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Geophysical Data Sets Over Continental Australia
Introduction

Magnetic, gamma-ray and gravity data sets provide vital information for mineral and
petroleum explorers as well as researchers studying the geology of the Australian continent
and for environmental management issues. Commonwealth, State and Territory governments
have devoted considerable resources to acquiring these data sets and making them available to
encourage exploration. Geoscience Australia’s (GA) geophysical databases contain data
acquired by governments, private industry and universities and this report summarises
coverages over Australia of these data.

On the occasion of the centenary issue of Preview, it is worth reflecting on the advances in the
coverage of publicly available magnetic, gamma-ray and gravity data over Australia since the
first edition of Preview in February 1986. Since then the areas and resolution of coverages
have increased dramatically. Quality of the data through better acquisition and processing
techniques has also improved, and new types of data sets added to the explorers' supplies.

Magnetic data

Figure 1 shows the present state of coverage of magnetic data over Australia at various line
spacings, and Figure 2 the situation in February 1986. The most noticeable difference is the
improvement in coverage of 400/500m line-spaced data. However, even though coverage is
now complete, large areas have only substandard coverage.

The tables below, showing the percent coverages of magnetic data over onshore Australia,

and the distances surveyed onshore and offshore Australia by 2002 and 1986, quantify the
situation.

Table 1: Line spacing of airborne magnetic data over onshore Australia, 2002 and 1986

Coverage (%)

Line spacing (m) 2002 1986
<=500 53.4 3.7
501 -1 600 34.7 48.6
3000 -3 200 12.8 29.6
>3 200 7.6 11.7
No coverage 6.4

NB: The coverage statistics for 2002 in Table 1 add up to more than 100% as some survey
areas have been reflown at a higher resolution than when data was first acquired in the area.



Table 2: Distances of airborne magnetic data over Australia, 2002 and 1986

Distance (km)
Line spacing (m) 2002 1986
<=500 10 888 482 621 124
501 -1 600 4170 909 2736 756
3000 -3 200 1182317 861 941
>3 200 212909 176 838
Total 16 454 617* 4398 523*
* The database holds a small percentage of surveys with undefined line distances, which

have not been included. These surveys are estimated to total 300 000 line km.
Gamma-ray data
Figure 3 shows the present state of coverage of gamma-ray data over Australia at various line
spacings, and Figure 4 the situation in February 1986. As with the magnetics, the most
noticeable difference is the improvement in coverage of 400/500m line-spaced data.
However, the gamma-ray coverage is not complete.
The tables below show the percent coverages of gamma-ray data over onshore Australia, and
the distances surveyed onshore and offshore Australia by 2002 and 1986.

Table 3: Line spacing of airborne gamma-ray data over onshore Australia, 2002 and 1986

Coverage (%)

Line spacing (m) 2002 1986
<=500 52.5 2.8
501 -1 600 24.2 22.8
3000 -3 200 3.8 9.7
>3 200 1.2 4.5
No coverage 18.3 60.2

Table 4: Distances of airborne gamma-ray data over Australia, 2002 and 1986

Distance (km)

Line spacing (m) 2002 1986

<=500 10 456 686 536 018
501 - 1 600 2464 124 1724 051
3000 - 3200 347421 319 125
>3 200 43 117 43 117

Total 13311 348* 2622 311*



Elevation

As a consequence of using GPS for flight path recovery, elevation of the Earth’s surface
above sea-level is now easy to calculate from data collected during airborne geophysical
surveys. Elevation data are now a standard product from airborne geophysical surveys. In
1986, the GA databases held practically no elevation data. In June 2002 the coverage was as
tabulated below, and as shown in Figure 5.

Table 5: Coverage of elevation data from airborne surveys over Australia, 2002

Line spacing (m) Coverage (%) Distance (km)
<=500 34.9 7 094 873
501 -1600 0.4 22970

A 250-m grid of elevations over all of onshore Australia derived from point elevations (spot
heights), gravity survey station elevations and airborne geophysical survey elevation data is
available from GA.

Accumulation of data into airborne geophysical databases

Figure 6 shows the yearly and cumulative acquisitions of airborne geophysical data into GA’s
airborne geophysical databases from 1951 to the present. The rapid accumulation of data,
which occurred over the 1990s due to Commonwealth and State/Territory Government
exploration initiatives, appears to be tapering off.

Gravity

Figure 7 shows the present state of coverage of gravity data over onshore Australia at various

station spacings, and Figure 8 the situation in February 1986. The table below quantifies the
situation.

Table 6: Coverage of gravity data from over Australia, 2002 and 1986

2002 1986

Station spacing Coverage (%) Stations Coverage (%) Stations
<=1km 0.9 8 688 0.3 1436
2-3km 14.2 135197 7.6 44 351
4 -6 km 25.6 244 783 9.7 56 778
7 km 11.0 105 331 10.8 63 076

11 km 48.3 461 673 71.7 419 259
Total 955672 584 900

Although there is essentially full gravity coverage over onshore Australia, most is at a very
coarse station spacing and much of the data are aliassed. There are no airborne gravity or
gravity gradiometry data in the GA databases.



Figure 9 shows the acquisitions of gravity data into GA’s gravity database from 1947 to the
present. Although accumulation of data accelerated in the 1990s, the increase of gravity data
was not as dramatic as the increase in airborne geophysical data.

Data availability

Data owned by the Commonwealth in the National Airborne Geophysical Databases are
available at cost of transfer from GA. Data owned solely by State and Territory governments
are available from the relevant State or Territory department.

New Commonwealth policy on data pricing and access

Publicly available digital data from Geoscience Australia’s airborne geophysics and gravity
databases are now available under the Commonwealth Government's new spatial data pricing
and access policy. Some data, such as the Gravity database and the gravity and magnetic
grids of Australia, are available for free download from GA’s website (www.ga.gov.au).
Almost all released data are available on CDs at a cost of A$99 per CD (including GST).

Data from most semi-detailed airborne geophysical surveys are provided on one CD per
survey. For surveys larger than 69,000 line kilometres (at say 400 m line spacing) the data
are contained on two or more CDs for each survey (up to a maximum of 7 CDs). Data from
several 1 500-m line spaced surveys fit on a CD. The GA website has a list of available
airborne geophysics data by survey. The grid of the Magnetic Map of Australia (at 15 second
~ 400 metre cell size) is on a single CD. The gravity database and the gravity grid (at 30
second ~ 800 metre cell size) of Australia are on a single CD.

Improvements in quality of data

As well as improvements in the coverage of data since 1986, data quality has markedly
improved from advances in acquisition and processing techniques. Some of these are
described below.

Location of measurement points

In 1986 most airborne geophysical surveys used a combination of aerial photographs with
Doppler navigation systems for aircraft navigation and flight path recovery. In the late 1980s
radio-navigation systems were introduced and in the early 1990s Global Positioning System
(GPS) navigation systems were beginning to provide navigation and flight path recovery
information. Today, GPS navigation systems are the standard for airborne geophysical survey
navigation and flight path recovery. Flight lines are straighter and more precisely located
than in 1986. Positions are to within Sm, compared to typically 70 m from aerial
photographs.

GPS has improved the accuracy of gravity surveys. In 1986 many survey stations were
levelled using barometers and horizontally located using aerial photographs because the
alternative of surveying was too costly and slow. Height data recorded with barometers
typically had errors of 1 m for digital barometers to 10 m or more for aneroid barometers,


http://www.ga.gov.au)/

resulting in uncertainties of 3 to 30 pms™. Appropriate GPS height data now gives heights to
better than 5 cm. Locations from aerial photographs could have had uncertainties of 200 m
(equivalent to 1 pms™).

Magnetometers

Proton precession magnetometers were the standard sensor in 1986. These measured the total
magnetic field to a resolution of 0.1 nT. Magnetic data were recorded at 1 second intervals
with a noise envelope of 1 nT. Currently, caesium and helium vapour magnetometers are the
industry standard. Both types of magnetometer can be sampled at 0.1 second intervals or
closer, with resolutions of 0.001 nT, and noise envelopes of less than 0.01 nT.

Improvements in base station magnetometer instrumentation have followed a similar pattern
to developments with the airborne magnetic sensor. Progress has seen the standard base
station magnetometers change from a proton precession magnetometer in 1986 to high
sensitivity helium base stations in 2002.

Compensation

In 1986 the effects of airborne magnetic survey aircraft were compensated by adjusting the
currents flowing through three mutually orthogonal coils. This procedure was time
consuming at the best of times and often took one - two days before a satisfactory result was
obtained. Typically, manoeuvre noise was less than +0.5 nT with a heading error of less than
+1 nT. The Automatic Aeromagnetic Digital Compensator (AADC) revolutionised the
magnetic compensation procedure. The whole procedure could be completed in one - two
hours with manoeuvre noise less than +0.15 nT and a heading error less than +0.25 nT.

Gamma-ray spectrometer systems and processing

In 1986 the standard crystal volume in the aircraft was typically16.8 1, sometimes with 4.2 1 of
upward crystal. Now 33 | is standard, giving a V2 improvement in noise levels.

Spectrometer calibration was difficult in 1986. The crystal packs and photomultiplier tubes
(PMT) had to be maintained at a constant temperature to achieve thermal stability. The
spectrometer system required regular calibration to maintain the resolution of the data. Drift
was common, degrading data. Spectrometers are now self-calibrating spectrometers that don't
require temperature stabilisation of crystal packs or PMTs

Whereas 4 channels of data were typically recorded in 1986, a minimum of 256 channels are
now recorded. The increase in the number of recorded channels has enabled improved
background estimation, and noise adjusted singular value decomposition (NASVD) or
minimum noise fraction (MNF) processing to reduce noise. Systems are now regularly
calibrated over calibration ranges so that final results are expressed as apparent ground
concentrations, or dose rate. In 1986 results were usually expressed in counts per second, and
easy comparison of results from different systems was not possible.



Gravity Meters

There are now several meters such as the Scintrex CG-5 and LaCoste and Romberg Graviton-
EG meters that take readings automatically and store the data for downloading direct to a
computer, decreasing the problems of reading and input errors. One factor often overlooked
for the LaCoste and Romberg G meters is that they can become more stable over time, thus a
meter from the seventies or eighties may give better results because of better drift
characteristics than newer more automated instruments.

Improvements in gravity meters in recent years have made taking gravity observations easier
and less prone to operator error. These improvements mean that less time is spent taking
observations resulting in increased production.

Concluding remarks

Considerable improvements have occurred in geophysical coverages of Australia since 1986,
both in the extent and quality of data. State and Commonwealth initiatives fuelled rapid
increases in magnetic, gamma-ray and elevation data during the 1990s. The completion of
first pass magnetic coverage and the introduction of GPS systems have encouraged the
reduction in line spacing of the airborne coverages. Quality of airborne geophysical data has
improved due to GPS, better magnetometers and compensation systems, multi-channel
gamma-ray data acquisition, and improved processing. Coverage of gravity data has steadily
improved and data quality have improved, largely due to the introduction of GPS.
Presentation of data has also improved with the now routine use of image processing, and the
use of derivatives and other manipulations of data. Maps can now be generated much easier
and faster than in 1986.

Figures 10 and 11 demonstrate some of the improvements in coverage for magnetic data from
1986 to now. Figure 10 shows the Magnetic Map of Australia which was available in 1986 as
a contour map generated by BMR in 1976. Figure 11 shows the 1999 edition of the Magnetic
Map of Australia (Milligan et al) which is available as a pixel image map. Not only has the
area of data coverage increased markedly, but also the quality of presentation of the map has
improved, making it far more interpretable. Due to improvements in processing and
visualisation techniques GA released three editions of the Magnetic Anomaly Map of
Australia dur ring the 1990s whereas prior to 1990 only one edition of this map had been
published.

Despite the recent improvements, large areas of Australia have poor quality of coverage.
About 45% of onshore Australia has airborne magnetic coverage with line spacings of

1 500 m or more, and 18% has no coverage of gamma-ray data. Almost half of onshore
Australia has gravity data at 11 km station spacings; only 15% has coverage at 3km or closer
station spacings.
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Figure 1: April 2002 - Airborne Magnetic Coverage of Australia - Line Spacing. Map Scale 1:25 000 000
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Figure 2: January 1986 - Airborne Magnetic Coverage of Australia - Line Spacing. Map Scale 1:25 000 000
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Figure 3: April 2002 - Airborne Gamma-ray Coverage of Australia - Line Spacing. Map Scale 1:25 000 000
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Figure 4: January 1986 - Airborne Gamma-ray Coverage of Australia - Line Spacing.

Map Scale 1:25 000 000
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Figure 5: April 2002 - Airborne Elevation Coverage of Australia - Line Spacing. Map Scale 1:25 000 000
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Figure 7: April 2002 - Gravity Station Coverage of Australia. Map Scale 1:25 000 000



GRAVITY COVERAGE DENSITY THROUGHOUT AUSTRALIA PRE 1986

50 120° 51 126° 52 132° 53 138° 54 144° 55 150°
8° 8°
BOIGU - [ 0ARY | g
3
TH
oo cape vor
¢ ia o BATHUR e ™| RG | junction | wesseL [ rruant
‘?‘ ISLAN i LN 1SLANDS*] ISLAND RO FORD c
ey
GEOSCIENTE - by - BAY
AUSTRALIA A MICN- m
Foceay ADRRWIN [ 1OR | Gl BAY Gove wilen | GEE
I Moy
BL
12° LONDON- CAPl PINE MOUNT | MOUNT uoe “|PORT 120
REEF] scof CREEK | EVELYN | MARUMBA IGDON
LONG DERRY BAY(dy AURUKUN | cogn,
FERGUS- .
MONT/ DRYS- DUSA RT SON K'R\LHEE B ROPER PE <
BROWSE | G DALE BANKS | K RIVER ER | BEATRICE Hofroyp | EBA- Ohee
ISLAND | sOdND GOOLA T VgLV
M- DELA- HODGSON | MOU D
D CAMDEN" CE | asHTON | B MERe  |LARRMAH [Pholns | YOUNG LLEW RUFLAND | pany
M1 UsSSA- | WATER- | River | DALY TANUM- | BAUHINIA |ROBINSOM| MORN. CAPE
1 HARN- ELIZA- DELL LOO DowNs | WATERS | BIRINI DOWNS | RIVER ol VAN L
penDERA. Vi LEY BETH = ] oEven ) BRATH | WALSH mossuan{
~ - AIRNS
o y CASTLE | BEET- | WALL- |caLvert | WEST- o
16 qouro | S, | oot s (wven | SSE | RiGr | RS, | SIRERT | iR e o | e 16
BR N | RIVER
| ran. | WENE[SOUTH ey [ oI THERTON [ Inlsra
T MOUNT | GORDO! - | Teke LAKE UNETTE | pROM. o
R | Nocns | RAMSAY | DOWNS | DUBU | creek | woops |SPRINGS oowns | wonp  [LAWNHILL| PONORS [oo o [ GEORGE. | emas.
r Tanami | SREEN | ey ant TOWN | LEiGH | iNcHay
W
E ArTY | crOSS- R |Biuona | TANAM | Cerst | AV | Greex | AlRoY | Ranken | e | oggE | MLLUN- [ gy en P E
LAND GER, - \RKE <.
R g e LubER | soney O S
ISLA s THE LANDER | BONNEY || FREW | AVON | wouNT | cLon—] » YR
JOANNA | puMMER |CORNISH GRANITES [SOLITARE RVER | DOWNs | isa CURR A
POR] ARRIE |ANKETELL | SPRING ¥==| CREEK [RICHMOND | HUGHEN- [CHARTERS
. " ROE T eoLavo | ¥ stns | o | vount | wounr [ earrow T - DEN  [Towers | BOWEN Er.
20 BARROW | pawP PATTER- AL | HELENA  NORE | MO | THEO PEAKE | CREEK [ELKEDRA | OVER [ URAN- | 20°
WSLAND g e | o | TSN | sawar [PER RVER | DANGI HESS | MeINLAY | Mg rancorn  BUCHA. o
GINE RANGE. — I P N an [ MOUNT
LARRA- | PYRAMID | BAR LAKE MOUNT | NAPPER- TOBER- COOLON | MA PER(
wEeB. ALCOOTA [HucKITTA GLENOR- MACk. 35 v v
onstowA{ Lol BALFOUR | pupaLL [ABLETOP  URAL WILSON MACKAY ‘DOREEN BY MORY | misTon | BOULA | Une SR | | MurTa. ISLES
% BURRA  GAL CLER.
MOUNT |0y HILL | DOWNS. \ ER: ILEE STL
| wount | wount | FERNs | AucE fiioowa T &
F wyLoo | BRUCE o | LEBIG oy MOUNT | Spring. [BRIGHT = RENCE F
A v RYA! RENNIE BURG SPRINGS | CREEK AY RIVER G- 'ON
Moo © o | FOBERT | cunanya RUNTON | MORRIS NALD WHELAN. | yas Downs  anERoo| LON - Clilfon
TUREE | NEW! ol e SIMPSON Py HO. [EmERALp | DUA- -
LD R
ING UND EK RAWLIN- | BLOODS (BT HAL & 3 = o)
e NL EDM! CRE! WADLEY | waRRI | coBB Son. | RANGE [AMADEUS RODINGA  giveR N%s:g BEDQ@%‘AT CONNE- INGA Ay gEkON
™ WOONT | ouuien | BuuLen | TRANOGR MARA | JUNDAH [BLACKALL SPRING. LAND.
ov| MOUNT EGGER- | €©! PETER | AvERS |\ coon SMPSON [ SURE wm o
24° o KENIGE | pHiLPS | TON — enmiey | scorr | MANN | “gock MedlLLs  DESERT | U [BETooTA | CANTER. “%4] wonto | Bnog 24
au ROB | peAC |unapery STANLEY |H Y AAvaLe | 4 Ry EDDY
GLEN- S HILL WOOD- DAL=FOOLA- | PANDIES. o __L STONE | TARoOM [MUNDUB. ER
A5 - | sumeH | RANGE ROBERT 1 | cooper | MANN | ROFF |ALBERGA |ABMINGA | HOUSIE | WaNNA | pASGIS CORDILLO | BARROL- | £ro. 22230944 BERa o AR RN
\ | s, | wuw INGSTON G B A | QT e Y cin
5 L
vRo | BELS GARI BIRKS- | 1up, ARD |WinTinna | O0DNA- | NooL- ROMA | CHIN.
G e THROS- IS [WAIGEN | GATE = DATTA | YEANA AM | fr— =CHLLA | GYMPpi G
El SAND- szUEL [pUKETON | sELL WOOD NS [ M PINE WYAN- [ Howe. B
00| CUE | STONE | S ey e | KoPP = = o BON [ surar
AIANAE| MU 5 oN | NEALE [VERNON | WANNA |NOORINA wi ILES | Coppie |WARRINA | Eyie [ RAMAN: TICKA- DALBY
ra | You | LEO Yon | ™ NA URA [BULLOO [ EuLo UNNA- | DiRRaN. |
= | A | NoF TAUA-  [coor LA [Banor [gedT
3 o BER | BILLA - DI Goon.
28° OUTMAN | GBRALE" 1YALGOO | LOCKA MNE | PLUME | gy pe [MASON | WYOLA |MAURICE | gygy DY [ KALINA AR [MarRee | CALA- | MiLpag. £ ¥ 28°
. N DU 4 MURKA 3 -
ROL- El GWAL | RIDGE BONNA | ‘INka  URISINO NTA- | ENNGO.
s EREN: GHAN | BARLEE MENZIES | DENA . o 5 3 BULLA | ‘g SNGLE- »
PEREN- | N 3 0oL OREE | INVER. v
00 | oon- 0OLDEA | BARTON e
Pe JOR! - \wr fcunoee- | SeE | LR IFoRREST cooK COoOLA FROME CL/?EEAM WHITE B [GRarToy ($PECIA,)
2 . KA RUE | NALPL LEE CLIFFs | Louty . )
BEN. |\ pacKsON |goori E 3 o BOURKE [waigerr| NAR-
B & - [FOWLER " -
Ly | MOORA CCll WIGE- | zan. | NARE- | waDURA | EVCLA R DARA Crinn | Sre:BROKEN [y BRI [N | o H
H e soum | soor | eS| 2 | CHLNA [ Mona [l [wican. | | T ORRIG
R- N s ATo | ¢ | i
ERTH ‘;%:LREVN cross | "N L THA SUR— | NOON- NUYTS - Ky ORRO- e X O¥R | Nvvoan S\L»}DRA oAl pag.
LAKE | NORSE- | BALLA- | CUL NABBIE | AERA ROO OLARY & [ ORTH | rine:
DEE MANARA |1 NYMA- S
COR- HYDEN JOHN- MAN DONIA /ANHOE ‘\ GEEA NARRO.
IN- STON MINE DL SINGLE.
320 AR R‘Gﬁ, - sLus\{gi KIMBA  WHYALLAM BURRA ﬁ[‘fw' [ANA rool | leamn Eiziii: UBBO LNE gsw. 320
$3seeesid | ravens- | esee- BRANCH : Lo caRoeL. | e
Fowe pumBLE-| NEWDE- Thomee | pance |, SO = = CARE | 1AL {iGo """ | Foregs | BATH.
SSEL- OLL YUNG | - MAR- = — | URsT 8
ke : voN: | cape o | LN Lae| el el BALRA. T ey
MOUNT & B | Ao S 0 | hav pAREAN- coor [
- Y Mo L.
AU YRRRTON BARKER, is- = | PivNA- e MUNORA | gy [MOLLEN- |
cus Roo [ ouven | SR DENL. | g WG
1 RWIN | aBANY QUN_| DEREE [ acon e
\NLET KERSAIN NARA- [ HoRs. | 7 A | Puiia
ORTE| HAM  ARNAUD [BENDIGG; WANGA- | TaL Al
- RATTA  [GatTay | BEGa
360 Legend " Son | AL Ve fu 36°
RAT o Uryon | BAIRNS- | i
= N Ipate: L epor
11 km [ No Coverage LAND
CLiFF
7 km — J
J DEAL
4-6Kkm
Kil
. FLoE]
2-3km [ ISLAND
40° . BURNIE UN- 40°
1em W OEEE HH CEsTop, {
N QUEE
High Med Low o) NNS QATLANG:
Reliabi s S
POR' 2
K DAVEY’ Jas K
49 114° 50 120° 51 126° 52 132° 53 138° 54 144° 55 150° 56 155°

Figure 8: February 1986 - Gravity Station Coverage of Australia. Map Scale 1:25 000 000
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Figure 9: Accumulation of data from State/Northern Territory, Commonwealth Government, Private Company and University gravity surveys into the National Gravity Database from
1947 to the present.
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Figure 10: The Magnetic Anomaly Map of Australia - 1986 edition.



Figure 11: The Magnetic Anomaly Map of Australia - 1999 edition.
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