and
depth of burlial below the suvrfsce. The task is compli-

. eated by the bipolar properties of magneblen and tho
measurement of the tofal ?ield snmomaly by the magnetoneter,
The pestulated bodies must be geologically feasible in

~the area under consideration. |

The potential §rablam,has unforitunaltely
an infiniﬁy-of solutiong. Armbiguities can be regolyed
by making use of external conbtrol in the form of known
geoclogical structure, borshole data or direct messuring
geophysical methods {e.z. seismic). Howevery im the

sbsence of such conbrol, aprroximate solultions can be v

duced by moking reasonable assunptlions as To shapey size

&
or depth of masnetiseld bodlioz. For slmple Loy,

= ~ PR ) - 2 .
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2.

A valuable reférence in practical A e

intefpretation is a set of standard curves representing

the aﬁomaliee due to many types of magneticed bodies

are shovn graphically. This data is obtainable by model
experiments or calculation using potential formulae.
The lattor wac done in the Bureau. © By the use of the
surface integral for homogeneously magnetised bodies

after Gulatee (1938), the anomalies in total field cnomaly
and thosc in the vertical and horizontal components, were
calculated and dravm for elongated bodies reeembling dykes,
" blocks, slabs, faults, contacts etc. for ranges of size,
strike, depth, and foxr difforent values of magnetio inclin—
ation. Single pole and dipole ficlds were also
calculated and dravm. This data, with the profiles of
vertiocal and horizontal field components for various bodies
published by Gulatee (1938) and the total magnetic field
snomalies by Vacquier ot 311(1951) have oomprisad the
standard source material. Experience 1n the composition
and use of such data allowa the 1nterpreter to interpolate
for departuraa of observed snomalies from those calculated. -

Aeromagnetic maps of metalliferous regions

"pfesent diffexrent practical prbblemn of interpretation from |
those: of sédimentary basins. The magnetio patterns of -
"the former refleqt the presence of magnetic orebodies, or
associuted rocks and struoturés; The mognetised bodies
" often 1ie at shallow depths and show marked ousceptibility
contrast with neighboring materials, resulting.in sharply
. defined snomalies on the map. Tho interprater's work is
o correlate magnetic data with known geology, and to
detormine the form and estimate the depth of bodlies lying
probably within a few hundred feet of the ground surface.
The weromagnetic maps of sodimentary basins show‘aqamalios
arising from magnetic controsts at basement iock level,
vhich may be overlain by thousands of feet o: non-~-magnotic
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sediments. This separation between source and

observation lovel and the posocibility of low susceptibility
~contrasts in the basement rock may result in ill-defined
anomalies of low intensity and broad horizontal extent.

The aim is to determine basemont depth and topography from
measurenents on these anomalies or specially calculated
functions of them, such as second vertical derivatives,
dovnward continuations, etc.
. The correlation of aeromagnetic data
with kmown geology is an essential process in interpre-
tation. ;te value is well 1llustrated in aeromagnetic‘
contour mops of tne Kalgoorlie gold-fields reogion in the
state of Western Australia. This reglon is part of the west
Australian Plateau within the Pre-cambrian orystalline |
complex of the continental shield. Motamorphosed sedimentary
rocks (Whitestone Series) and igneous rocks (Greenstone
Series) are interspersed through the main-mass of granite
and allied acidloc rocke. iIntense anomalies on the acro-
‘magnetic map correspond vith banded iron formations which
are characteristic of the Greenstones and fhitestoneéi 0 e
whereas the acidic rocks show little magnetic disturbance.

A more detailed correlation, between magnetic anomalies

and the rock types praqgnt may be made as geological mapping
proceeds. The seromagnetic data will assiat in geological
mapping of this region partiéularly in areas covereé by
Sand and soil.

| The Temnant Creek gold=-field of the

Northern Territory is an exampla of an area in which the
aeromagnetic map has delinaated structural elements which
evidently control ore deposition.  Many of the existing
gold-bearing hematite mines were found by subsecquent

aerial survey to be located on the flanks of east-west
trending elongaoted enomalies; +these anomalles aré‘believed

to be due to strongly folded and overturnadypeds inprog-

nated with iron solutions. Drilling has disclosed the



40‘

existence of magnetite at depthe in one of the mines.
Other apparently similar structures, of which there was
no surface indication, have been detected by aeromagnetic
suIvey, 9nd are being investigated in detail by ground
nagnetometer surveys. As an example of direct location
of magﬁetic ore deposits, the map of the Rocky River -
Rio Tinto district on the rugged western coast of Tasmania
shows intengse eloﬁgated snomalies indicating the position
snd horizontal dimensions of iron ore deposits. The
major bodies are estimated to lie less than 300 feet below
the ground surface, from measurements of the horizontal
extent of maximum gradients on selected eaot-west ancricly
- profiles, . |

The renultsof.extensive aeromagnetic
surveys at one-mile flight line separation of Australian
sedimentary banins are'preéentea.by the Bureau ia the form
of contours, such as in the Perth and Caxnarvon coaatal.
basins of Western Austrqlia,;and the Gippslund dbasin of
Victoria. The survey areas are nsuall&‘extended beyond
the basin margins to investigata the magnetic characteristics
of basement rock outcrops. The information obtained is
of great assistance in the subsequent interpretation.

_ Data from broad reconnaissance traverses
ovar, for example, the Gfeat Artesian bsain of ecastern
Australia and the Eucla basin of southexrm Austrzlia, is
phovn as profiles along plotted flight traverses. Such |
profiles are interpreted qualitetively in the first instance,
relative depths of basement rock being estimated by degree
of rwagnetic disturbance and sharpress of iudividual |
snomalies. This relationship cen be made quantitative
when basement rock deptﬁs are known at control points through4':
out the area. Such a method was used to determine approximate

thickness of sediments in the Epcla.basin. 'E;timates of
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basement depth from individual anomalies recorded on
aingle traverses requirc assumptions being made as to
posglible configuration\of the magnotised quy, because
ite horizontal dimensions are not outlined by the
available data. Estimates of this type were made in
the interpretation of ithe Greal Artesieon basin rocomnaissance
surveye |
The aeromagnetic contour nmups over

gsedimentary basins may be interpreted by several methods.

Basement depths are estimeted at all points where welle

defined anonalies occur. The depths may be estimated
by comparing the cnoaaly parametérs such as horizoantal
extont of maximum gradients, enomnaly maximum to mindmum,
or between meximum and half-meximum with those of standard
anonalics. Preliminary examination of snomalies recbraed
over basement outorops adjoceanl to the basin show which
paramcters are most reéliable indicators. The method of
Peters (1949), in which the hofizontal distance botween the
two points at which the slope of the curve equals half the
maximum slope is divided by a factor of 1.6 to zive appProx—
imate depth to surface of structures with wvertical
boundaries, is an ampiricul.éne basad on vertical magnetization
but may ve used to & Ilmited extent on total field anomalies.
1f sufficient dépth estimates can be made, approximate base-
ment contours may be dravn Irom the aeromagnetic data.
Bascement topography is deduced Lron a scries of individual
depth estimates, there belng no direct means of disting=
ulshing anomalles due to topographlic features from these
due to intra-basemeat sasceptibility contrasts.

Seecond vertical derivativs maps are
constructed in tha‘Bureau's interpretation of certain
- to provide a greater degree of resolution of,

individual anomalies than is spparent in the total field

7
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intensity contours. A squars grid with line spacing
equal to the average basement rock depth (determined by
the above methods) is superimposed on the contours.
Pield values at the grid corners are interpolated and
tabulated, and the second vertical derivative caleculated
by an appropriate formula. Vacquier et al (19517) have
shown empirically that the lines of zero curveture
corrgspond approximately with the horizontal dimensions
of the magnetised bodles, and that certain parameters of
- the second wvertical derivative anomalies are reliable
indices for depth estimates. |

The method of upward continuation
of the total field data recorded at one level to higher
levels by grid caiculations, after Henderson and Zietz
(1949), was carricd out by the Burcau over a test area of
basement outcrops, and thé results were {found to be in
good agreement with actual recordings of the field at tho

higher level. Upward continuation of data observed over

typical basement structures adjacent to e sedimentary basin

allows a comparison between ancmalies calculated for various

héights and those roecorded over the basin. Curves showing

anomaly parameter measurements versus height can be

compiled for depth estimation, but in practice the resulis

do not differ substantially from those obtained by refexrence

to standard source data.

Dovmward continuation of the aero-
magnetic field data, as described by Peters (1949),
. reproduces the aeromagnetic data at lower levels as
accurately as the original record and the calculation
method permit. Individual anomalies are resolved and
sharpened from the brozd patterns recorded over deep sed-
imentary basins. = Dovmward continuation of observed

fields and the construction of vertical derivetive maps

. probably constitute the mogt useful approaoh_to the
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practical problem of interpreting amomalies due to

deep=seated magnetised bodies. The former technique
 has not yet been used by the Pureau; ‘electrode data
processing techniques under investigation may be adopted
for the tire=-consuming calculations involved.

' An examination was made of
Baranov's (1957) propoéed method of transforming total
intensity anomalies into pseudc-gravimetric anomalies,
based on vertical polarization conditions. Coefficients
published in Baranov's paper could not be reconciled with
the derived: formulae. Using these coefficients, trans-
formations werc shova to be reasonsbly satisfactory cn
anocnmalies due to simple magnetised bodies for dip angles
of 60 degrees or greater. Even if other satisfactory
transformations wére possible,; the usefulness of such
maps in practical interpretation is considered deubtful.

Greaet accuracy in depth estimation

cannot be expected in intarpréting aeromagnepie Mmaps
‘considering the departure of actual géologiﬁal conditions
from the simplified bodies on which calculations are based.
The estimates are naturally lesc accurate in measurements
on nagnetic patierns from decp-seated basementaxncks,
whore individual anomal§§s are merged at the cobgervation
levels  lomogeneous magﬁetisation and constancy of
magnetising vector assumed in calculation are not realised
in netural rock masszes. Nevertheless, resulis often
- confirm the validity of the methods of measurement,
accuraclies within Z20% in favorable areas being rcﬁorted
in geophysical literaturc. ‘The complexity . .of natural
mognetised étructures also indicates that calculations
based on elaborate Bhépes of magnetised bodies will not®

| necessarily assist practical interpretaticn. : a
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Aeroragnetic detectlon of probable
ore bodies is normally followed in Australisn exploration -
by ground magnetometoer swrvey, drilling taragelts being

celected on the more detailed indications of the latter

method. In sedimontary besins, the role of aeromagneticyend

gravicetric, curvey is usually one of primary.investlgation,
followed by direct seismic measurcments over favorable
structures outlined by these potential field meusuring
iwethods. Howevery; in cortain sedimoentary areaég-local—
ities for stratigraphic drilling héve been selécfed solely
on the interpretation of‘aefomagnotic and grovimetric mapsz.
Drilling has commenced on scveral of these sites. Confirm-
ation is to hand on one site in & shallow part of the
Canning basin where bascment roclk was penetrated at approx-
inately 2000 fect midway between two peints of meacurement
indicating 1000 fect and 3000 feet respectively. )

| Relferences have been made in this
paper to the authors of geophyéical literature. The

~

specific texts or papers referred to arec az f{ollows t=

Baranov, V., 1957 ' A new method for interpretation

of acromagnetic mapa: psewdo-

gravinetric anomalies.. Geophysics

S~ Vol.XXII No.2 April.
Gulatee, B.L., 1938 | Hagnetic Anomalies.

Prof. Paper No.29 Svy. of India.

Henderson, R.G. and The upward continuation of
I. 2ietz, 1949 anomalies in total magnetic

iatensity fields. Geophysicslk,
Vol.XIV HWo.4 Oct.
Peters, L.J., 1949 The direct approach %o magunetic

interpretation and its practical

applicaticn. Goophysics Voi.XIV

No.3 July.
Vacquier V.y, ot aly Interpretation of aercomagneiic

1951 ; GeO].o SOC. Alle I’Iem:» 4‘7.
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