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1. INTRODUCTION 

 

This report covers the field survey operations and data processing performed by Fugro Ground 

Geophysics (`FGG’) during acquisition of gravity and positioning data in the Isa-Georgetown 2001 

regional gravity survey.   The survey comprised solely of a helicopter programme, which established a 

regional network of 4 km X 4 km stations, with some areas skipped where recent company or 

AGSO/BMR data was available. 

 

Acquisition commenced on 28 April 2001 and was completed on 04 July 2001. During this period a total 

of 5237 stations were observed. LaCoste and Romberg Model `G’ gravity meters were used for all 

gravity acquisition, with station position and elevation determined using dual frequency Ashtech Z-12 

GPS receivers.  A Robinson R44 helicopter was used as the survey platform to acquire the regional 

data. 

 

Accommodation was generally at shearers quarters on stations throughout the survey area, although 

the crew did stay at the Goldfields Hotel in Forsayth for a short period.  Landholders were notified prior 

to the survey by newspaper advertisements, radio announcements, and individual contact by telephone. 

 

A map showing the survey outlines is included as Figure 1 on the following page. 
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Figure 1.  Area Location Map 
» 

 
» Portions of this document include intellectual property of ESRI and are used herein by permission. Copyright © 2001 Environmental Systems Research Institute, Inc. 

All Rights Reserved. 
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Figure 2. Station Locations. (Blank Areas have recent AGSO or company data) 
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1.1 PERSONNEL AND EQUIPMENT 

 

FGG supplied the following equipment for the survey 

 

 

 

 

The following personnel were on site during field operations:

Doug Hall Party Chief/Gravity Observer/Processor

Keith Clinton Gravity Observer/Fuel Dump Establishment

Greg Kunda Processor/Gravity Observer

Derek Doak (Jandakot Helicopters) Pilot

Allan McKay (Jandakot Helicopters) Pilot

Hugh Warren (Jandakot Helicopters) Pilot

Mike Roberts (Jandakot Helicopters) Pilot

Quantity Items

1 Helicopter (Robinson R44 from Jandakot Helicopters)

4 Ashtech Z-12 Dual-frequency GPS receivers 

2 LaCoste & Romberg Model G gravity meters

2 Inclinometers (Sunnto PM-5)

3 Codan HF radios

1 Optus Satellite telephone

2 Handheld GPS units

a)     Gravity/Positioning Data Acquisition

Quantity Items

2 Toyota Landcruiser 4 X 4 Utilities

3 Tents

Sufficient Mess equipment for 5 people

1 2.5 Kva Generator

2 Survival Kits

2 First Aid Kits

b)     Major Camp and Support equipment items



SURVEY PROCEDURE AND SPECIFICATIONS 
 

 

  
GRAVITY LOGISTICS REPORT                                                 November , 2020                                                                                                            7 

2. SURVEY PROCEDURE AND SPECIFICATIONS 

 

2.1 DATA ACQUISITION 

 

The gravity data was observed using a LaCoste and Romberg Model G gravity meter, capable of a 

resolution of 0.01 milligals.  Reading time was recorded to the nearest minute to allow computation of 

tidal effects using Longman’s formula.  Elevation and position were determined using Ashtech Z-12 dual 

frequency GPS receivers with results computed by Ashtech’s proprietary PNAV software (version 2.4). 

 

Data acquisition for the area is summarised below: 

 

Isa-Georgetown 2001 Survey Parameters 

Line Spacing 4000 m 

Station Spacing 4000 m 

Line Direction East-West 

Number of Stations 5237 

Number of Repeats 309 

Navigation Real time GPS (non-differential) 

Surveying Dual Frequency GPS 

Survey Method OTF Kinematic 
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2.2 NAVIGATION 

 

For the helicopter-based acquisition, the pilot navigated to each station using real time GPS. 

Coordinates for each station were up-loaded daily to the helicopter’s Garmin GPS receiver, which 

displayed a steering indicator and the distance to the next station.  The pilot followed the steering 

indicator until the distance to the station was less than 100 metres, at which point a search for a suitable 

landing site would commence.  Because of the varying nature of the vegetation present in the area, it 

was not always possible to land safely at the designated location, particularly in the eastern sections of 

the Georgetown and Gilberton map sheets.  In these cases, the pilot attempted to land as close as 

possible to the programmed position although a number of stations had to be skipped because no 

suitable landing site was available, particularly on the Gilberton (SE54-16) mapsheet.   

 

 

2.3 GRAVITY BASE STATIONS 

 

The GSQ gravity base listed for Julia Creek Airport (2000.2044) formed the basis of the gravity control 

for the gravity programme. A table summarising the pertinent facts of the base stations follows: 

 

 

 

Gravity bases established during this programme are numbered 2001.4001 to 2001.4004.  Location 

descriptions for these bases are shown in the appendices to this report. 

Gravity Base Station Identifier Programme Value (gu) Status

Julia Creek Airport (GSQ) 2000.2044  9786398.67 Permanent Base

Alva Downs 2001.4001  9786230.70 Permanent Base

Arizona 2001.4002  9785788.00 Permanent Base

Claraville (GSQ) 2000.0031  9785368.58 Permanent Base

Esmeralda (GSQ) 2000.0033  9785286.18 Permanent Base

Forsayth 2001.4003  9784628.00 Permanent Base

Bellfield 2001.4004  9785354.80 Permanent Base
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2.3.2 DRIFT CONTROL 

 

Drift has two components, a cyclic component due to the time varying gravitational effects of the sun 

and moon, and an approximately linear component due to instrumental drift. The tidal effects are 

removed using Longman's (1959)1 algorithm, which calculates the tidal correction to a resolution of 0.1 

gu. As the remaining drift is predominantly linear, gravity loop times can be extended to cover the full 

day.  

 

This offers a number of advantages: 

 

 - Most loops are directly tied to primary bases reducing accumulated errors generated from        

   tying secondary bases to other secondary bases. 

 - Removes the need to set up a series of temporary bases along the survey line. 

 - Instrument drift rate is often less than reading error, even for long duration loops. 

 

The gravity meter, being a mechanical instrument consisting of beams, weights and springs, suffers 

from drift due to minute stretching of the spring mechanism. This drift can be removed provided each 

survey loop starts and ends at the same gravity station or at two different stations each with a known 

gravity value.   

 

During this survey, all loops started and finished at the main gravity bases for the survey.  The drift 

behaviour of G-38 during the survey is demonstrated below.   

 

   1 "Formulas for computing the tidal accelerations due to the moon and the sun," Journal of Geophysical Research Volume 

64, No. 12, pp2351-2356, 1959. 
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2.4 GRAVITY REPEATS 

 

Gravity repeats are an integral part of quality control on the survey.  The repeats provide a check on the 

accuracy of the previous reading, and can be used to isolate tares in the data.  They also confirm the 

linearity of the mechanical drift.  From the entire survey, 309 stations were repeated (5.9%).  The graph 

below shows the distribution of the repeats, which have a standard deviation of 0.44 gu.  

 

Figure 2  Gravity Repeats 
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2.5 GPS SURVEYING 

 

2.5.1 GENERAL 

 

Unlike most other geophysical methods, observed gravity requires accurate survey information before 

the technique can be effectively used in sub-surface mapping. The gravity response to elevation and 

position can far exceed sub-surface anomaly amplitudes. The effects are approximately 2 gu per metre 

of elevation and 5 gu per kilometre of north-south position. Therefore real-time GPS (±100 metres) is 

totally inadequate while real-time differential GPS (±5 metres) would produce ±10 gu errors. There are 

four GPS methods that can provide adequate quality survey data for gravity reductions.  

These are: 

 

METHOD DESCRIPTION ELEV 

ERROR 

GRAV 

ERROR 

Rapid Static Relies on the mobile receiver remaining stationary for 5 to 30 

minutes depending on the distance between the base and mobile 

receivers. Very accurate but slow. 

±2cm <.1 gu 

OTF 

(On The Fly) 

(Kinematic) 

 

Tracks satellites continuously. Observation times at each station is 

only  a few seconds.  Able to recover from interruption of the 

satellite signals with no loss of accuracy through advanced 

ambiguity resolution algorithms which eliminate the need for a static 

initialisation or antenna swap. 

±5cm 
±1.0 gu 

Kinematic / 

Real Time Kinematic 

Tracks satellites continuously. Observation times at each station is 

only few seconds. Cannot regain its position after the number of 

visible satellites fall below four (tree cover, hills etc.). The problem is 

accentuated when attempting to maintain lock on 4 or more 

satellites for large station spacing surveys. The Real Time Kinematic 

method of processing data is done using Ashtech’s proprietary 

baseline processing algorithms.  These algorithms are stored in the 

receivers firmware, and on receipt of the carrier phase data from the 

base receiver, the 3 dimensional vector from the base to the rover is 

calculated and applied to determine the rover position. 

±5cm ±.1 gu 

Trajectography Tracks satellites continuously. Observation time at each station is 

only a few seconds. Can recover its position after the number of 

satellites fall below four. Higher errors than kinematic. 

±50cm ±10 gu 

 

All methods require a base GPS receiver to be located on a station with known coordinates. This base 

receiver allows post processing of the data to remove the effects of selective availability and ionospheric 

effects. The most appropriate method is generally a compromise between cost and accuracy, though 

the accuracy should be consistent with other sources of gravity noise (eg. geological noise, terrain 

correction errors, meter reading resolution).  FGG surveyed all gravity stations utilising the OTF method. 

 GPS data was recorded with Ashtech Z-12 dual frequency receivers.  
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2.5.2 GPS Control Points  

 

Survey control was established using long baseline processing methods.  This facility is provided by 

AUSLIG, and uses the Australian Regional GPS Network (ARGN) base stations situated around 

Australia.  The data processing is accurate to 10-20mm in the horizontal and 20-30mm in vertical. This 

method means that each station was established independently of other stations in the area, but at a 

higher accuracy and greater operational efficiency than would be achievable from a normal network.  

For comparison purposes, one of the bases was placed on a 1st order horizontal station (PM 113536), 

with the following differences observed.  The station has a 3rd order elevation. 

 East = 0.018m  North = 0.009m  Elevation = 0.198m 

 

Further information about this processing facility may be found on the AUSLIG website 

(http://www.auslig.gov.au/geodesy/sgc/wwwgps/wwwgps.htm). 

 

2.5.3 On-The-Fly GPS 

 

The OTF kinematic method of processing data is done using Ashtech's proprietary PNAVTM baseline 

processing algorithm.  PNAV is best described as a Kalman filter based real-time baseline processing 

engine.  It processes time-tag matched double difference pseudo range and carrier phase 

measurements to generate optimal position and velocity solutions.  Its ambiguity search algorithm fixes 

the carrier phase integer cycle ambiguities on-the-fly and enables PNAV to generate centimetre level 

epoch by epoch solutions.  The PNAV software automatically recomputes the integer ambiguities even 

while the roving receiver is moving.  The distribution of repeat elevation differences is shown below, with 

a standard deviation of 0.08m.   
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3. DATA PROCESSING 

 

3.1 OBSERVED GRAVITY 

 

The following corrections are applied to the raw gravity data to obtain observed gravity (go): 

 

Instrument correction: to correct for the scaling factor between machine units and milligals, as listed in 

the `Gravity Loop Statistics’ (see Appendix E for excerpts from L&R's calibration tables). 

 

Tidal correction: To correct for the differential gravitational effects of the moon and sun.  Longman's 

polynomial approximation of tidal effect is applied to the base-out and base-in readings before 

the loop drift rate is calculated and is also applied to each station within the loop. The 

Longman's formulae are published in the Journal of Geophysical Research, Vol 64, No 12 

pp2351-2356 1959. 

 

Mechanical drift: Removed with the assumption that the drift between base-out and base-in is linear. 

This is a valid assumption when the non-linear components (tidal) have been removed before 

the drift rate is calculated and the meter has not suffered significant tares during the course of 

the loop. 

 

 The following equation combines these corrections to obtain observed gravity:  

 

  go = gstn + Ctide - Cdrift - gbase-out + g0(base) 

 

 where: 

 

  go=      observed gravity in milligals 

 

  gstn=     raw gravity reading at each station 

 

  Ctide=    tidal effect (in milligals)  

  

  g0(base)    absolute value of gravity at the base   

 

  Cdrift = (gbase-out - gbase-in)/(tbase-out - tbase-in) x tstn  

 

  gbase-out, gbase-in    are base readings at start and end of loops 

 

  tbase-out, tbase-in    are base times at start and end of loops 
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3.2  BOUGUER GRAVITY 

 

Bouguer gravity is calculated using equation: 

 

  Gb = Go - Gt + Cfa - Cb + Ct 

 

 where  

 

  Go=   observed gravity described above 

 

  Gt=   theoretical gravity calculated from the station's latitude. 

 

  Cfa=   free air correction 

 

  Cb=2Gh  bouguer correction, G=universal gravity constant, =density 

 

  Ct=   terrain correction 

   

Latitude Correction - To correct observed gravity for the effects of the differential centrifugal 

acceleration due to the reduction in angular velocity at the surface of the earth with latitude (this 

acceleration is at its maximum at the equator where the observed gravity will be at its 

minimum). This correction is solely a function of latitude () obtained from survey coordinates. 

 

 For this survey the 1967 gravity formula is used to calculate the theoretical gravity gt. 

 

 gt = -9780318.0 x (1 + 0.0053024 x sin2   - 0.0000059 x sin2 2 )   

 

Free Air Correction - To correct for the fact that gravity decreases (as the square of the distance) from 

the elevation datum. This correction is a function of station elevation above the datum and is 

approximately 3.085958 gu/metre. 

 

Bouguer Correction - Corrects for the gravitational attraction of the rock between the station and 

elevation datum. This correction is dependent on elevation and the rock density and is 

approximately 2Gh = 0.41896325 gu/meter. For this survey, densities of 2.2, 2.4 and 2.67 

T/m3 were used for the Bouguer corrections. 

 

Terrain Correction - Corrects for the effects of surrounding topographic features which deviate from the 

infinite slab that is implicit in the Bouguer correction. Quite small hills close to the reading site 

can have significant effects on gravity. Major features can have effects in excess of 20 km from 

the reading site.  Stations were sited to eliminate Zone A corrections, while Zone B and C 

corrections were observed and applied in the field if required. 
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3.3 GPS 

 

3.3.1 On-The-Fly GPS 

 

Ashtech "PNAV" software was used in processing all GPS loops acquired on this survey. PNAV uses a 

recursive Kalman filter parameter estimation technique that resolves ambiguities while the roving 

receiver is in motion.  PNAV initially uses the linear combination of the L1 and L2 frequencies (called  

widelane), which gives an 86cm carrier wave.  The widelane carrier wave, being 86cm long is easier to 

solve ambiguities for than the L1 or L2 (<19cm) carrier waves individually.  Once the widelane ambiguity 

is solved, L1 and L2 ambiguities are easily computed.  The OTF method gives results comparable to 

normal kinematic methods, while eliminating the need to carry out static initialisations or antenna swaps 

after breaks in the satellite data. 

 

 

3.4 SPHEROID TRANSFORMATION 

 

GPS uses the World Geodetic System 1984 (WGS84) datum for both its broadcast and precise 

ephemerides.  The WGS84 spheroid is a geocentric spheroid, which attempts a best fit of the whole 

earth using the latest information.  Australia now uses GDA94, which is based on WGS84.  Map Grid of 

Australia 1994 (MGA94) is the UTM projection associated with GDA94. 

 

As GDA94 and WGS84 are identical spheroids, no shift is required in the coordinates.  As per the RFT 

document, results are also presented in the Australian Geodetic Datum (1966) (AGD66), and the 

following shifts are applied to convert from GDA94/WGS84 to AGD66 

 

Defining parameters for the ANS: 

Semi-Major Axis (a)  6378160m Flattening (f)   298.25  

Transformation Parameters after Higgins (1987)  

Shifts Rotations (seconds)  

Tx  116.00 rx 0.23  

Ty   50.47 ry     0.39  

Tz -141.69 rz 0.344 Scale factor (s)  1.0000000983 

 

The data is also presented as AMG66 co-ordinates (Zone 54E) using Redfearn's (1948) formulae to 

convert geographic coordinates to easting and northing values. 
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3.5 SPHEROID-GEOID SEPARATION 

 

The Australian Height Datum (AHD) is a national vertical datum based on mean sea level measured at 

30 locations around the Australian coastline. The geoid is an equipotential surface which best 

approximates mean sea level over the whole earth. AHD, true local mean sea level and geoid surfaces 

invariably do not coincide and certainly differ from the WGS84/GDA94 and AGD84 spheroid surfaces.  

 

FGG processes all heights to the WGS84 spheroid, which differs by up to 50 meters from the AHD 

height. This height difference is referred to as spheroid separation or n-value. The calculation of the 

height difference between the WGS84 spheroid and the non-uniform Australian Height Datum depends 

on the GPS method, area and accuracy. The possible methods include: 

 

1 Global Geo-potential Model (eg OSU91) which utilises a satellite orbit perturbation, terrestrial 

gravity and satellite altimetry to produce a high degree expansion model of the geoid. This 

method provides absolute accuracies of 2 metres and relative errors at the decimetre level. 

Given that relative errors of over 20ppm (20mm/km) can occur when exclusively using a geo-

potential model this method should only be applied in areas where there no better geoid model. 

 

2 In Australia, AUSLIG (Australian Surveying & Land Information Group - Dept. of Industry, 

Science and Technology) maintains a data base of n values over a regular 2 minute grid 

calculated from a combination of the Global model EGM96 and the BMR/AGSO gravity 

database. This method can provide relative accuracy of 2-3 parts per million. FGG uses a bi-

cubic interpolation routine provided by AUSLIG to calculate n-values for each control point from 

this regular grid of calculated values. The interpolation errors are less than 10 cm when 

compared with rigorously calculated n values.  The latest AUSGEOID98 n-value files were used 

for this contract. 

 

3 For surveys requiring high accuracy in areas with good gravity coverage, the n-values are 

rigorously calculated using a combination of Global model OSU91 and BMR gravity data for 

each station. This method will therefore have no interpolation errors.  

 

For this survey method 2 has been applied to the WGS84 co-ordinates to give AHD heights. 
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3.6 OFFICE REPROCESSING 

 

As a standard procedure, all data was routinely checked throughout the survey, and underwent a final 

checking process via a reprocessing sequence subsequent to the completion of the survey.  

 

The following data integrity checks are made: 

 

• Data entry of raw gravity checked against field books 

• WGS84 to AGD84 to AMG conversions checked 

• Spheroid to geoid separation checked for  control and each gravity station 

• GPS and Gravity Base station ties checked and reprocessed 

• GPS data processing checked  

 

4. ERROR ANALYSIS 

 

The total probable error in the final Bouguer Gravity data, ebg, is calculated using:  (from Appendix B) 

 

 ebg
2=eg

2 + egt
2 + (c*eh)2 

 

where 

 eg is the error in the observed gravity 

 egt is the error in the theoretical gravity value used 

 eh is the error in the elevation value 

 c=(0.3086-2G)  

 where G=6.67x10-8 (dyne cm2)/g2  Universal Gravity Constant 

  =2.67 g/cc 

  c=1.967 gu/metre 

 

From preceding sections 

 eg =  SD of gravity repeats x 0.707 = gravity error in gu. 

  0.44 x 0.707 = 0.311 gu  

 eh =  SD of elevation repeats  x 0.707 = error in metres 

  0.081 x 0.707 = 0.057 metres  

 egt =  0.0081 sin(2 x latitude) x northing error 

      0.0081 sin (2x 19°) x 1 = 0.0049 gu 

 

It follows that the probable Bouguer error for the survey is 

  

 ebg
2 = 0.3112 + 0.00492 + (0.057 x 0.1967)2 ,      

 ebg  = 0.31 gu  
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 from Parasnis, D.S., 1973.  Mining Geophysics, Elsevier Scientific   Publishing Company, pp 240. 
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5. DATA PRODUCTS 

 

5.1 FIELD DATA PRODUCTS 

 

Field data was emailed from FGG’s Sydney office as required. 

 

 

5.2 FINAL DATA PRODUCTS 

 

The following data presentation products were presented to AGSO. 

 

 - Logistics report 

 

 - Maps and QC products as specified in the tender documents. 
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Loop 
Date 

(yyyymmdd) 
Stations Repeats Drift Meter # Factor BASEOUT BASEIN 

101 20010428 90 4 -0.04 38 1.03698 2001.4001 2001.4001 

102 20010429 125 4 0.02 38 1.03698 2001.4001 2001.4001 

103 20010430 124 9 0.06 38 1.03698 2001.4001 2001.4001 

104 20010501 115 6 -0.01 38 1.03698 2001.4001 2001.4001 

105 20010502 110 5 0.01 38 1.03698 2001.4001 2001.4001 

106 20010503 129 5 -0.01 38 1.03698 2001.4001 2001.4001 

107 20010504 97 6 -0.01 38 1.03698 2001.4001 2001.4001 

108 20010505 54 4 0.04 38 1.03698 2001.4001 2001.4001 

109 20010506 133 7 0.02 38 1.03698 2001.4001 2001.4001 

110 20010507 103 6 0.02 38 1.03698 2001.4001 2001.4001 

111 20010508 67 6 0.06 38 1.03698 2001.4001 2001.4002 

112 20010509 127 6 -0.04 38 1.03698 2001.4002 2001.4002 

113 20010510 123 11 -0.03 38 1.03698 2001.4002 2001.4002 

114 20010511 132 6 -0.02 38 1.03698 2001.4002 2001.4002 

115 20010515 122 7 -0.03 38 1.03698 2001.4002 2001.4002 

116 20010516 76 4 0.04 38 1.03698 2001.4002 2001.4002 

117 20010517 125 6 0.01 38 1.03698 2001.4002 2001.4002 

118 20010518 123 5 -0.02 38 1.03698 2001.4002 2001.4002 

119 20010519 128 6 0.02 38 1.03698 2001.4002 2001.4002 

120 20010520 118 8 0.18 38 1.03698 2001.4002 2000.0031 

121 20010521 85 5 -0.01 38 1.03698 2000.0031 2000.0031 

122 20010522 136 8 0.01 38 1.03698 2000.0031 2000.0031 

123 20010523 128 9 0.06 38 1.03698 2000.0031 2000.0031 

124 20010524 126 8 0.03 38 1.03698 2000.0031 2000.0031 

125 20010525 131 9 -0.04 38 1.03698 2000.0031 2000.0031 

126 20010526 126 10 0 38 1.03698 2000.0031 2000.0031 

127 20010527 135 9 0 38 1.03698 2000.0031 2000.0031 

128 20010528 91 7 0 38 1.03698 2000.0031 2000.0031 

129 20010529 96 7 0.05 38 1.03698 2000.0031 2000.0033 

130 20010530 100 5 0.01 38 1.03698 2000.0033 2000.0033 

131 20010531 101 6 -0.04 38 1.03698 2000.0033 2000.0033 

132 20010601 127 5 0.08 38 1.03698 2000.0033 2000.0033 

133 20010602 118 3 0.02 38 1.03698 2000.0033 2000.0033 

134 20010603 95 7 0.01 38 1.03698 2000.0033 2000.0033 

135 20010604 105 9 0.03 38 1.03698 2000.0033 2000.0033 

136 20010605 112 6 0.06 38 1.03698 2000.0033 2000.0033 

137 20010608 115 7 0.16 38 1.03698 2001.4003 2001.4003 

138 20010609 125 6 -0.05 38 1.03698 2001.4003 2001.4003 

139 20010610 121 5 -0.02 38 1.03698 2001.4003 2001.4003 

140 20010611 81 2 -0.02 38 1.03698 2001.4003 2001.4003 

141 20010623 95 4 0.02 38 1.03698 2001.4003 2001.4003 

142 20010624 81 3 -0.02 38 1.03698 2001.4003 2001.4003 

143 20010625 80 9 0.07 38 1.03698 2001.4003 2001.4003 

144 20010626 110 5 -0.09 38 1.03698 2001.4003 2001.4004 

145 20010627 111 8 0.02 38 1.03698 2001.4004 2001.4004 

146 20010629 104 4 0.09 38 1.03698 2001.4004 2001.4004 

147 20010630 112 7 0.03 38 1.03698 2001.4004 2001.4004 

148 20010701 105 3 0 38 1.03698 2001.4004 2001.4004 

149 20010701 51 3 0.04 38 1.03698 2001.4004 2001.4004 

150 20010703 145 7 -0.07 38 1.03698 2001.4004 2001.4004 

151 20010704 87 3 0.11 38 1.03698 2001.4004 2001.4004 
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APPENDIX B 
 

STATISTICAL ANALYSIS AND ERROR CALCULATION 
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 STATISTICAL ANALYSIS AND ERROR CALCULATION 

 

Assuming all of the factors contributing to the final Bouguer gravity are mutually independent, then the 

expected error in the final Bouguer gravity is the square root of the sum of the squares of the error in 

each factor, ie 

 

E²BG =  E²OBS.G +  E²gV +  (C x E²h) + E²gT 

 

  

This assumption is not absolutely valid, since a small amount of cross-correlation does exist (for 

instance, an error in the vertical will affect the terrain correction if measured elevations rather than grid 

elevations are used to calculate the terrain correction).  These cross-correlations will, however, be 

generally small, so the above error calculation will yield results that are very close to the true values. 

 

In order to quantitatively measure the so-called expected error, it is necessary to define the confidence 

limit.  This gives some meaning to the term expected error (or, put more positively, expected accuracy) 

by making the following statement possible: 

 

 X percent of the measured values will be accurate to within ±Y 

 

For our purposes, we have defined the confidence limit to be 1 sigma (), or roughly 67%, hence, we 

are after the error range (ie  ±3.0 gu) that will allow us to confidently state that 67% of the data satisfies 

this criterion.  We could have chosen a 2  limit, in which our expected error would have been larger, 

since our confidence limit would be about 95%.  Similarly, we could have gone for a 50% confidence 

limit, which would have resulted in a smaller expected error.  By choosing the 1  limit, we are 

conforming to a fairly widely accepted industry standard. 

 

The solution of the error equation for the final Bouguer gravity reduces to collecting enough data to 

determine the 1  confidence limit of each of the factors in the equation.  This is done by repeating 

enough samples to derive a statistically significant error limit.  For simplicity, we will look at the probable 

error in observed gravity.  The calculation of the probable errors in the other factors is analogous. 

 

To derive the probable error in the observed gravity, stations are revisited and the gravity reading is 

taken again.  Each reading at a station is compared with the mean of all readings taken at that station.  

For example, a station with three readings would yield three deviations from the mean value.  It is 

believed that this method yields a much better statistical analysis of the data.  Once all the deviations for 

a survey have been calculated, they are plotted on a histogram.  The repeat differences will fit a normal 

distribution curve with a mean (zero in theory, very close to zero in practice) and a standard deviation 

().  Statistically, 67% of the repeat differences will fall within ±1  of the mean. 

 

According to our definition: 

 

 ERPT DIFF = ±  

 

In other words, the expected repeatability of an observed gravity reading is ± . 

 

It is very important to realise that expected repeatability is not the expected accuracy of an individual 

reading.  The expected repeatability and expected accuracy of the individual reading are only the same 

if the repeat reading has an expected error of zero.  This follows logically from our definition of expected 

error, as the square root of the sum of the squares of the expected error of each independent factor (see 

the formula for expected error of final Bouguer gravity).  There may be other small cross-correlations (ie 

 the observer may look up the previous reading to speed up the repeat reading), but, for our purposes, 

we assume they are totally independent. 
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Thus 

 

 ERPT.DIFF
2 = ERPT RDG

2 + EFIRST RDG
2 

 

But we assume: 

 

 ERPT RDG = EFIRST RDG 

 

(This assumption is a good one:  you expect to be able to read a gravimeter on the same spot with the 

same precision at different times). 

 

Therefore: 

 

 ERPT DIFF
2 = 2 * EFIRST RDG

2 

 

 or 

 

 EFIRST RDG = 0.707 *  

 

The expected error of an individual observed gravity value is equal to 0.707 times the expected 

repeatability. 

 

The above calculation for observed gravity is carried through for each factor in the final Bouguer value 

and the end result is a 67% confidence limit of final Bouguer gravity which we have defined as expected 

accuracy. 
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APPENDIX C 
 

SURVEY AND GRAVITY BENCHMARKS 
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Summary of Survey And Gravity Benchmarks 

 
 
 
 
 

Marker Height

SITE n AHD (Ellipsoidal) MGA_E MGA_N

ALVA -20°25'09.9729" 141°39'14.3374" 44.899 106.238 151.137 568228.106 7741966.841

ARIZONA -19°31'38.6691" 141°21'13.7793 46.598 80.763 127.361 537121.602 7840776.019

CLARAVILLE -18°39'46.6348" 142°42'55.4066" 49.595 61.518 111.113 575446.666 7936314.528

ESMERALDA -18°51'11.8188" 142°34'12.3600" 51.646 174.544 226.190 665413.641 7914673.809

FORSAYTH -18°35'12.8551" 143°34'15.9544" 55.693 417.400 473.093 771341.660 7942938.210

BELLFIELD -19°22'15.8294" 143°09'30.8488" 52.703 338.618 391.321 726722.953 7856697.309

DD.MM.SS.ssssDD.MM.SS.ssss

GDA94 Long (E)GDA94 Lat (S)
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Gravity and GPS base - Alva Downs 
 

 AGD GDA94 

Latitude () 20° 25' 15.4396" S 20°25'09.9729" 

Longitude () 141° 39' 10.1299" E 141°39'14.3374" 

Spheroidal Height  151.137 

Geoid Separation (n) 44.899  

AHD Elevation 106.238  

Observed Gravity, gu  9786230.70 

 

Toilet Block

Shower Block

Quarters

Original Homestead - Abandoned

Fence

Artesian Bore

GPS Base Marker
beside gate.

Gravity Base is beside
steps on Southern side.

N

Road

Alva Downs
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Gravity and GPS base - Arizona 
 

 AGD GDA94 

Latitude () S 19° 31' 44.1245" S 19°31'38.6691" 

Longitude () E 141° 21' 09.5828" E 141°21'13.7793" 

Spheroidal Height  127.361 

Geoid Separation (n)  46.598 

AHD Elevation 80.763  

Observed Gravity, gu  9785788.00 

 
 

Managers
House

Hanger

Main Homestead
Buildings.

Airstrip

Windsock

Gravity and GPS
Base

Fence

Arizona Station
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Gravity/GPS base - FORSAYTH AIRPORT 

 
 AGD GDA94 

Latitude () 18°35'18.3411"S 18°35'12.8551"S 

Longitude () 143°34'11.8524"E 143°34'15.9544"E 

Spheroidal Height  473.093 

Geoid Separation (n)  55.693 

AHD Elevation 417.400  

Observed Gravity, gu  9784628.00 

 

 
 

Gravity base is the white mark on the corner of the concrete base next to the tripod.  Other tripod in 

the background is a redundant base station.
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Gravity/ GPS Base - BELLFIELD 

 
`  GDA94 

Latitude () 19° 22' 21.32835" 19°22'15.8294"S 

Longitude () 143° 09' 26.72410" 143°09'30.8488"E 

Spheroidal Height  391.321 

Geoid Separation (n)  52.703 

AHD Elevation 338.618  

Observed Gravity, gu  9785354.80 
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Gravity Base, Yundamindra Station, `YUND’ 
 

`YUND’ GDA94 

Latitude ()  

Longitude ()  

East  Zone 51 (MGA)  

North Zone 51 (MGA)  

Spheroidal Height  

Geoid Separation (n)  

AHD Elevation  

Observed Gravity, gu 9791003.0 
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APPENDIX D 
 

GRAVITY LOOP STRUCTURE 
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Typical loop and repeat structure for helicopter transported surveys is shown above.  In practice, each 

north-south leg of the loop was 15-16 stations, placing a repeat approximately every hour. 

 

Loop X

Loop Y
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APPENDIX E 
 

GRAVITY METER CALIBRATION TABLES 
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MILLIGAL VALUES FOR LACOSTE & ROMBERG 

 

 

MODEL G GRAVITY METER # G-38 

 

 

 

   COUNTER VALUE IN  FACTOR FOR 

   READING MILLIGALS  INTERVAL 

 

   1700  1763.52  1.03699 

   1800  1867.22  1.03699 

   1900  1970.92  1.03698 

   2000  2074.62  1.03698 

   2100  2178.32  1.03698 

   2200  2282.01  1.03699 

   2300  2385.71  1.03699 

   2400  2489.41  1.03700 
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