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SUMMARY 
This is a partial reduction report for EL3539 – Pine Valley for the period ending 18 April 2011. 
 
In November 2007 Gold Fields Australasia Pty Ltd entered into an unincorporated joint venture agreement 
“Pine Valley Gold Joint Venture” with Steiner Holdings Pty Ltd (registered holders of EL3539) and Australian 
Zircon NL.  Under the joint venture agreement Gold Fields Australasia Pty Ltd have a right to explore for gold. 
 
Gold Fields Australasia Pty Ltd has identified the Delamerian sub-province as being prospective for sediment 
hosted orogenic style gold mineralisation, analogous to Telfer style mineralisation (>26Moz deposit). Work 
completed over the surrendered portion of EL3539 during the period 29 August 2006 to 18 April 2011 has 
comprised reprocessing and interpretation of existing open file geophysical (gravity and aeromagnetic) data, 
review of environmental considerations and geophysical surveying. 
 
Gold Fields completed a detailed gravity survey comprising 94 new gravity stations at 1.5 km spacing over parts 
of EL3539 held by Steiner Holdings Pty Ltd. 
 
 
Key Words: 
 
Gold Fields Australasia/ Delamerian/ Cambrian/ Gold/ Orogenic gold/ Nackara Arc/ Murray Basin/ Chowilla/ 
Steiner Holdings/ Pine Valley/  
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1. INTRODUCTION, HISTORY AND EXPLORATION RATIONALE 
 
The Delamerian Project comprises twelve exploration licences that are owned and operated by Gold Fields 
Australasia Pty Ltd (Gold Fields). The tenements are located within the Delamerian sub province along the 
north-western margin of the Cainozoic Murray Basin. The area was targeted as being prospective for orogenic 
style gold mineralisation hosted within Cambrian sediments buried under the Cainozoic cover. 
 
Exploration associated with the Delamerian Project also extends onto EL 3627 and EL 3539.  These tenements 
are owned by Australian Zircon NL and Steiner Holdings Pty Ltd (a wholly owned subsidiary of Australian Zircon 
NL) respectively. In November 2007, GFA executed an agreement (Pine Valley Joint Venture No. 1) with 
Australian Zircon NL in relation to these tenements. The Agreement entitles GFA as operator to earn an 80% 
participating interest in gold resources in the joint venture tenements by spending at least $2.0 million in 
exploration on these tenements within the next 5 years. 
 
This report outlines exploration undertaken on the surrendered portion of EL3539 during the period 29 August 
2006 to 15 December 2011. Exploration has comprised the collation and interpretation of public domain data 
and geophysical surveying (helicopter supported gravity surveying).  
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1.1 TENURE 
 

EL3586 Pine Valley was granted to Steiner Holdings Pty Ltd on 19 April 2006 over an area of 1246 sq km.  The 
area has been reduced to 359 sq km.  A tenement location plan is presented in Figure 1.  
 

 
1.2 LOCATION and ACCESS 

 

EL3539 – Pine Valley is located in the north eastern pastoral district of South Australia. Access can be gained 
from the Barrier Highway either via Burra or via Yunta, and from the Thiele Highway in the south via Morgan. 
 

A relatively dense network of roads and unsealed farm tracks provide reasonably good access within the 
licence areas. The tenements are located on the following Map Sheets: 

 

• 1:250,000 Sheet SI 54-06 (Chowilla) 
 Lilydale (6931), Canopus (7031), Parcoola (6930) 1:100k sheets 

 
 

1.3 PREVIOUS EXPLORATION 
 

The relinquished portion of EL3539 – Pine Valley has been only sporadically explored in the past with most 
previous work concentrated on uranium, heavy minerals and coal potential within upper Murray Basin 
sediments and only very limited exploration for gold and base metals in the underlying basement geology 
(Figure 2). 
 

A summary of relevant or related previous exploration is outlined below: 
 

1.3.1  TARGET - Heavy Minerals: 
 

ENV 8004, 8025, 8026, 
8310 

EL1454, 1502 Aberfoyle Resources Ltd 1988/1991 

 

In the period 1988-1991 Aberfoyle carried out regional scale exploration targeting heavy minerals within 
Tertiary Parilla Sands. They drilled shallow RAB traverses through the Pine Valley-Lords Well area (LW series), 
and Balah-Canopus area (BL series).  No economic concentrations were identified. No holes were reported 
intersecting basement. 
 

ENV 8347 EL1674 Placer Exploration Ltd 1990 
 

In 1990 Placer targeted possible economic heavy mineral sand deposits formed within the Pliocene Parilla Sand 
sequence along the north-western margin of the Murray Basin, north of Canegrass.  A consultant's review of 
existing drill hole data was commissioned and, guided by those findings, basin margin air-core RAB and reverse 
circulation traverse drilling was undertaken along road verges.  No anomalous subsurface concentrations of 
detrital heavy minerals were disclosed.   
 

1.3.2  TARGET – Coal (and base metals and uranium): 
 

ENV 4603  EL660, 661, 663, 665, 
1036, 1038 

Rio Tinto Exploration Pty 
Ltd 

1981 

 

An initial evaluation of all available data was undertaken.  In 1981 CRAE drilled one rotary mud hole 81MBR 54 
for 250.8m targeting lignite development in the Tertiary Upper Renmark Beds.  81MBR54 was logged by 
Century Geophysical Corporation of Australia.  Density, gamma, neutron, calliper resistivity and spontaneous 
potential logs were run.  No neutron or spontaneous log was run in borehole 81MBR54 due to equipment 
malfunction.  Thin lignite bands in a lignitic clay unit between 240.4 – 249.23m were intersected.  Elevated zinc 
and copper values were recorded up to 4700ppm Zn and 6400ppm Cu. However, no indication of the intervals 
from where the samples were taken was recorded. 



5 | P a g e  
 PARTIAL REDUCTION REPORT FOR EXPLORATION LICENCE EL3539_2011 _Report.pdf 

 



6 | P a g e  
 PARTIAL REDUCTION REPORT FOR EXPLORATION LICENCE EL3539_2011 _Report.pdf 

 



7 | P a g e  
 PARTIAL REDUCTION REPORT FOR EXPLORATION LICENCE EL3539_2011 _Report.pdf 

2. REGIONAL GEOLOGY 
 
EL3539 – Pine Valley is located along the northwestern margin of the Cenozoic Murray Basin.  Basin 
stratigraphy comprises a thin blanket of Quaternary sediments overlying Tertiary fluvial to shallow marine 
sediments that are flanked to the west and south by Neoproterozoic to Cambrian rocks of the Adelaide 
Geosyncline and Kanmantoo Group, and to the north by Palaeo and Mesoproterozoic rocks of the Curnamona 
Craton/Willyama Complex. 
 
Basement geology under the Murray Basin is poorly understood and largely reliant on interpretation of 
aeromagnetic and gravity geophysical data.  The project area basement is interpreted as largely comprising 
Cambrian Kanmantoo metasediments intercalated with magnetic volcanic and intrusive rocks, and intruded by 
Cambro-Ordovician felsic intrusive and mafic to intermediate intrusive and extrusive (gabbro, diorite, basalt 
and dolerite) rocks. 
 
GFA has identified the Delamerian fold and thrust belt sub-province, and in particular the region of maximum 
flexure (oroclinal bending) through the Nackara Arc region, as being highly prospective for sediment hosted 
orogenic style gold mineralization, potentially analogous to Telfer style mineralization (>26Moz deposit). 
 
Parameters considered important for the formation of large orogenic gold deposits, such as Telfer, that are 
evident within the Delamerian sub province, include: 
 

• The deep marine host sediments of the Cambrian age Kanmantoo Group which have been inverted, 
folded and faulted in response to at least one major orogenic event, the Cambro-Ordovician 
Delamerian Orogeny. 
 

• A second orogenic event, the Ordovician Benambran Orogeny, is also likely to have impacted on the 
Delamerian Sub-province. This second orogenic event is responsible for the vein hosted orogenic gold 
deposits in the Bendigo Zone of central Victoria (approximately 50Moz of gold production to date). 
 

• The Delamerian Sub-province or Fold Belt takes the form of an oroclinal bend in response to cratonic 
buttressing from the Archaean to Proterozoic Gawler and Curnamona Cratons located to the west and 
north.  This oroclinal bending is thought to focus deformation and thus potential gold bearing orogenic 
fluids towards the axis of the bend. 
 

• Other important parameters include major cratonic margin mantle tapping structures, open folding of 
the thick sequence of back-arc basin turbidites (the Kanmantoo Group) which are interpreted to 
include reduced fine grained sediments, along with sub marine lavas and intrusive, Greenschist Facies 
metamorphism, major orocline subparallel fault structures, long lived intersecting large scale 
lineaments or cross-orogen structures and the potential for syn to post-orogenic granitoid intrusions. 

 
3. 2006/2007 EXPLORATION 
 
Exploration undertaken by Gold Fields during the reporting period has comprised the following: 
 

• Reprocessing and interpretation of existing open file geophysical (gravity and aeromagnetic) data. 
•  Regional grid based helicopter supported gravity surveying. 
• Review of environmental considerations. 

 
A summary of recent work is presented in Figure 3. 
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3.1 GEOPHYSICS 
 
3.1.1 Reprocessing of aeromagnetic and gravity data 
 
Open file aeromagnetic data coverage of the region was acquired from PIRSA as gridded and located 
data. Data sets relating to the region of interest are listed in Table 2. 
 
Table 1: Public domain aeromagnetic data sets 
 
Survey Name  Company/Flown For  Line Spacing & Direction  Year  
*B3  PIRSA SAEI  400 EW  1993  
*E1  PIRSA Teisa mag    
*Cottage Bore 84 SA11  CRA Exploration  250 EW  1984  
*Florieton North 80 SA11  CRA Exploration  300 EW  1980  
*Florieton South 80 SA10  CRA Exploration  300 EW  1980  
    
Kia Ora 79 SA35  Dampier  250 EW  1979  
Quondong Vale 88 SA14  Peregrine Resources  500 NE/SW  1988  
Lilydale 88 SA02  Placer  200 135 deg  1988  
Mutooroo 90 SA03  Southern 

Venture/Dominion  
200 NW/SE  1990  

84 SA03  Utah  250 EW  1984  
Murray Basin Survey 78 SA05  MESA/BMR  3000 EW  1978  
Chowilla  SADME/BMR  1600 EW   
Burra – Whyalla  SADME/BMR  1600 EW   
Orroroo - Parachilna  SADME/BMR  1600 EW   
Burra  SADME/BMR  1600 EW   
 
 
3.1.2  Gravity Surveying 
 
A regional (1.5 x 1.5 km) helicopter supported gravity survey encompassing parts 3539 (surveyed with the 
permission of Australian Zircon Pty Ltd) was carried out by Daishsat Surveying of Adelaide between 19 and 29 
April 2007. A total of 94 new gravity stations were surveyed on EL3539. 
 
Gravity data were acquired using Scintrex CG3M automated gravity meters. Position and level data were 
obtained using an Ashtech Z12 geodetic grade GPS receiver operating in post-processed kinematic mode. 
 
Survey stations are shown in Figure 3. Imaged Bouguer gravity data in shown in Figure 4. 
 
Survey specifications and results are presented in Report No 07015, Appendix 1 and 2. 

 
 
3.2 ENVIRONMENT AND LAND USE 
 
A review of land use tenure type and environmental issues associated with the Delamerian Project was 
compiled to assist in preparation of an Environmental Legal Obligations Register for the Delamerian Project. 
The aim was to highlight areas of environmental (and other) sensitivity and restricted lands that occur within 
and on the margins of the project area. 
 
A summary of Aboriginal and Environmental Heritage factors identified within the project tenements is 
documented in Table 2. A land use tenure type and environmental and cultural heritage sensitivity plan is 
presented as Figure 5. 
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4. SUMMARY OF WORK COMPLETED 
 

• Reprocessing and interpretation of existing open file geophysical (gravity and aeromagnetic) data. 
• Regional grid based helicopter supported gravity surveying. 
• Review of environmental considerations. 

 
 
5. CONCLUSIONS 

 
The area surrendered is considered to have low exploration potential for gold due to the thickness of the 
overlying Murray Basin cover. 
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Table 2: EL3539 – Summary of Identified Aboriginal and Environmental Heritage Factors 
 
‘Tenement Holder PIRSA/DWLBC Aboriginal 

Heritage 
Department of 
Environment & 

Heritage 

Natural 
Resourse 
Management 
Services 

Significant 
Species - 
Flora 

Significant Species - 
Fauna 

Common 
Name 

SA
 S

ta
tu

s 

A
us

t 
 

EL3539 AZ Potential for two aquifer 
systems identified - 
deeper aquifers are 
confined and may be 
artesian. 
* GFA required to contact 
DWLBC Drilling Inspector 
7 days prior to drilling and 
24 hrs prior to any 
cementing operations. 
* In event of artesian 
conditions a DWLBC 
Drilling Inspector must 
be notified immediately 
on (08) 8463 6872 or mb. 
0428 828 569. 
* Holes must be 
abandoned in accordance 
with general 
specifications (Info Sheet 
G11). 
* Request for water 
samples to be sent to 
DWLBC - with assoc. 
info. (advice from DWLBC 
Groundwater Group). 

No 
Aboriginal 
Sites 
identified. 

* East and southern 
boundary are part of the 
Riverland Biosphere 
Reserve (IUCN Category 
IV, Habitate and Species 
Management Area. 
* Request 500 m buffer 
btw Danggali CP on part 
of eastern boundary, as 
for EL 3625 
* Gluepot Station = 
Heritage Agreement 
Area on south/eastern 
margin 
* Species of conservation 
significance under NPWA 
and EPBCA = Black eared 
Miner and Malleefowl. 
* Salt and clay pans. 

 Daviesia 
benthamii 
ssp. 
Humilis 

 
 
 
 
 
Manorina flavigula 
melanotis Leipoa 
ocellate 
Nyctophilus 
timoriensis 
Amytornis striatus 
Ardeotis australis 
Cacatua leadbeateri 
 
Cinclosoma 
castanotus 
Climacteris affinis 
 
Falco peregrinus 
Plectorhyncha 
lanceolata 
Pyrrholaemus 
brunneus 

Mallee Bitter-pea 
 
 
 
 
Black-eared Miner 
Malleefowl 
 
Greater long-eared 
Bat 
Striated Grasswren 
Australian Bustard 
Major Mitchell's 
Cockatoo 
Chestnut Quail-
thrush 
White-browed 
Treecreeper 
Peregrine Falcon 
Striped honeyeater 
 
Redthroat 

R 
 
 
 
 
E 
V 
 
V 
 
V 
V 
V 
 
R 
 
R 
 
R 
R 
 
R 

 
 
 
 
 
E 
V 
 
V 
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1. INTRODUCTION 
 
A precision GPS-Gravity survey was carried out between the 19th and 29th of April 2007 
for Goldfields Australia.  A total of 1210 new gravity stations were surveyed in Eastern 
South Australia. 
 
Gravity data were acquired using Scintrex CG3M automated gravity meters.  Position 
and level data were obtained using Ashtech Z12 geodetic grade GPS receivers 
operating in post-processed kinematic mode.  Data were acquired using Daishsat 
helicopter-borne methods. 
  
Gravity data were reduced using standard reductions on the ISOGAL84 gravity network.  
GPS data were reduced to MGA coordinates with levels expressed as metres above the 
Australian Height Datum. 
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2. SURVEY OVERVIEW 
 
The regional gravity survey was based out of Pine Valley Station.  The survey area was 
located adjacent to the Danggali Conservation Park approximately 200km North East of 
Adelaide. (Figure 1). 
 
The survey area was centred around Pine Valley Station and covered approximately 
2500 square kilometers.  Station roads provided vehicle access to helicopter refueling 
locations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 1: Pine Valley station. 
 
The terrain encountered during the survey was relatively flat rangeland covered by 
bluebush scrub and grassland with dense bush in some parts of the survey area.   
(Photos 2 and 3).   

 
Gravity surveying was conducted on a 1.5km x 1.5km spaced square grid configuration. 
Appendix A contains a plot of the final station locations. 
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Photo 2: Typical thick scrub covering the survey area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 3: Bluebush vegetation at a gravity station. 
 



 

Daishsat Geodetic Surveyors – 07015 GOLDFIELDS AUSTRALIA 1

 



 

Daishsat Geodetic Surveyors – 07015 GOLDFIELDS AUSTRALIA 2

3. PERSONNEL AND EQUIPMENT 
 

3.1 Personnel 
 
The supervisor in charge of the project was David Daish.  David was responsible for 
daily management of the job and for nightly data processing to ensure quality and 
integrity.  Gravity and GPS measurements were carried out by: 
 
   David Daish, Senior Surveyor 
   Harley Jones, Senior Surveyor  
   Andrew McCarthy, Surveyor 
   Matt Hunter, Surveyor 
    
  
Two helicopter pilots were used for the helicopter surveying: 
 
   Nathan Ward – Chief Pilot 
   Jo Murphy 
      
Final data reduction, inspection and reporting were performed by the company 
Geophysicist, Grant Coopes. 
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3.2 Survey equipment 
 
The following survey equipment was utilised on the gravity survey: 
 
- Two Scintrex CG-3M digital gravity meters: 
  SN 711410 S 
  SN 303204 P 
- Ashtech Z12 dual frequency GPS receivers  
- Trimble 4000 GPS receiver 
- Notebooks for data processing and backup 
- Magellan FX324 GPS receivers for helicopter navigation 
- Garmin Handheld GPS receivers for vehicle navigation 
- Notebook computers for data processing and backup 
- Various chargers, solar cells and batteries 
 

3.3 Vehicles 
 
Due to the type of terrain to be encountered, 4wd Landcruiser vehicles were used for 
the duration of the job (Photo 4).  To maintain the high Daishsat safety record, vehicles 
were fitted with a range of safety equipment including: 
 
- One 20l jerry can of water 
- Dual fuel tanks 
- Two spare tyres 
- HF radio and satellite phone with car kit 
- Self-recovery equipment including a hand winch, snatch straps and rope 
- Tyre pliers to effect tyre repairs in the field 
- Tools and spares to enable field repairs as necessary 
- Survival kit with EPIRB emergency locator beacon 
 

3.4 Helicopter 
 
Ferry between the gravity stations was necessitated by a Robinson R-44 Clipper – call 
sign VH-HEM (Photo 5).  This particular helicopter was well suited to the project as 
changeable air filters allowed for dusty landings. 
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Photo 4: – Daishsat refueling vehicle and Robinson R-44 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 5: Robinson R-44 Helicopter VH-HEM 
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3.5 Camp 
 
The helicopter crew camped in buildings located at the Pine Valley Homestead.  The 
station was well serviced with electricity and water and catering provided by the station.  
Fuel was supplied by Daishsat. 

 

3.6 Communications 
  

All survey crews and support vehicles were equipped with hand-held Globalstar satellite 
phones as well as UHF and VHF transceivers.  “Omnitrack” satellite based tracking was 
used on all vehicles (including helicopters) to enable asset monitoring via a web 
interface.  
 
Scheduled communications were made by all crews to the communications centre at 
the base camp at hourly intervals.  Communication with the Perth and Murray Bridge 
offices was ongoing for the duration of the job.   
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4. GPS SURVEYING AND PROCESSING 
 

4.1 Set out of the grid 
 
This was done concurrently with the gravity data acquisition using navigation grade 
receivers operating in autonomous mode.  Where possible, the readings were taken as 
close to the ideal coordinates as possible.  As the receivers were operating in 
autonomous mode, set out accuracy was usually better than 10m. 
 
Raw kinematic GPS data were logged by a dual-frequency Ashtech Z-12 receiver inside 
the helicopter cabin, with the GPS antenna mounted on the rear tail shaft boom.  Static 
GPS data were logged at each of the base stations using a Trimble 4000 GPS receiver 
for later post-processing. 
 
At the repeat stations, a washer tied with flagging and marked with the station number 
was used for identification.  At each station, the station number, position and RL were 
recorded digitally by the crew. 

 

4.2 Survey datum and control 
 
The gravity surveying, and hence any gravity reductions, used the Australian Height 
Datum (AHD) as the reference datum.  A new GPS/Gravity base station was 
established using at least two days worth of static data and connections to ITRF stations 
using Geoscience Australia’s online GPS processing system, AUSPOS.  For more 
information on this system, please visit the Geoscience Australia website at 
http://www.ga.gov.au/geodesy/sgc/wwwgps/.  Final deviations of better than 5mm were 
obtained for x, y and z, for all occupations.  Appendix D contains the GPS base station 
information. 
 

4.3 Processing of the position and level data 
 
The raw GPS data were recorded onto the internal RAM of the GPS receivers.  The 
data were downloaded nightly onto laptop computer for post processing using Waypoint 
Grafnav v7.00. 
 
Waypoint combines the processing components, GrafNav and GrafNet, in a complete 
package. 
GrafNav processes data for one baseline (e.g. one base and one remote).  GrafNav is 
normally used for kinematic data which it is extremely well suited for.  It can also 
process single static baselines.  Receiver types can be mixed and matched via the use 
of a common format.  This component of Waypoint was used for processing the 
kinematic data acquired each day. 
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GrafNav and GrafNet share the same processing engine that has been under 
continuous development since its original inception by Waypoint in 1992.  The core of 
this robust engine is its carrier phase kinematic (CPK) Kalman filter.  Some of the major 
advantages of Waypoint's kernel are: 
 
Fast processing - The GrafNav kernel is one of the fastest on the market. It will process 
~0.8 epochs per MHz per second on a Pentium II.  
Robust Kalman filter - From experience with processing GPS data from fast jets and 
NASA sounding rockets, the processing kernel has become extremely robust.  Efforts 
have been made to account for all of the various data error possibilities given the 
different types of GPS receivers that GrafNav/GrafNet can handle. 
Reliable OTF - Waypoint's on-the-fly (OTF) algorithm, called Kinematic Ambiguity 
Resolution (KAR), has had years of development and stresses reliability.  Variations are 
implemented for both single and dual frequencies, and numerous options are available 
to control this powerful feature 
Accurate Static Processing - Three modes of static processing are implemented in the 
processing kernel. Fixed static is the most accurate.  A quick static solution is also 
available as an alternative, while the float and iono-free float solution is useful for long 
baselines.  
Dual Frequency - Full dual frequency support comes with GrafNav/GrafNet. For 
ambiguity resolution, this entails wide/narrow lane solutions for KAR, fixed static and 
quick static.  Ionospheric processing is very important with the peak of the ionosphere's 
cycle occurring in 2000.  The GrafNav kernel implements two ionospheric processing 
modes including the iono-free and relative models.  The relative model is especially 
useful for airborne applications where initialization is near the base station, and this 
method is much less susceptible to L2 phase cycle slips. 
Forward and Reverse - Processing can be performed in both the forward and reverse 
directions. Both GrafNav and GrafNet also have the ability to combine these two 
solutions to obtain a globally optimum one. 
Velocity Determination - Since the GrafNav kernel includes the L1 Doppler 
measurement in its Kalman filter, velocity determination is very accurate.  In addition to 
this, a considerable about of code has been added specifically for the detection and 
removal of Doppler errors. 
Long Baseline - Because precise ephemeris and dual frequency processing is 
supported, long baselines accuracies can be as good as 0.1 PPM. 
 
For more information about Waypoint processing software, and in particular, Grafnav, 
please visit the Waypoint http://www.waypnt.com/grafnav_d.html. 
 
Simple transformations to MGA and AHD were done using the GPS derived WGS84 
positions. 
 
MGA94 coordinates were obtained by simply projecting the GPS-derived WGS84 
coordinates using a UTM projection with zone 54S.  For all practicable purposes, the 
WGS84 geodetic coordinates are equivalent to GDA94 geodetic coordinates, so no 
transformation is necessary.  For more information about GDA94 and MGA94, please 
visit http://www.ga.gov.au/geodesy/datums/gda.jsp. 
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AHD heights were calculated via Waypoint software using the latest geoid model for 
Australia, AUSGEOID98.  Information about the geoid and the modeling process used 
to extract separations (N values) can be found at 
http://www.ga.gov.au/geodesy/ausgeoid/.  To obtain AHD heights, the modeled N value 
is subtracted from the GPS derived WGS84 ellipsoidal height (Figure 2). 
 

HAHD=hWGS84-N 
 

 
Figure: 2: Geoid-Ellipsoid separation 

 

4.4 GPS Performance 
 
Performance from the Ashtech receivers was varied with dense vegetation hindering 
GPS signals in some areas.  There were no stations that required repeating due to GPS 
failure or poor coordinate quality. 



 

Daishsat Geodetic Surveyors – 07015 GOLDFIELDS AUSTRALIA 9

5. GRAVITY SURVEYING AND PROCESSING 
 

5.1 Gravity data acquisition 
 
Gravity observations were made concurrently with the GPS measurements (Photo 6).  
Two observations were made for each station, with each observation consisting of a 20-
second or greater stacking time.  Multiple observations were made at each station so 
that any seismic or instrumental noise could be immediately detected.  The tolerance 
between readings was set at 0.03 of a dial reading (0.03 mGals).  Vertical and 
horizontal levels were restricted to 5 arc seconds at all times.  At each station, the 
station number, time and two gravity readings (in dial units) were recorded in 
DAISHSAT carbon-copy gravity field books.  The Scintrex meters also automatically 
record the station, time and readings digitally to allow for downloading to computer. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 6: Survey operator taking a gravity observation 
 

5.2 Gravity base station 
 
A gravity base station was used for calculation of absolute gravity and drift 
determination.  Details of the gravity base are contained in Appendix D.  When in the 
field, a base station reading was taken in the morning before observing and at evening 
after the last observation.  When taking a base station reading, the observed gravity 
values were stacked over 60 seconds to ensure accuracy.  Observations were repeated 
until the readings repeated to 0.010 of a dial reading or less.  
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The gravity base station was set up at Pine Valley Station proximal to the homestead 
buildings as well as the helicopter pad.  The station was established via ABA ties with 
the AFGN station at Mannahill racecourse using a single meter on two separate days.  
Expected accuracy of the tie control surveys would be better than 0.01 mGals.  Table 1 
below summarizes the base station established and the tie survey conducted: 
 
Station Location AFGN Station Dates Surveyed
0305 Pine Valley  

Homestead 
1995901327 
Mannahill Racecourse   

19/04/2007 
20/04/2007 

Table 1:  Gravity base station establishment 

5.4 Gravity data processing 
 
Raw gravity data were processed on a daily basis to check for quality and integrity.  This 
interim process produced a set of Bouguer Anomaly values which were contoured and 
imaged to provide a check for any anomalous readings that would need repeating.  
Geosoft GRAVRED software was used for the gravity reduction in the field.  Upon 
conclusion of the job, the data were reprocessed using the contract specified GA 
formulae with Daishsat proprietary software.  Other software used on this project 
includes Arcview, ChrisDBF, RasterTC, Waypoint and ERMapper.  The formulae used 
for final processing are listed below: 
 
Instrument scale factor: This correction was used to correct a gravity reading (in dial 
units) to a relative gravity unit value based on the meter calibration. 
 
Tidal correction: This correction was used to correct for background variations due to 
changes in the relative position of the moon and sun.  The Scintrex calculated ETC was 
removed and a new ETC calculated using Geosoft Formulae and the surveyed GPS 
latitude.  The formulae used are contained in Appendix G. 
 
Instrument Drift: Since gravity meters are mechanical, they are prone to drift 
(extension of the spring with heat, obeying Hooke’s law).  If two base readings are taken 
one can assume that the drift between the two readings is linear and can therefore be 
calculated.  The drift and tidal corrected value is referred to as the observed gravity. 

  
 Normal Gravity: The theoretical value of gravity was calculated using the 1967 variant 
of the International Gravity Formula and used to latitude correct the observed gravity. 
 

Gn=9,780,318.456*(1+0.005 278 895*sin²φ+0.000 023 462*sin4φ) 

where φ represents degrees of latitude; 

 
Free-Air Correction: Since gravity varies inversely with the square of distance, it is 
necessary to correct for changes in elevation between stations to reduce field readings 
to a datum surface (in this case, AHD). 

 

(3.08768 – 0.00440 sin²φ)*h – 0.000001442*h2 µms-2 per metre 
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Bouguer Correction: This correction accounts for the attraction of material between the 
station and datum plane that is ignored in the free-air calculation.  A value of 2.67 tm3 
was used in the correction. 
 

0.4191* ρ  µms-2 per metre 

       where ρ  = density 2.67 tm
3
 

  
  
Free Air Anomaly: This is obtained by applying the free air correction (FAC) to the 
observed gravity reading. 

 
FAA=GOBSG84-Gn+FAC 

 
 Bouguer Anomaly: This is obtained when all the preceding reductions or corrections 
have been applied to the observed gravity reading. 
 

BA267=GOBSG84-Gn+FAC-BC 

5.5 Gravity meter drift calibration 
 
While the survey was in progress, the Scintrex meters were cycled overnight as a check 
on instrument drift.  Changes were made to the drift constant where appropriate. 
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6. RESULTS 
 

Raw and processed GPS and gravity data are contained on CDROM as Appendix E. 
Hardcopy plots of station location and coloured images are contained in Appendix A.   
 

6.1 Stations Surveyed and Survey Progress 
 
In total, 1,210 new stations were acquired during the survey.  A brief production 
summary for the survey is show in Table 2 below. 
 
Generally, production was excellent with the crew reliably achieving over 120 stations 
per day.  Production was only hampered by poor weather.  The crew used this 
downtime to conduct the gravity control survey.  There was no downtime due to 
geophysical/GPS equipment failure. 
 

Pine Valley Survey   
Gravity stations acquired (including repeats)  1307 stations 
Gravity station repeats 97 8.0% 
New gravity stations acquired 1210 stations 
Total accidents 0 accidents 
Total hours lost from accidents 0 hours 

 
Table 2: Gravity Production Summary 

 

6.2 Data Repeatability 
 
Analysis of the repeat data shows that measurement repeatability is excellent for both 
GPS and gravity observations.  Appendix B contains histograms and summary statistics 
from the analysis.  Based on the repeat data, one can assume the following typical 
accuracies for the observables: 
 
Z position observation : < 0.081 m 
Gravity observation : < 0.055 mGals 
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APPENDIX A 
Repeat Tabulation and Analysis 
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Histogram dAHD 
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Histogram dOBSG84 
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Summary Statistics 
 

  dAHD dOBSG 
Mean 0.004 -0.002

Standard Error 0.008 0.006 
Median 0.007 -0.010 
Mode 0.001 -0.012 

Standard Deviation 0.081 0.055 
Sample Variance 0.007 0.003 

Kurtosis 6.729 3.017 
Skewness -1.275 1.260 

Range 0.621 0.325 
Minimum -0.411 -0.122 
Maximum 0.210 0.203 

Sum 0.426 -0.163 
Count 97 97 
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APPENDIX B 
Survey Specifications 
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Client GOLDFIELDS AUSTRALIA 
Survey Name Pine Valley 
Operators DD, HJ, AM, MH 
Techniques Employed GPS, Gravity 
Station Spacing 1.5km 
Line Spacing 1.5km 
Gravity Meter Scintrex CG-3M (S-meter & P-meter) 
GPS Ashtec Z12, Trimble 4000 
Number of Points Surveyed 1307 
Gravity Base Daishsat Base 0305 
Date of Survey 19th to 29th April 
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 APPENDIX C 
Base Station Information 
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GPS Gravity Base 0305 Pine Valley 
MGA94 GDA94 

EASTING (m) 424084.981 LATITUDE (DMS) -33 -18 -36.0239 
NORTHING (m) 6314048.129 LONGITUDE (DMS) 140 11 4.1647 
ZONE (UTM) 54 GDAHT (m) 101.482 
HEIGHT (AHD, m) 94.575 N (AUSGEOID98, m) 6.908 

  
OBSERVED GRAVITY SURVEYED BY 

979563.736 mGals 

 
GPS - Daishsat using a multiple static sessions 
and the AUSPOS online GPS Processing 
system. Expected accuracy of station 
coordinates better than 0.005m. 
 
Gravity – ABA ties with Mannahill Racecourse 
AGFN 1995901327 
Expected accuracy better than 0.01 mGals 
 

MISCELLANEOUS DETAILS 
This base station consists of a small star picket protruding 5cm out of the ground, and is 
witnessed by a larger stat picket positioned 30cm to the right. A circular concrete slab is also 
located beside these star pickets and is the gravity base. 
 
The base station is located in on the Northern side of the shearers quarters on the fence line 
running east west between the road and the entrance to Pine Valley Station. The base lines up 
with the verandah poles on the western side of the kitchen / dining block. 
 

 

 
Photo of Daishsat Base 0305 showing distinguishing features 
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APPENDIX D 
Data CD 

(Attached To Back Cover) 
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DS Gravity RAW File format

station, mgaeast, mganorth, local time, dial reading (mgals), instrument ht (m), elevation (ahdm)


Job:7015.   Line:0.      Oper:0.      CG3#:711410. 
dt=2007/04/18 gm=-9.5
     Stn            X            Y     Time      Rdng    In_Ht     Elev
      -5   424146.368  6314010.964 12:24:55  3291.347      0.0   93.350
       5   424146.372  6314010.959 12:25:44  3291.350      0.0   93.350
    1000   424146.386  6314010.965 12:29:26  3291.821      0.0   93.366
    1008   423968.641  6301946.892 12:55:22  3298.308      0.0   78.964
    1009   423995.279  6300616.641 12:58:11  3298.721      0.0   77.449
    1010   424017.991  6299132.786 13:00:58  3299.496      0.0   74.267
    1011   423996.373  6297579.532 13:03:47  3300.729      0.0   72.939
    1012   424203.396  6295986.658 13:06:52  3302.285      0.0   71.932
    1013   423890.159  6294460.650 13:09:46  3303.948      0.0   67.589
    1014   424028.355  6293086.245 13:12:52  3304.689      0.0   66.212
    1015   422526.118  6293020.465 13:16:24  3305.259      0.0   66.915
    1016   422550.218  6291702.976 13:19:24  3306.109      0.0   65.624
    1000   424146.386  6314010.965 14:12:18  3291.821      0.0   93.366
       5   424146.368  6314010.964 14:17:02  3291.347      0.0   93.350
      -5   424146.372  6314010.959 14:17:58  3291.350      0.0   93.350



Job:7015.   Line:0.      Oper:0.      CG3#:711410. 
dt=2007/04/18 gm=-9.5
     Stn            X            Y     Time      Rdng    In_Ht     Elev
      -5   424145.743  6314011.384 15:42:55  3291.462      0.0   93.346
       5   424145.738  6314011.371 15:43:41  3291.460      0.0   93.369
    1000   424145.734  6314011.376 15:49:15  3291.930      0.0   93.373
    1029   422538.495  6294372.037 16:32:17  3305.154      0.0   66.422
    1030   421105.191  6294647.672 16:35:23  3305.988      0.0   69.999
    1031   420990.334  6293165.629 16:38:31  3306.253      0.0   70.394
    1016   422550.588  6291703.356 16:42:57  3306.229      0.0   65.736
    1032   421559.393  6291437.385 16:46:11  3306.830      0.0   64.815
    1033   420957.348  6290026.236 16:49:51  3306.955      0.0   67.499
    1034   419492.813  6289970.161 16:53:45  3306.354      0.0   71.823
    1035   419536.044  6291467.681 16:57:17  3307.215      0.0   69.191
    1036   419514.982  6293039.997 17:01:13  3304.371      0.0   85.432
    1037   419400.846  6294686.285 17:05:14  3303.639      0.0   87.184
    1000   424145.989  6314012.354 17:43:59  3292.048      0.0   93.345
       5   424145.987  6314012.338 17:48:19  3291.600      0.0   93.356
      -5   424145.987  6314012.332 17:49:20  3291.592      0.0   93.345



Job:7015.   Line:0.      Oper:0.      CG3#:711410. 
dt=2007/04/19 gm=-9.5
     Stn            X            Y     Time      Rdng    In_Ht     Elev
      -5   424146.592  6314016.878 11:57:16  3291.654      0.0   93.291
       5   424146.587  6314016.869 11:58:02  3291.649      0.0   93.298
    1000   424146.598  6314016.864 12:02:44  3292.089      0.0   93.313
    1111   418093.348  6294564.992 13:10:47  3306.159      0.0   81.700
    1112   418074.912  6292951.850 13:17:51  3305.737      0.0   85.723
    1113   417967.689  6291492.053 13:20:46  3308.027      0.0   75.123
    1114   418087.094  6290123.055 13:26:33  3305.152      0.0   85.342
    1115   416606.948  6289896.165 13:29:39  3306.176      0.0   90.508
    1116   416501.087  6291553.229 13:32:55  3308.123      0.0   84.452
    1117   416351.382  6293061.998 13:36:47  3309.423      0.0   78.976
    1118   416451.025  6294564.992 13:39:52  3309.675      0.0   75.564
    1000   424145.873  6314013.029 14:42:23  3292.349      0.0   93.338
       5   424145.855  6314013.056 14:46:39  3291.730      0.0   93.322
      -5   424145.843  6314013.059 14:47:28  3291.728      0.0   93.348
      -5   424145.825  6314013.045 15:03:26  3291.783      0.0   93.355
       5   424145.820  6314013.049 15:04:21  3291.805      0.0   93.341
    1000   424145.826  6314013.040 15:09:37  3292.229      0.0   93.331
    1139   415022.244  6294414.897 15:47:31  3309.457      0.0   85.913
    1140   414955.425  6293012.508 15:51:06  3310.307      0.0   85.461
    1141   414945.640  6291350.827 15:54:42  3311.546      0.0   82.537
    1142   414983.361  6289842.317 15:58:10  3309.449      0.0   91.451
    1143   413387.740  6290014.829 16:02:11  3311.903      0.0   93.046
    1144   412122.492  6289918.481 16:05:30  3313.418      0.0   96.934
    1145   410582.977  6290145.563 16:10:15  3318.279      0.0   86.585
    1146   409008.726  6290052.283 16:13:50  3322.619      0.0   78.170
    1147   407603.227  6289990.592 16:16:42  3324.273      0.0   77.024
    1148   407470.476  6291664.550 16:19:57  3323.572      0.0   79.023
    1149   409011.924  6291480.046 16:23:20  3322.455      0.0   79.524
    1150   410683.764  6291433.051 16:28:04  3315.398      0.0   95.404
    1151   412181.736  6291558.247 16:31:40  3312.120      0.0   98.271
    1152   413444.645  6291460.985 16:34:40  3312.808      0.0   86.933
    1140   414955.553  6293012.988 16:38:39  3310.271      0.0   85.518
    1153   413518.474  6293005.753 16:42:24  3312.079      0.0   86.333
    1154   412017.641  6293044.275 16:45:40  3313.496      0.0   92.274
    1155   410601.630  6293044.959 16:49:08  3316.537      0.0   98.883
    1156   408968.404  6292933.679 16:52:46  3320.574      0.0   93.379
    1157   407367.638  6292858.659 16:56:19  3320.880      0.0   81.282
    1158   407586.973  6294565.030 16:59:37  3318.148      0.0   82.711
    1159   409008.369  6294553.803 17:03:19  3319.066      0.0   90.091
    1160   410687.341  6294413.809 17:06:46  3318.322      0.0   87.319
    1161   412157.324  6294239.775 17:10:03  3316.051      0.0   86.396
    1162   413766.412  6294348.592 17:13:09  3312.841      0.0   81.910
    1000   424145.671  6314011.760 17:31:32  3292.457      0.0   93.415
       5   424145.986  6314012.314 17:36:08  3291.991      0.0   93.392
      -5   424145.986  6314012.314 17:37:04  3291.984      0.0   93.392



Job:7015.   Line:0.      Oper:0.      CG3#:303204. 
dt=2007/04/21 gm=-9.5
     Stn            X            Y     Time      Rdng    In_Ht     Elev
      -5   424146.311  6314013.574 12:56:09  4540.675      0.0   93.328
       5   424146.320  6314013.581 12:57:18  4540.675      0.0   93.346
    1000   424146.309  6314013.567 13:02:55  4541.144      0.0   93.302
    1344   425507.080  6302057.954 13:43:30  4547.547      0.0   76.682
    1345   425530.802  6300584.923 13:47:26  4546.924      0.0   76.676
    1346   425531.163  6298950.547 13:51:10  4548.154      0.0   73.399
    1347   425496.091  6297500.322 13:54:52  4549.924      0.0   70.656
    1348   425496.751  6296029.247 13:58:38  4551.453      0.0   70.818
    1349   425499.796  6294525.006 14:02:31  4552.538      0.0   69.846
    1350   425651.859  6293063.844 14:08:52  4553.388      0.0   70.673
    1349   425499.213  6294525.004 14:34:40  4552.445      0.0   69.750
    1351   427585.518  6294481.477 14:38:18  4554.343      0.0   69.116
    1352   426983.233  6296083.129 14:42:25  4549.536      0.0   81.772
    1353   426976.231  6297477.629 14:46:23  4549.779      0.0   72.866
    1354   427021.766  6299001.612 14:49:35  4548.614      0.0   71.453
    1355   427008.902  6300438.659 14:52:54  4547.574      0.0   72.628
    1356   427005.005  6302047.668 14:56:35  4547.997      0.0   75.161
    1369   428519.929  6302031.835 15:52:56  4551.383      0.0   72.147
    1370   428470.428  6300323.794 15:57:05  4547.432      0.0   78.425
    1371   428496.759  6299022.122 16:01:03  4549.555      0.0   71.712
    1372   428446.854  6297553.874 16:05:06  4550.189      0.0   74.985
    1373   428564.220  6295700.628 16:10:05  4554.707      0.0   66.895
    1374   429964.430  6297561.263 16:15:00  4552.205      0.0   75.188
    1375   429954.706  6299069.770 16:19:32  4549.751      0.0   84.487
    1376   429985.141  6300548.677 16:23:19  4551.013      0.0   85.199
    1377   429931.100  6302030.878 16:26:37  4553.086      0.0   77.370
    1390   431559.901  6301951.755 17:16:18  4553.827      0.0   88.655
    1391   431640.332  6300537.122 17:20:27  4555.360      0.0   81.502
    1392   431364.716  6298969.887 17:25:27  4554.114      0.0   80.979
    1393   433037.117  6300455.012 17:29:25  4557.497      0.0   80.479
    1000   424145.852  6314011.590 17:37:50  4541.179      0.0   93.289
       5   424145.843  6314011.587 17:42:05  4540.685      0.0   93.298
      -5   424145.847  6314011.594 17:42:52  4540.700      0.0   93.297



Job:7015.   Line:0.      Oper:0.      CG3#:303204. 
dt=2007/04/22 gm=-9.5
     Stn            X            Y     Time      Rdng    In_Ht     Elev
      -5   424145.775  6314011.543 06:48:35  4540.681      0.0   93.292
       5   424145.777  6314011.545 06:49:35  4540.682      0.0   93.286
    1000   424145.767  6314011.552 06:55:15  4541.167      0.0   93.331
    6000   426929.714  6312514.705 07:03:41  4548.875      0.0   91.254
    1405   434562.015  6301980.914 07:50:17  4558.210      0.0   77.015
    1420   435948.952  6302026.703 08:56:34  4559.628      0.0   68.987
    1429   438936.787  6311093.944 09:46:42  4544.408      0.0   98.881
    1430   438991.193  6309467.613 09:50:35  4544.468      0.0  101.040
    1431   438992.657  6307939.271 09:54:07  4544.756      0.0   98.013
    1432   438884.286  6306421.748 09:58:43  4546.077      0.0   93.481
    1433   438932.043  6305002.851 10:02:36  4547.608      0.0   88.533
    1434   440472.673  6306538.881 10:08:29  4546.342      0.0   86.547
    1435   441972.570  6308030.794 10:13:27  4543.888      0.0   94.955
    1436   440519.464  6307951.734 10:17:11  4544.794      0.0   92.310
    1437   440412.454  6309661.935 10:21:18  4547.084      0.0   89.917
    1438   442026.117  6309596.881 10:24:44  4543.835      0.0   95.781
    1439   443577.943  6309265.164 10:30:40  4543.804      0.0   95.983
    1440   445127.137  6310942.441 10:35:26  4545.534      0.0   84.185
    1441   443507.166  6311054.600 10:39:06  4544.133      0.0   90.126
    1442   441957.572  6310937.760 10:42:56  4545.400      0.0   91.188
    1443   440414.852  6311008.829 10:46:38  4546.993      0.0   90.303
    1000   424145.814  6314012.491 12:57:56  4541.201      0.0   93.378
       5   424145.773  6314012.430 13:01:39  4540.711      0.0   93.172
      -5   424145.831  6314012.500 13:02:27  4540.701      0.0   93.404
   



