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EXECUTIVE SUMMARY

The 2018 Carnarvon Basin SEEBASE Study and GIS provides petroleum explorers, industry, government, and
researchers with a structural and basement framework for the onshore Southern Carnarvon and part of the offshore
Northern Carnarvon in Western Australia. Although these basins have been explored, the nature of the underlying
crust of the Southern Carnarvon is poorly understood. This study provides new insights into basement architecture of
the Pinjarra Orogen and impact on basin evolution from a basement-focused perspective.

Barrow
Sub-basin

In 2005, Frogtech Geoscience completed OZ SEEBASE® – a continental-scale depth to basement grid which shows
the distribution of Phanerozoic basins across Australia (Frogtech, 2005). The OZ SEEBASE is open-file and has been
downloaded thousands of times by industry, government and academia to support their research programs and to
provide a framework for exploration and data acquisition. The acquisition of numerous new potential field datasets,
seismic and well data in the Carnarvon Basin and surrounding areas since 2005 provided an excellent opportunity to
upgrade the SEEBASE depth to basement model in this region. The 2018 Carnarvon Basin SEEBASE partially
incorporates the results of a SEEBASE project that has been exclusive to Hess Exploration Australia Pty Limited.

Exmouth
Sub-basin

The 2018 Carnarvon Basin SEEBASE project (dashed red outline; Figure E.1) covers the onshore Southern Carnarvon
Basin and part of the offshore Northern Carnarvon Basin.
The main aims of the Carnarvon Basin SEEBASE Project include:
• Improvement in the resolution of the depth to basement model from the 2005 Phanerozoic OZ SEEBASE based on
available geophysical and geological datasets;
• Assessment of basement geology and structural evolution;
• Interpretation of basement terranes including their extent and nature at depth;

• Interpretation of basement fault maps for key tectonic events;

Depth (m)
800

• Interpretation of basement composition;
• Magnetic modelling to estimate depth to magnetic basement and potentially assess depth to economic basement
in particular where seismic coverage is poor; and
SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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Introduction and Aims

• Map production of depth to basement (SEEBASE map), depth to Moho; basement thickness, and total sediment
thickness.

-2500

Bernier
Ridge
Gascoyne
Platform

-7500

Byro
Sub-basin

-12500

-18000

The 2018 Carnarvon Basin study was produced using Frogtech Geoscience’s unique methodology combining
potential field data interpretation and modelling along with calibration data such as 2D seismic, geological maps and
wells. This multidisciplinary approach results in a better understanding of basement terranes, depth to basement
(SEEBASE map; Figures E.1 ), regional structural geology and basement composition across the area of interest (AOI)
together with their geological evolution history. This integration has proven powerful and has illustrated the strong
basement control on the distribution and location of basin elements.
All the data and interpretations have been compiled into an integrated ArcGIS project, that together with this report,
provide an excellent summary of the key features within the AOI. The processing and enhancements of the datasets
are documented in the report and accompanying appendices (Appendix I and II).

-24000

Coolcalalaya
Sub-basin

Coastline
SEEBASE AOI

Figure E.1: 2018 Carnarvon Basin SEEBASE with Phanerozoic OZ SEEBASE in the background (Frogtech, 2005). The Area of Interest (AOI) shown
by dashed red polygon. Yellow polygons show the outlines of the different structural elements across the Carnarvon Basin.
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EXECUTIVE SUMMARY

a)

Depth (m)
800
-2500

Narrow rift basins mainly controlled by the
Errabiddy Shear Zone, north and west of the Yilgarn
Craton (Narryer Terrane)

Coolcalalaya
Sub-basin

Competent magmatic arc on the
margin of the Gascoyne Terrane

Byro
Sub-basin

-7500

-12500

-18000

-24000

The Merlinleigh Sub-basin is
deepest along the Wandagee
and Kennedy Range fault
system to the west resulting
in an asymmetric depocentre.

Gascoyne
Platform

Merlinleigh
Sub-basin

Gascoyne Platform showing relatively flat
basement. Middle crust is characterised by highgrade metamorphic rocks or magmatic intrusions as
suggested by magnetic modelling.

Rheologically stronger magmatic arc basement
terrane controls localisation of the western margin
of the Merlinleigh Sub-basin and the development
of half graben during the Permo-carboniferous
extension
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SEEBASE 3D

PS

S

Narrow shelf (i.e. the Peedamullah Shelf) with
sharp transition to the Barrow Sub-basin
reflecting the strong rheological contrast
between the craton and the interpreted NW
Shelf mobile belt during basin development.

M

b)

B
Exmouth
Sub-basin

Thick depocentre (20-23km) within the
Barrow and Exmouth Sub-basins as a
result of Late Paleozoic extension.

GP
C

Barrow
Sub-basin

Local N-S to NNE-SSW basement fault controlled
depocentres within the Barrow and Exmouth Sub-basin

Figure E2 :
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Oblique 3D image viewed from the a) north and b) south. B: Byro Sub-basin; C: Coolcalalaya Sub-basin; GP:
Gascoyne Platform; M: Merlinleigh Sub-basin; PS: Peedamullah Shelf
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EXECUTIVE SUMMARY

The SEEBASE model for basement topography provides a new view of basin geometry and a foundation upon which
to build basin, petroleum systems, and play models. This project has integrated all available open file datasets to
provide an interpretation of the structure and geometry of the numerous basins at a regional scale (~1:1M). The
Carnarvon Basin GIS and SEEBASE Study is a cost-effective prospecting tool that gives a first-pass regional
perspective, providing a basis for focusing future exploration and data acquisition strategies, and reducing exploration
risk. This model can be readily updated for more detailed assessment of individual depocentres with the addition of
improved geophysical datasets and/or calibration datasets (seismic and wells).

North West
Shelf Mobile
Belt

Pilbara
West

Basement Structure and Tectonic Evolution:

Sholl

• The Gascoyne Terrane is interpreted to represent an exotic continental block to the West Australian Craton, part
of the Pinjarra Orogen as suggested by its distinct potential field response and seismic character. Crustal thickness
of the Gascoyne Terrane (~30 km) is thinner than the West Australian Craton. Long wavelength highly magnetic
anomalies lie within the middle crust and may correspond to high-grade metamorphic rocks or mafic intrusions.

Pinjarra
Orogen
Extended

• The Merlinleigh Arc Terrane represents arc related assemblages accreted to the eastern margin of the Gascoyne
Terrane before suturing to the West Australian Craton. The N-S fabric of the terrane truncates older Capricorn
Orogen structures and/or reorients them suggesting strong reworking during the collision along the eastern
margin of the Glenburgh Terrane.
• The Coolcalalaya Terrane may represent an accretionary complex which formed during collision between the
Yilgarn Craton and the Glenburgh Terrane. It is likely to be dominated by high grade metasedimentary and
metavolcanic rocks.
• Extreme thinning occurred along the north-western margin of the Pilbara and the Glenburgh/Edmund terranes
during Middle to Late Paleozoic extension. Deformation focused within the NE-SW-trending North West Shelf
Mobile Belt.
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Key Findings

Glenburgh
Terrane

• Proterozoic tectonic evolution is revised to include the development and accretion of Mesoproterozoic to
Neoproterozoic magmatic arcs onto the Gascoyne crust followed by the collision with the West Australian Craton
during the Pinjarra Orogeny. Subsequent deformation was accommodated by NE-trending normal faults defining
graben and half-graben during the NW-SE directed Whickham extensional event. These structures were
reactivated during the Kuunga Orogeny in an intracontinental strike-slip setting. During this period, deformation
was preferentially localised along the outer boundaries of the Gascoyne Terrane. This in part reflects the strength
of the Gascoyne Terrane, being rheologically stronger relative to adjacent terranes.

Gascoyne
Terrane
Narryer
Terrane

Basin Evolution:
The 2018 Carnarvon Basin SEEBASE provides a significantly higher resolution interpretation of the basement surface
beneath the Carnarvon Basin and development of the overlying basins.
• Early Neoproterozoic (Whickham) and Permo-Carboniferous (Westralian) rift development was controlled by the
reactivation of terrane boundaries, major basement fabric and/or rheologically weaker terranes. For example,
basement structures of the Capricorn Orogen as well as the Kuunga Orogen strongly influence the localization of
the Byro, Coolcalayala and Merlinleigh sub-basins. However, the impact of the Whickham extensional event is still
poorly understood and warrants further investigation.
• Pull-apart basins developed on the inboard margin of the North West Shelf as a result of transtensional
deformation during the Paleozoic. Compartmentalisation of sub-basins and development of en-echelon
depocenters is strongly controlled by N-S basement structures of the Capricorn Orogen and the Pilbara Craton. A
deep, narrow and localized trough strongly reflects the rheologically weak basement of the underlying North West
Shelf accretion complex which formed during collision between the Pilbara Craton and an unknown terrane.
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Basement terranes (white outlines) and main structural features underlain by high-pass 200 km Bouguer correction gravity
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I. INTRODUCTION

In 2005, Frogtech Geoscience completed OZ SEEBASE® – a continental-scale depth to basement grid which shows
the distribution of Phanerozoic basins across Australia (Figure 1.1). The OZ SEEBASE is open-file and has been
downloaded thousands of times by industry, government and academia to support their research programs and to
provide a framework for exploration and data acquisition. The OZ SEEBASE study covered the Carnarvon Basin along
the western margin of the West Australian Craton, which is the focus of this project (red dashed polygon in Figure
1.1a). The acquisition of numerous new potential field datasets, seismic and well data in the Carnarvon Basin and
surrounding areas since 2005 provides an excellent opportunity to upgrade the SEEBASE® depth to basement model
in this region.
Frogtech Geoscience has completed higher-resolution SEEBASE models for clients across Australia, since the public
release of the Phanerozoic OZ SEEBASE. The 2018 Carnarvon Basin SEEBASE partially incorporates the results of a
SEEBASE project that has been exclusive to Hess Exploration Australia Pty Limited (Southern Carnarvon SEEBASE™
2012, yellow polygon in Figure 1.1a). Hess Exploration Australia Pty Limited generously accepted to provide
SEEEBASE grids in order to facilitate the update of the OZ SEEBASE depth to basement model released to the public
domain. This project covers the Bernier Ridge and part of the Exmouth Sub-basin, in the west of the Carnarvon Basin
SEEBASE AOI.

B

A
Northern
Carnarvon Basin

2005 Phanerozoic OZ SEEBASE®

The 2005 OZSEEBASE and the 2012 SEEBASE grid from Hess have been used as the starting point for the 2018
Carnarvon Basin SEEBASE project for the Geological Survey of Western Australia (GSWA). These interpretations have
been updated based on new open-file data (ground gravity and limited seismic surveys).
The AOI for the 2018 Carnarvon Basin SEEBASE project (dashed red outline ; Figure 1.1a) covers the onshore
Southern Carnarvon Sub-basin and part of the offshore Northern Carnarvon Sub-basin.
The main aims of the Carnarvon Basin SEEBASE Project include:
• Improvement in the resolution of the depth to basement model from the 2005 Phanerozoic OZ SEEBASE based on
available geophysical and geological datasets;
• Assessment of basement geology and structural evolution;
• Interpretation of basement terranes including their extent and nature at depth;
SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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Background and Area of Interest

Southern
Carnarvon Basin

• Interpretation of basement fault maps for key tectonic events;
• Interpretation of basement composition;
• Magnetic modelling to estimate depth to magnetic basement and potentially assess depth to economic basement
in particular where seismic coverage is poor; and
• Map production of depth-to-basement (SEEBASE map), depth to Moho; basement thickness, and total sediment
thickness.

coastline

Figure 1.1: A. Phanerozoic OZ SEEBASE (2005) in the Carnarvon Basin area overlaid by the 2018 Carnarvon Basin SEEBASE AOI
(red dashed polygon) and the 2012 South Carnarvon SEEBASE AOI (yellow polygon) contributed by HESS Exploration
Australia. B. Phanerozoic OZ SEEBASE (2005), black box indicates Carnarvon Basin project area.
Frogtech Geoscience
Post: PO Box 250, Deakin West ACT 2600, AUSTRALIA
Office: Suite 17F, Level 1, 2 King Street, Deakin West ACT 2600, AUSTRALIA
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I. INTRODUCTION

The evolution of sedimentary basins is controlled by a response in the crust and lithosphere
to tectonic forces. The nature of this response depends both on the magnitude of the
tectonic forces and on the character and kinematic response of the underlying basement.
The strength, composition and fabric of basement at the time of a tectonic event controls
crustal response, while sediments record the resultant changes in basin morphology. A
rigorous model for basin evolution can be developed through an understanding of
basement character beneath and adjacent to sedimentary basins, coupled with a
knowledge of tectonic events that were responsible for basin formation (i.e. basin phases).
This model (Figure 1.2) provides a basis for more accurate prediction of the occurrence and
distribution of petroleum play elements throughout basin evolution.
Individual basin phases are separated from one another by changes in the type of
subsidence mechanism or the magnitude or rate of subsidence. Basin phase boundaries
correspond to plate-scale tectonic events and in turn to major megasequence boundaries.
Stresses operating during each basin phase cause reactivation of basement structures and
reactive fabrics, as well as the development of new structures. Understanding the
kinematics of each tectonic event allows a predictive model for structural reactivation to be
applied to the interpreted faults from fault history data calibrated with geological
observations (e.g. seismic, maps).
Potential field data (principally gravity and magnetic data) provide a window to the
basement that can cover a wide area with uninterrupted data at constant resolution. Such
‘map view’ interpretation contrasts with the ‘cross-section view’ interpretation that often
results from only working with more conventional petroleum industry datasets such as
wells and seismic data. But the combination is a highly successful one, enabling extraction
of more geological information than is possible with either dataset on its own. This is the
basis of the Frogtech Geoscience approach that has been developed over many years.
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Frogtech Geoscience’s Approach

Frogtech Geoscience’s SABRE Methodology

1
4
2

3

Figure 1.2: Frogtech Geoscience’s SABRE methodology

SABRE®: Systematic Approach to Basin Resource Evaluation
Frogtech Geoscience has developed SABRE® - Systematic Approach to Basin Resource Evaluation – as the backbone of its rapid basin evaluation workflow. The SABRE methodology which uses efficient and effective techniques to
fast-track the evaluation and ranking of play elements using regional-scale datasets and constraining information. The SABRE methodology (Figure 1.2) begins with a big-picture analysis of plate reconstructions, structural
provinces, basement terranes and regional kinematics (left side of diagram). This regional analysis provides a foundation to move rapidly into basin and play-scale evaluations (right side of diagram) – from Plate to Pores!
Frogtech Geoscience SABRE methodology develops a comprehensive structural model which is built on the integration of all readily available geophysical and geological datasets and other constraining information. While
individual datasets used in isolation can produce ambiguous results, the integration of multiple datasets yields a more tightly constrained model that is consistent across all available data. Frogtech Geoscience experts in
geophysics, structural and basement geology, geodynamics and basin analysis work as a team and undertake multiple iterations to build the integrated structural model. The big-picture and ‘bottom-up’ approach of Frogtech
Geoscience SABRE methodology is described at right and in Figure 1.3.
Frogtech Geoscience’s signature product is a depth to basement model called SEEBASE®– Structurally Enhanced view of Economic BASEment. The SEEBASE product is the culmination of the integrated geophysical and geological
analysis undertaken by Frogtech Geoscience interpreters. Key elements of the SEEBASE interpretation and integration are shown diagrammatically in Figures 1.3 and 1.4.
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I. INTRODUCTION

SABRE Methodology and SEEBASE Workflow

BASIN PHASES
Petroleum Systems and Play Evaluation
Sediment Provenance and Supply
Palaeogeography
Stratal Geometry
Accommodation History

• Compile and process (data and images) all available potential field datasets
• Compile and process all constraining datasets: wells, seismic, geology, cross-sections, stress, heat flow,
geochemistry, radiometric dates, seismicity, refraction, fission track, detrital minerals, isopachs, etc.
• Identify tectonic events (inter- and intra-plate) and responses (deformation events) that have influenced
basement and basin evolution
• Calibrate geophysical/remote sensing data interpretation to regional and local geology
• Identify basement geology and terrane boundaries – attribute in GIS
• Interpret all georeferenced datasets
• Define succession of structural events in area of interest – attribute in GIS

BASIN ARCHITECTURE
SEEBASE® Depth to Basement
Structural Analysis

• Develop a kinematic and mechanical model for the structural evolution of the area
• Confirm main events that control timing and duration of basin phases
• Estimate depth to basement from all appropriate datasets
• Combine structural model and depth to basement estimates to generate SEEBASE image
• Undertake evaluation of petroleum systems, plays and play elements within SEEBASE framework – this may
include the following steps:

BASEMENT GEOLOGY
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SABRE Methodology

Terranes Type and Age
Composition
Structure
Crustal Architecture
Heat Flow

• Constrain basement heat flow history
• Constrain paleogeography of potential source rocks, reservoirs and seals
• Define areas of likely fractured reservoir
• Predict basement-involved trap types, size, timing, and integrity
• Develop new exploration and acquisition strategies appropriate for the exploration risk

WHAT IS BASEMENT?
SEEBASE maps the depth to economic basement. Economic basement is defined by Frogtech

TECTONIC HISTORY
Precambrian and Phanerozoic
Basement Evolution and Assembly
Plate Reconstructions
Tectonic Events and Response

Geoscience interpreters as the base of all sedimentary rocks, which would generally be the base
of all potential petroleum systems other than fractured basement reservoir. In most cases,
economic basement is also metamorphic or crystalline basement defined as the top of
metamorphic or igneous lithologies. Mapping basement with gravity data relies on the density
contrast between sediments and basement lithologies. Magnetic basement is defined as the top
of magnetic lithologies with the exception of intra-sedimentary sources including volcanic rocks.
The combination of gravity and magnetic data allows identification of basement lithologies.

Figure 1.3: Frogtech Geoscience’s “Bottom-Up” Rapid Basin Evaluation Process. Green colours indicate workflows usually
undertaken in a standard SEEBASE study. Workflows shown in red were not undertaken during this study.
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I. INTRODUCTION

Frogtech Geoscience’s experts in geophysics, structural and basement geology, geodynamics and basin analysis work
as a team and undertake multiple iterations to build the integrated structural model. The model is then applied and
tested by iterative interpretation and checking against the data interpretation. Adjustments are made as needed to
both the model and the data interpretation with each iteration. The SEEBASE model is dynamic and can be updated
as new datasets become available.

Frogtech Geoscience's SEEBASE workflow develops a comprehensive depth to basement structural model
which is built on the interpretation and integration of all readily available geophysical and geological datasets
and other constraining information. While individual datasets used in isolation can produce ambiguous results,
the integration of multiple datasets yields a more tightly constrained model that is consistent across all
available data.

Deliverable

Process
Basement
Heat Flow
Prediction

Tectonic Events
and Fault Maps

Crustal
Architecture
and Evolution

Derivatives:
Depth to Moho, Sediment
and Basement Thickness

SEEBASE

Integration
and Calibration

Basement
Composition

Well and Seismic
Interpretation

Tectonic Events
and Kinematic
Interpretation
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SEEBASE Workflow

Basement
Terranes

Gravity
Modelling

Magnetic Depth
Modelling

Processed
Potential Field
Datasets

Plate
Reconstructions

New Data
Acquisition

Interpretation

Project Setup and
Management

Data Compilation
and Processing

ArcGIS Database
and Metadata
Construction

Upgrade
SEEBASE
Figure 1.4: Frogtech Geoscience’s SEEBASE Workflow Chart.
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II. DATA COMPILATION AND PROCESSING

All readily available, open-file datasets were compiled into GIS format for this study (Figure 2.1). These datasets can
be divided into Core Datasets which are interpreted and integrated in detail, and Calibration Datasets which are used
to constrain the interpretation.
The potential field datasets (gravity and magnetics) are important map-view data that are used extensively by
Frogtech Geoscience interpreters as they provide the most continuous coverage of a study area.
While the current study utilised existing datasets, the SEEBASE and structural interpretations can be upgraded and
further calibrated with the acquisition of new datasets. Frogtech Geoscience can also upgrade this product under
separate contract using client-held proprietary datasets.

Core and Constraining Datasets
Digital Elevation Model (DEM)……………………………..

Grids

Gravity………………………………………………………………….

Grids

Magnetics…………………………………………………………….

Processed ship track line data and grids

Surface Geology……………………………………………………

Digital coverage and maps

Calibration Datasets
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Core and Constraining Datasets

Seismic Data…………………………………………………………

GSWA Seismic projects, Published images, navigation data

Wells…………………………………………………………………….

GSWA Well database

Plate Reconstructions……………………………………………

Published tectonic models

Stratigraphy………………………………………………………….

Stratigraphic charts, tectonostratigraphy, paleogeography

Seismic Refraction Data………………………………………… Published data
Publications, Papers, Maps, Cross-Sections…………..

Literature, reports, publications, etc.

Frogtech Geoscience Regional Knowledge-Base……

Global experience, reports and intellectual property

The following section outlines the datasets used for this report and processing undertaken on the data.

Figure 2.1: Georeferenced Calibration/Integration/Interpretation of data.
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II. DATA COMPILATION AND PROCESSING

The area of processed magnetic, gravity and DEM data covers the entire Carnarvon Basin and surrounds (green box,
Figure 2.2). The area covered by the 2018 Carnarvon SEEBASE interpretation is shown by the red polygon (Figure 2.2).
The ArcGIS product contains geophysical datasets, interpreted datasets, calibration and reference datasets used in
this study. Appendices I and II provide additional documentation of the processing and enhancement of potential
field geophysics.
Datasets in the ArcGIS are provided in a the GDA 1994 MGA Zone 50 coordinate system and includes metadata.

Projected Coordinate System Properties
Projection

Projection Name:

GDA 1994 MGA Zone 50

Projection Method:

Transverse Mercator

False Easting:

500000.0

False Northing:

10000000.0

Central Meridian:

117.0

Scale Factor:

0.9996

Latitude of Origin:

0.0

Linear Unit
Name:

Metre

Metres per unit:

1

Geographic Coordinate System Properties
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Project Area

Geographic Coordinate System
Name:

GCS GDA 1994

Datum:

GDA 1994

Spheroid:

GRS_1980

Prime Meridian:

Greenwich

Angular Unit:

Degree

Semi-major Axis:

6378137.0

Coastline

Semi-minor Axis:

6356752.314140356

SEEBASE AOI

Inverse Flattening:

298.257222101

Geophysics AOI

Figure 2.2: Study area shown with coordinates using the GDA 1994 MGA Zone 50 Projection as detailed. Grey outlines represents
administrative areas of Western Australia. The red polygon in the centre of the image defines the 2018 Carnarvon
SEEBASE AOI.
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II. DATA COMPILATION AND PROCESSING

Digital Elevation Models often show the youngest and/or active geological structures. They are widely used
for neotectonic analysis. A DEM may also be used to distinguish different compositional domains where the
composition of an eroding terrain controls its resistance to weathering.

Frogtech Geoscience Data Processing
The Frogtech Geoscience stitched DEM (Figure 2.3) is built from the following source datasets:
1. Geoscience Australia (GA) 50m Multibeam Dataset of Australia, 50m grid cell size.
2. SRTM3 (v1), 90m grid cell size and
3. SRTM30 Plus (v11), 900m grid cell size.
Dataset resolution varies from 50 m to 900 m in grid cell size. Frogtech Geoscience have resampled all datasets to
100 m grid cell size to stitch the grids together. In some cases datasets from different sources cover the same area. In
such areas, the best quality dataset has been selected to produce the stitched DEM grid. The stitched DEM extends
roughly from -19.15° to -29.25° Latitude and 111.4° to 117.6° Longitude. Several enhancement filters have been
applied to the DEM data, the results are presented in the accompanying GIS and Appendix IIa.
1. Source dataset: Geoscience Australia (GA) 50m Multibeam Dataset of Australia
50m Multibeam Dataset of Australia was supplied by the Commonwealth of Australia (Geoscience Australia) in
August, 2012 (Wilson et al., 2012).
For source data information refer to http://www.ga.gov.au/metadata-gateway/metadata/record/73842/

2. Source dataset : SRTM3 (v1) and SRTM30 Plus (v11)
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Core Dataset: Digital Elevation Model (DEM)

The SRTM3 DEM images for the study area have been generated by Frogtech Geoscience from the Shuttle Radar
Topography Mission (SRTM) 3 Arc-second data. The Shuttle Radar Topography Mission (SRTM) obtained elevation
data on a near-global scale to generate the most complete high-resolution digital topographic database of Earth.
SRTM is an international project spearheaded by the National Geospatial-Intelligence Agency (NGIA) and the
National Aeronautics and Space Administration (NASA). Elevation data of the entire world (except the oceans) is
available at a 90 metre resolution.
Reference: NASA (2000) National Aeronautics and Space Administration.
The SRTM30 Plus is a global DEM with a horizontal grid spacing of 30 arc-seconds (approximately 1 kilometre)
comprising a combination of land data from the USGS SRTM30 gridded DEM data product created with data from
the NASA Shuttle Radar Topography Mission, and ocean data based on the Smith and Sandwell global 1-minute grid.
All data are derived from public domain sources and these data are also in the public domain (Becker et al., 2009;
Smith and Sandwell, 1997).

For details see the SRTM Homepage: http://www2.jpl.nasa.gov/srtm/. For source data information refer to
http://topex.ucsd.edu/marine_topo/mar_topo.html.

Coastline
SEEBASE AOI

Figure 2.3: Digital Elevation Model (Becker et al., 2009; Smith and Sandwell, 1997; Wilson et al., 2012). The white polygon in the
centre of the image defines the 2018 Carnarvon SEEBASE AOI.
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II. DATA COMPILATION AND PROCESSING

Introduction
Gravity is a very important tool for interpreting basins. It maps subtle changes in the Earth’s gravitational field caused
by variations in the density of the underlying rocks, and it provides valuable information on basement topography
and the nature of the deeper parts of the crust and mantle beneath the basins. Important intra-basin elements often
have an associated gravity signature indicating that each element is related to a deep basement structure.
In order to interpret the geological source of a gravity anomaly, the interpretation must be calibrated. Gravity images
show density contrasts within the crust, but the source of the contrast is not unique. As a regional tool it gives
information both on the density of bodies within the crust and on differences in mantle depth. Satellite free-air
gravity also has a major contribution from bathymetry. Thus, the nature of each anomaly as crust or mantle must be
distinguished. By combining the onshore gravity data with the mapped geology of the same region, the sources of
many anomalies can be inferred and extrapolated offshore and/or under sedimentary cover. Others require
geophysical modelling which must be constrained by a geological model. Calibrated interpretation of gravity data is a
powerful tool for developing an understanding of basin shape.

Frogtech Geoscience Data Processing
The Frogtech Geoscience stitched Bouguer Gravity anomaly dataset includes data from two (2) surveys:
1. Sandwell and Smith Satellite Free-Air Gravity (v24.1)
Available for downloaded from Scripps Institution Of Oceanography website
http://topex.ucsd.edu/WWW_html/mar_grav.html

2. Geological Survey of Western Australia, Gravity anomaly grid (400m) of Western Australia (2017 –
version1), http://www.dmp.wa.gov.au/Geological-Survey/Regional-geophysical-survey-data-1392.aspx
Datasets were stitched with some overlap across the coast due to differences in Bouguer gravity corrections
for various datasets over this area. The satellite gravity does not accurately represent the shallow coastal
water due to the method used to acquire the data being unreliable in shallow water. Therefore, the data at
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Core Dataset: Gravity

coastal regions is a stitch of the two datasets together to provide a compromise.
The stitched Bouguer Gravity (Figure 2.4) has a density correction of 2.67 g/cc onshore and 2.18 to 2.20 g/cc
offshore and a grid cell size of 900 m.

Coastline
SEEBASE AOI

Figure 2.4: Colour shaded relief image of Bouguer Gravity data. The white polygon in the centre of the image defines the 2018
Carnarvon SEEBASE AOI.
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Core Dataset: Gravity
Bouguer Gravity

First Vertical Derivative of Bouguer Gravity

Free air gravity data is reduced to Bouguer gravity by the calculation and removal of the effects topography
(rock/water or rock/air interface) on the gravity anomaly. Figure 2.5 is a Bouguer correction of the gravity data. In this
case, the density used for Bouguer correction was 2.67g/cc onshore and 1.8 to 2.0 g/cc offshore.

The first vertical derivative (1VD) filter enhances near surface contrasts in density by amplifying the high frequency
component of the spectrum (linear increasing filter). Noise and merging artefacts are also enhanced in this process.
Figure 2.6 is a 1st vertical derivative of the Bouguer corrected gravity data. In this case, the density used for Bouguer
correction was 2.67g/cc onshore and 1.8 to 2.0 g/cc offshore.

Coastline
SEEBASE AOI

Figure 2.5: Bouguer gravity data image. The white polygon in the centre of the image defines the 2018 Carnarvon SEEBASE AOI.
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Figure 2.6: First Vertical Derivative of Bouguer gravity data. The white polygon in the centre of the image defines the 2018 Carnarvon
SEEBASE AOI.
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Core Dataset: Gravity
Isostatic Residual of Bouguer Gravity

Ternary Image of Tilt, Modulus and ZS-Edge

Isostatic residual gravity anomaly maps are produced by subtracting long-wavelength anomalies related to
topography. The long-wavelength anomalies are assumed to result from isostatic compensation of topographic loads.
Isostatic residual gravity anomaly maps (Figure 2.7) therefore reveal more clearly than Bouguer gravity anomaly maps
the density distributions within the crust. The Isostatic Regional field (or Isostatic Correction; see Appendix Ib) is the
calculated gravimetric response to changes in the thickness of the crust (e.g. in a mountain belt with a deep root).

The CMY ternary image (Figure 2.8) combines the results of the Tilt (cyan), Modulus (magenta) and ZS-Edge (yellow)
enhancement filters to produce a highly detailed image. The enhancement image highlights the edges of broad
anomalies, enhances subtle anomalies in areas of relatively flat response, and shows continuity of major structures
and retains the anomaly amplitude over the source thereby improving anomaly characterisation and the mapping of
source edges. This image is also of use in accurately locating anomalies as no sun angle is applied to the image.
Individual grids (tilt, MS, ZS-Edge) can be found in the accompanying ArcGIS project.

Coastline
SEEBASE AOI

Figure 2.7: Isostatic Residual Bouguer Gravity data image. The white polygon in the centre of the image defines the 2018
Carnarvon SEEBASE AOI.
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Figure 2.8: Ternary data image of Bouguer Gravity Tilt, Modulus and ZS-Edge filters. The white polygon in the centre of the image
defines the 2018 Carnarvon SEEBASE AOI.
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Core Dataset: Gravity
High-pass (100 km) Applied to Bouguer

High-pass (300km) Applied to Bouguer

A High-pass (HP) filter passes high frequencies but substantially attenuates (or reduces) frequencies lower than the
cut-off frequency. The 100 km HP filter (Figure 2.9) is used to enhance the anomalies from rather shallow depths. The
wavelengths of the anomalies are within 100 km. In the AOI, this filter often highlights shallow carbonates.

A High-pass (HP) filter passes high frequencies but substantially attenuates (or reduces) frequencies lower than the
cut-off frequency. The 300 km HP filter (Figure 2.10) is used to enhance the anomalies from deep crustal or mantle
sources. The wavelengths of the anomalies are within 300 km.

Coastline
SEEBASE AOI

Figure 2.9: High-pass 100 km applied to Bouguer Gravity data. The white polygon in the centre of the image defines the 2018
Carnarvon SEEBASE AOI.
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Figure 2.10: High-pass 300 km applied to Bouguer Gravity data. The white polygon in the centre of the image defines the
2018 Carnarvon SEEBASE AOI.
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Core Dataset: Gravity
High-pass (200 km) Applied to Bouguer

Low-pass (200km) Applied to Bouguer

A High-pass (HP) filter passes high frequencies but substantially attenuates (or reduces) frequencies lower than the
cut-off frequency. The 200 km HP filter (Figure 2.11) is used to enhance the anomalies from shallow and
intermediate depths, as well as the top parts of deep sources. The wavelengths of the anomalies are within 200 km.

A Low-pass (HP) filter passes high frequencies but substantially attenuates (or reduces) frequencies lower than the
cut-off frequency. The 200 km LP filter (Figure 2.12) is used to enhance the anomalies from shallow and intermediate
depths, as well as the top parts of deep sources. The wavelengths of the anomalies are within 200 km.

Coastline
SEEBASE AOI

Figure 2.11: High-pass 200 km applied to Bouguer Gravity data. The white polygon in the centre of the image defines the 2018
Carnarvon SEEBASE AOI.
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Figure 2.12: Low-pass 200km applied to Bouguer Gravity data. The white polygon in the centre of the image defines the
2018 Carnarvon SEEBASE AOI.
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Introduction
Aeromagnetic data measures variations in the Earth’s magnetic field caused by variations in the remnant
magnetisation or magnetic susceptibility of the underlying rocks. It provides information on the structure and
composition of magnetic basement and intrasedimentary magnetic units, if present. Most bodies within the
basement have a distinctive magnetic signature which is characterised by the magnitude, heterogeneity, orientation
and fabric of the magnetic signal. When calibrated with known geology, magnetic data can be used to map basement
terranes under a cover of sedimentary rock, regolith, water, or ice.
The most important and accurate information provided by magnetic data is the structural fabric and depth of the
basement. Major basement structures can be interpreted from consistent discontinuities and/or pattern breaks in
the magnetic fabric. Once the structures have been evaluated and combined with those interpreted from gravity
data, a model for the evolution of the basement and overlying basins can be developed.
Where the source of the magnetic signal is very deep and not resolvable after standard data processing,
enhancement techniques are applied that reveal information on the geometry and structure of the basement at
depth. Enhancement processing techniques are chosen specifically for each magnetic dataset depending on the type
of information that needs to be extracted. Enhancement processing is critical for evaluating deep basins.
Magnetic data is also valuable for determining the distribution of magnetic sources within the sediments ranging
from heavy mineral deposits (e.g. fans) to basalts.

Frogtech Geoscience Data Processing
The stitched magnetic grid for the 2018 Carnarvon Basin SEEBASE Project (Figure 2.13) was sourced from the
following magnetic datasets:
1. Geological Survey of Western Australia, Magnetic anomaly grid of Western Australia (2017 – version1, 90m grid
cell size resolution), http://www.dmp.wa.gov.au/Geological-Survey/Regional-geophysical-survey-data-1392.aspx
2. Geoscience Australia, Magnetic Anomaly Map of Australia v6 (90m grid cell size resolution). Downloaded using
the Geophysical Archive Data Delivery System (GADDS) on the Australian Government's Geoscience Portal at
http://www.geoscience.gov.au/gadds.
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Core Dataset: Magnetics

3. Geoscience Australia, Magnetic Anomaly Map of Australia v3 (1000m grid cell size resolution). Downloaded
using the Geophysical Archive Data Delivery System (GADDS) on the Australian Government's Geoscience Portal
at http://www.geoscience.gov.au/gadds.

4. Geoscience Australia, Levelled Magnetic Data Covering the Southwest Margin of Australia (500m grid cell size
resolution). Downloaded using the Geophysical Archive Data Delivery System (GADDS) on the Australian
Government's Geoscience Portal at http://www.geoscience.gov.au/gadds.
Processing details are presented in Appendix Ic.
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Figure 2.13: Stitched TMI (Grid cell size 90m). The white polygon in the centre of the image defines the 2018
Carnarvon SEEBASE AOI.
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Core Dataset: Magnetics
Total Magnetic Intensity (TMI)

Reduced to Pole

The Total Magnetic Intensity (TMI) is the basic magnetic grid before enhancement (Figure 2.14). The TMI is the
measurement of total magnetic field at a location with the International Geomagnetic Reference Field (IGRF)
removed. The IGRF is a spatially and time varying quantity. It is removed so that measurements at different times and
locations can be merged and compared. The TMI dataset provides the raw dataset and is therefore a key reference
dataset when evaluating the enhanced datasets. However, the TMI dataset does not provide information on the
correct position of anomalies and does not reflect the shape of the source at low latitude.

To obtain Reduction to the Pole (RTP), a transformation is computed based on a local geomagnetic inclination and
declination. The result of the reduction to the pole (RTP) operation is a field which would be observed if the given
field had been observed with vertical polarisation, that is, as though observed at one of the Earth’s magnetic poles
(refer to Appendix Ic for further details). If strong remanent magnetisation is present in directions other than that of
the Earth, the transformed field will be in error. TMI data is routinely reduced to the pole to shift anomalies directly
over their source and for vertical dipping sources to produce symmetric anomalies. The location of sources,
particularly source edges, can more readily be determined when the magnetic data has been reduced to the pole.
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Figure 2.14: Total Magnetic Intensity map. The white polygon in the centre of the image defines the 2018 Carnarvon SEEBASE AOI.
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Figure 2.15: Reduced to the Pole (RTP) magnetic Intensity map. The white polygon in the centre of the image defines the 2018
Carnarvon SEEBASE AOI.
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Core Dataset: Magnetics
Ternary Image of Tilt, Modulus and ZS-Edge

Compound Anomaly (CA) of TMI

The CMY ternary image (Figure 2.16) combines the results of the Tilt (cyan), Modulus (magenta) and ZS-Edge (yellow)
enhancement filters to produce a highly detailed image. The enhancement image highlights the edges of broad
anomalies, enhances subtle anomalies in areas of relatively flat response, and shows continuity of major structures
and retains the anomaly amplitude over the source thereby improving anomaly characterisation and the mapping of
source edges. This image is also of use in accurately locating anomalies as no sun angle is applied to the image.
Individual grids (tilt, MS, ZS-Edge) can be found in the accompanying ArcGIS project.

The Compound Anomaly (Figure 2.17) enhancement is a Frogtech Geoscience proprietary filter. This is a special tool
for dealing with data in low magnetic latitude areas or with data derived from strong remanently magnetized
sources. The filter simplifies the remnant anomaly shape and correctly locates the source body. High amplitude
anomalies indicate high susceptibility or strong remanently magnetized sources. Low amplitude or flat anomalies
reflect a source with weak magnetic susceptibility. CA produces positive amplitudes for all anomalies. In areas with
remanent magnetisation, which can include strong negative anomalies, the representation of all anomalies as
positive can assist in interpretation of lithologies and major structures.
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Figure 2.16: Ternary image of the TMI Tilt, Modulus and ZS-Edge filters. The white polygon in the centre of the image defines the
2018 Carnarvon SEEBASE AOI.
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Figure 2.17: Compound Anomaly of TMI image. The white polygon in the centre of the image defines the 2018 Carnarvon SEEBASE
AOI.
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a

Surface geology (Figure 2.18) is a key dataset for any geological interpretation. Surface geological maps provide
calibration for interpretation of DEM, gravity, and magnetic data. Where basement is outcropping, the direct
correlation of geological units with patterns in geopotential field data is possible. Once the magnetic and/or gravity
response of different basement lithologies has been calibrated, it is possible to extrapolate beneath basins to
interpret basement character.
The main surface geology dataset used for interpretation was compiled from Geological Survey of Western Australia
and Geoscience Australia 1:250000 and 1:1M digital geology . The dataset was converted into a Frogtech Geoscience
standard from the original maps.

b
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Core Dataset: Surface Geology
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Figure 2.18: Digital geology datasets of the study area. a) Surface geology compiled from 1:1M and 1:250,000 scale datasets. The surficial cover and
regolith have been left blank on the surface geology map in order to highlight the bedrock geology. b) Solid bedrock geology
interpretation at 1:500K. Both datasets are coloured by geological age. The dashed red polygon defines the 2018 Carnarvon SEEBASE AOI.
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a

Petroleum well data was provided by the Geological Survey of Western Australia for this project.
The database (Figure 2.19) has been reformatted for this project and includes:
• Well locations with information on age, formation and lithology at TD (Figure 2.19a)
• A compilation of wells that intersect basement with information on the oldest overlying unit (Figure 2.19a)
• A formation tops database including most wells (Figure 2.19b)

b
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Calibration Dataset: Well Data
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Figure 2.19: a) Well data for the project with the petroleum wells coloured by TD depth in metres. Wells that intersected basement are shown by a
black circle and wells that did not reach basement are shown by a square symbol. b) Locations for wells with formation tops
information.
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Published Cross-sections
Published cross-sections and seismic lines provide important regional constraints on the structural geometry of
basement blocks and basins and on the movement history of major structures. Figure 2.20a shows the various
sections included in the ArcGIS project and used to calibrate the SEEBASE interpretation. Information about the
source of individual cross-sections can be found in the cross-sections attribute table in the accompanying ArcGIS
project.

2D Seismic
Seismic data are important for calibration of basement depth and structure. In particular, the interpretation of fault
movement histories, essential for calibration, is not readily obtained from other data sources. The seismic data in the
Carnarvon Basin is generally of moderate to poor quality and basement is not well imaged especially in the deeper
depocentres and across the Gascoyne Platform. The seismic data loaded in GSWA’s in-house Kingdom project is
shown in black (Figure 2.20b), and the extent of the interpreted seismic (basement horizon) in the Kingdom project
made available by GSWA is shown coloured by basement depth (Figure 2.20b). Only a subset of key uninterpreted
seismic lines that gives some information on the depth to basement has been included in the ArcGIS.

b
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Published 2D seismic lines and cross-sections were used to calibrate the structural interpretation and constrain the
SEEBASE surface.
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Calibration Dataset: 2D Seismic and Cross-Sections
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Figure 2.20: a) Cross-sections and seismic data used in this study. b) All 2D seismic profiles loaded in the GSWA Kingdom project provided to
Frogtech Geoscience are in black and the extent of the interpreted basement horizon grid in the GSWA’s in-house seismic project is
shown coloured by depth. The red dashed polygon define the 2018 Carnarvon SEEBASE AOI
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Using the modelling package ModelVision Pro™ models of depth, dip, width, depth extent, and susceptibility
of magnetic sources have been calculated. Modelling of 81 lines across the entire SEEBASE AOI was
completed for this project. These bodies are shown by the large dots coloured by depth to the top of the
model body (Figure 2.21). The model profiles, depth points and 3D model bodies are included in the ArcGIS
for the new modelling.
The magnetic modelling process is as follows:
First, suitable profiles are selected across the TMI grid. These profiles are then modelled individually to
match observed magnetic field variations using tabular sources of uniform magnetization and sharp margins
with distinct edges. An initial array of bodies is created based on inspection of the profile. These bodies are
adjusted using forward modelling, with strike, position, and azimuth corrected to match the anomaly extents
mapped by the TMI image.
The model is then adjusted by inversion of the body positions (along profile), widths, dip, susceptibilities, and
depths to closely match the observed magnetic field variation along that profile. The source bodies (Figure
2.21) can be converted to point depth values at the centre of their top faces. With images of the depth
sections used for reference, the most reliable depth points are selected based on geological understanding of
the study area. These depth points and inferred faults are incorporated into a (possibly discontinuous)
surface to represent the faulted top of basement. Other sources are identified as either intrasedimentary, i.e.
any intra-sedimentary surface at which sources generate a magnetic response, or intra-basement, i.e.
sources within basement that do not extend to the top basement surface.
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Calibration Dataset: Depth Modelling
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Figure 2.21: Modelled depth points used to help assess the depth to basement. The black dashed polygon shows the 2018 Carnarvon SEEBASE AOI.
The coloured dots indicate the depth of the model body and the black outline shows the orientation of the anomaly for the magnetic
depth models generated during this project. TMI map shown as a background image.
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The Data Confidence map (Figure 2.22) aims to communicate the interpreters’ evaluation of various datasets in terms of supporting
the development of the SEEBASE model. Confidence values have been assessed for the following calibration datasets: Mapped
basement outcrop (at selected scale); Selected seismic lines; Published cross-sections; Gravity coverage; and Magnetic coverage.

a

During the interpretation process, the interpreter evaluates the various datasets available to support the SEEBASE model, and assigns
confidence percentages to each feature. Data confidence ranges from 0-100%. These values reflect the resolution of the data as well
as the ability of the data type to provide information on the depth to basement.
• 100% for basement outcrop and basement wells, 95% to 0% for other wells depending on the oldest stratigraphic unit intersected
(Figure 2.22a),
• 0 to 95% for published sections and seismic data (Figure 2.22a) depending whether a basement surface is shown and how reliable
the interpretation is considered to be,
• 30-65% for gravity data (highest for airborne onshore data (65%), and close spaced ground surveys (60%), lower for more widely
spaced gravity stations (50-40%) and satellite gravity (30%).
• 80% for the highest resolution magnetic data onshore and 30-40% for the offshore part of the AOI (Figure 2.22b).
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Figure 2.22: a) Summary map displaying data confidence for the wells, basement outcrops and gravity data. The red dashed polygon shows the 2018 Carnarvon
SEEBASE AOI. b) Data confidence for the cross-sections / seismic, basement outcrop and magnetic data.
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Importance of Basement

What is “Basement”?

The basement of any basin provides the foundation onto which the sediments are deposited. The rheology, or
mechanical behaviour, of the basement controls the rate of subsidence and geometry of each phase of the evolving
basin. The composition (Figure 3.1) of the basement will determine its strength or stiffness. The age and early history
of each basement terrane will dictate the intensity and character of the structural fabric. This inherent fabric plays a
major role in the manner in which the crust deforms during major periods of extension or compression.

The concept of “what is basement?” is non-trivial, since basement evolution in some terranes may post-date basin
evolution in others. Hence the question “what is basement?” must be asked for each basement terrane. Additionally,
the distinction between economic, magnetic, acoustic, or metamorphic (“crystalline”) basement must be made. By
definition, SEEBASE maps depth to economic basement.

Understanding basement structures allows models to be developed that can predict which structures will reactivate,
how they will move under an applied stress, and how they will propagate into the overlying sediment pile. Using
plate tectonic reconstructions, the far-field stress state during past events can be estimated and a kinematic
reconstruction produced for each event. Since basin sediments deform in response to movements in the basement
and to gravity, knowing how and when the basement moves provides a basis for predicting the most likely locations
of depocentres and structures (both basement-involved and basement-detached) in the sediments. In addition,
basement topography controls the localisation and geometry of many basement-detached systems.
The faults described in this study have been interpreted primarily using non-seismic datasets and are mainly
basement-involved. The reactivation history of these faults reflects the changes in the crust’s stress regime in
response to specific tectonic events. Event maps show structures at top-basement level that are interpreted
(predicted) to have been active during a specific basin phase. Details of the influence of these basement-involved
structures on the evolution of structures in the overlying sediments provides the basis for future studies, from basin
to prospect scale.
By building such a “bottom-up” model for basin evolution and combining it with the “top-down” knowledge
generated from seismic and wells, petroleum systems can be better understood and targeted.
The characteristics of basement provide a first-order control on basin architecture with the potential for influencing:
• Source rock distribution and volumetrics
• Heat flow patterns
• Migration focusing and pathways
• Trap timing, distribution, type, integrity, and size
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• Sediment supply and stratal geometry
• Distribution and quality of reservoirs and seals

Economic basement is defined as the base of all petroleum systems (with a few exceptions – e.g. fractured basement
reservoirs). In general, economic basement is also metamorphic basement. Metamorphic or “crystalline” basement
is defined as the top of metamorphosed basement lithologies. Magnetic basement is defined as the top of magnetic
lithologies (with the exception of subtle, intra-sedimentary sources).
In the Carnarvon Basin SEEBASE® Study and GIS, basement age has been defined by the age of last tectonic event
that would have been likely to metamorphose any existing sediments. In the project area, a variety of economic
basement types have been interpreted:
• To the east: the West Australian Craton
with
its
three
major
tectonic
components - the Pilbara Craton, the
Glenburgh Terrane and the Yilgarn
Craton predominates. Archean to
Proterozoic low- to high-grade metaigneous and metasedimentary rocks
intruded by large granitoids are overlain
by variably deformed, low-grade
metasediments.
• Beneath the Gascoyne Platform:
Mesoproterozoic
Pinjarra
Orogen
reworked during the Neoproterozoic.
• To the north, the NW Shelf margin:
Archean to Proterozoic metamorphic
rocks largely modified during the
Paleozoic hyperextension and by
Mesozoic break-up related mafic
intrusions.

AOI
Coastline

Pilbara
Craton

Glenburgh
Terrane

Yilgarn
Craton

Terrane boundary

Figure 3.1: Basement Composition interpreted in the present study. The red dashed polygon in the centre of the image defines the
2018 Carnarvon SEEBASE AOI. Grey polygons show the basement terranes. 2005 Phanerozoic OZ SEEBASE shown in the
background (Frogtech, 2005).
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This chapter describes the basement evolution underlying the Carnarvon Basin (Figures 3.2). The basin
overlies parts of cratons and orogenic belts with distinct structural patterns and rheology that were
reactivated during subsequent deformation event.

Kimberley

From east to west, basement of the Carnarvon Basin can be subdivided into two major megaterranes that formed
during prolonged (~2 billions years) accretion of magmatic arcs, accretionary complexes and continental bocks.
• The West Australia Craton (WAC) comprising three elements - the Pilbara Craton, Yilgarn Craton and the
Glenburgh Terrane (basement of the Capricorn Orogen) with their Proterozoic sedimentary cover largely reworked
during terrane amalgamation and subsequent tectono-thermal events (i.e. Capricorn Orogen).

North Australian
Craton (NAC)

• The Pinjarra Megaterrane contains a Proterozoic (or older) basement – the Gascoyne Terrane interpreted as being
an independent crustal block accreted to the West Australian Craton (WAC) – and high- to medium-grade
metamorphic rocks with potentially fragments of meta-mafic rocks intruded by numerous Meso- to
Neoproterozoic granitoids.

Kidson
Craton
Pilbara Craton

Carnarvon Basin

Capricorn Orogen
Gascoyne
Terrane
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Major basement elements of West Australia

West Australian
Craton (WAC)

Musgrave
Province

Yilgarn Craton

Figure 3.2: Image of 300km High pass of Bouguer gravity for western Australia. The North and West Australian
cratons are outlined in white (dashed line), and smaller cratonic blocks are named in italic. The Capricorn
Orogen on the southern margin of the Pilbara Craton is highlighted in black.
Megaterrane boundary
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III. BASEMENT INTERPRETATION

A basement terrane is defined as a discrete, mappable, structurally bounded block of crust of regional extent with
a tectonostratigraphic history different to that of neighbouring terranes (e.g. Jones et al., 1977; Howell, 1995).
The present-day composition (Figure 3.1) and distribution (Figure 3.3) of basement terranes in the Carnarvon Basin
was interpreted from a variety of sources, including magnetic and gravity data, DEM, publications and geological
maps. It is important to note that the basement terranes interpreted here are not directly equivalent to the mapped
geological provinces or orogens exposed at surface. In general, the interpreted basement terrane will include the
mapped province of the same or similar name, but there may be local differences. The basement terranes typically
extend beyond the surface exposure of the related province and the boundaries are interpreted beneath the cover
based on changes between distinct “blocks” with internally consistent structural, gravity and magnetic properties.
The interpreted composition of buried terranes is based on the tectonic evolution model presented herein with
some sparse supporting evidence from nearby terranes.

AOI
Coastline

Pilbara West

Terrane boundary

North West
Shelf Mobile
Belt

Pinjarra
Orogen
Extended

Sholl

Edmund
Terrane

Below is a brief introduction to the interpreted basement terranes. A more detailed description of each terrane
follows including references to relevant publications.

Type
Craton
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Present-day Distribution of Basement Terranes

Description
Old and stabilised part of the continental lithosphere, generally Precambrian,
which since its formation has been little deformed (except along its margins)
and has not been pervasively metamorphosed or intruded (e.g. Yilgarn Craton).

Undifferentiated
Continental

Consists of continental crust which cannot be classified any further: 1) little is
known of its history or origin; or 2) it does not easily “fit” into any other
category (e.g. Gascoyne Terrane).

Cratonised Arc

Arc terrane, originally of oceanic nature, which after accretion has been
heavily intruded and deformed to the point that original composition and
tectonic structure have not been retained; cratonisation will typically increase
the competence of an arc terrane (e.g. Merlinleigh Arc).

Undifferentiated Orogenic
Belt

Deformed belt between cratons; usually long, thin, arcuate tracts of rock with
a pronounced linear structure (e.g. Glenburgh Terrane).

Accretion Complex

Imbricated zone formed by multiple subduction-accretion events along a relict
convergent margin; typically includes a mix of rock types such as deep water
sedimentary rocks from the accretionary prism, ophiolite, mélange, arc-related
rocks, and forearc crustal fragments (e.g. Pinjarra).

Highly Attenuated

Continental or oceanic crust which has been stretched and thinned as a result
of rifting or failed rifting events (e.g. North-West Shelf).

Glenburgh
Terrane

Gascoyne
Terrane

Narryer
Terrane

Figure 3.3: Basement terranes identified in the study area. Basement outcrop is shown in dark pink. The dashed red polygon in
the centre of the image defines the 2018 Carnarvon SEEBASE AOI.
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III. BASEMENT INTERPRETATION

Gravity (Figure 3.4) and magnetic data (Figure 3.5) have been critical in the
interpretation of basement terranes. Many of the terranes have boundaries that
are well defined in these datasets, and/or have distinct “textures” that are
evident in data. Several different filters were used in the interpretation (see
Appendix II for further details).

In the North-West Shelf margin, rhombohedral
negative gravity anomaly is attributed to pullapart basins infilled with thick sediments. The
strong curvilinear positive gravity anomaly
bordering the margin is interpreted to be due to
rapid shallowing of the mantle related to
hyperextended crust.

200km High-pass of
Bouguer Gravity

High positive gravity and magnetic anomalies that are
interpreted to be break-up volcanics related to the margin
development during the Cretaceous.

The Pilbara Craton shows the strong bimodal
gravity response typical of a granite-greenstone
belt.

Negative gravity anomaly with a sharp transition to the
Bernier Ridge is due to crustal thinning and thick
sediment sequence

Pilbara
Craton

Strong linear positive gravity anomaly interpreted as
possible accreted arc assemblages (i.e. Merlinleigh Arc)

The western part of the Gascoyne Platform displays N-S
trending gravity anomalies resulting from basement
topography/composition. The broad high magnetic
anomalies may suggest the presence of high-grade
metamorphic rocks. The response may be masked by a
thick package of overlying supracrustal units

The Eastern part of the Gascoyne Platform shows
numerous negative gravity anomalies interpreted as being
related to low density granitoids intruding higher density
units. The distribution along a ~N-S to NE-SW direction
suggests the development of a cratonic arc (mainly nonmagnetic).

Outcrops of the Northampton Complex are defined by a
strong positive gravity anomaly and a negative magnetic
appearance; this gravity anomaly continues further north
along the western margin of the Gascoyne Platform and is
interpreted as the continuation of the Merlinleigh Arc.

Figure 3.4: Outlines of basement terranes (white polygons) overlain on an image of
the 200 km high-pass filter of Bouguer Gravity. The dashed red polygon
in the centre of the image defines the 2018 Carnarvon SEEBASE AOI.
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Basement Character: Gravity

Byro
Sub- Narryer
basin Terrane

Broad positive gravity and magnetic anomaly
beneath the Ashburton Basin generated by the
Hamersley Group that overlies the Pilbara Craton.

Strong curvilinear pattern to both the gravity and
magnetic data in the Glenburgh Terrane indicates
a range of interleaved lithologies within the
Capricorn orogenic belt; gravity data shows the
broader
compositional
changes;
whereas
magnetic data highlights the higher resolution
near surface variations

The low gravity response of the Merlinleigh, Byro
and Coolcalalaya sub-basins is located above the
main depocentre. The fairly strong negative
gravity anomaly is thus related to the thick
sedimentary sequence of the sub-basins.

Mottled gravity response of the Archean Narryer
Terrane of the Yilgarn Craton. Large positive
gravity anomalies are related Proterozoic
reworking during continental collision with the
Glenburgh Terrane to the north.

AOI
Coastline
Terrane boundary
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III. BASEMENT INTERPRETATION

In the North-West Shelf margin, negative magnetic
anomaly is attributed to thick sediments.

Reduction to the
Pole of TMI

The magnetic response of the Pilbara Craton is
more variable than the strongly bimodal gravity
response typical of a granite greenstone belt

High positive gravity and magnetic anomalies that are
interpreted to be break-up volcanics related to the margin
development during the Cretaceous.

Pilbara
Craton

Strong linear positive gravity anomaly interpreted as
possible accreted arc assemblages. Magnetic response is
more variable and continues toward the south

Outcrops of the Northampton Complex are defined by a
strong positive gravity anomaly and a distinct negative
magnetic appearance; this latter shows stripes related to
the NE-SW dyke swarm similar in age and direction as the
Mundine Well dyke swarm.

Figure 3.5: Outlines of basement terranes (white polygons) overlain on an image of
the RTP of the TMI Magnetics. The dashed red polygon in the centre of
the image defines the 2018 Carnarvon SEEBASE AOI.
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Glenburgh
Terrane

Gascoyne
Platform
Narryer

Coolcalalaya Sub-basin

The Eastern part of the Gascoyne Platform shows
numerous negative magnetic anomalies interpreted as
being related to weakly magnetic granitoids intruded. The
curvilinear distribution along a ~N-S to NE-SW direction
suggests the development of a cratonic arc (mainly nonmagnetic).

Broad positive gravity and magnetic anomaly
beneath the Ashburton Basin related to the
Hamersley Group overlying the Pilbara Craton.

Strong curvilinear pattern to both the gravity and
magnetic data in the Glenburgh Terrane indicates
a range of interleaved lithologies within the
Capricorn orogenic belt; gravity data shows the
broader
compositional
changes;
whereas
magnetic data highlights the higher resolution
near surface variations

The western part of the Gascoyne Platform displays N-S
trending gravity anomalies resulting from basement
topography/composition. The broad high magnetic
anomalies may suggest the presence of high-grade
metamorphic rocks. The response may be masked by a
thick package of overlying supracrustal units.
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Basement Character: Magnetics

Terrane

The Merlinleigh and Byro sub-basins shows a
curvilinear magnetic response similar to the
adjacent terranes suggesting the continuity of the
West Australian Cratons beneath the sub-basins.

The northern edge of the Narryer Terrane of the
Yilgarn Craton displays an E-W elongated negative
magnetic anomaly related to Proterozoic
reworking during continental collision with the
Glenburgh Terrane to the north.
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III. BASEMENT INTERPRETATION
In addition to the geological descriptions of the magnetic and gravity anomalies presented in the previous pages,
images of filtered and enhanced magnetic and gravity data were interpreted with the calibration of the outcropping
basement from the surface geology dataset and well data (Figures 2.18 and 2.19) to interpret basement lithology
(Figure 3.6).
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• Zone of weak magnetic signal surrounding by strong magnetic anomalies are interpreted to correspond to
metasedimentary rocks surrounding by denser high-grade metamorphic units (e.g. Gascoyne Terrane).

*
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*
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• Mafic intrusives are marked by strong positive gravity and magnetic anomalies (e.g. Merlinleigh Arc Terrane);

a

*
*
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• Localised circular or semi-circular negative gravity anomalies are interpreted as granitic intrusions with felsic to
felsic-intermediate lithologies (e.g. felsic intrusive in the Gascoyne Terrane);

Felsic intrusive
Felsic orthogneiss

In general, in the project area, the following trends are observed:

BE BE BE Mafic intrusive
BE BE BE Meta-felsic intrusive
B B B Meta-intrusive
BBB
B B B Meta-mafic
BBB
B B B Metasediment
B B B Metasediment / extrusive
BBB
Orthogneiss

Gascoyne
Terrane
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Basement Composition – Basement Lithology Potential Field Response

Figure 3.6: a) Interpreted basement lithologies in the Carnarvon Basin b) and c) Outlines of the different
intrusives interpreted in this study underlain by b) ternary image of the Bouguer gravity and c)
ternary image of the RTP.
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Descriptions of the individual terranes are provided below. The abstracts are extracted from the terranes database in
the accompanying ArcGIS project. Terranes are grouped and described based on their megaterrane affiliation (Figure
3.7).

Abstract

Pilbara West
3270–2830 Ma

The Pilbara West Terrane, part of the Pilbara Craton (3800–2830 Ma) represents a collage of two subterranes
and includes the c. 3270 Ma Karratha subterrane juxtaposed against the structurally overlying c. 3200 Ma
Regal subterranes across the Regal Thrust (Hickmann et al., 2008). The Karratha subterrane comprises the
3270–3250 Ma Roeburne Group composed of ultramafic-mafic to felsic volcanic conformably overlying
metasedimentary rocks and subvolcanic intrusions (i.e. Karratha Granodiorite). The Karratha subterrane is
interpreted to be a rifted fragment of the Pilbara East Terrane while the Regal subterrane made of
amphibolite-facies metabasalts and a thick komatiite succession is interpreted to represent a marginal sea
(Hickman, 2004; Smithies et al., 2007; Van Kranendonk et al., 2007). The Karratha and the Regal subterranes
amalgamated together with the Sholl Terrane through the development of an intra-oceanic subduction zone
at c. 3120Ma (Smithies et al., 2007). This was followed by accretion of these terranes to the Pilbara East
Terrane at 3070-3050Ma during the Prinsep Orogeny and was accompanied by granite magmatism (Elisabeth
Hill Supersuite, Hickman, 2004; Van Kranendonk, et al., 2007). The Pilbara West has also been intruded by
granitic intrusions of the 3020–3010 Ma Orpheus Supersuite and the 3000–2980 Ma Maitland River
Supersuite (Van Kranendonk, et al., 2007). This latter marked the early stages of regional extension and
crustal melting following the c. 3050Ma collision between the Pilbara West Terrane and the Pilbara East
Terrane. The Pilbara West Terrane is also intruded by the younger granitic Sisters Supersuites between 2950–
2920 Ma related to transpressional deformation and the post-tectonic Split Rock Supersuite between 2890–
2830 Ma (Hickman and Van Kranendonk, 2012). Following cratonisation, the Pilbara Craton underwent
extension and continental rifting that resulted in the deposition of a thick sequence of siliciclastic
sedimentary and volcanic rocks (i.e. Fortescue and Hamersley Groups, Thorne et al., 2011).

Narryer
4400–2620 Ma

Craton

Pilbara
West

Undifferentiated Continental

Karratha

Undifferentiated Orogenic Belt

Terrane
(Age)

Sholl
3130–2980 Ma

Basement Terrane Type

Cratonised Arc

Terrane Unit Summary: West Australian Craton
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Terrane Unit Summaries

Accretion Complex
Highly Attenuated

Edmund
Terrane

Sholl

Capricorn
Orogen

The exotic Sholl Terrane located in the south-western part of the Pilbara Craton (3800–2830 Ma) contains a
preserved Mesoarchean subduction-related intra-oceanic island arc, the 3130–3110 Ma Whundo Group
intruded by the coeval granitic Railway Supersuite (Van Kranendonk, et al., 2007). The Whundo group mainly
consists of >10km thick succession of bimodal basaltic to felsic volcanic and volcanoclastic rocks (calc-alkaline
basalt, andesite and dacite, tholeiitic basalt, boninite-like rocks, adakites and rhyolites). The granitic Railway
Supersuite consists of granitic gneisses and monzogranite. The Sholl Terrane is separated from the Pilbara
West by the Sholl shear zone (Smith et al., 1998). The Sholl Terrane has also been intruded by the c. 3070 Ma
Elisabeth Hill Supersuite and the 3000–2980 Ma Maitland River Supersuite (Van Kranendonk, et al., 2007).

Narryer
Terrane

The Narryer Terrane (with the Western Gneiss Complex) contains anorthosite and orthogneisses of c. 3730
Ma age and detrital zircons up to c. 4400 Ma old (Cassidy et al., 2006; Myers, 1988; Wilde et al., 1996; Wyche
et al., 2012). These are locally interlayered with deformed and metamorphosed banded iron formation,
(ultra-mafic) intrusive rocks, and metasedimentary rocks of greenschist, amphibolite and granulite facies
(Wilde & Spaggiari, 2007; Rasmussen et al., 2010). This early Archean gneiss terrane is interpreted as an
allochthon that was thrust over (c. 3000 Ma) granitic crust of the Youanmi Terrane, prior to, or during late
Archean granitic magmatism that stitched the two terranes together (Cassidy et al., 2006). Main tectonic
deformation took place at amphibolite facies at 2750–2620 Ma, introducing the main NE-SW structural grain
of the terrane, which also affected the Youanmi Terrane (Spaggiari, 2007). The Capricorn Orogeny (1820–
1770 Ma) caused transpressional reworking of the margins of the Narryer Terrane (Sheppard et al., 2010).

Figure 3.7: Location of the Pilbara West, Sholl and Narryer basement terranes (labelled in italics) that
are part of the West Australian Craton and are described in the text. The dashed red
polygon in the centre of the image defines the 2018 Carnarvon SEEBASE AOI.
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Basement Terrane Type

Terrane Unit Summary: West Australian Craton
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Terrane Unit Summaries
Craton

Terrane
(Age)

Abstract

Edmund
Terrane
3270–820 Ma

The Edmund Terrane is interpreted based on seismic reflectivity (Johnson et al., 2013), teleseismic data
(Dentith et al., 2018) and potential field data. The Edmund Terrane separates basement of the Capricorn
Orogen (i.e. Glenburgh Terrane) to the Pilbara Craton. The terrane may represent either (1) the reworked
margin of the Pilbara Craton or (2) the deformed basement of the Capricorn Orogen (i.e. Glenburgh Terrane)
reworked during the collision with the southern margin of the Pilbara Craton or (3) a distinct terrane thrusted
to the margin during accretionary or collisional processes during the 2215–2145 Ma Ophthalmia Orogeny.
The terrane mainly extends beneath the Paleoproterozoic to Mesoproterozoic Edmund Basin.

Glenburgh
Terrane
2550–1620 Ma

The Glenburgh Terrane represents the core of the Capricorn Orogen. The Capricorn Orogen resulted from
2200–1950 Ma suturing events that amalgamated the Archean Yilgarn and Pilbara cratons to form the West
Australian Craton (WAC ) as well as over 1000 Ma of intracontinental reworking (e.g. Cawood and Tyler,
2004; Sheppard et al., 2010). It mainly comprises Archean-Paleoproterozoic granitic gneisses (i.e. 2560–2430
Ma Halfway Gneiss) overlain by siliciclastic metasedimentary rocks (i.e. Moogie Metamorphics) largely
intruded by granitic rocks. First, the Glenburgh Terrane (i.e. Halfway Gneiss) was accreted to the Pilbara
Craton during the 2215–2145 Ma Ophthalmia Orogeny (Johnson et al., 2013; Thorne et al., 2011). Then,
ocean basin closure and arc-related magmatism occurred along the southern margin of the Glenburgh
Terrane as recorded by the 2005–1975 Ma Dalgaringa Supersuite (Johnson et al., 2013; Sheppard et al.,
2004). After the initiation of a northward subduction zone and a continental magmatic arc along the
Glenburgh southern margin, the Yilgarn and Pilbara cratons collided during the 2005–1950 Ma Glenburgh
Orogeny to form the WAC (Johnson et al., 2011; Occhipinti et al., 2004). Subsequent deformation and
metamorphism were the results of intracontinental reworking during the 1820–1770 Ma Capricorn Orogeny,
the 1690–1620 Ma Mangaroon Orogeny and the 1321–1171 Ma Muherbukin Tectonic event (Johnson et al.,
2017).

Errabiddy
Terrane
4400–520 Ma

Coolcalalaya
Terrane
2500–520 Ma

Pilbara
West

Undifferentiated Continental
Cratonised Arc
Undifferentiated Orogenic Belt
Accretion Complex
Highly Attenuated

Edmund
Terrane

Sholl

Glenburgh
Terrane

The Errabiddy Terrane defines a narrow E- to NE-striking south-southeast verging sheared zone separating
the Narryer Terrane (part of the Yilgarn Craton) from the the Glenburgh Terrane (Johnson et al., 2011;
Sheppard et al., 2010). It contains imbricated slices of reworked Narryer Terrane. Deformation and
metamorphism occurred during the 2005–1950 Ma Glenburgh Orogeny and the 1820–1770 Ma Capricorn
Orogeny (Occhipinti and Sheppard, 2001; Johnson et al., 2011). Later, the Erong Granite of the 1965–1945
Ma Bertibubba Supersuite and the 1820–1775 Ma Moorarie Supersuite intruded the Errabiddy Terrane.
Subsequent deformation exploited the shear zone during later tectonic events (Ar/Ar: 920-820 Ma Occhipinti, 2007). The terrane is interpreted to continue to the south-west wrapping around the Yilgarn
Craton based on potential field data.

Narryer
Terrane

The Coolcalalaya Terrane has been interpreted based on its potential field response as well as tectonic
reconstruction. Mostly buried beneath thick Paleozoic and Mesozoic sediments of the northern Perth Basin
(i.e. Coolcalalaya Sub-basin), we suggest that this terrane represents an ancient accretionary complex
accreted to the Yilgarn Craton. Timing of accretion is unknown but likely occurred during or before the
accretion of the Glenburgh Terrane to the West Australia Craton in the Paleoproterozoic. Similar to the
Errabiddy Shear zone, subsequent deformation exploited the terrane during later tectonic events as
suggested by Neoproterozoic-Early Cambrian age of paragneiss likely related to the Kuunga Orogeny
(Markwitz et al., 2017).

Figure 3.8: Location of the Edmund, Glenburgh, Errabiddy and Coolcalalaya basement terranes that are part of the West
Australian Craton and are described in the text. The dashed red polygon in the centre of the image defines the 2018
Carnarvon SEEBASE AOI.
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Basement Terrane Type

Terrane Unit Summary: Pinjarra
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Terrane Unit Summaries
Craton
Undifferentiated Continental

Terrane
(Age)

Abstract

Gascoyne
Terrane
1100–520 Ma

The Gascoyne Terrane is an unexposed terrane underlying the Early Paleozoic (Ordovician-Devonian)
Gascoyne Platform. Interpretation of the extent and composition of the Gascoyne Terrane is mostly based on
potential field data. Along the south-western margin of the Gascoyne Terrane, the existence of a Proterozoic
basement was confirmed at the GSWA Woodleigh-1 well. Although poorly dated, Neoproterozoic ages were
obtained at 835–571 Ma for intermediate to felsic granitoid rocks (Mory et al., 2001). Granitic basement
includes biotite-rich granitic gneiss, potassic granites, leucocratic granites and mafic or intermediate
granitoids. The age of the protolith is however unknown. Based on seismic and potential field character, the
Gascoyne Terrane is interpreted to have originated as an exotic continental terrane that accreted to the West
Australian Craton during the 1080–980 Ma Pinjarra Orogeny. We suggest that the Merlinleigh Arc accreted
onto the eastern margin the Gascoyne Terrane before collision with West Australian Craton marking the
development of a subduction zone directed to the west.

Merlinleigh
Arc
1950–1100 Ma

The Merlinleigh Arc is interpreted to represent a N-S to NNE-SSW belt of high-grade rocks with potentially
fragments of mafic rocks along the western margin of the Gascoyne Terrane. Numerous granitoids intruded
the basement. This terrane is not exposed but the potential field response would suggest that these rocks
have formed in a magmatic arc setting (i.e. island arc). Timing of accretion of these arc assemblages is not
known but would have occurred before the collision between the West Australian Craton and the Gascoyne
Terrane and after the suturing of the Glenburgh-Pilbara block with the Yilgarn Craton at c. 1950 Ma (Johnson
et al., 2013).

Northampton
1100–520 Ma

The Northampton terrane consists of a gneissic basement complex of the Pinjarra Orogen. The Pinjarra
Orogen is a poorly known orogenic belt only preserved in three inliers including the Northampton Complex
along the western margin of the West Australian Craton (e.g. Myers, 1990). It is composed of psammitic
paragneiss (c. 1100 Ma), and conformable lenses of pelite, quartzite and mafic gneiss (Bruguier et al., 1999).
Granulite facies metamorphism took place at c. 1080 Ma (Bruguier et al., 1999). Controversy exists regarding
continental blocks involved resulting in multiple tectonic models including autochthonous collision with insitu metamorphism (Boger, 2011; Bruguier et al., 2009; Ksienzyk et al., 2012; Wilde, 1999) or allochthonous
origin transported in their position during the Neoproterozoic (Fitzsimons, 2003). The eastern margin of the
Pinjarra Orogen is marked by the >1000 km long Darling Fault, a steeply west-dipping normal fault that was
active during the opening of the Indian Ocean (e.g. Hall et al., 2013).

Cratonised Arc

North West
Shelf mobile
belt

Undifferentiated Orogenic Belt
Accretion Complex
Highly Attenuated

Pinjarra
Orogen
Extended

Gascoyne
Terrane

Terrane Unit Summary: North-West Shelf margin
Terrane
(Age)

Abstract

Pinjarra
Orogen
Extended
1200–350 Ma

The Pinjarra Orogen Extended represents the highly extended northern margin of the interpreted Gascoyne
Terrane. Crustal thinning developed during several phases of Paleozoic and Mesozoic extension (Bradshaw,
et al., 2003; Pryer et al., 2002). Strong positive gravity anomalies are likely sourced from break-up related
volcanics.

North West
Shelf mobile
belt
2000–325 Ma

The North West Shelf terrane is interpreted as a Paleo- to Mesoproterozoic mobile belt that initially
separated the Australian Archaean cratons from the rest of Rodinia (AGSO, 1994). The SE margin has a
pervasive NE structural grain that has been reactivated a number of times during the Proterozoic and
Phanerozoic (e.g. Pryer et al., 2002). The terrane rapidly attenuates to the NW to become hyperextended and
in areas may consist of serpentinized mantle (Pryer et al., 2014).
Figure 3.9: Location of the Gascoyne, Merlinleigh Arc and Northampton basement terranes of the
Pinjarra Megaterrane and the North West Shelf margin. The dashed red polygon in the
centre of the image defines the 2018 Carnarvon SEEBASE AOI.
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GONDWANA ASSEMBLY 510Ma

Formation and assembly of the basement terranes in the Carnarvon Basin region occurred over an extended period
mainly during the Proterozoic (Figure 3. 10). Although understanding of the terrane amalgamation history of the
West Australian Craton has significantly advanced in the recent years (e.g. Cawood and Tyler, 2004; Johnson et al.,
2013; Shepppard et al., 2010), basement of the Carnarvon Basin and in particular of the Gascoyne Platform remains
largely unknown due to limited outcrops and basement wells. As a result, the sutures and terranes are identified
primarily using potential field data; the Precambrian basement geometry and regional tectonics are thus highly
uncertain. In particular, little is known about the tectonic evolution along the north-western margin of the Yilgarn
Craton (Coolcalalaya Terrane) and Gascoyne Platform, as the basement is buried beneath thick sediments.

Kuunga Orogeny –
550–510 Ma

Edmundian Orogeny –
1030–950 Ma

Amalgamation of
terranes of
Gascoyne Block

Mutherbukin Tectonic Event
1321–1171 Ma

The assembly of the West Australian Craton involved the accretion of the exotic Glenburgh Terrane to the
Archean Pilbara Craton during the 2215–2145 Ma Ophthalmia Orogeny (Occhipinti et al., 2004, Johnson et
al., 2013) followed by the collision with the northern margin of the Yilgarn Craton (i.e. Narryer Terrane and
the Yarlarweelor Gneiss Complex) during the 2005–1950 Ma Glenburgh Orogeny to form the WAC (Johnson
et al., 2011). Amalgamation of WAC with the NAC during the Yapungku Orogeny has been generally accepted
to have occurred at 1800–1760 Ma, however recent mapping and analysis has refined the constraints and
indicates that amalgamation could be as old as c. 1800 Ma or as young as c. 1300 Ma (Maidment et al. 2017,
Yang et al. 2017). This period of assembly coincided with amalgamation of the Columbia supercontinent
which was complete by c. 1750Ma (Zhang et al., 2012).

Following a period of subduction-accretion, the inferred Gascoyne Terrane accreted to the West Australian
Craton by 1100–960 Ma (i.e. Pinjarra Orogen) as part of the assembly of the Rodinia supercontinent. This
phase also involved the collision of the South Australian Craton with the WAC and NAC along the Albany
Fraser Orogen (Mount West, Musgrave and Albany Fraser orogenies) located along the south-eastern margin
of the Yilgarn Craton (Aitken et al., 2016; Merdith et al., 2017).

RODINIA ASSEMBLY
1100–950 Ma

Pinjarra Orogeny –
1080–980 Ma

?

Columbia Assembly

Rodinia Assembly

Accretion of WAC and
Gascoyne Terrane
(?920–820 Ma)

?

A series of accretion events took place during the Paleo- and Mesoproterozoic as well as during the Neoproterozoic
that resulted in the emplacement of terranes around the rheologically more competent Pilbara Craton, Yilgarn Craton
and Gascoyne Terrane continental block. The amalgamation history is summarised in Figure 3.11 and the accretion
events impacting the basement of the Carnarvon Basin are summarised below. These events are shown relative to
the global periods of supercontinent assembly including Columbia and Rodinia.
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Basement Assembly

Durlacher SuperS.

Mangaroon Orogeny – 1680–1620 Ma
Pooranoo Metamorphics
Moorarie SuperS.

Capricorn Orogeny (1820–1770 Ma)
Yarlarweelor Gneiss Complex

Bertibubba
SuperS.
Camel Hill
Metamorphics

Dalgaringa
SuperS.

Amalgamation
WAC and NAC

2005–1950 Ma Glenburgh Orogeny
2215–2145 Ma Ophthalmia
Orogeny

Moogie
Metamorphics

Gondwana Assembly
Left-lateral oblique motion between Greater India and Australia took place during the Neoproterozoic as a
result of south-eastward translation of the Indo-Antarctica plate nearly parallel to the Western Australian
margin (Aitken et al., 2016; Gregory et al., 2009; Li et al., 2013). Oblique collision of India with Australia
resulted in sinistral transpressional deformation with associated high-grade metamorphism during the final
amalgamation of Gondwana in the Late Neoproterozoic-Early Cambrian (i.e. Kuunga Orogeny - peak
metamorphism at c. 530 Ma – Collins, 2003; Markwitz et al, 2017).

Figure 3.10: Basement terrane assembly of the West Australian Craton based on Johnson et al. (2013) compilation. WAC: West
Australian Craton; NAC: North Australian Craton; SAC: South Australian Craton.
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Basement Structures and Structural Inheritance from preNeoproterozoic Basement Amalgamation
Two major tectonic events resulted in terrane amalgamation and produced the main
basement structures important to basin development: the Capricorn and Pinjarra orogenies.
Because of the impact of these events on basin development, a summary of these events is
given below. The subsequent sequence of tectonic events that lead to the final configuration
of the Carnarvon Basin are covered in Tectonic events.

Capricorn Orogen
Basement beneath the Merlinleigh Sub-basin and Peedamullah Shelf comprises variably deformed
rocks belonging to the Capricorn Orogen, a Proterozoic composite orogenic belt, largely exposed
within the Gascoyne Province to the west (Figure 3.11). The Capricorn Orogen is commonly
interpreted as resulting from the collision of the Pilbara Craton with the Yilgarn Craton to form the
West Australian Craton and its subsequent intracratonic reworking events (e.g. Cawood and Tyler,
2004; Johnson et al., 2010; Sheppard et al., 2010). It contains the deformed margins of the Pilbara
and Yilgarn cratons as well as the medium to high-grade metamorphic rocks and granites of the
Gascoyne Province divided in several shear zone-bounded, east-southeast trending structural and
metamorphic zones (Sheppard et al., 2010).
Basement of the Capricorn orogen includes the Glenburgh Terrane containing 2660-2430Ma granitic
gneisses (i.e. Halfway Gneiss - with inherited zircons of c. 3447 Ma, Johnson et al., 2011), Early to
Middle Paleoproterozoic metasedimentary rocks and c. 2000 Ma arc-related granite supersuite (i.e.
Dalgaringa Supersuite). Geophysical and isotopic studies suggest that the Glenburgh Terrane
represents an exotic Archean terrane to both the Pilbara and Yilgarn Cratons with two periods of
growth between c. 2730 and 2600 Ma possibly in a continental margin-arc, with subsequent
reworking between c. 2600 and 2430 Ma.
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Gascoyne
Province

Amalgamation between the Glenburgh Terrane and the Pilbara Craton is dated at 2215–2145 Ma
during the Ophthalmia Orogeny (Occhipinti et al., 2004). The location of the suture is, however,
unclear due to significant Proterozoic intracratonic reworking and the deposition of Proterozoic finegrained siliciclastic and carbonate sedimentary sequences of Edmund and Ashburton Basins. Based
on deep crustal seismic data, the Talga Fault (Sheppard et al., 2010) or the Lyons River Fault (Johnson
et al., 2013) has been interpreted as the suture zone. Recent teleseismic data suggest a south-facing
wedge-like geometry in the deep crust along the northern edge of the Glenburgh Terrane (Dentith et
al., 2018). Typical of a collisional belt, this new data would suggest the presence of several distinct
blocks between the Lyons River Fault and the Talga Fault (i.e. Edmund Terrane).
Assembly between the combined Pilbara-Glenburgh Block and the Yilgarn Craton involved the
development of an Andean-type active margin, emplacement of arc-related granitic rocks along the
southern margin of the Glenburgh Terrane and a forearc basin during the 2005–1950 Ma Glenburgh
Orogeny (Sheppard et al., 2010). These later are exposed within the southern part of the Gascoyne
Province. The southern boundary of the Glenburgh Terrane is marked by the Errabiddy Shear zone
containing imbricate slides of reworked Yilgarn Craton and granitic rocks.
It is now well established that basement was extensively reworked during the successive Proterozoic
intracratonic events involving felsic magmatism and amphibolite-granulite metamorphism. It
produced lithospheric-scale shear zones reactivating thrust and major sub-terranes boundaries as
kilometric-scale strike slip faults. These NW- to N-trending faults can be followed into the northern
part of the Merlinleigh Sub-basin and the Peedamullah Shelf and likely influence the development of
Paleozoic basins on the North-West Shelf (e.g. Pryer et al., 2002).
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Figure 3.11: Image: Location and timing of the different suture zone between the different crustal domains. Terranes in the study area outlined in white.
Red dashed polygon defines the 2018 Carnarvon SEEBASE AOI. Reduced to the pole image is shown as a background.
Left: Sequence of magmatic events across the Gascoyne Province (Johnson et al., 2017).
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Basement beneath the Gascoyne Platform and Bernier Ridge, although concealed under
stacked Paleozoic to Cenozoic sediments, is believed to belong to the Pinjarra Orogen. It is
a poorly known orogenic belt that is only preserved in three small basement inliers
along the western margin of the West Australian Craton (Myers, 1990). Timing of
collision remains largely controversial, considered to have occurred either during the
latest Mesoproterozoic- Early Neoproterozoic as part of Rodinia assembly (Boger, 2011;
Bruguier et al., 1999; Wilde, 1999) or in the Neoproterozoic as part of Gondwana
assembly (Fitzsimons, 2003). Even the identity of continental blocks involved in the
collision is unclear. Tectonic models vary between collision of Greater India and
Australia (Bruguier et al., 1999) or the Crohn Craton and a combined Mawson Craton West Australia Craton block (Boger, 2011) and accretion of allochthonous fragments
(Fitzsimons, 2003) or small-scale continental blocks or island arc to the West Australian
Craton (Ksienzyk et al., 2012).
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Pinjarra Orogen

Here, we suggest that the Pinjarra Orogen in the Carnarvon Basin area resulted from at
least two major tectonic events during the Proterozoic. First, the accretion of magmatic
arcs occurred during the Late Mesoproterozoic-Early Neoproterozoic (Bodorkos et al.,
2016; Bruguier et al., 1999) on the eastern margin of the Gascoyne Terrane that is
considered as an exotic continental block to the West Australian Craton. Secondly, the
entire system collided with the West Australian Craton along the Pinjarra Suture (Figure
3.13). The model best fits with the observations of an elongated positive gravity
anomaly interpreted as island arc related (i.e. Merlinleigh Arc) as well as the presence
of a N-S to NNE-SSW elongated magmatic belt onto the eastern margin of the
Gascoyne Terrane (Figure 3.4; Figure 3.5). The suture is currently unexposed but likely
coincides with the Wandagee and Kennedy Range faults to the north and the Ajana
Fault System to the south. Timing of collision is unknown and could have occurred
during or after the Late Neoproterozoic-Early Cambrian as suggested by the presence
of Neoproterozoic (835–571 Ma) granitic-gneiss and intermediate K-rich granitoids in
the south-eastern margin the Gascoyne platform (i.e. Woodleigh well - Mory et al.,
2001). Intense reworking within the Capricorn Orogen (i.e. Errabiddy Shear Zone) took place
in an intracontinental setting during this period which likely resulted from the collision
between the Gascoyne Terrane and the WAC (Piechocka et al., 2018; Occhipinti et al., 2007).

a

b

Pilbara Craton
Pilbara Craton

Capricorn
Orogen
Gascoyne
Terrane
Woodleigh
well

Capricorn
Orogen
Gascoyne
Terrane
Yilgarn Craton

Woodleigh
well

The different units involved in the Pinjarra Orogen were then reactivated and intensely
reworked in a strike-slip tectonic setting during the Neoproterozoic-Early Cambrian
Kuunga Orogeny as part of the final phase of Gondwana assembly (e.g. Daczko et al.,
2018; Gardner et al., 2015; Halpin et al., 2017). This event is thought to have resulted
from left-lateral oblique motion between Greater India and Australia during the
Neoproterozoic time (e.g. Halpin et al., 2017). By the end of the Kuunga Orogeny,
Gondwana had been amalgamated and the basement of the Carnarvon Basin and the
surrounding area had acquired its present-day rheology and structure. Subsequent
tectono-metamorphic events involved reactivation of pre-existing basement structures
(see Section IV).

Yilgarn Craton

Figure 3.13: a) Location and timing of the different suture zone between the different crustal domain shown on (a) reduced to the pole image and (b) 200km high-pass
Bouguer Gravity. Terranes in the study area are outlined in white. The pale pink polygon marks the predicted extent of the inferred magmatic arc located on
the Gascoyne crust. The red dashed polygon defines the 2018 Carnarvon SEEBASE AOI.
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a

The Southern Carnarvon seismic line (Figure 3.14) provides a good overview of the crustal scale relationships between the major terranes. The major basement boundaries
are mostly consistent with interpretations of Korsch et al. (2013). However, the interpretation of the base of the Tumblagooda Sandstone presents some variations. To
summarise, the relationships between the major terranes are as following:
• The north-western margin of the Yilgarn Craton (i.e.. Narryer Terrane) dips to the NW and the Errabiddy Shear Zone Terrane overthrusts the Yilgarn Craton. Along the
seismic line, the Meeberrie Fault represents a major terrane boundary. Its current geometry is interpreted to be the result of subsequent reactivation during the
Neoproterozoic reworking and younger extensional basin forming tectonic events (Occhipinti et al., 2007).
• In the central part of the Southern Carnarvon seismic line, strong reflectors dipping towards the west were imaged along the Darling Fault System consistent with
interpretation of an accretion complex (i.e. arc-related assemblages of the Merlingleigh Arc Terrane) between the West Australian Craton and the Gascoyne Block. In such
hypothesis, the Darling System could represents a reactivated pre-existing suture zone of an ancient oceanic domain that were closed during the collision between the
Gascoyne-Merlinleigh Arc block and the WAC.
• The Gascoyne Terrane to the west presents a distinct and uniform seismic character from 2s to 10sTWT suggesting that it is distinctly different from the Glenburgh Terrane
and the Yilgarn Craton (Narryer Terrane).

TF

DF

MbF

MF
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Crustal Architecture: the Southern Carnarvon Deep Seismic

Byro Sub-basin

Gascoyne Platform

Coolcalalaya AC

Gascoyne Terrane

Errabiddy SZ

Narryer Terrane

Moho

Figure 3.14: a) SEEBASE map showing the location of the Southern Carnarvon Seismic Line. b) Simplified interpretation of the Southern Carnarvon seismic line highlighting the interpretation of basement terranes from this study. Black dashed lines represent terrane
boundaries. The area in the white box is shown enlarged above the line.
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IV. TECTONIC EVENTS

During the Proterozoic, tectonic evolution of the basement to the Carnarvon Basin occurred through a series of major global plate tectonic phases outlined in Section III. This section focuses on the main events that shaped the present-day
architecture of the basins. The generalised stratigraphic charts (Figure 4.1) for the Northern Carnarvon (Peedamullah Shelf) and the Southern Carnarvon (Merlinleigh Sub-basin and the Gascoyne Platform) were extracted from Crostella et al.
(2000) and Mory et al. (2003). The regional tectonic events that affected North West Australia and surrounding regions during the Paleozoic and Mesozoic are shown in relation to stratigraphic units. Note that some of the events listed in Figure
4.1 have minimal or no apparent effect on the Carnarvon Basin, although they are regionally significant especially some of the intracontinental compressional events that affect Central Australia.

Peedamullah Shelf

Tectonic Events
GONDWANA
BREAK-UP

South Carnarvon Basin

130–82 Ma - Australia-Antarctica-India rifting – Triple branch

NORTHERN GONDWANA MARGIN FRAGMENTATION

Oceanic basins

12-6Ma - Miocene inversion

Australia-Antarctica BU

Gascoyne-Cuvier margin BU

Kerguelen Hotspot
Gascoyne-Cuvier-Perth
Abyssal Plain

155–132 Ma - Western Margin Extension*
Argo margin BU

196–156 Ma - Jurassic Rifting*
Lhasa BU

228–196 Ma - Fitzroy Inversion
246–200 Ma - Lhasa Rifting

Neotethys opening
Mesotethys opening

260–249 Ma - Bedout event
306–280 Ma - Westralian hyperextension - Sibumasu-Qiantang Rifting*
325–315 Ma -Transpression – Alice Spring III
380–325 Ma - Pillara extension*

Paleotethys opening
420–400 Ma - Prices Creek – Alice Spring Orogeny II – Paleo-Tethys rifting
460–430 Ma - Tarim Rifting
490–465 Ma - Larapintine Extension - Intra-continental Gondwana rifting*

GONDWAN
A ASSEMBLY
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Tectonic Evolution: Stratigraphic Chart

550–510 Ma - Kuunga Orogeny*
760–750 Ma – Whickham Extension*
835–570 Ma – Centralian I and II Extension – Rodinia Break-up

Figure 4.1: Generalised stratigraphic chart for the South Carnarvon Basin (including the Gascoyne Platform) and Peedamullah Shelf (Crostella et al., 2000; Mory et al., 2003), and a summary of the main tectonic events. Compressional or transpressional events are in red,
and extensional events are in green. Tectonic events discussed in this section are marked by an asterisk.
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At the eastern end of the seismic line (Figure 4.2B), the distinct highly reflective package interpreted below the base
of the Tumblagooda Sandstone likely corresponds to the Badgerradda Formation which outcrops farther south and
rests unconformably on the Narryer Terrane (Korsch et al., 2013). This section is comparable to the Pre-Tumblagooda
unit interpreted by Iasky et al. (2003) (See figure 4.2), where they have suggested possible correlations with the
?Cambrian to Ordovician siliciclastics from Wandagee-1 or the uppermost Badgeradda Group which has been
variously dated to be Late Mesoproterozoic to Neoproterozoic or earliest Cambrian. In addition, we interpret at least
two large half-grabens extending the length of the Byro Sub-basin. These half-graben contain growth packages of
unknown age but are likely post Badgerradda Formation and pre-Tumblagooda (Middle to Late Ordovician).

Pilbara
Craton

These normal faults were active during NNW-SSE oriented extension. This extensional period contrasts with the NESW oriented Centralian extension. Indeed, NE-SW-directed intracratonic extension in Rodinia is typically interpreted
to have initiated by c. 835 Ma, coincident with the emplacement of the NW-SE trending Gardiner dyke swarm in
south-central Australia (827 ± 6 Ma; Wingate et al, 1998; Pisarevsky et al, 2003), and similar aged dykes in China (Li
et al, 1999). Continued extension into the late Neoproterozoic led to the eventual breakup between North America
and Australia and coincides with formation of the Centralian Superbasin (Walter and Veevers, 1997; Walter et al.,
1995). A brief episode of NNW-SSE extension separates two phases of NE-SW extension that led to breakup of the
Rodinia Supercontinent during the Centralian events. The flip in extension direction is evidenced by intrusion of the
Mundine Well dyke swarm at about 755–748 Ma (Wingate and Giddings, 2000) along the northwestern margin of
the Yilgarn Craton, in the adjacent Northampton Terrane and across the Glenburgh Terrane and Pilbara Craton (Pink
line in Figure 4.2a). This NNW-SSE extensional event is named the Wickham Extension as contemporaneous volcanic
emplacement (i.e. Wooltana Volcanics and equivalent) associated to extensional related deformation is evidenced
along the southern margin of Australia during the Proterozoic. Deformation during this event is focused within the
rheologically weaker Proterozoic Mobile Belt and along the edge of Archean cratons where rheological contrasts are
the stronger (Figure 4.2).
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From the Late Mesoproterozoic to Cambrian, the tectonic evolution of the Carnarvon Basin is poorly understood, due
mainly to the lack of intersections and exposures of the sedimentary record that is likely buried beneath the
Paleozoic to Mesozoic sedimentary rocks of the Carnarvon and Perth basins. However, the recently acquired
Southern Carnarvon deep crustal seismic Line provides some key information on the deeper sections in the western
margin of Australia (Figure 4.2A).
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Figure 4.2: a) Fault map indicating the active faults during the Neoproterozoic or Early Cambrian extensional Event. SEEBASE image superimposed on OZSEEBASE as background. b) Central part of the Southern Carnarvon seismic line across the
Byro Sub-basin showing half-graben structures and growth package beneath the Tumblagooda Sandstone (flattened horizon in orange). Badgerradda Group is shown in yellow. SCSL: Southern Carnarvon seismic line. The green
rectangle represents part of the seismic section shown to the left. Note that interpreted faults shown within the Gascoyne Platform are mainly inferred based on their strike and are interpreted as being potentially active.
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Middle to Late Neoproterozoic – Kuunga Orogeny (550–510 Ma)
The Kuunga Orogeny (Meert et al., 1995) resulted from the collision between the Australia/Mawson continent
with Greater India and the Antarctic Craton during the Late Neoproterozoic-Early Cambrian (Aitken et al., 2016;
Boger, 2011; Collins, 2003; Fitzsimons, 2003; Meert, 2003). To note, the Kuunga Orogeny is also referred in the
literature as the Neoproterozoic Pinjarra Orogeny along the western margin of Australia. Its structure, extent and
evolution is poorly understood as most of this belt was dismantled during Gondwana break-up. Only the eastern
part is preserved but it is concealed beneath thick Paleozoic and Mesosoic sediments of the Perth and Carnarvon
Basins. Paleomagnetic data from Indo-Antarctica and Australia-Antarctica suggest 3000 to 5000 km of relative
movement between c. 750 and 500 Ma (Gregory et al., 2009; Torsvik et al., 2001). Recently, isotopic data on
zircon from Neoproterozoic granitoids confirm the timing of the dominantly sinistral strike-slip to transpressional
motion within the orogenic belt and suggest that collision may have happened earlier between 630–620 Ma and
550–500 Ma (Daczko et al., 2018; Halpin et al., 2017).

Fault kinematics
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On the Western Australian Margin, transpressional lateral displacements is accommodated by sinistral NNW-SSE
and N-S pre-existing faults (i.e. Darling Fault on the western margin of the Yilgarn Craton). Deformation is also
recorded in the Leeuwin Block and adjacent Yilgarn Craton (Collins, 2003) as well as along the Naturaliste Plateau
(Gardner et al., 2015; Halpin et al., 2017). Granitic rocks emplaced into the Leeuwin Block at c. 780 and 695 Ma
(Tyler et al, 1998), were intensely deformed to form granulite gneisses at c. 615 Ma.
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Along the Southern Carnarvon Seismic line, evidence of such deformation can be observed in the central part of
the line (Figure 4.3b). Fault block geometries with potential syn-rift packages similar to the half-graben observed
in the Byro Sub-basin to the east, likely formed during an early extensional event (i.e. Whickham Extensional
Event). Subsequent deformation took place in a transcurrent setting resulting in development of minor folding
coeval to strike-slip and extensional faulting in the eastern part of the Southern Carnarvon during the Kuunga
Orogeny (Figure 4.3b). Built-in weak zones control the area of deformation, which tend to localise between the
WAC margin and Gascoyne Terrane in this area. As a result of convergence between India and Australia,
differential motion of fault-bounded crustal blocks such as the Gascoyne Terrane occurred in the direction
parallel to the long axis of the belt .

SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for
commercial decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin

PROJECT CODE: GSW702
© All Rights Reserved Frogtech Pty Ltd (Australia) no part of this document may be reproduced without the express written permission of Frogtech Geoscience.

Tectonic Evolution

Dykes

T

Sinistral Normal

Normal

)

Sinistral Reverse

Reverse

Transfer

Sinistral

Southern
Carnarvon

SCSL

Folding

Onlap geometry

Growth
package

Yilgarn
Craton
AOI
Coastline

Figure 4.3: a) Fault map indicating the active faults during the Late Proterozoic or Early Cambrian. SEEBASE® image superimposed on OZSEEBASETM as background. Green arrow represents NNW displacement of the Gascoyne platform as a result
of India collision b) Southern Carnarvon seismic line across the Byro Sub-basin showing half-graben structures and growth package overlaid by sedimentary units beneath the Tumblagooda Sandstone. SCSL: Southern Carnarvon seismic
line. The yellow rectangle represents part of the seismic section shown to the left. Note that faults within the Gascoyne Platform are mainly inferred based on their strike and are interpreted as being potentially active.
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Late Cambrian – Silurian - Larapintine Extension (490–420 Ma)
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The post-Kuunga Orogeny phase is characterised by deposition of thick clastic sequences during the ?Cambrian to
Ordovician (Figure 4.4, cf. Tumblagooda Sandstone - Hocking, 1991; Lockwood and D’Ercole, 2003). Sedimentation
may have begun as early as the Cambrian or Early Ordovician as suggested by the presence of a unnamed unit
overlain by the Late Ordovician Tumblagooda Sandstone (Figure 4.4B). By the Ordovician, siliciclastic sedimentation
occurred on a northwest dipping paleo-slope, covering eroded Proterozoic terranes beneath the northern Perth
Basin, and the Southern Carnarvon Basin (Figure 4.4). The Gascoyne Terrane was then a broad, eroded, near-shore
platform gently dipping to the north at the time of the sandstone were deposited. ?Cambro-Ordovician sediments
are flat-lying, locally faulted and maintain a relatively constant thickness across the South Carnarvon Basin, although
some minor growth is observed along NE-trending faults in the southern part of the Gascoyne Platform (Iasky et al.,
2003). This confirms the deposition on a rather stable platform with subsidence largely controlled by eustatic
variations and local faulting. In the Silurian, the Dirk Hartog Group deposited in an open to restricted marine
environment.
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Markwitz et al. (2017) suggest that the Ordovician sandstone was shed from several terranes including the West
Australian Craton (i.e. Capricorn Orogen and Narryer Terrane of the Yilgarn Craton) to the east and terranes reworked
during the Pinjarra and/or Albany-Fraser orogeny to the south. Cambro-Ordovician magmatic zircons also confirm a
distinct Early Paleozoic source, interpreted to be related to the Bhimpedian Orogen to the north-west (Markwitz et
al., 2017).
Northeast of the Carnarvon Basin, the Early Ordovician period is marked by NE-SW intra-cratonic extension resulting
in the development of a broad rift basin which transected the Australian part of Gondwana, connecting the Canning,
Amadeus and Warburton basins to the proto-Pacific Ocean, and forming the Larapintine Seaway. In those areas,
Ordovician deposits show much thickening controlled by the development of graben and half-graben (Romine et al.,
1997).
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Figure 4.4: a) Pre-Cretaceous subcrop geology of the Southern Carnarvon superimposed on Carnarvon Basin SEEBASE image and
OZSEEBASE. Purple to Grey color units show the potential extent of the Ordovician Silurian formation. Top left: Overview of NESW direction of extension during the Larapintine Extension b) Seismic profile across the Gascoyne Platform showing the
presence of an early sedimentary package beneath the Tumblagooda Sandstone (Iasky et al., 2003).
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a

Late Devonian to Early Mississippian - Pillara Extension (380–325 Ma)
The Late Devonian-Early Carboniferous period is characterised by an inferred NE-SW directed extension that induced
sinistral transtensional deformation along the NW Shelf margin (Figure 4.5, e.g. Pryer et al., 2002). The Petrel and
onshore Canning basins (i.e. Fitzroy Trough) were linked via inferred sinistral transtensional reactivation (Pryer et al.,
2002) of the pre-existing NE-trending basement fabric of the North West Shelf mobile belt (e.g. AGSO, 1994). At a
plate tectonic scale, this period is marked by the onset of Paleotethys oceanic spreading resulting in the separation of
several micro-continental blocks (i.e. West Sumatra, East Malaya; Metcalfe, 2013).
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In the Carnarvon Basin, transtensional deformation is mainly focused along the western margin of the Pilbara Craton
(Figure 4.5a). Major NE-trending en-echelon strike-slip faults are connected by NS- and EW-trending pre-existing
basement structures defining NE-oriented pull-apart basins (e.g. Pryer et al., 2002). N-S basement faults acted as
accommodation (transfer) zones during rifting. Location of the strike-slip deformation is most likely influenced by the
Proterozoic North West Shelf “Megashear” (NWS Group, WABS 1994) that extends along the north-western
Australian margin. This event initiated the structural configurations that directly lead to the compartmentalisation of
the present-day Peedamullah Shelf.
At the same time, the northern part of the Southern Carnarvon Basin is marked by the onset of marine transgression
(Iasky and Mory, 1999; Mory et al., 2003). In the Early Carboniferous, intermittent subsidence caused sea-level
fluctuation and short-lived deposition phase of siliclastic sediments.
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Figure 4.5: a) Fault map indicating the active faults during the Pillara Extension Event. SEEBASE image superimposed on OZSEEBASE as background. Green arrows show inferred regional extension direction (Pryer et al.,
2002). b) Overview of NE-SW direction of extension during the Pillara Extension.
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Westralian Late Carboniferous-Early Permian (306–280 Ma)
During the Late Carboniferous to Early Permian (306–280 Ma), the north-western margin of Australia underwent
NW-SE extension and crustal thinning related to Qiangtang and Sibumasu rifting from Gondwana and the opening of
the Mesotethys (Metcalfe et al., 2006, 2013). The Permo-Carboniferous Westralian event is the dominant extensional
event on the North West Shelf and set up the structural architecture of the present-day NW Shelf margin and
petroleum province (Figure 4.6a top left). This event is interpreted to have resulted in extreme crustal thinning and
possible mantle exhumation in the distal part of the margin (Pryer et al., 2014). Widespread deposition occurred
across the Westralian Superbasin (AGSO North West Shelf Study Group, 1994) in the late Carboniferous to Early
Permian (Mory and Iasky, 1996; Bradshaw et al, 2003). Initial extension was then followed by a sag phase related to
thermal subsidence with shallow marine clastic and carbonate deposition in warmer conditions until the late
Permian-Triassic across the margin (Longley et al, 2002).

Fault kinematics
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In the Northern Carnarvon Basin, major growth took place on NE-trending normal faults accommodated by NWtrending relay zones (e.g. Etheridge & O’Brien, 1994), compartmentalising the developing depocentres into subbasins. This episode resulted in the development of the large marginal Exmouth Plateau and shallower areas to the
southeast such as the Peedamullah Shelf or the Lambert Shelf (Hocking et al., 1994). With the extension direction
orthogonal to Middle to Late Devonian extension, the older NW-trending sinistral fracture and transfer zones were
reactivated, controlling the development of primary growth faults.
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In the Southern Carnarvon Basin and Perth Basin, the Middle Carboniferous-Early Permian extension also represents
a major stage of rifting which resulted in the formation of a series of en-echelon NNW-oriented half graben localised
along the West Australia Craton (Figure 4.6B ; Borissova et al., 2017; Iasky et al., 1999; Mory et al., 2003; Mory, 2005;
Norvick, 2004). Up to 5–6 km thick glaciogenic sediments were deposited within the Merlinleigh, Byro and
Coolcalalaya sub-basins during the Late Carboniferous-Early Permian (i.e. Lyons Group – Hocking et al., 1987; Iasky et
al., 1999). In the offshore northern Perth Basin, up to 10 km of Permian sediments are also present (Hall et al., 2017)
and interpreted as being related to extreme crustal thinning (Sanchez et al., 2016, 2018). Stress regime is inferred to
be NW-SE oriented (Pryer et al., 2002).
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Figure 4.6: a) Fault map indicating the interpreted faults active during the Westralian Extension Event. SEEBASE image superimposed on OZSEEBASE as background. Green arrows show inferred regional extension direction (Pryer et al., 2002). Permo-Carboniferous
sediments are shown coloured by lithology. Top left: Overview of NW-SE direction of extension during the Westralian Extension. b) Seismic section across the Wandagee Fault showing growth package. Note that interpretation of the different horizons were
redrawn based on GSWA horizons made available in Kingdom, except for the inferred top basement. Line location shown as thick blue line in a.
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Jurassic Extension (196–156 Ma)
Following a period of thermal subsidence in the Northern Carnarvon Basin (i.e. Exmouth Plateau) and on the
northern part of the northern Perth Basin (Longley et al., 2002; Mory et al., 2003), the Late Triassic-Early Jurassic
marks a period of rifting renewal that ended in the final separation of Australia and Greater India in the Early
Cretaceous (1 in Figure 4.7; Veevers et al., 1991; Bradshaw et al., 2003; Gibbons et al., 2012). Jurassic faulting on the
inboard margin of the North West Shelf trended NE-SW and mainly reactivated Permo-Carboniferous extensional
faults and some Triassic inversion structures (Struckmeyer et al., 1998). This reactivation led to the localization of
Jurassic depocentres. In the outer part of the Northern Carnarvon (Exmouth Plateau) Jurassic faults have limited
offset and sole out within an interval interpreted to be the basal Triassic shale sequence (Locker Shale) that has acted
as a detachment. At this time, the Argo margin experienced widespread volcanism and intrusion (Symonds et al.,
1998). Little to no effect of this event is observed on the Gascoyne Platform, which instead experienced prolonged
tectonic quiescence. Only minor reactivation is observed along faults on the western margin of the Merlinleigh Subbasin.
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Rifting is interpreted to be related to the northward subduction of the Mesotethys which caused WNW-ESE rifting
along the southern Mesotethys margin, resulting in the separation of the Lhasa, West Sulawesi and West Burma
blocks from the northern margin of Gondwana (Greater India-Australia) and the opening of the Neotethys Ocean
(Metcalfe, 2013).
Merlinleigh
Sub-basin

Latest Jurassic-Early Cretaceous Breakup (155–132 Ma)
Breakup, which followed WNW-ESE directed extension (2 in Figure 4.7; Gibbons et al., 2012; Seton et al., 2012)
during the Late Jurassic to Early Cretaceous, corresponds to the initiation of the final episode of the Gondwana breakup along the north-western margin of Australia. This period also marks the onset of rifting between Australia-Greater
India and Antarctica, which led to the break-up of Australia-Greater India on a triple branch continental rift system in
the Valanginian (140–134 Ma – Seton et al., 2012).
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The first occurrence of oceanic crust outboard of the North West Shelf area is located in the Argo Abyssal Plain and is
dated as Oxfordian (at c. 155 Ma prior to anomaly M26: Muller et al., 1998; Heine and Muller, 2005). NW-SE-directed
sea-floor spreading focused on the Argo Abyssal Plain and propagated southward forming the Gascoyne and Cuvier
Abyssal Plains (Robb et al., 2005; Seton et al., 2012). Along the Gascoyne margin, oceanic spreading started at c. 132
Ma (M10: Muller et al., 1998) coeval to spreading along the Perth margin. The Early Cretaceous (Valanginian)
represents the break-up between Australia and Greater India (Veevers et al., 1985; Hall et al., 2013). The period is
marked by margin-wide thermal uplift and erosion culminated with development of the Valanginian Unconformity
(sequence boundary). An extensive intrusive igneous province was emplaced within the Triassic-Early Cretaceous
stratigraphy of the Exmouth Plateau (Fig 33a; Mihut and Müller, 1998; Planke et al., 2000; Rohrman, 2013).
Following break-up and the onset of seafloor spreading, an extended period of post-rift subsidence took place in the
Northern Carnarvon Basin. This was interrupted by a short-lived period of inversion in the Late Cretaceous (95–85
Ma) resulting in transpressional reactivation of rift related structures within the Dampier and Barrow sub-basins
(Cathro and Karner, 2006), which was likely related to a change in Indian plate motion.
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Miocene Compression (12–6 Ma)
The end of the Miocene is marked by a compressional tectonic episode that reactivated pre-existing major faults of
the Merlinleigh Sub-basin, Byro Sub-basin and the Exmouth Sub-basin (Cape Range and Rough Range anticlines) and
led to the formation of minor anticlines (i.e. Salt Marsh area) (red circle in Figure 4.7, Mory et al., 2003). This tectonic
inversion, although minor in the Carnarvon Basin can be mapped across the North West Shelf and is interpreted to be
related to the oceanic and continental subduction of the northern margin beneath the Banda Arc in the Timor region
(Hall, 2002).
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Figure 4.7: Fault map indicating the faults interpreted to be active during the Jurassic extension and Early Cretaceous break-up. SEEBASE
image superimposed on OZSEEBASE as background. Green arrows show inferred regional extension direction during the (1)
Jurassic, (2) Early Cretaceous and (3) Late Miocene. Red circle shows evidence of reactivation during the Miocene tectonic
inversion.
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Frogtech Geoscience believes that if we can produce a picture of the shape of the basin or container that is being
explored early in an exploration program, then this will provide a very effective tool to help evaluate exploration
concepts at the petroleum system and play level. Traditional techniques for generating depth to basement generally
rely on one rock property such as velocity, magnetic susceptibility, or density. The SEEBASE method relies on all three
plus rigorous structural interpretation.

What is SEEBASE?
SEEBASE is a depth to basement model that represents the culmination of a number of calibration and integration
steps:

“Map View / 3D” Versus “Cross-section View” Interpretation
A powerful aspect of the SEEBASE workflow is that the interpretation is performed in 2D map view and in 3D. This is
a significant departure from conventional seismic-based basin analysis which is predominantly carried out in 2D
cross-section view, especially when evaluating large areas. The Frogtech Geoscience method is very effective in
defining spatial variation in basin architecture in extensional, compressional, and strike-slip settings.
The more we apply the Frogtech Geoscience method, the more we realise the power of non-seismic datasets for
predicting the location of “sweet spots” along margins and within continental regions. The Frogtech Geoscience
method has proven to be very efficient and effective for locating 3D seismic surveys over such sweet spots.

• Integrated structural/kinematic interpretation

Coolcalalaya
Sub-basin

• Geophysical modelling

Byro
Sub-basin

• Seismic and well calibration
• Integration of tectonic events and responses
SEEBASE is a qualitative model of economic basement topography that is consistent with the structural evolution of
the basin. SEEBASE defines basin architecture and forms the basis for the systematic evaluation of exploration
strategies. SEEBASE is not static; with the acquisition of new data that allow more precise calibration, SEEBASE can be
updated.
SEEBASE provides a foundation for petroleum systems evaluation, including play element distribution and quality
(source/reservoir/seal), fluid focusing, zones of structural complexity, trap distribution, trap type and integrity,
paleogeography, oil vs. gas distribution, etc.

SEEBASE results in:
• New Exploration and Acquisition Strategies
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• New Views in Old Basins
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• Efficient and Effective Exploration
• More Rigorous Play and Prospect Risking
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Figure 5.1: Oblique 3D View of Carnarvon Basin SEEBASE.

Frogtech Geoscience
Post: PO Box 250, Deakin West ACT 2600, AUSTRALIA
Office: Suite 17F, Level 1, 2 King Street, Deakin West ACT 2600, AUSTRALIA
T: +61 02 6283 4800, E: info@frogtech.com.au W: frogtechgeoscience.com.au

Government of Western Australia
Department of Mines, Industry Regulation and Safety

62

V. SEEBASE AND DERIVATIVES

The Carnarvon Basin SEEBASE grid has been imaged using a colour-drape algorithm with northeast illumination (Figure 5.2). The new
SEEBASE is a regional scale model of basement depth for the entire onshore, and partly offshore, Carnarvon Basin. The current
SEEBASE is a regional (approximately 1:1M scale) model of basement depth with higher resolution where shallow basement was
imaged by 2D seismic, such as the Wandagee Ridge (GSWA interpretation). The SEEBASE depth to basement interpretation was based
primarily on the interpretation of gravity and magnetic data, published cross-sections and interpreted seismic. The basement is
difficult to image seismically due to the poor quality of publicly available seismic data in the South Carnarvon Basin, the depth to
basement in particular in the Barrow Sub-basin, and the low impedance contrast between sediments and potentially metasediment
overlying the crystalline basement. Most published seismic and cross-sections interpret the base of the Ordovician sedimentary
section as the top of basement (i.e. Tumblagooda Sandstone across the Gascoyne Platform and the Merlinleigh Sub-basin).

a
Barrow
Sub-basin

Exmouth
Sub-basin

b

Merlinleigh
Sub-basin

Depth (m)
800
-2500

SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for
commercial decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin

PROJECT CODE: GSW702
© All Rights Reserved Frogtech Pty Ltd (Australia) no part of this document may be reproduced without the express written permission of Frogtech Geoscience.

SEEBASE: Structurally Enhanced View of Economic BASEment

Gascoyne
Platform

-7500

-12500

Byro
Sub-basin

-18000

Coolcalalaya
Sub-basin

-24000

Coastline
SEEBASE AOI

Figure 5.2: a) The 2018 Carnarvon Basin SEEBASE is shown within the red dashed polygon of the AOI and the 2005 Phanerozoic OZ SEEBASE in the background (Frogtech, 2005).
b) 2018 Carnarvon Basin SEEBASE image overlain with depth contours at 1000m spacing.
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a

The Carnarvon Basin SEEBASE image (Figure 5.3) is overlain with the basin boundaries as defined by GSWA. The 2006
Phanerozoic OZ SEEBASE (Frogtech, 2005) is shown in Figure 5.3b for comparison with the new Carnarvon Basin
SEEBASE. The main depocentres are consistent with the previous interpretation but the new interpretation has a
larger content of high frequency information (i.e. Merlinleigh Sub-basin) resulting from the availability of significantly
improved potential field datasets. In particular, SEEBASE depth-to-basement is considered deeper in some places
beneath the Gascoyne Platform as suggested by 2D deep seismic data across the Byro Sub-basin (Korsch et al., 2013)
and confirmed by the magnetic modelling undertaken as part of this study.
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Figure 5.3: a) 2018 Carnarvon Basin SEEBASE overlying the 2005 Phanerozoic OZ SEEBASE (Frogtech, 2005). The major basin boundaries of
the Carnarvon Basin are shown in yellow (from GSWA). The red polygon defines the 2018 Carnarvon Basin SEEBASE AOI. b) 2005
Phanerozoic OZ SEEBASE (Frogtech, 2005) for comparison with the new Carnarvon Basin SEEBASE shown in a.
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a

SEEBASE Calibration – Well Data
The well data available for the project is shown on Figure 5.4a overlain on a faded image of the 200km Highpass of the Bouguer Gravity. Only 11 wells reached the crystalline basement as indicated by the circle
symbols in Figure 5.4a and by the red dots on the 3D view (Figure 5.4b). The basement wells provide a key
control for the SEEBASE interpretation. Note that the 3D image highlights basement highs and the lack of
calibration data across the Merlinleigh Sub-basin and Gascoyne Platform. The rest of the well database
including information on the formation, age and lithology were used as indicators of the minimum depth of
the basement.
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Figure 5.4: a) Well data overlain on the 2018 Carnarvon Basin SEEBASE. Wells that intersect the basement are shown as a larger circle.
Wells are colour coded by total depth. The Z-scale is the same for both symbol types, and depth is relative to mean sea level.
b) 3D view of the SEEBASE showing the wells that intersect basement as red dots.
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Northern Carnarvon

a

SEEBASE Calibration – Seismic and Cross-Sections
Figure 5.5 shows the extent of interpreted TWT to basement grids derived from seismic data that were made
available by GSWA in a Kingdom project to calibrate the SEEBASE model. The supplied basement grids were
in TWT and were depth converted for this project using an average equation based on time-depth data from
wells. Two equations were used to take into account the large difference in basement depth and lithology
between the Northern and Southern Carnarvon basins (Figure 5.5a).
• Wandagee and Kennendy Range faults – the SEEBASE model is based directly on the depth converted
seismic and well data; gaps have been contoured using potential field data.
• Peedamullah Shelf where basement is shallow – the SEEBASE model closely follows the depth converted
seismic surface but varies locally where basement is not clearly defined on the seismic line

IKODA Seismic –
3D volume

Northern
Carnarvon

Onshore/
Offshore
wells Northern
Carnarvon

• Merlinleigh Sub-basin and Gascoyne Platform – Seismic quality is poor and/or coverage is relatively low.
Basement is partially imaged on the western margin of the Merlinleigh Sub-basin but poorly or not visible
beneath the Gascoyne Platform and the deepest part of the Merlinleigh Sub-basin. Therefore, the
SEEBASE model and depth converted seismic basement show more variation in this area. The SEEBASE is
instead based on a detailed integration of potential field data calibrated against the minimum depth
provided by the deepest sediments in the seismic data. In particular, basement depth was assessed using
magnetic modelling across the Gascoyne Platform as well as known sediment thickness.
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Figure 5.5: a) Extent of the interpreted basement horizon coloured by depth and contours of basement depth (red) from HESS, 2012 to the west of AOI. The datasets are overlain on the SEEBASE of the Carnarvon Basin with the Phanerozoic OZ SEEBASE in the
background (Frogtech, 2005). The inset graphs show the time-depth curves used to convert the basement horizon in the Northern Carnarvon (top left) and Southern Carnarvon (bottom right). b) 3D image looking toward the northeast along the
Peedamullah Shelf and Barrow Sub-basin with the SEEBASE surface in grey scale and the depth converted seismic interpretation in colour. C) similar image as for b) but looking toward the north along the Merlinleigh Sub-basin and the Gascoyne Platform.
The white arrows highlight areas where the SEEBASE model closely follows the depth converted basement horizon within the trough and the red arrows highlight areas where the interpretation differs.
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a

SEEBASE Calibration – Magnetic Modelling
Figure 5.6 shows the magnetic model bodies used to assess the depth to basement during the SEEBASE
interpretation. All the model bodies are reviewed and assessed during the interpretation process. Based on
seismic data, wells and basement composition interpretation, the magnetic model bodies are attributed by
source such as intra-basement, near the top of basement and intra-sedimentary sources.
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Figure 5.6: a) Magnetic model bodies overlain on a faded image of the AGC 200 km of Reduced to the Pole magnetic data. b) Semitransparent 3D image of the SEEBASE with 3D magnetic model bodies. Note that the model bodies displayed in the image are
close to the of top of basement (+1000m to -1500m) or within the basement.
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SEEBASE Interpretation

Depth (m)
800

Interpretation of the SEEBASE depth-to-basement model is an iterative process and involves detailed
integration of all the available datasets. The SEEBASE surface is hand contoured by a structural geologist and
incorporates a structural model of basin evolution, especially the early rift structures.

-2500

A detailed understanding of the nature of the underlying basement is required prior to interpreting the depth
variations in the basement surface. Hence the basement terranes, composition and major structures are
interpreted and integrated to generate the SEEBASE model. This understanding allows the interpreter to be
more predictive regarding the geometry of the basement surface based solely on the gravity and magnetic
data, in areas with little or no calibration.

-7500
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Hand-contouring of the SEEBASE surface begins in the areas with the best data constraints, often shallow
basement, especially near to outcrop, and areas around basement wells or seismic lines with a well-defined
basement horizon. These areas provide calibration for the interpretation of basement depth from the
magnetic and gravity data. As interpretation progresses, the interpretation of basement depth expands away
from the areas of better control to fill in the areas with few calibration data, with conflicting data, or with
anomalous gravity or magnetic response (in comparison to adjacent areas).
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Figure 5.7: SEEBASE of the Carnarvon Basin overlain with the highest confidence calibration data (cross-sections, seismic and basement outcrops coloured by % confidence,
wells coloured by depth) highlighting the areas where interpretation is considered the most reliable. Note that only wells with a confidence higher than 95% are displayed
on the map. Basement wells are shown as larger circles while other wells are shown as small squares. Phanerozoic OZ SEEBASE in the background (Frogtech, 2005).
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Narrow rift basins mainly controlled by the Errabiddy
Shear Zone, north and west of the Yilgarn Craton
(Narryer Terrane)
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S

Narrow shelf (i.e. the Peedamullah Shelf) with
sharp transition to the Barrow Sub-basin
reflecting the strong rheological contrast
between the craton and the interpreted North
West Shelf mobile belt during basin
development.
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result of Late Paleozoic extension.
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Figure 5. 8: Oblique 3D image viewed from the (a) north and (b) south. B: Byro Sub-basin; C: Coolcalalaya Sub-basin; GP: Gascoyne Platform; M: Merlinleigh Sub-basin; PS: Peedamullah Shelf
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The total sediment thickness (Figure 5. 9) is the difference between the SEEBASE and the bathymetry/digital
elevation model (DEM) grids.

Barrow
Sub-basin

The sedimentary section is thickest in the Barrow and Exmouth sub-basins where sediment thickness can reach up to
22–23 km in the inboard margin followed by the Merlinleigh and Byro-Coolcalalaya Sub-basins where the deepest
depocentres are up to 8 km deep. The Peedamullah Shelf corresponds to the thinnest sedimentary section while the
Gascoyne Platform presents a relatively flat area where up to 6–7 km of sediment overlie basement.
Most of the current basin boundaries defined by GSWA show a good match to the SEEBASE interpretation and the
resulting sediment thickness map. However, the SEEBASE interpretation suggests possible adjustments to the
subdivisional boundaries of the Carnarvon Basin in a few areas, such as (numbers below refer to Figure 5.9):

Exmouth 3
Sub-basin

1. The boundaries of the Exmouth Sub-basin should be reviewed, including the boundary with the Merlinleigh and
Peedamullah Shelf.

1

2. The boundary between the Coolcalalaya and the Byro sub-basins could be adjusted.
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Figure 5.9: Sediment thickness. The dashed red polygon defines the 2018 Carnarvon Basin SEEBASE
AOI.
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The modelled Moho grid (Figure 5.10) used for this project was generated by adjusting the AusMoho interpretation
(Kennett et al., 2018; Salmon et al., 2012) and associated data constraints, basement terranes interpreted for this
project. In areas where AusMoho did not match refraction data (i.e. along the NWS margin and beneath Gascoyne
Platform), Moho depth was calculated by calibrating the 300 km Low-pass gravity grid with data from refraction and
receiver function data. The control points vary in distribution and quality (solid coloured circles in Figure 5.10). The
resultant Moho grid may have an error in depth of 10-20% due to the variation in the constraining data as well as the
resolution of the grid, especially in areas of steep slope.
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West Australian Craton
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The depth to Moho is greater than ~40km beneath the southern margin of the Capricorn Orogen near the Errabiddy
Shear Zone as a result of crustal thickening during the collision between the Glenburgh-Pilbara Block and Yilgarn
Craton (i.e. Glenburgh Orogeny - 1, Figure 5.10). In general, the Moho is at greater depths beneath the entire
Capricorn Orogen (2 in Figure 5.10). The deep Moho in both areas is confirmed by seismic data (Johnson et al., 2013).
The deeper Moho of the Capricorn Orogen continues to the northwest beneath the Pilbara Craton and towards the
North West Shelf margin where it drastically shallows (i.e. 22–24 km, 3 in Figure 5.10) due to extreme crustal thinning
during the Westralian Extension.

Gascoyne Terrane
There are few constraints on Moho depth beneath the Gascoyne Terrane but it is relatively shallower, i.e. 28–33 km
(4 in Figure 5.10), in contrast to the deep Moho beneath the Capricorn Orogen to the east. In the south, it is only 30–
33 km depth based on the recent Southern Carnarvon Seismic Line (Korsch et al., 2013). Note the N-S trending sharp
transition of the Moho topography along the Merlinleigh Arc (5 in Figure 5.10) suggests the presence of a strong
lithospheric boundary beneath the Merlinleigh Sub-basin separating the Archean-Paleoproterozoic West Australian
Craton to the east from the Gascoyne Terrane and Pinjarra Orogen to the west.
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Figure 5.10: Depth to Moho. Solid circles coloured by depth corresponds to calibration point from seismic experiments (e.g.
Kennett et al., 2018). SCL: Southern Carnarvon Line (Korsch et al., 2013). The dashed red polygon in the centre of the
image defines the 2018 Carnarvon Basin SEEBASE AOI.
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V. SEEBASE AND DERIVATIVES

The basement thickness (Figure 5.11) has been calculated as the difference between modelled Moho and SEEBASE.

Barrow
Sub-basin

The basement crust is thinnest beneath the Northern Carnarvon Basin including the Barrow and Exmouth sub-basins,
and thickest beneath the Capricorn Orogen and the Gascoyne Platform similar to the Moho interpretation.
Crustal thinning is relatively limited beneath the Gascoyne Terrane which is interpreted to represent an exotic
continental block that accreted to the West Australian Craton during either the Pinjarra Orogeny or later in the
Neoproterozoic. Also, depth to basement is highly uncertain as there is no or poor constraints, such as well and
seismic data across the Gascoyne Platform (see data confidence in section II). Further data is required in order to test
this interpretation and further improve our understanding of this region.

Exmouth
Sub-basin

Note also the Carandibby Inlier (CI) represents a structural high that separates the Merlinleigh and Coolcalalaya-Byro
sub-basins suggesting the different nature of the basement beneath the sub-basins.

Merlinleigh
Sub-basin
Basement thickness (m)
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Figure 5.11: Basement thickness. The dashed red polygon defines the 2018 Carnarvon Basin SEEBASE
AOI. CI: Carandibby Inlier.
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V. SEEBASE AND DERIVATIVES

The Interpretation Confidence map (Figure 5.12) aims to communicate the interpreters’ evaluation of various
datasets in terms of supporting the development of the SEEBASE model. For the 2018 Carnarvon Basin SEEBASE®
Study and GIS, the confidence values have been assessed for:
• Mapped basement outcrop
• Published seismic lines, cross-sections, and maps
• Magnetic models
• Gravity coverage
• Magnetic coverage

During the interpretation process the interpreter evaluates the various datasets available for the project, and assigns
confidence values for each dataset (see Figure 2.22 – Data Confidence). In addition, the interpreter evaluates their
confidence in the interpretation. This Interpretation Confidence is based on:
• How well the datasets image the depth (and geometry) of basement; and
• Whether the local geology is conducive to being imaged by the available datasets (especially the gravity and
magnetic data).
Frogtech Geoscience is currently considering methods to enhance the Interpretation Confidence and Data
Confidence to better represent geological features, continuity and uncertainty. Feedback is appreciated.
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Interpretation Confidence
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Low resolution gravity data and structural / tectonic model, no constraining data. Conflicting
response between magnetic modelling and gravity
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Strong gravity high suggests shallow basement but seismic suggests deep; gravity high consistent
with magnetic high and interpreted to result from shallow mantle/thin crust; or intrusions.
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Depth to basement interpreted based on magnetic modelling and partly gravity data; No
calibration data
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Moderate to deep basement with constraints on minimum basement depth, but little constraints
on actual depth; basement geometry interpreted from gravity and structural model
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Deep basement with constraints on minimum basement depth, but few constraints on actual
depth; basement geometry interpreted from magnetics and gravity and structural model
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Moderate to deep basement interpreted from calibration data (i.e. deep 2D seismic), and gravity
and magnetic response is consistent with other constraints.
Magnetic data sufficient resolution to map magnetic basement; good correlation with calibration
data; limited calibration data but more calibration from adjacent areas
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Shallow basement with good calibration data (seismic and wells) and/or readily interpreted from
gravity data (with consistent response on magnetic data)
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Figure 5.12: SEEBASE Interpretation Confidence map. The confidence value is determined based on the availability of datasets at
each point and the accuracy and reliability of these datasets to determine basement depth.
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VI. DISCUSSION
By integrating potential field data interpretation with calibration datasets (seismic, cross-sections, wells,
magnetic depth modelling), the resulting depth to basement surface in this study advances understanding of
the role of basement (structure and composition) on the development of the Carnarvon Basin. Discussion
topics presented include:
• The enigmatic Gascoyne Terrane beneath the Gascoyne Platform;
• Tectonic evolution of the Pinjarra Orogen in the light of the new basement interpretation (i.e. Gascoyne
Terrane and the Merlinleigh Arc Terranes);
• Basement control on basin evolution

a

b

Basement Terranes - New insights into the enigmatic Gascoyne Terrane
On the basis of seismic and potential field character, surface geology, available isotopic data and well defined major
crustal structures, we defined (mapped) basement terranes beneath the Carnarvon Basin (Figure 6.1). Figure 6.1c
presents an alternative interpretation of the Southern Carnarvon seismic line (SCSL) published by Korsch et al. (2013).
In our interpretation of the seismic line, we suggests that:
• The Tumblagooda Sandstone is present over the Byro Sub-basin and pinches out or is extremely thin toward the
west across the Ajana Fault System. To note, >800 m thick Tumblagooda Sandstone were drilled in the Yaringa-1
well north of the western end of the SCSL.
• A sedimentary package is unconformably overlain by the Tumblagooda Sandstone with a distinct seismic
character confirming the presence of an older sedimentary package beneath the Tumblagooda as suggested in
other areas of the Carnarvon Basin (Lockwood and D’Ercole, 2003). Age is unknow but inferred to the
Neoproterozoic to Cambrian similar to the age of the Badgerradda Group imaged to the east along the Meeberrie
Fault and outcropping to the south of the SCSL;

Gascoyne
Terrane
ET

Gascoyne
Terrane
SCSL

ET

NT

• The Ajana Fault System (i.e. Ajana Ridge) is marked by strong west dipping highly reflective package that coincide
with the presence of highly magnetic and dense bodies such as high-grade metamorphics or metamafic rocks.
Such bodies are interpreted as being arc assemblages related to the suture between the Glenburgh Terrane and
the Yilgarn Craton and/or other accretion complexes located in between (Korsch et al., 2013);
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Key Results

SCSL

NT

CT

CT

• Basement beneath the Gascoyne Platform shows a distinct seismic character suggesting that it represents a
different terrane to the Yilgarn Craton or Capricorn Orogen (Korsch et al., 2013). The extent and nature of the
Gascoyne Terrane is discussed in the next slide based on magnetic modelling.

c

W

Gascoyne Platform

1000-980Ma Pinjarra Suture

Ajana Fault
System

Byro Sub-basin

E

Unknown Age

GT
Coolcalalaya
Gascoyne Terrane

Terrane

Errabiddy
Terrane

Narryer Terrane

Figure 6.1: Southern Carnarvon Line location displayed on (a) HP 200km gravity and (b) RTP magnetic map. Red line shows the potential extent of the Gascoyne continental block. The western border is uncertain buried beneath thick Neoproterozoic to Mesozoic
sediments (Bradshaw et al., 2003; Lockwood and D’Ercole, 2003). Red dashed line represents SEEBASE AOI. (c) Southern Carnarvon Seismic Line interpretation. Green Line represent the Base Lyons Group. Bd: Badgerradda Group ; Tb: Tumblagooda
Sandstone; GT: Glenburgh Terrane; DF: Darling Fault; ET: Errabiddy Terrane; CT Coolcalalaya Terrane; NT: Narryer Terrane
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VI. DISCUSSION

Basement beneath the Gascoyne Platform is poorly imaged by seismic data (only imaged well in the Southern
Carnarvon Seismic Line) and only one well that intersected basement is available across the platform (Mory et al.,
2001). However, given the basement has a distinct magnetic response in comparison to the surrounding terranes (i.e.
Bernier Ridge and the cratons), it was therefore interpreted from magnetic modelling as shown in the Figure 6.2.

a

b

The closest Proterozoic basement crops out in the Northampton Inlier to the south and the Carandibby Inlier to the
west in the Merlinleigh Sub-basin (Mory et al., 2003). The only (poorly constrained K–Ar and Rb–Sr dating)
Neoproterozoic age of 851–530 Ma for granitic rocks in the Gascoyne Platform confirms the presence of a
Proterozoic magmatic suite (Mory et al., 2001). These ages are much younger than the age of basement related to
either the Capricorn or Pinjarra Orogens present in the two adjacent inliers and surrounding terranes. However,
partial Ar resetting may have occurred resulting in mixing ages as the dated granitoid samples are located below the
Devonian Woodleigh impact structure. Up to now, no Archean or early Proterozoic ages have been obtained for the
basement in the Gascoyne Platform.
The Gascoyne Terrane presents trends either NE-SW direction to the west or NW-SE in the centre (Figure 6.2a).
However, there are distinct anomalies in magnetic and gravity data that indicate the terrane has variable
composition. For instance, numerous circular gravity anomalies are present along the eastern and southern margin
of the Gascoyne Platform interpreted as being related to intrusions emplaced within a magmatic arc (Red shaded
area in Figure 6.1). To the west, basement consists of strongly magnetic bodies modelled at mid-crustal level (~13–15
km, Figure 6.1c) that sit below numerous shallower bodies of low to moderate susceptibility between 12.5 and 7.5
km. The deep bodies are interpreted to correspond to high-grade metamorphic rocks and/or mafic intrusions.
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New insights into the enigmatic Gascoyne Terrane

NI
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Figure 6.2: Extent (yellow dashed line) of the interpreted exotic Gascoyne Terrane beneath the Gascoyne Platform and Bernier Ridge shown on (a) HP200km
Bouguer Gravity and (b) RTP. The shaded area highlights the presence of an arc related magmatic belt along the eastern edge of the Gascoyne
Terrane. (c) Deep magnetic bodies of high-susceptibility interpreted as related to high-grade metamorphic rocks or mafic intrusions and suggesting
the presence of a continental block (Gascoyne Terrane) of unknown origin. CI: Carandibby Inlier; NI: Northampton Inlier.
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VI. DISCUSSION
Neoproterozoic tectonic evolution
The integration of new potential field and seismic data together with updated surface geological information gave some key insights into the basement architecture of the Carnarvon Basin area as well as the tectonic evolution of individual
terranes. In particular, the poorly known Proterozoic structural evolution in the area has been revised in the light of the definition (mapping) of new terranes including the Gascoyne Terrane and the Merlinleigh Arc Terrane. To briefly
summarise, the main sequence of events during the Neoproterozoic are:
• Late Mesoproterozoic-Early Neoproterozoic accretion of magmatic arcs (i.e. Merlinleigh Arc) in the Gascoyne crust is considered as an exotic continental block to the West Australian Craton. Following subduction beneath the
Gascoyne Terrane and emplacement of magmatic arcs, the entire system collided with the West Australian Craton along the Pinjarra Suture (Figure 6.3a). Timing of collision is estimated to have occurred at 960–820 Ma as
suggested by the thermal event recorded within the Glenburgh Terrane of the WAC (Occhipinti, 2007).
• During the Early Neoproterozoic, NW-SE extension took place within the area leading to the formation of NE-striking grabens and half-grabens well defined during this study in Byro Sub-basin (Figure 4.2; Figure 6.3b).
• Renewed deformation took place during the Late Neoproterozoic-Early Cambrian as a result of oblique collision between Greater India and Australia/Antarctica followed by sinistral strike slip motion during the Kuunga
Orogeny (550–510 Ma; Meert, 2003; Halpin et al., 2017; Daczko et al., 2018). Pre-existing structures from the Pinjarra Orogeny and older as well as the Whickham extension were reactivated in a transcurrent regime (Figure
4.3 and figure 6.3c, green arrow represents NNW displacement of the Gascoyne platform).
1000-980Ma - Pinjarra Orogeny
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Basement Terrane assembly

760-750Ma - Whickham NW-SE Extension

b

550-510Ma - Kuunga N-S to NNW-SSE compression

c

Figure 6.3: Sequence of the main tectonic events in the Neoproterozoic during the (a) Pinjarra Orogeny (~1100-960Ma), (b) Whickham Extension (760-750Ma), (c) Kuunga Orogeny (550-510Ma). 200km High-pass Bouguer Gravity shown in the background for (a).
2018 Carnarvon Basin SEEBASE overlying the Phanerozoic OZ SEEBASE™ (Frogtech, 2005) in the background for (b) and (c).
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VI. DISCUSSION

Basement plays a critical role in the localisation and geometry of basins. The 2018 Carnarvon Basin SEEBASE project
area provides several examples of how variations in basement rheology related to terranes (solid white lines in Figure
6.4), composition, fabric and structure exert a control on the development of the Carnarvon Basin. The numbered
points below correspond to numbered locations in Figure 6.4.

North West Barrow
Shelf
SubMobile Belt basin

Pilbara
West

4
1. The Merlinleigh Sub-basin formed on the Glenburgh Terrane crust localised along the Pinjarra suture zone and
the interpreted Merlinleigh Arc Terrane accreted to the West Australian Craton during the Late MesoproterozoicEarly Neoproterozoic or later. This rift never reached the continental break-up stage and seafloor generation.
2. The Carrandibby Inlier likely represents an ancient rheologically (e.g. Dalgaringa Arc) competent basement high
interpreted to have formed during the Neoproterozoic Whickham extension and maintained during the Kuunga
Orogeny. It remains a basement high that separates the Merlinleigh and Byro sub-basins.

Exmouth Subbasin

Pinjarra
Orogen
Extended

Sholl

Edmund
Terrane

3. Development of the Coolcalalaya Sub-basin within the rheologically weak accretion complex, which formed
during accretion of unknown terranes to the Yilgarn Craton. Similarly, the Byro Sub-basin formed several narrow
elongated troughs controlled in large part by the Errabiddy Terrane (Errabiddy Shear Zone). These terranes
partitioned extensional deformation during the Whickham and Paleozoic rifting.
4. The Northern Carnarvon (Exmouth and Barrow sub-basins) is controlled by the North-West Shelf Mobile Belt and
the adjacent Pilbara Craton and Edmund Terrane structures. The Peedamullah Shelf is largely controlled by the NS basement fabric of the Edmund and Glenburgh Terranes. Localized, deep basins reflect the strong rheological
contrast between the stronger Pilbara Craton and Edmund Terrane and the North West Shelf Mobile belt.
5. The Gascoyne Platform is a broad platform overlying the more competent Gascoyne Terrane. Minor extension
during the main rifting phase occurred within the platform that stayed a long-lived structural plateau relative to
the surrounding areas. However, the platform deepens up to 8–9 km, in the east suggesting the presence of
thicker sedimentary packages. This may have deposited in a foreland basin resulted from overthrusting of
magmatic arc related terranes onto the Gascoyne Platform in a subduction related contractional tectonic setting
(i.e. Pinjarra Orogeny). Subsequently, younger stratigraphy partly filling graben or half-graben during the
Whickham extension event may have covered older stratigraphic units as observed on the Southern Carnarvon
Seismic Line (Figure 4.2 and Figure 6.1).
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Influence of Basement in basin development

3

Byro
Subbasin

Coolcalalaya
Sub-basin

Figure 6.4: 2018 Carnarvon Basin SEEBASE® overlain by terrane boundaries with outlines and names in white. Basins names are in
yellow. Phanerozoic OZ SEEBASE™ (Frogtech, 2005) is in the background. CI: Carrandibby Inlier.
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VII. CONCLUSIONS

The 2018 Carnarvon Basin SEEBASE provides a significantly higher resolution interpretation of the basement surface
beneath the Carnarvon Basin in comparison to earlier published versions (Figure 7.1). The range of new and updated
data, and a better understanding of the regional geology and tectonic evolution, has led to significant improvements
in the updated depth-to-basement model (i.e. SEEBASE). In addition, the basement (i.e. Gascoyne Terrane) evolution
developed in this study will need to be tested to better understand the geological evolution of the of the Gascoyne
Platform as well as the Pinjarra Orogen. The results provide GSWA and other researchers with a base for planning
further research programs and pre-competitive data acquisition, as well as providing industry with a framework
product to help focus exploration and data acquisition strategies and reducing exploration risk.
The GIS package provided with this report facilitates the review and updates of the interpretation in a digital
format. Figure 7.1 shows the improvement in the SEEBASE model covering the updated portion of the
Carnarvon Basin. The original 2005 OZSEEBASE (Figure 7.1a) image was mapped with low resolution
magnetic and gravity data.

a

b

The 2018 SEEBASE model for the Carnarvon Basin (Figure 7.1b), completed for GSWA, incorporates a large
volume of new magnetic and gravity data, as well as the GSWA in-house seismic database, a wells database with
information on units at TD and formation tops for many wells, an updated surface geology and bedrock
interpretation (GSWA – digital bedrock geology, 2016), as well as the SEEBASE grid generously provided by Hess
Exploration Australia Pty Limited. In particular, high resolution magnetic data and gravity data collected by
federal and state governments, as well as industry, has allowed the architecture of both basement and basin
units to be better imaged. Future additional constraints on basement via wells, and seismic data with a
quality high enough to image the basement, will be highly beneficial to improve the calibration of depth to
basement.
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Updated SEEBASE Interpretation

Figure 7.1: a) the 2005 Oz SEEBASE and b) 2018 Carnarvon Basin SEEBASE from this study. 2005 Oz SEEBASE shown in the background.
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Depth (m)

Basement Structure and Tectonic Evolution:

800

Barrow
Sub-basin

• The Gascoyne Terrane has a distinct gravity and magnetic response compared to the surrounding terrane. It likely
represents a rheologically stronger continental block around which deformation focused. Crustal thickness of the
Gascoyne Terrane is thinner than the West Australian Craton (~30km). Long wavelength magnetic anomalies lie
within the middle crust.

-2500

Peedamullah Shelf

• The Merlinleigh Arc terrane is interpreted to represent arc related assemblages accreted along the eastern margin
of the Gascoyne Terrane before the Mesoproterozoic Pinjarra Collision (1080-980Ma). The N-S fabric of the
terrane truncates older Capricorn structures and/or reorients them suggesting strong reworking during the
collision along the eastern margin of the Capricorn Orogen.
• Based on potential field response and tectonic reconstructions, the Coolcalalaya Terrane is interpreted as an
accretion complex which formed during collision between the Yilgarn Craton and an unknown terrane located to
the west of the WAC. It is likely to be dominated by high grade metasediments – metavolcanics.

-7500

-12500

Exmouth
Sub-basin

-18000

• The northern margin of the Pilbara Craton and the Capricorn/Edmund terranes were extremely thinned during
the late Paleozoic extension. Deformation focused within the NE-SW-trending North West Shelf Mobile Belt.

-24000

• Proterozoic tectonic evolution is revised to include the development and accretion of Mesoproterozoic to
Neoproterozoic magmatic arcs onto the Gascoyne crust followed by the collision with the West Australian Craton.
Subsequent deformation was accommodated by the development of NE-trending graben and half-graben during
the NW-SE directed Whickham extensional event reactivated in a transcurrent regime during the Kuunga
Orogeny.

Merlinleigh
Sub-basin

Byro
Sub-basin

Basin Evolution:
The 2018 Carnarvon Basin SEEBASE provides a significantly higher resolution interpretation of the basement surface
beneath the Carnarvon Basin and development of the overlying basin.
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Overview of Key Findings

• Middle Neoproterozoic and Permo-Carboniferous rift development were controlled by the reactivation of terrane
boundaries, major basement fabric and/or rheologically weaker terranes. For example, basement structures of
the Capricorn Orogen as well as Kuunga Orogen strongly influence the localization of the Merlinleigh Sub-basin as
well as the Byro and Coolcalalaya sub-basins. The timing of extension observed in the Byro Sub-basin and its
impact across the Carnarvon Basin are still poorly understood and need further investigation.

Gascoyne
Platform

Coolcalalaya
Sub-basin

• Compartmentalisation of sub-basins and development of en-echelon depocentres is strongly controlled by N-S
basement structures of the Capricorn Orogen and the Pilbara Craton. A deep, narrow and localized trough strongly
reflects the rheologically weak basement of the underlying North West Shelf accretion complex which formed
during collision between the Pilbara Craton and an unknown terrane.

Recommendations
Any SEEBASE product can be easily reviewed and updated as new data becomes available or as our understanding of
the regional geology evolves. Specific recommendations for updating the Carnarvon Basin SEEBASE model and
improving the interpretation of the region are:
• Acquisition of higher resolution gravity data, either ground stations or airborne, in the remaining areas of low
resolution, especially within the Gascoyne Platform.

N

• The quality of the seismic data for the Carnarvon basin limits the confidence in the calibration data used to
constrain the SEEBASE interpretation. Basement is never well defined even in the shallow areas. Acquisition of
new data and/or reprocessing of the old seismic may help to improve the confidence.
Figure 7.2: Oblique view looking northeast of the 2018 Carnarvon Basin SEEBASE.
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EXECUTIVE SUMMARY

Frogtech Geoscience Data Processing
Frogtech Geoscience has prepared a series of grids and enhancements covering Mid West Western Australia
as part of the Carnarvon Basin SEEBASE® Study and GIS for Department of Mines and Petroleum,
Government of Western Australia (refer to location map, right).
This appendix (Appendix I) covers the geophysical data processing for the following:
a) Digital Elevation Model (DEM)
b) Gravity
c) Magnetics
All colour shaded relief images of DEM, gravity and magnetic data have been produced with a NE sun shade.
Data Extents
The data coverage extends roughly from -19.15° to -29.25° Latitude and 111.4° to 117.6° Longitude.
Coordinate System
All geophysical data processing and production of grids and images have been carried out in easting and
nothing coordinates in GDA94 MGA Zone 50. The projected coordinate system properties are detailed below.

Projection

Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

PROJECT CODE: GSW702
Distributed under Creative Commons 4.0.
The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for commercial
decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin SEEBASE®

Introduction

Projection Name:
Projection Method:
False Easting:
False Northing:
Central Meridian:
Scale Factor:
Latitude of Origin:
Linear Unit:

GDA 1994 MGA Zone 50
Transverse Mercator
500000.0
10000000.0
117.0
0.9996
0.0
Metre (1.0)

Coordinate system parameters.

Legend
SEEBASE Area

Location of the Carnarvon Basin SEEBASE™ Study and GIS. The light red polygon defines the Project AOI and the dark red polygon
defines the Geophysics AOI.
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DEM PROCESSING

This appendix (Appendix Ia) documents the data evaluation and processing of digital elevation data by
Frogtech Geoscience covering the Carnarvon Basin SEEBASE® Study and GIS. Digital elevation model (DEM)
datasets (containing one or more data files) from publicly available data were downloaded for project use.
The location and extent of the DEM data is shown in Figure 1.1.
Frogtech Geoscience has stitched the following DEM datasets for project use:
1. Geoscience Australia (GA) 50m Multibeam Dataset of Australia, 50m grid cell size.
2. SRTM3 (v1), 90m grid cell size.
3. SRTM30 Plus (v11), 900m grid cell size.
Dataset resolution varies from 50 m to 900 m in grid cell size. Frogtech Geoscience have resampled all
datasets to 100 m grid cell size to stitch the grids together. In some cases datasets from different sources
cover the same area. In such areas, the best quality dataset has been selected to produce the stitched DEM
grid. The stitched DEM grid has a cell size of 100 m extending roughly from -19.15° to -29.25° Latitude and
111.4° to 117.6° Longitude.
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Figure 1.1:

DEM Dataset Location Map.
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DEM DATA PROCESSING

The DEM grid for the study area has been generated by Frogtech Geoscience from the 50m Multibeam
Dataset of Australia. The location and extent of the DEM data is shown in Figure 1.2.
Figure 1.2 contains a clip of multibeam data held by Geoscience Australia on August 2012 within the
specified area. Clipped out data consisted of single beam traces. The data has been re-gridded to 100m
resolution to ensure there are no artefacts created when stitched with the other datasets at different
resolutions.

50m Multibeam Dataset of Australia was supplied by the Commonwealth of Australia (Geoscience Australia)
in August, 2012.
Reference:

2012, Wilson, O., Spinoccia, M. and Buchanan, C., 50m Multibeam Dataset of Australia.

For source data information refer to http://www.ga.gov.au/metadata-gateway/metadata/record/73842/
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Figure 1.2:

50m Multibeam Dataset of Australia DEM, grid cell size 100 m.
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DEM PROCESSING

The SRTM3 (v1) DEM for the study area has been generated by Frogtech Geoscience from the Shuttle Radar
Topography Mission (SRTM) 3 Arc-second data. The location and extent of the DEM data is shown in Figure
1.3.
In order to avoid high-frequency distortion for such a high-resolution global dataset, the SRTM3 data has
been upward continued by 90 m (one grid cell size) before stitching with other DEM datasets and then
producing enhancements. The individual and stitched DEM grid and image provided in the ArcGIS folder has
not been upward continued.

The Shuttle Radar Topography Mission (SRTM) obtained elevation data on a near-global scale to generate the
most complete high-resolution digital topographic database of Earth. SRTM is an international project
spearheaded by the National Geospatial-Intelligence Agency (NGIA) and the National Aeronautics and Space
Administration (NASA). Elevation data of the entire world (except the oceans) is available at a 90 metre
resolution.
The SRTM3 (v1) was sourced online from the public DAP server made available to Geosoft Oasis Montaj
technology users. SRTM3 DEM has a horizontal grid spacing of 3 arc-seconds (approximately 90 metres) and
the vertical error is estimated to be 16 metres. Global coverage is between 60 degrees N and S and the data
is provided in WGS84 datum Geodetic, Lat-Long projection.

Reference: NASA (2000) National Aeronautics and Space Administration.
For details see the SRTM Homepage: http://www2.jpl.nasa.gov/srtm/.
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Figure 1.3.:

SRTM3 (v1) DEM, grid cell size 100m.
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DEM PROCESSING

The DEM grid for the study area has been generated by Frogtech Geoscience from the SRTM30 Plus (30 Arcseconds) v11 DEM data. The location and extent of the DEM data is shown in Figure 1.4.
The data is supplied at a station spacing of approximately 900 m (30 Arc-seconds). The data is re-gridded at a
cell size of 100 m to be able to be stitched with the other datasets, from this process artefacts are produced.
To remove the artefacts a low-pass 4 km filter was applied to the dataset. A filter length of this size did not
remove any signal, it only removed the high frequency artefacts produced by gridding.

SRTM30 Plus is a global DEM with a horizontal grid spacing of 30 arc-seconds comprising a combination of
land data from the USGS SRTM30 gridded DEM data product created with data from the NASA Shuttle Radar
Topography Mission, and ocean data based on the Smith and Sandwell global 1- minute grid.
Satellite Topography from the Scripps Institution of Oceanography (SIO), National Oceanic and Atmospheric
Administration (NOAA), U.S. Navy, National Geospatial-Intelligence Agency (NGA) and General Bathymetric
Chart of the Oceans (GEBCO).
Reference:

Becker, J. J., D. T. Sandwell, W. H. F. Smith, J. Braud, B. Binder, J. Depner, D. Fabre3, J. Factor, S.
Ingalls, S-H. Kim, R. Ladner, K. Marks, S. Nelson, A. Pharaoh, G. Sharman, R. Trimmer, J. Von
Rosenburg, G. Wallace, P. Weatherall., Global Bathymetry and Elevation Data at 30 Arc Seconds
Resolution: SRTM30_PLUS, Marine Geodesy, 32:4, 355-371, 2009.
Smith, W. H. F., and D. T. Sandwell, Global seafloor topography from satellite altimetry and ship
depth soundings, Science, v. 277, p. 1957-1962, 26 Sept., 1997.

For details see the SRTM Homepage: http://www2.jpl.nasa.gov/srtm/. For source data information refer to
http://topex.ucsd.edu/marine_topo/mar_topo.html.
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Figure 1.4:

SRTM30 Plus (V11) DEM, grid cell size 100 m.
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DEM PROCESSING

The DEM data used for the Bouguer Gravity correction has been generated by Frogtech Geoscience from the
Sandwell and Smith Satellite Topography (v18.1) data. The location and extent of the DEM data is shown in
Figure 1.5.
Note : This data was not used in the DEM stitch.

The satellite topography data was downloaded from Scripps Institution Of Oceanography. The data has a grid
cell size of 1-minute or 0.0167 degree, equivalent to about 2 km and is provided in WGS84 datum Geodetic,
Lat-Long projection.
Satellite Topography v18.1 (released October 2, 2014) from the Scripps Institution of Oceanography (SIO),
National Oceanic and Atmospheric Administration (NOAA), U.S. Navy, National Geospatial-Intelligence
Agency (NGA) and General Bathymetric Chart of the Oceans (GEBCO).
Reference: Smith, W. H. F., and D. T. Sandwell, Global seafloor topography from satellite altimetry and ship
depth soundings, Science, v. 277, p. 1957-1962, 26 Sept., 1997.
For source data information refer to http://topex.ucsd.edu/marine_topo/mar_topo.html.
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Satellite Topography v18.1
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Figure 1.5:

Satellite Topography (V18.1) DEM, grid cell size 900 m.
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DEM PROCESSING

The final stitched DEM image illustrating the extent of the DEM data coverage (as indicated by the regions of
the various datasets) is shown in Figure 1.6.
The stitched DEM grid has a cell size of 100 m.
The following enhancements have been generated and can be located in the accompanying ArcGIS project.
• Digital Elevation Model
• First Vertical Derivative (1VD) of DEM
• DEM Automatic Gain Control - window size 50/200 grid cells
• DEM Analytic Signal
• DEM Modulus Filter
• DEM Tilt Filter
• DEM ZS-Edge Filter
• DEM ZS-Edgezone Filter
• DEM Ternary Image -Tilt, MS and AGC
• DEM Ternary Image -Tilt, MS and ZS-Edge
• DEM Ternary Image -Tilt, MS and ZS-Edgezone
• DEM Ternary Image -Tilt, ZS-Edge and MS

Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

PROJECT CODE: GSW702
Distributed under Creative Commons 4.0.
The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for commercial
decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin SEEBASE®

Frogtech Geoscience Stitched DEM

Legend

Figure 1.6:

Stitched DEM, grid cell size 100 m.

SEEBASE Area
Geophysics Area
Coastline
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GRAVITY PROCESSING

This appendix (Appendix Ib) documents the data evaluation and processing of gravity data by Frogtech
Geoscience covering the Carnarvon Basin SEEBASE® Study and GIS. Geophysical gravity datasets (containing
one or more data files) from publicly available data were downloaded for project use. The location and
extent of the gravity data is shown in Figure 2.1.
Frogtech Geoscience has stitched the following gravity datasets for project use:
1. Sandwell and Smith Satellite Free-Air Gravity (v24.1)
Available for downloaded from Scripps Institution Of Oceanography website
http://topex.ucsd.edu/WWW_html/mar_grav.html
2. Geological Survey of Western Australia, Gravity anomaly grid (400m) of Western Australia (2017 –
version1), http://www.dmp.wa.gov.au/Geological-Survey/Regional-geophysical-survey-data-1392.aspx
A summary table of input datasets is shown Table 2.1 below. Dataset resolution varies from 400 m to 2 km in
grid cell size. Frogtech Geoscience resampled both grids to a 900 m grid cell size to be stitched together. In
some cases datasets from different sources cover the same area. In such areas, the best quality dataset has
been selected to produce the stitched gravity grid. The stitched Bouguer Gravity grid has a cell size of 900 m
extending roughly from -19.15° to -29.25° Latitude and 111.4° to 117.6° Longitude.
Datasets were stitched with some overlap across the coast due to differences in Bouguer gravity corrections
for various datasets over this area. The GSWA Gravity anomaly grid does not accurately represent gravity data
at the coast as its source of data is onshore gravity station data. The satellite gravity does not accurately
represent the shallow coastal water due to the method used to acquire the data being unreliable in shallow
water. Therefore, the data at coastal regions is a stitch of the two datasets together to provide a compromise.

Legend
Geophysics Area
SEEBASE Area
Coastline
Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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Frogtech Geoscience Stitched Gravity

GSWA Gravity Anomaly Grid 2017
Satellite Gravity v24.1 Bouguer Gravity Corrected 1.8g/cc
Satellite Gravity v24.1 Bouguer Gravity Corrected 2.2g/cc

Figure 2.1:

No

Data Group / Dataset

Custodian

Survey Type

Density (g/cmᶟ)

1

Satellite Free Air Gravity v24.1

NOAA

Satellite

1.80-2.20

2

GSWA Gravity anomaly grid of WA

GSWA

Ground

2.67

Table 2.1:

Gravity Survey Outline Location Map.

Station Spacing

Cell Size

Coordinate System

On/
Offshore

Year

Compilation

2 km

2 km

WGS84

Off

2017

No

200 m to 4 km

400 m

GDA94

On

2017

Yes

Gravity Survey Summary Table.
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GRAVITY DATA PROCESSING

The GSWA Gravity anomaly grid is shown in Figure 2.2 and a brief summary of the specifications is listed
below.
The data was downloaded from the Government of Western Australia, Department of Mines, Industry
Regulation and Safety website, http://www.dmp.wa.gov.au/Geological-Survey/Regional-geophysical-surveydata-1392.aspx.
The data was in grid format and gridded to an excellent quality.
The data did not require any editing or corrections to be made.
The data was collected from ground gravity stations with the
locations illustrated in Figure 2.3.

Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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GSWA Gravity anomaly grid of WA 2017

Data Type:

Bouguer Gravity

Density Correction:

2.67 g/cmᶟ (Spherical Cap Correction)

Data Format:

Located, Grid

Station Spacing:

Variable, 400 m to 2 km

Grid Cell Size:

400 m

Coordinate System:

GDA94, GEODETIC

Year:

2017

Data Custodian:

Geological Survey of Western Australia
(GSWA)

Processed By:

Geological Survey of Western Australia
(GSWA)

Figure 2.3:

GSWA Gravity Station Locations.

Legend

Figure 2.2:

GSWA Bouguer Gravity, Grid cell size 900 m. Units: GU (1GU=0.1mgal).

SEEBASE Area
Geophysics Area
Coastline
Gravity Station
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GRAVITY PROCESSING

Frogtech Geoscience downloaded the open file Sandwell and Smith Satellite Free-Air (FA) Gravity (Figure 2.4)
and Satellite Topography for project use. The Satellite Topography data is required for the calculation of the
Bouguer Gravity.

Please Note: The Satellite Gravity dataset was used for only the offshore region. A low pass filter with a cutoff wavelength of 5 km has been applied to the offshore Free-Air data prior to enhancement
processing to reduce the artefacts in the original data from the gridding process. The Satellite
Topography used for the bouguer gravity correction had a low pass filter with a cut-off
wavelength of 15 km applied. Some of the enhancements provided highlight these artefacts
and others help to minimise the effects. Caution is required when interpreting these images. In
some areas, it may be difficult to distinguish geological features from the artefacts.
The Free-Air dataset has been resampled from 2 km grid cell size to 900 m to be consistent with the other
datasets.

Grid Description
The Satellite Free-Air Gravity and Satellite Topography data were downloaded from Scripps Institution Of
Oceanography. The data has a grid cell size of 1-minute or 0.0167 degree, equivalent to about 2km and is
provided in WGS84 datum Geodetic, Lat-Long projection.
The main improvement of V24.1 with respect to V23.1 is 12 more months of CryoSat-2 data were added.
Satellite Free Air Gravity V24.1 (released June 23rd , 2017) from the Scripps Institution of Oceanography (SIO),
National Oceanic and Atmospheric Administration (NOAA), U.S. Navy and National Geospatial-Intelligence
Agency (NGA).
Reference:

Sandwell, D. T., R. D. Müller, W. H. F. Smith, E. Garcia, R. Francis, New global marine gravity
model from CryoSat-2 and Jason-1 reveals buried tectonic structure, Science, Vol. 346, no.
6205, pp. 65-67, doi: 10.1126/science.1258213, 2014.
Sandwell, D. T., and W. H. F. Smith, Global marine gravity from retracked Geosat and ERS-1
altimetry: Ridge Segmentation versus spreading rate, J. Geophys. Res., 114, B01411,
doi:10.1029/2008JB006008, 2009.
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Satellite Free-Air Gravity v24.1

Sandwell, D. T., E. Garcia, K. Soofi, P. Wessel, and W. H. F. Smith, Towards 1 mGal Global Marine
Gravity from CryoSat-2, Envisat, and Jason-1, The Leading Edge, 32(8), 892-899. doi:
10.1190/tle32080892.1, 2013.
For source information refer to http://topex.ucsd.edu/WWW_html/mar_grav.html.

For source data information refer to http://topex.ucsd.edu/marine_topo/mar_topo.html.

Legend

Figure 2.4:

Satellite Free-Air Gravity, grid cell size 900 m.

SEEBASE Area
Geophysics Area
Coastline
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GRAVITY PROCESSING

Topography or bathymetry has an effect on the Free-Air gravity data and must be corrected using a Bouguer
Gravity correction. To successfully apply the Bouguer Gravity correction, an accurate density of the material
being subtracted must be applied. If the correct density correction is applied, an elevation increase will not
be represented in the Bouguer Gravity correction, only variations in subsurface densities will be represented.
The offshore region appears to have a higher density in the shallow shelf region and a lower density further
offshore in the oceanic crust.

Frogtech carried out a series of tests over different regions to determine a suitable density to apply in the
Bouguer Gravity correction. Different density corrections with a range between 1.8 and 2.4g/cc were tested
across the AOI. The results shown in Figure 2.5 highlight the effect of density on the Bouguer corrected
data. It highlights that a density of 1.8g/cc removes the change in topographic while higher densities over
compensate for the topography change (black circles). A density of 1.8g/cc produces a Bouguer gravity high
due to the topography, while a correction of 2.2g/cc is levelled (red circle). Therefore, a density correction
of 1.8g/cc have been applied for all depths deeper than 200 m sea level and a 2.2g/cc correction applied to
the continental shelf with depths ranging between 0 to 200 m below sea level.

GU

m

Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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Bouguer Gravity Density Correction

Figure 2.5:

Bouguer Gravity Corrections, Northern Line.

Figure 2.5:

Bouguer Gravity Corrections, Southern Line.

m

GU

m

m
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Figure 2.6:

Location of Bouguer Gravity Test Lines over Topography.
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GRAVITY PROCESSING

The Frogtech Geoscience stitched TMI includes data from two (2) sources:
1. Sandwell and Smith Satellite Free-Air Gravity (v24.1)
Available for downloaded from Scripps Institution Of Oceanography website
http://topex.ucsd.edu/WWW_html/mar_grav.html
2. Geological Survey of Western Australia, Gravity anomaly grid (400m) of Western Australia (2017 –
version1), http://www.dmp.wa.gov.au/Geological-Survey/Regional-geophysical-survey-data1392.aspx
The stitched Bouguer Gravity (Figure 2.7) has a density correction of 2.67 g/cc onshore and 1.80-2.20 g/cc
offshore and a grid cell size of 900 m.

Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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Frogtech Geoscience Stitched Gravity

Legend

Figure 2.7:

Stitched Bouguer Gravity (Onshore 2.67 g/cc and Offshore 1.80-2.20 g/cc), Grid cell size 900 m.

SEEBASE Area
Geophysics Area

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by correcting the FA gravity
anomaly dataset for effects of elevation and effects of density variation due to bathymetry and topography.

Coastline
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GRAVITY PROCESSING

The Isostatic correction calculates a depth to the Moho (the
"root") (Figure 2.8) using the topographic grid, terrain density,
Moho density contrast and water depth compensation. It then
calculates the 3-D gravity response of that root, at sea level, out
to 166.7 km. The output must be combined with a solution
beyond 166.7 km to make a complete Airy regional. The
Isostatic correction grid (Figure 2.9) is subtracted from the
Bouguer grid (Figure 2.10) to produce the corrected Isostatic
gravity (Figure 2.11).
Note that the Root Depth image (Figure 2.8) is not the
topography. The Root Depth represents the depth to the Moho
calculated using the topographic grid and other parameters. The
long wavelengths of the Bouguer gravity field correlate inversely
with the long wavelengths of topography. Masses or "roots" at
the base of the crust that support the topography cause this
correlation according to the theory of isostasy. These regionalscale anomalies are especially prominent in mountainous areas
and near the edges of continents (i.e. continental shelves) and
often obscure anomalies caused by upper crustal structures.
Figure 2.8

Root Depth, Grid cell size 900 m.

Other methods can be used for the removal of this topographic
signal. However, the Isostatic correction is preferable as it
accounts for the effect of the topographic "roots", thereby
removing the observed correction between Bouguer values and
topography. Isostatic residual gravity maps reveal more clearly
than most gravity maps the density distributions within the
upper crust that are of interest in most kinds of geologic and
tectonic analyses.

Figure 2.10

Bouguer Gravity, Grid cell size 900 m.

The isostatic correction for the Carnarvon Basin SEEBASE® Study
and GIS assumes an Airy-Heiskanen model with the following
parameters from the station to 166.7 km:
Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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Isostatic Correction

Figure 2.9

Isostatic Correction, Grid cell size 900 m.
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•

Density of topography above sea level, land 2.67 g/cm3

•

Density of topography above sea level, sea 1.80 g/cm3

•

Crustal thickness at sea level 30 km

•

Moho density contrast 0.40 g/cm3

Figure 2.11

Isostatic Residual Gravity, Grid cell size 900 m.
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Department of Mines, Industry Regulation and Safety

17

Spectral Analysis

Technique Background

Spectral analysis is used to determine the best wavelength (i.e. inverse of wavenumber) filters for data
enhancement. The power spectrum (Figure 2.13) can be related to depth, however the source bodies cannot
be identified.

Spectral analysis is a technique used to analyse characteristics of potential field data (magnetic and gravity) in
the frequency domain by using Fourier Transformation. The expressions for the potential field in the
frequency domain have simple and direct forms with separated factors including physical properties,
horizontal dimensional geometry, top depth, bottom depth, earth field vector, etc. The parameters of a body
can be estimated by analysing the energy spectrum of the anomaly. This technique is widely used in
interpreting potential field data. Since 1937, many geoscientists have developed and improved the
technology. The most impressive work was carried out by Spector (1968) and Spector and Grant (1970). They
considered an ensemble of bodies with varied depth, width, thickness and magnetisation as a statistical
model and made the assumption that the observed magnetic anomaly were caused by several ensemble
blocks. The basic model used in their method is the tabular prism model. They carried out spectral analysis
on total magnetic field data and demonstrated how the average depths of deep-seated anomalies and nearsurface anomalies and the thickness of shallow bodies could be determined.

Wavelength 300 km
Wavelength 200 km
Wavelength 100 km

Wavelength 50 km
Wavelength 30 km

The technique has been further developed by many geophysicists and applied widely in potential field
geophysics. Dr Zhiqun Shi has further developed and applied the depth estimation and anomaly separation
technique to gravity and magnetic field data since 1978.
The advantages of the technique are that it is easy use, it allows fast computation and may also provide
depth estimations for the bulk of unclear shaped magnetic or gravity sources, which do not produce
distinctive anomalies.
The disadvantages of the technique are listed as follows:
1.

The solutions are relatively inaccurate compared to other modelling techniques.

2.

The estimated solutions are not easily related to the individual anomalies.

3.

The shapes of estimated sources are unknown.

This technique can be used as a tool to assist in obtaining regional magnetic or gravity basement depths
quickly.

Figure 2.13
Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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GRAVITY PROCESSING

Radial Energy Distribution of the Bouguer Gravity Grid.

The data example above is well distributed in the frequency domain. A portion of the radial energy spectrum
of the grid is shown in the top graph. Four or more sections can be identified with boundaries relating to
different anomaly wavelengths. Anomaly wavelength (not to be confused with source depth) is determined
from the wave number on the x-axis (Wavelength = 1/wavenumber x 1000). Between these boundaries,
each section has a straight slope; the break points are marked by a red line and the relative wavelengths of
the break points are marked beside each line. In this example, the data can be roughly separated by
wavelengths greater than 300 km, 200 km, 100 km, 50 km and 30 km. An approximate depth corresponding
to a particular wavelength can be found in the lower diagram. Wavelength-depth relationship is datasetspecific and must be determined for each dataset.
Based on the average wavelengths derived from the radial spectra, a set of low pass, high pass or band
pass filters are produced for the purpose of achieving a set of rough anomaly separation images. These are
used to isolate certain features and assist in a comprehensive geological interpretation of the complete
dataset.
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GRAVITY PROCESSING

The following enhancements have been generated and can be located in the accompanying ArcGIS project.

Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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Summary of Gravity Enhancements
•

Bouguer Gravity (BG)

•

First Vertical Derivative (1VD) of BG

•

Band Pass 30 – 100 km (BP50_150 km)

•

Band Pass 100 – 200 km (BP100_200 km)

•

Band Pass 100 – 300 km (BP100_300 km)

•

Bouguer Gravity 30 km High pass Stitched / Bouguer Gravity 50 km Low pass Stitched

•

Bouguer Gravity 50 km High pass Stitched / Bouguer Gravity 50 km Low pass Stitched

•

Bouguer Gravity 100 km High pass Stitched / Bouguer Gravity 100 km Low pass Stitched

•

Bouguer Gravity 200 km High pass Stitched / Bouguer Gravity 200 km Low pass Stitched

•

Bouguer Gravity 300 km High pass Stitched / Bouguer Gravity 300 km Low pass Stitched

•

Bouguer Gravity Horizontal Gradient along EW

•

Bouguer Gravity Horizontal Gradient along NS

•

Bouguer Gravity Automatic Gain Control - window size 50 / 200 grid cells

•

Bouguer Gravity Analytic Signal

•

Bouguer Gravity Modulus Filter

•

Bouguer Gravity Tilt Filter

•

Bouguer Gravity ZS-Area Filter

•

Bouguer Gravity ZS-Block Filter

•

Bouguer Gravity ZS-Edge Filter

•

Bouguer Gravity ZS-Edgezone Filter

•

Bouguer Gravity ZS-Plateau Filter

•

Bouguer Gravity ZS-Trend Filter

•

Bouguer Gravity Ternary Image -Tilt, MS and AGC

•

Bouguer Gravity Ternary Image -Tilt, MS and ZS-Edge

•

Bouguer Gravity Ternary Image -Tilt, MS and ZS-Edgezone

•

Bouguer Gravity Ternary Image -Tilt, ZS-Edge and MS

•

Isostatic Residual (Iso Res)

•

Isostatic Regional (Iso Reg)

•

Root Depth

Gravity enhancement images are presented in Appendix II.
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MAGNETIC PROCESSING

This appendix (Appendix Ic) documents the data evaluation and processing of magnetic data by Frogtech
Geoscience covering the Carnarvon Basin SEEBASE® Study and GIS. Geophysical magnetic datasets
(containing one or more data files) covering the project area were obtained for project use. The location and
extent of the magnetic data is shown in Figure 3.1.

Frogtech Geoscience has stitched the following magnetic datasets for project use:
1. Geological Survey of Western Australia, Magnetic anomaly grid (90m) of Western Australia (2017 –
version1), http://www.dmp.wa.gov.au/Geological-Survey/Regional-geophysical-survey-data-1392.aspx
2. Geoscience Australia, Magnetic Anomaly Map of Australia v6. Downloaded using the Geophysical
Archive Data Delivery System (GADDS) on the Australian Government's Geoscience Portal at
http://www.geoscience.gov.au/gadds.
3. Geoscience Australia, Magnetic Anomaly Map of Australia v3. Downloaded using the Geophysical
Archive Data Delivery System (GADDS) on the Australian Government's Geoscience Portal at
http://www.geoscience.gov.au/gadds.
4. Geoscience Australia, Levelled Magnetic Data Covering the Southwest Margin of Australia.
Downloaded using the Geophysical Archive Data Delivery System (GADDS) on the Australian
Government's Geoscience Portal at http://www.geoscience.gov.au/gadds.

A summary table of input datasets is shown Table 3.1 on the following page. Dataset resolution varies from
90 m to 1000 m in grid cell size. In some cases datasets from different sources cover the same area. In such
areas, the best quality dataset has been selected to produce the stitched magnetic grid.
The stitched grid has a cell size of 90 m extending roughly from -19.15° to -29.25° Latitude and 111.4° to
117.6° Longitude.

Study and GIS. Frogtech Pty Ltd, Canberra, Australia.
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Frogtech Geoscience Stitched Magnetics

Legend
Geophysics Area
SEEBASE Area
Coastline
GSWA Magnetic Anomaly Grids of Western Australia 2017 v1

Figure 3.1:

Magnetic Dataset Location Map.

Geoscience Australia Magmap v3
Geoscience Australia Magmap v6
Geoscience Australia South West Margin Surveys Magnetics
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MAGNETIC PROCESSING

No

Data Group / Dataset

Survey Type/Name

Data Type

Magnetics

1

GSWA merged magnetic anomaly grid of Western
Australia, 2016 – version1

Airborne

Grid

TMI / RTP

2

GA Magnetic Anomaly Map of Australia v6

Airborne

Grid

TMI / RTP

3

GA Magnetic Anomaly Map of Australia v3

Airborne

Grid

TMI

4

GA Levelled Magnetic Data Covering the
Southwest Margin of Australia.

Shipborne

Grid/Location

TMI / RTP

Table 3.1:

Airborne
Survey Terrain Line/Tie Spacing
Clearance
80-1600 m / 800
40 to 100 m
– 16,000 m
80-1600 m / 800
40 to 100 m
– 16,000 m
80-1600 m / 800
40 to 100 m
– 16,000 m
0m

Variable

Cell Size
(m)

Coordinate
System

On/
Offshore

Year

Stitching

80

GDA94 LL

On/Offshore

2016

Yes

90

GDA94 LL

On/Offshore

2015

Yes

1000

GDA94 LL

On/Offshore

2002

Yes

500

GDA94 MGA49

On/Offshore

2011

Yes

Summary Table of Input Magnetic Datasets.
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MAGNETIC PROCESSING

The TMI of the GA South West Margin survey is shown in Figure 3.2 and a brief summary of the specifications
is listed below. The grid data supplied is levelled shipborne TMI data, which extends across the Carnarvon,
Mentelle and Perth basins, enclosing 106-120°E and 19-37°S.. The original grid cell size is 500m and regridded to 90m for the magnetic grid stitching purpose.
As the magnetic data was collected by ship, the line spacing is not consistent, leaving large regions with gaps
in the data, contrasted by other regions with a moderate line spacing and good data. Frogtech Geoscience
stitched magnetic data in the regions with close line spacing into the stitched magnetic grid.

Data Type:

Shipborne TMI, RTP

Data Format:

Grid/Location

Line Spacing:

Variable

Tie Spacing:

Variable

Survey Height:

Sea Level

Grid Cell Size:

500 m

Coordinate System:

GDA94, MGA49

Year:

2011

Data Custodian:

Geoscience Australia (GA)

Processed By:

Geoscience Australia (GA)
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GA South West Margin Marine Surveys Magnetics

Legend

Figure 3.2:

GA South West Margin TMI, Grid cell size 90 m.
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MAGNETIC PROCESSING

Frogtech Geoscience downloaded the Sixth Edition Total Magnetic Intensity Anomaly Grid (Magmap v6) for
project use. The TMI is shown in Figure 3.3.
The quality of the magmap TMI grid is excellent and the data has been used for project use.
Magmap v6 was used in preference to the GSWA magnetic anomaly grid due to an error in levelling of the
offshore magnetics in the GSWA grid. Otherwise the two datasets are similar, except for a small portion to
the North-East, where the Magmap V6 is no data.

Grid Description
Magmap (file magmap_v6_2015) is a composite TMI grid of the Australian region with a grid cell spacing of
~3 seconds of arc (approximately 80 m). This grid only includes airborne-derived TMI data for onshore and
near-offshore continental areas.
Since the fifth edition was released in 2010 data from 41 new surveys have been added to the database,
acquired mainly by the State and Territory Geological Surveys. It is estimated that 31 500 000 line-kilometres
of survey data were acquired to produce the grid data.

The Magnetic Map of Australia grid can be downloaded using the Geophysical Archive Data Delivery System
(GADDS) on the Australian Government's Geoscience Portal at http://www.geoscience.gov.au/gads.
References: Milligan, P.R., Minty, B.R.S., Richardson, M. & Franklin, R., 2009. The Australia-wide Airborne
Geophysical Survey – accurate continental magnetic coverage. Preview, 138, 70.
Milligan, P.R., Franklin, R., Minty, B.R.S., Richardson, L.M. and Percival, P.J., 2010. Magnetic
Anomaly Map of Australia (Fifth Edition), 1:5 000 000 scale, Geoscience Australia, Canberra.
Percival, P.J., 2014. Index of airborne geophysical surveys (Fourteenth Edition). Geoscience
Australia Record 2014/014.
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Sixth Edition Total Magnetic Intensity (TMI) Anomaly Grid of Australia

Legend

Figure 3.3:

Magmap v6 TMI, Grid cell size 90 m.
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MAGNETIC PROCESSING

Frogtech Geoscience downloaded the Third Edition Total Magnetic Intensity Anomaly Grid (Magmap v3) for
project use. Original grid cell size is 1000m and re-gridded to 90m for the stitching purpose. The TMI is
shown in Figure 3.4.
Magmap v3 was included due to its extension of data to the North-West and to infill gaps in the South West
Margin Surveys to the South. The data is of moderate quality comprising of shipborne surveys at varying
inconsistent line spacings.

Grid Description
Magmap (file magmap_v3_2002) is a composite TMI grid of the Australian region with a grid cell spacing of
0.01 degrees, approximately 1 km. This grid includes airborne and shipborne derived TMI data for onshore
and offshore areas.

The Magnetic Map of Australia grid can be downloaded using the Geophysical Archive Data Delivery System
(GADDS) on the Australian Government's Geoscience Portal at http://www.geoscience.gov.au/gads.
References: Geoscience Australia (2002) Petkovic, P. and Milligan, P.,Magnetic anomaly grid of the
Australian region, 3.1., Digital Dataset. Canberra: Geoscience Australia, http://www.ga.gov.au.
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Third Edition Total Magnetic Intensity (TMI) Anomaly Grid of Australia

Legend

Figure 3.4:

Magmap v3 TMI, Grid cell size 90 m.
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MAGNETIC DATA PROCESSING

The GSWA magnetic anomaly grid of Western Australia 2017 v1 is shown in Figure 3.5 and a brief summary of
the specifications is listed below.
The data was downloaded from the Government of Western Australia, Department of Mines, Industry
Regulation and Safety website, http://www.dmp.wa.gov.au/Geological-Survey/Regional-geophysical-surveydata-1392.aspx.
For the region included in the stitch, the data was in grid format and gridded to an excellent quality. The data
did not require any editing or corrections to be made.

Grid Description
The 80m Magnetic Merged Grid of Western Australia 2017 v1 is a composite TMI grid of the West Australian
region.
The grid combines merged magnetic anomaly data from onshore and offshore WA.
It is generated from Federal and State government data sets acquired with a line spacing of 500 metres or
less and over 1300 open file Company data sets at various line spacings. The Geoscience Australia magnetic
grid of Australia V6 2015 (Nakamura, 2015) has been used as a base reference grid and is also used to
complete the background areas where closer spaced data are not available. Matching of the grids was
achieved using a program called Gridmerge, which was originally developed within Geoscience Australia and
has now been commercialised. These grids are supplied in ERMapper format. The horizontal datum and
projection are GDA94, GEODETIC. The grid cell size is 0. 000833333 degrees (approx. 80 metres).
Reference:
Brett, JW 2017, 80 m magnetic merged grid of Western Australia 2017 version 1: Geological Survey of
Western Australia, Perth.
Brett, JW 2017, 80 m magnetic RTP merged grid of Western Australia 2017 version 1: Geological Survey of
Western Australia, Perth. This grid only includes airborne-derived TMI data for onshore and near-offshore
continental areas.
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GSWA Magnetic anomaly grid of Western Australia 2017 v1

Legend

Figure 3.5:

GSWA Magnetic TMI (2016 V1), Grid cell size 90 m.
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MAGNETIC PROCESSING

The Frogtech Geoscience stitched TMI includes data from four (4) sources:
1. Geological Survey of Western Australia, Magnetic anomaly grid (400m) of Western Australia (2017 –
version1), http://www.dmp.wa.gov.au/Geological-Survey/Regional-geophysical-survey-data-1392.aspx
2. Geoscience Australia, Magnetic Anomaly Map of Australia v6. Downloaded using the Geophysical
Archive Data Delivery System (GADDS) on the Australian Government's Geoscience Portal at
http://www.geoscience.gov.au/gadds.
3. Geoscience Australia, Magnetic Anomaly Map of Australia v3. Downloaded using the Geophysical
Archive Data Delivery System (GADDS) on the Australian Government's Geoscience Portal at
http://www.geoscience.gov.au/gadds.
4. Geoscience Australia, Levelled Magnetic Data Covering the Southwest Margin of Australia.
Downloaded using the Geophysical Archive Data Delivery System (GADDS) on the Australian
Government's Geoscience Portal at http://www.geoscience.gov.au/gadds.
The stitched TMI grid has a grid cell size of 90 m (Figure 3.6).
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Frogtech Geoscience Stitched Magnetics

Legend

Figure 3.6:

Stitched TMI, Grid cell size 90 m.
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Spectral Analysis

Technique Background

Spectral analysis is used to determine the best wavelength (i.e. inverse of wavenumber) filters for data
enhancement. The power spectrum (Figure 3.7) can be related to depth, however the source bodies cannot
be identified.

Spectral analysis is a technique used to analyse characteristics of potential field data (magnetic and gravity) in
the frequency domain by using Fourier Transformation. The expressions for the potential field in the
frequency domain have simple and direct forms with separated factors including physical properties,
horizontal dimensional geometry, top depth, bottom depth, earth field vector, etc. The parameters of a body
can be estimated by analysing the energy spectrum of the anomaly. This technique is widely used in
interpreting potential field data. Since 1937, many geoscientists have developed and improved the
technology. The most impressive work was carried out by Spector (1968) and Spector and Grant (1970). They
considered an ensemble of bodies with varied depth, width, thickness and magnetisation as a statistical
model and made the assumption that the observed magnetic anomaly were caused by several ensemble
blocks. The basic model used in their method is the tabular prism model. They carried out spectral analysis
on total magnetic field data and demonstrated how the average depths of deep-seated anomalies and nearsurface anomalies and the thickness of shallow bodies could be determined.
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The technique has been further developed by many geophysicists and applied widely in potential field
geophysics. Dr Zhiqun Shi has further developed and applied the depth estimation and anomaly separation
technique to gravity and magnetic field data since 1978.
The advantages of the technique are that it is easy use, it allows fast computation and may also provide
depth estimations for the bulk of unclear shaped magnetic or gravity sources, which do not produce
distinctive anomalies.
The disadvantages of the technique are listed as follows:

0.25

DEPTH ESTIMATE
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MAGNETIC PROCESSING

1.

The solutions are relatively inaccurate compared to other modelling techniques.

2.

The estimated solutions are not easily related to the individual anomalies.

3.

The shapes of estimated sources are unknown.

This technique can be used as a tool to assist in obtaining regional magnetic or gravity basement depths
quickly.

Radial Energy Distribution of the Magnetic RTP Grid.

The data example above is well distributed in the frequency domain. A portion of the radial energy spectrum
of the grid is shown in the top graph. Four or more sections can be identified with boundaries relating to
different anomaly wavelengths. Anomaly wavelength (not to be confused with source depth) is determined
from the wave number on the x-axis (Wavelength = 1/wavenumber x 1000). Between these boundaries,
each section has a straight slope; the break points are marked by a red line and the relative wavelengths of
the break points are marked beside each line. In this example, the data can be roughly separated by
wavelengths greater than 300 km, 200km, 100 km, 30 km and 5 km. An approximate depth corresponding to
a particular wavelength can be found in the lower diagram. Wavelength-depth relationship is datasetspecific and must be determined for each dataset.
Based on the average wavelengths derived from the radial spectra, a set of low pass, high pass or band
pass filters are produced for the purpose of achieving a set of rough anomaly separation images. These are
used to isolate certain features and assist in a comprehensive geological interpretation of the complete
dataset.
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MAGNETIC PROCESSING

The following enhancements have been generated and can be located in the accompanying ArcGIS project.
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Summary of Magnetic Enhancements
•

Total Magnetic Intensity (TMI)

•

Reduction to the Pole (RTP)

•

Compound Anomaly (CA) of RTP

•

RTP First Vertical Derivative (1VD)

•

RTP First Vertical Derivative (1VD) low pass 1/5 km

•

RTP high pass (HP) 5, 30, 100, 200 and 300 km

•

RTP low pass (LP) 1, 5, 30, 100, 200 and 300 km

•

Compound Anomaly (CA) of RTP high pass 300 km

•

RTP Automatic Gain Control, window size 50 / 100 / 150 / 200 (AGC50 / 100 / 150 / 200)

•

RTP Automatic Gain Control low pass 1 km, window size 100 / 150 / 200 (AGC100 / 150 / 200)

•

RTP AS

•

RTP MS

•

RTP Tilt

•

RTP Horizontal Dervitive EW and NS

•

RTP ZS-Area

•

RTP ZS-Block

•

RTP ZS-Edge

•

RTP ZS-Edgezone

•

RTP ZS-Plateau

•

RTP ZS-Trend

•

RTP ZS Ternary Tilt/MS/AGC

•

RTP ZS Ternary Tilt/MS/Edge

•

RTP ZS Ternary Tilt/MS/Edgezone

•

RTP ZS Ternary Tilt/Edge/MS

Magnetic enhancement images are presented in Appendix II.

Frogtech Geoscience
Post: PO Box 250, Deakin West ACT 2600, AUSTRALIA
Office: Suite 17F, Level 1, 2 King Street, Deakin West ACT 2600, AUSTRALIA
T: +61 02 6283 4800, E: info@frogtech.com.au W: frogtechgeoscience.com.au

Government of Western Australia
Department of Mines, Industry Regulation and Safety

FROGTECH GEOSCIENCE
Suite 17F, Level 1, 2 King Street
Deakin West ACT, 2600
AUSTRALIA
Telephone +61 (0)2 6283 4800 | frogtechgeoscience.com
GEODYNAMICS | POTENTIAL FIELD GEOPHYSICS | STRUCTURAL GEOLOGY
PLATE RECONSTRUCTIONS | BASIN ANALYSIS | SEISMIC AND WELL LOG INTERPRETATION
PETROLEUM SYSTEMS ANALYSIS | SEEBASE®

2018 Carnarvon Basin

®
SEEBASE
APPENDIX II – GEOPHYSICS
ENHANCEMENTS

A GLOBAL LEADER IN
GEOSCIENCE

1

TABLE OF CONTENTS

2018 CARNARVON BASIN SEEBASE® STUDY AND GIS
APPENDIX II: GEOPHYSICAL ENHANCEMENTS
November 2018
Table of Contents
Appendix II – GEOPHYSICAL ENHANCEMENT
Ia DEM
Ib GRAVITY
Ic MAGNETICS

Carnarvon Basin SEEBASE®
Project Team
2
2
16
54

Geodynamics:
Guillaume Sanchez, PhD (Principal Geoscientist)
Lynn Pryer, PhD (Principal Geoscientist)

Geophysics:
Adam Kroll, BSc (Hons) (Senior Geophysicist)
Zhiqun Shi, PhD (Principal Geophysicist)

GIS:
Chris Pietrucha, BSc (GIS Specialist)

Reviewers:
Karen Connors, PhD (Principal Geoscientist)

PROJECT CODE: GSW702
The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data
available to them. No liability is accepted for commercial decisions or actions made resulting from this report.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is:

Frogtech Geoscience, Carnarvon Basin SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

Office: Suite 17F, Level 1
2 King Street
Deakin West ACT 2600
AUSTRALIA

Post:

PO Box 250
Deakin West ACT 2600
AUSTRALIA

T:
E:
W:

+61 02 6283 4800
info@frogtech.com.au
frogtechgeoscience.com.au

2018 SEEBASE Carnarvon Basin

IIa. DEM
ENHANCEMENTS
FROGTECH GEOSCIENCE

3

DIGITAL ELEVATION MODEL
TITLE STYLE

A digital elevation model (DEM) is a raster-based digital dataset of the topography or
terrain (hypsometry and/or bathymetry). It is also widely known as a digital terrain
model (DTM). The DEM data is used to highlight topographic features related to
structure and is also required for processing of the Free Air data and the calculation of
the Bouguer and isostatic corrections.
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DIGITAL ELEVATION MODEL
TITLE STYLE

The first vertical derivative filter (1VD) reduces the effects of regional anomalies and
enhances near surface contrasts by amplifying the high frequency component of the
spectrum. The 1VD filter enhances anomalies caused by shallow sources and by the top
parts of deep bodies or bodies with a large depth-extent. Anomaly peaks can be used to
locate the centres of sources or the steeper sides of bodies. The zero contour lines can
be used to locate boundaries of sources. Note that noise, as well as near surface
features are enhanced in this process.
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DIGITAL ELEVATION MODEL

The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
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DIGITAL ELEVATION MODEL

The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.

SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for
commercial decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin

PROJECT CODE: GSW702
Distributed under Creative Commons 4.0.

CLICK TO
EDIT
MASTER
TITLE
STYLE
Automatic
Gain
Control
- Window
Size 200
grid cells

Frogtech Geoscience
Post: PO Box 250, Deakin West ACT 2600, AUSTRALIA
Office: Suite 17F, Level 1, 2 King Street, Deakin West ACT 2600, AUSTRALIA
T: +61 02 6283 4800, E: info@frogtech.com.au W: frogtechgeoscience.com.au

Government of Western Australia
Department of Mines, Industry Regulation and Safety

7

DIGITAL ELEVATION MODEL
MASTER TITLE STYLE

The Analytic Signal (AS) is used to evaluate major field variations and structures. The AS
filter calculates the total amplitude of the three directional derivatives (in E-W, N-S and
vertical directions). Local peaks in the AS profile are interpreted as edges of source
bodies and the shape of the peak contains information about depth to the edge. In the
absence of high-frequency noise and aliasing in the data, horizontal locations from
Analytic Signal are highly accurate.
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The Modulus (MS), or Horizontal Gradient Magnitude (HGM), filter is a tool for outlining
the boundaries of magnetic sources, but is also useful for enhancing DEM and gravity
data. The filter is calculated from a pair of orthogonal horizontal derivatives. The
resultant field consists of positive values. The peaks of horizontal modulus anomalies
indicate the edges of a source body. The amplitude of the filtered anomaly retains
information about the properties of the sources.
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The Tilt filter is calculated from the ratio of the first vertical derivative (1VD) and the
modulus of horizontal gradients (MS). The function of the filter is to enhance both
strong and weak anomalies at their centres and also to emphasise the edges of broad
anomalies. The Tilt filter produces similar shapes to the 1VD, however the amplitudes
are greatly condensed to a small range, and therefore the anomalies appear sharper.
For isolated sources, the tilt angle is positive over the source, crosses through zero at or
near the edge of a vertical sided source, and is negative outside the source region. The
Tilt filter significantly enhances subtle anomalies in areas of relatively flat response,
enabling the continuity of major structures to be interpreted. As with a 1VD, noise is
also enhanced by this filter.

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
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The ZS-Edge filter is a Frogtech Geoscience proprietary filter and has been developed to
map source edges. The filter compresses the amplitude range and responds equally
well to shallow and deep sources. Also, a greater contribution of the anomaly
amplitude over the source is retained, thereby improving anomaly characterisation at
the partial expense of edge sharpness.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
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The ZS-Edgezone filter is a Frogtech Geoscience proprietary filter. This filter was
developed to increase the sharpness of anomalies that indicate the edge of source
bodies. The filter results in an anomaly around the edge of a body rather than over the
peak. The Edgezone filter compresses the amplitude range and responds equally well to
shallow or deep sources, and equally well to strong or weak anomalies. This filter differs
from the ZS-Edge filter in that less contribution of the anomaly amplitude over the
source is retained; therefore edge sharpness is increased while anomaly
characterisation is compromised.

The numerical range of values for this filter has not been displayed as the result no
longer corresponds to a natural unit of measurement for this data type. Dynamic range
can be gauged by colour range, with high (red) to low (blue).
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A digital elevation model (DEM) is a raster-based digital dataset of the topography or
terrain (hypsometry and/or bathymetry). It is also widely known as a digital terrain
model (DTM). The DEM data is used to highlight topographic features related to
structure and is also required for processing of the Free Air data and the calculation of
the Bouguer and isostatic corrections.
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
ZS-Edge (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
and retains the anomaly amplitude over the source thereby improving anomaly
characterisation and the mapping of source edges. This image is also of use in
accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
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A digital elevation model (DEM) is a raster-based digital dataset of the topography or
terrain (hypsometry and/or bathymetry). It is also widely known as a digital terrain
model (DTM). The DEM data is used to highlight topographic features related to
structure and is also required for processing of the Free Air data and the calculation of
the Bouguer and isostatic corrections.
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
ZS-Edgezone (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
across shallow or deep sources with strong or weak anomalies. This image is also of use
in accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
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A digital elevation model (DEM) is a raster-based digital dataset of the topography or
terrain (hypsometry and/or bathymetry). It is also widely known as a digital terrain
model (DTM). The DEM data is used to highlight topographic features related to
structure and is also required for processing of the Free Air data and the calculation of
the Bouguer and isostatic corrections.
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
AGC (yellow) enhancement filters to produce a highly detailed image. The enhancement
image highlights the edges of broad anomalies, enhances subtle anomalies in areas of
relatively flat response, and shows continuity of major structures across areas with
varying intensity. This image is also of use in accurately locating anomalies as no sun
angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
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A digital elevation model (DEM) is a raster-based digital dataset of the topography or
terrain (hypsometry and/or bathymetry). It is also widely known as a digital terrain
model (DTM). The DEM data is used to highlight topographic features related to
structure and is also required for processing of the Free Air data and the calculation of
the Bouguer and isostatic corrections.
The CMY ternary image combines the results of the Tilt (cyan), ZS-Edge (magenta) and
Modulus (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
and retains the anomaly amplitude over the source thereby improving anomaly
characterisation and the mapping of source edges. This image is also of use in
accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
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Introduction to Gravity Data Enhancement

Enhancement Processing of Gravity Data

Gravity data are measurements of the gravitational attraction due to the mass of the Earth. The gravity field
observed at the Earth's surface is the combination of the planet's main field and more subtle effects related
to density variations within the rocks of the Earth's crust and upper mantle. Gravity measurements made on
the surface of the Earth must be corrected in various ways to remove Earth's main field and the gravitational
effects due to changes in elevations and topographic masses. Once these corrections have all been made, the
result is an anomaly map which reflects subsurface anomalous density distributions. Mapping of these
density variations is the primary use of gravity anomalies.

Gravity data evaluation has been conducted on the individual datasets. Enhancement processing has been
carried out for the final stitched dataset. The images which are likely to be most useful for this project are
highlighted below.

Gravity anomalies provide fundamental geophysical information about Earth structure and dynamics.
Principally, they are the result of density heterogeneities due to local geology. They provide valuable
information on dense sources, including shallow and deep sources such as dense basement rocks. Free-Air
and terrain corrected Bouguer gravity anomalies are standard datasets for geological analysis. The major
aims of image processing are to highlight subtle features from the various sources and separate anomalies
from different source depths.

•

Free-Air: The Free-Air (FA) Gravity Anomaly data provides the raw gravity dataset. FA is computed by
correcting the observed gravity for the latitude and elevation of the measurement location relative to
mean sea level (MSL). FA is useful for first pass interpretation and quality checking of subsequent
calculations and is a key reference image when evaluating the enhanced images.

•

Bouguer Anomaly: The Bouguer anomaly removes the effect of varying heights of rock of specific
density between the measurement point and a common datum such as the mean sea level. In recent
years, the spherical cap Bouguer correction is performed, which removes the effect from topography as
discussed but the reference datum takes into consideration the curvature of the earth.. The result is the
complete spherical cap Bouguer anomaly. For this project, spherical Bouguer anomaly data were
supplied and terrain corrected. The Bouguer anomaly removes the effects of short wavelength elevation
differences, but emphasises the effects of long wavelengths.

•

Isostatic Residual Anomaly: An Isostatic Residual (IsoResidual) gravity field is similar to the Bouguer
gravity field, except the effects of long wavelength anomalies related to mass deficiencies at depth
(caused by topographic loads) have been removed (as discussed for the Isostatic regional correction). The
Isostatic Residual grid is calculated by subtracting the Isostatic Regional field from the Bouguer gravity
anomaly.

•

First Vertical Derivative: – The First Vertical derivative (1VD) enhances shallow sources and reduces
regional field effects. It will therefore be useful in assessing faults, dykes and sills.

•

High pass: The high pass (HP) filter is designed to look at anomalous features in the upper crust.

•

Low pass: The low pass (LP) filter is designed to look at the regional scale, long wavelength features.

A summary of image processing techniques used to achieve various outcomes are:
•

Enhancement of near surface features (i.e. intrabasinal features) – 1VD (first vertical derivative).

•

Reduction of noise in data – upward continuation (using a cell size distance).

•

Enhancement of deep features (i.e. basement) – low pass filter, or large distance upward continuation
filter.

•

Enhancement of shallow features (i.e. surface anomalies) – high pass filter.

•

Enhancement of structure (e.g. in basement) – Tilt filter and 1VD

•

Enhancement of edges – ZS-Edgezone and ZS-Edge filters.

•

Enhancement of boundaries – horizontal modulus / horizontal gradient.
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The first vertical derivative filter (1VD) reduces the effects of regional anomalies and
enhances near surface contrasts by amplifying the high frequency component of the
spectrum. The 1VD filter enhances anomalies caused by shallow sources and by the top
parts of deep bodies or bodies with a large depth-extent. Anomaly peaks can be used to
locate the centres of sources or the steeper sides of bodies. The zero contour lines can
be used to locate boundaries of sources. Note that noise, as well as near surface
features are enhanced in this process.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A Band pass (BP) filter passes frequencies within a certain range and substantially
attenuates (reduces) frequencies outside that range. The 30 - 100km BP filter
emphasises anomalies with wavelengths between 30 and 100km. However, caution is
warranted when interpreting the data, because the signals may also arise from aliasing
of sources at other depths.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A Band pass (BP) filter passes frequencies within a certain range and substantially
attenuates (reduces) frequencies outside that range. The 100 - 200km BP filter
emphasises anomalies with wavelengths between 100 and 200km. However, caution is
warranted when interpreting the data, because the signals may also arise from aliasing
of sources at other depths.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A Band pass (BP) filter passes frequencies within a certain range and substantially
attenuates (reduces) frequencies outside that range. The 100 - 300km BP filter
emphasises anomalies with wavelengths between 100 and 300km. However, caution is
warranted when interpreting the data, because the signals may also arise from aliasing
of sources at other depths.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 30km HP filter emphasises anomalies
with wavelengths less than 30km.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY
STYLE

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 50km HP filter emphasises anomalies
with wavelengths less than 50km.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 100km HP filter emphasises
anomalies with wavelengths less than 100km.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 200km HP filter emphasises
anomalies with wavelengths less than 200km.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 300km HP filter emphasises
anomalies with wavelengths less than 300km.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³

SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for
commercial decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin

PROJECT CODE: GSW702
Distributed under Creative Commons 4.0.

CLICK TO
EDIT
MASTER
TITLE
Bouguer
Gravity
300km
High pass

Frogtech Geoscience
Post: PO Box 250, Deakin West ACT 2600, AUSTRALIA
Office: Suite 17F, Level 1, 2 King Street, Deakin West ACT 2600, AUSTRALIA
T: +61 02 6283 4800, E: info@frogtech.com.au W: frogtechgeoscience.com.au

Government of Western Australia
Department of Mines, Industry Regulation and Safety

28
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 30km LP filter emphasises anomalies
with wavelengths greater than 30km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 50km LP filter emphasises anomalies
with wavelengths greater than 50km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³

SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for
commercial decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin

PROJECT CODE: GSW702
Distributed under Creative Commons 4.0.

CLICK TO
EDIT
MASTER
Bouguer
Gravity
50km
Low passTITLE

Frogtech Geoscience
Post: PO Box 250, Deakin West ACT 2600, AUSTRALIA
Office: Suite 17F, Level 1, 2 King Street, Deakin West ACT 2600, AUSTRALIA
T: +61 02 6283 4800, E: info@frogtech.com.au W: frogtechgeoscience.com.au

Government of Western Australia
Department of Mines, Industry Regulation and Safety

30

GRAVITY
STYLE

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 100km LP filter emphasises
anomalies with wavelengths greater than 100km. However, caution is warranted when
interpreting the data, because the signals may also arise from aliasing of shallower
sources.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 200km LP filter emphasises
anomalies with wavelengths greater than 200km. However, caution is warranted when
interpreting the data, because the signals may also arise from aliasing of shallower
sources.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY
STYLE

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 300km LP filter emphasises
anomalies with wavelengths greater than 300km. However, caution is warranted when
interpreting the data, because the signals may also arise from aliasing of shallower
sources.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³

SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for
commercial decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin

PROJECT CODE: GSW702
Distributed under Creative Commons 4.0.

CLICK TO
EDIT
MASTER
TITLE
Bouguer
Gravity
300km
Low pass

Frogtech Geoscience
Post: PO Box 250, Deakin West ACT 2600, AUSTRALIA
Office: Suite 17F, Level 1, 2 King Street, Deakin West ACT 2600, AUSTRALIA
T: +61 02 6283 4800, E: info@frogtech.com.au W: frogtechgeoscience.com.au

Government of Western Australia
Department of Mines, Industry Regulation and Safety

33

SEEBASE® Study and GIS. Frogtech Pty Ltd, Canberra, Australia.

The conclusions and recommendations expressed in this report represent the opinions of the authors based on the data available to them. No liability is accepted for
commercial decisions or actions made resulting from this report. SEEBASE® and SABRE® are registered trademarks of Frogtech Pty Ltd.
Please cite this work appropriately if all or parts of it are used or altered for use in other documents. The correct citation is: Frogtech Geoscience, 2018, Carnarvon Basin

PROJECT CODE: GSW702
Distributed under Creative Commons 4.0.

GRAVITY
CLICK TO
EDIT
MASTER
Bouguer
Gravity
Automatic
GainTITLE
ControlSTYLE
- Window Size
50 grid cells
The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The Analytic Signal (AS) is used to evaluate major field variations and structures. The AS
filter calculates the total amplitude of the three directional derivatives (in E-W, N-S and
vertical directions). Local peaks in the AS profile are interpreted as edges of source
bodies and the shape of the peak contains information about depth to the edge. In the
absence of high-frequency noise and aliasing in the data, horizontal locations from
Analytic Signal are highly accurate.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The Modulus (MS), or Horizontal Gradient Magnitude (HGM), filter is a tool for outlining
the boundaries of magnetic sources, but is also useful for enhancing DEM and gravity
data. The filter is calculated from a pair of orthogonal horizontal derivatives. The
resultant field consists of positive values. The peaks of horizontal modulus anomalies
indicate the edges of a source body. The amplitude of the filtered anomaly retains
information about the properties of the sources.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The Tilt filter is calculated from the ratio of the first vertical derivative (1VD) and the
modulus of horizontal gradients (MS). The function of the filter is to enhance both
strong and weak anomalies at their centres and also to emphasise the edges of broad
anomalies. The Tilt filter produces similar shapes to the 1VD, however the amplitudes
are greatly condensed to a small range, and therefore the anomalies appear sharper.
For isolated sources, the tilt angle is positive over the source, crosses through zero at or
near the edge of a vertical sided source, and is negative outside the source region. The
Tilt filter significantly enhances subtle anomalies in areas of relatively flat response,
enabling the continuity of major structures to be interpreted. As with a 1VD, noise is
also enhanced by this filter.

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
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GRAVITY

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The Horizontal Derivative (HD) or Directional Horizontal Gradient (HG) filter reduces
regional variation and enhances signals from shallow sources. The anomaly amplitudes
preserve the polarity of the original anomaly amplitude. The HD filter calculates the
rate of change in a specific horizontal direction, therefore application of HD enhances
anomalies perpendicular to the filter orientation. The north-south HD enhances eastwest trending structural anomalies and suppresses the structures along the north-south
direction. The HD filter enhances the expression of the edges of anomalies (source
edges are defined by the maximum amplitude). This enhancement also facilitates
interpretation of fault and contact features. It is complementary to the first vertical
derivative enhancement. It usually produces a more exact location for faults than the
first vertical derivative.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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GRAVITY

The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The Horizontal Derivative (HD) or Directional Horizontal Gradient (HG) filter reduces
regional variation and enhances signals from shallow sources. The anomaly amplitudes
preserve the polarity of the original anomaly amplitude. The HD filter calculates the
rate of change in a specific horizontal direction, therefore application of HD enhances
anomalies perpendicular to the filter orientation. The east-west HD enhances northsouth trending structural anomalies and suppresses the structures along the east-west
direction. The HD filter enhances the expression of the edges of anomalies (source
edges are defined by the maximum amplitude). This enhancement also facilitates
interpretation of fault and contact features. It is complementary to the first vertical
derivative enhancement. It usually produces a more exact location for faults than the
first vertical derivative.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The ZS-Area filter is a Frogtech Geoscience proprietary filter. The ZS-Area filter maps the
zonal extent of potential field sources or source regions.
The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The ZS-Block filter is a Frogtech Geoscience proprietary filter. The filter has the effect of
transforming the data into zones that may relate to lithological variations. The filter
produces sharp edges and the amplitudes of original anomalies have been normalised
and compressed into a reduced range.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The ZS-Edge filter is a Frogtech Geoscience proprietary filter and has been developed to
map source edges. The filter compresses the amplitude range and responds equally
well to shallow and deep sources. Also, a greater contribution of the anomaly
amplitude over the source is retained, thereby improving anomaly characterisation at
the partial expense of edge sharpness.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The ZS-Edgezone filter is a Frogtech Geoscience proprietary filter. This filter was
developed to increase the sharpness of anomalies that indicate the edge of source
bodies. The filter results in an anomaly around the edge of a body rather than over the
peak. The Edgezone filter compresses the amplitude range and responds equally well to
shallow or deep sources, and equally well to strong or weak anomalies. This filter differs
from the ZS-Edge filter in that less contribution of the anomaly amplitude over the
source is retained; therefore edge sharpness is increased while anomaly
characterisation is compromised.

The numerical range of values for this filter has not been displayed as the result no
longer corresponds to a natural unit of measurement for this data type. Dynamic range
can be gauged by colour range, with high (red) to low (blue).
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The ZS-Plateau filter is a Frogtech Geoscience proprietary filter. This filter depicts the
data as a 2D plan of apparent source distribution. The anomalies covered by the source
region appear to form a plateau against a background of relatively low amplitude
regional anomalies.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The ZS-Trend filter is a Frogtech Geoscience proprietary filter. The function of the filter
is to significantly enhance the details of potential field variations, and especially
highlight the trends from the data. It produces a peak over the anomaly and highlights
subtle features even more strongly than the tilt filter. The amplitudes of all anomalies
are positive.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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An Isostatic Residual (Iso Residual) gravity field is derived from the Bouguer gravity field,
where the effects of long wavelength anomalies related to mass deficiencies at depth
(caused by topographic loads) have been removed (as discussed for the Isostatic
Regional correction).

The Isostatic Residual grid is calculated by subtracting the

Isostatic Regional field from the Bouguer gravity anomaly. Isostatic residual gravity data
often reveal more clearly than Bouguer gravity data, the density distributions within the
upper crust that are of interest in most types of geologic and tectonic analyses.
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The Isostatic Regional (or Isostatic Correction) is a correction applied to gravity data to
compensate for lateral density or thickness variations between large blocks of the
Earth's crust. The correction assumes an isostatic model and removes the effect of longwavelength variations in the gravity field inversely related to topography. In the
calculation of the isostatic regional grid, Frogtech Geoscience assumes Airy-Heiskanen's
hypothesis in which the crust has a constant density, and topographic loads are
compensated by the crustal thickness.
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The Root depth (Root) dataset is produced during the process of isostatic correction,
but is generally not used for interpretation. The root depth represents the depth to the
Moho, and is calculated using a topographic grid, terrain density, Moho density
contrast, and depth of sea level compensation.
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A digital elevation model (DEM) is a raster-based digital dataset of the topography or
terrain (hypsometry and/or bathymetry). It is also widely known as a digital terrain
model (DTM). The DEM data is used to highlight topographic features related to
structure and is also required for processing of the Free Air data and the calculation of
the Bouguer and isostatic corrections.
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
ZS-Edge (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
and retains the anomaly amplitude over the source thereby improving anomaly
characterisation and the mapping of source edges. This image is also of use in
accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
ZS-Edgezone (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
across shallow or deep sources with strong or weak anomalies. This image is also of use
in accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
AGC (yellow) enhancement filters to produce a highly detailed image. The enhancement
image highlights the edges of broad anomalies, enhances subtle anomalies in areas of
relatively flat response, and shows continuity of major structures across areas with
varying intensity. This image is also of use in accurately locating anomalies as no sun
angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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The Bouguer Gravity (BG) anomaly provides the basic gravity dataset. It is produced by
correcting the Free-Air (FA) gravity anomaly dataset for effects of elevation and effects
of density variation due to bathymetry and topography.
The CMY ternary image combines the results of the Tilt (cyan), ZS-Edge (magenta) and
Modulus (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
and retains the anomaly amplitude over the source thereby improving anomaly
characterisation and the mapping of source edges. This image is also of use in
accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
Density Onshore 2.67 g/cm³
Density Offshore 1.80 - 2.20 g/cm³
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Introduction to Magnetic Data Enhancement

Enhancement Processing of Magnetic Data

Aeromagnetic data measures variations in the Earth’s magnetic field caused by variations in the magnetic
properties of the underlying rocks. It provides information on numerous magnetic sources, including deep
sources such as the structure and composition of magnetic basement and shallow sources such as
intrasedimentary magnetic units (e.g. volcanics, intrusions, and magnetic sedimentary layers), as well as
cultural features. A standard TMI image will contain information from all these sources. The major aims of
image processing are to highlight the more subtle features from the various sources, separate anomalies
from different source depths, and to accurately position anomalies (i.e. so that they sit over their source).

Magnetic data was evaluated for each individual datasets. Enhancement processing has been completed for
only the final stitched dataset. The images which are likely to be most useful for this project are listed below.
•

TMI - Although this dataset does not provide information on the correct position of anomalies, it is
important to remember that it provides the raw dataset. It is therefore a key reference image when
evaluating the enhanced images.

•

RTP – The RTP transformation is used to attempt to obtain a correct location and shape for the magnetic
sources depending on the magnetic latitude of the area of interest. The location of sources, particularly
source edges, can more readily be determined when the magnetic data has been reduced to the pole. It
should be noted that the RTP transform fails in low magnetic latitude regions and does not work for
bodies with remanent magnetisation (unless the remanent field is known). In this project area, the RTP
transformation is applied to the magnetic data.

•

Compound Anomaly (CA) – Used for dealing with data in low magnetic latitude areas or with data
derived from strong remanently magnetised sources. The filter simplifies the remanent anomaly shape
and correctly locates the source body. High amplitude anomalies indicate high susceptibility or strong
remanently magnetised sources. Low amplitude or flat anomalies reflect a source with weak magnetic
susceptibility. CA produces positive amplitudes for all anomalies. In areas with remanent magnetisation,
the representation of all anomalies as positive can assist in the interpretation of basement lithologies
and major structures.

•

First Vertical Derivative (1VD) – The First Vertical Derivative image of the RTE and other filters was used
to enhance shallow sources and reduce regional field effects.

•

High pass – The high pass filter is designed to emphasise magnetic anomalies with wavelengths less than
the cut-off frequency. The 100km High Pass image of the TMI has been used to enhance shallow sources
and reduce regional field effects.

•

Low pass – The low pass filter is designed to emphasise magnetic anomalies with wavelengths greater
than the cut-off frequency.

•

Automatic Gain Control (AGC) – The AGC filter boosts the signal in areas of low magnetic field variability
and reduces signal amplitude in areas of high variability by removing the background components and
then equalising the signal across the area. The AGC filter highlights continuity of structures across areas
with different magnetic intensity.

•

Ternary Image – The Ternary image produces a highly detailed image of magnetic data. The combination
of the enhancement filters improve anomaly characterisation by highlighting the edges of broad
magnetic anomalies, enhancing subtle anomalies in areas of relatively flat magnetic response, and
showing continuity of major structures. These images may also assist in accurately locating features as no
sun angle is applied to the image.

A summary of image processing techniques used to achieve various outcomes is given below.
•

Accurate location – RTP (Reduction to the Pole), RTE (Reduction to the Equator; used in low magnetic
latitudes), Compound Anomaly, Analytic Signal and Low Magnetic Latitude filter.

•

Enhancement of near surface features (i.e. intrabasinal features) – 1VD (first vertical derivative) and high
pass filter.

•

Enhancement of deep features (i.e. basement) – low pass filter (using 100 – 200 km depending on depth
of interest), or large distance upward continuation filter.

•

Reduction of noise in data – upward continuation (using a cell size distance)

•

Enhancement of structure (e.g. in basement) – Tilt filter and 1VD.

•

Enhancement of magnetic anomalies – Compound Anomaly and Analytic Signal.

•

Enhancement of edges – ZS-Edge and ZS-Edgezone filter.

•

Enhancement of boundaries – horizontal modulus / horizontal gradient.
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The Total Magnetic Intensity (TMI) is the measurement of total magnetic field at a
location with the International Geomagnetic Reference Field (IGRF) removed. The IGRF
is a spatially and time varying quantity. It is removed so that measurements at different
times and locations can be merged and compared. The TMI dataset provides the raw
dataset and is therefore a key reference dataset when evaluating the enhanced
datasets. However, the TMI dataset does not provide information on the correct
position of anomalies.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The first vertical derivative filter (1VD) reduces the effects of regional anomalies and
enhances near surface contrasts by amplifying the high frequency component of the
spectrum. The 1VD filter enhances anomalies caused by shallow sources and by the top
parts of deep bodies or bodies with a large depth-extent. Anomaly peaks can be used to
locate the centres of sources or the steeper sides of bodies. The zero contour lines can
be used to locate boundaries of sources. Note that noise, as well as near surface
features are enhanced in this process.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Compound Anomaly (CA) enhancement is a Frogtech Geoscience proprietary filter.
This is a special tool for dealing with data in low magnetic latitude areas or with data
derived from strong remanently magnetised sources. The filter simplifies the remanent
anomaly shape and correctly locates the anomaly relative to the source body. High
amplitude anomalies indicate high susceptibility or strong remanently magnetised
sources. Low amplitude or flat anomalies reflect a source with weak magnetic
susceptibility. CA produces positive amplitudes for all anomalies. In areas with
remanent magnetisation, which can include strong negative anomalies, the
representation of all anomalies as positive can assist in interpretation of lithologies and
major structures.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The first vertical derivative filter (1VD) reduces the effects of regional anomalies and
enhances near surface contrasts by amplifying the high frequency component of the
spectrum. The 1VD filter enhances anomalies caused by shallow sources and by the top
parts of deep bodies or bodies with a large depth-extent. Anomaly peaks can be used to
locate the centres of sources or the steeper sides of bodies. The zero contour lines can
be used to locate boundaries of sources. Note that noise, as well as near surface
features are enhanced in this process.
The Compound Anomaly (CA) enhancement is a Frogtech Geoscience proprietary filter.
This is a special tool for dealing with data in low magnetic latitude areas or with data
derived from strong remanently magnetised sources. The filter simplifies the remanent
anomaly shape and correctly locates the anomaly relative to the source body. High
amplitude anomalies indicate high susceptibility or strong remanently magnetised
sources. Low amplitude or flat anomalies reflect a source with weak magnetic
susceptibility. CA produces positive amplitudes for all anomalies. In areas with
remanent magnetisation, which can include strong negative anomalies, the
representation of all anomalies as positive can assist in interpretation of lithologies and
major structures.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 5km HP filter emphasises anomalies
with wavelengths less than 5km.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 30km HP filter emphasises anomalies
with wavelengths less than 30km.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 100km HP filter emphasises
anomalies with wavelengths less than 100km.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 200km HP filter emphasises
anomalies with wavelengths less than 200km.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 300km HP filter emphasises
anomalies with wavelengths less than 300km.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Compound Anomaly (CA) enhancement is a Frogtech Geoscience proprietary filter.
This is a special tool for dealing with data in low magnetic latitude areas or with data
derived from strong remanently magnetised sources. The filter simplifies the remanent
anomaly shape and correctly locates the anomaly relative to the source body. High
amplitude anomalies indicate high susceptibility or strong remanently magnetised
sources. Low amplitude or flat anomalies reflect a source with weak magnetic
susceptibility. CA produces positive amplitudes for all anomalies. In areas with
remanent magnetisation, which can include strong negative anomalies, the
representation of all anomalies as positive can assist in interpretation of lithologies and
major structures.
A High pass (HP) filter passes high frequencies, but substantially attenuates (or reduces)
frequencies lower than the cut-off frequency. The 300km HP filter emphasises
anomalies with wavelengths less than 300km.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 1km LP filter emphasises anomalies
with wavelengths greater than 1km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The first vertical derivative filter (1VD) reduces the effects of regional anomalies and
enhances near surface contrasts by amplifying the high frequency component of the
spectrum. The 1VD filter enhances anomalies caused by shallow sources and by the top
parts of deep bodies or bodies with a large depth-extent. Anomaly peaks can be used to
locate the centres of sources or the steeper sides of bodies. The zero contour lines can
be used to locate boundaries of sources. Note that noise, as well as near surface
features are enhanced in this process.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 1km LP filter emphasises anomalies
with wavelengths greater than 1km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 5km LP filter emphasises anomalies
with wavelengths greater than 5km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The first vertical derivative filter (1VD) reduces the effects of regional anomalies and
enhances near surface contrasts by amplifying the high frequency component of the
spectrum. The 1VD filter enhances anomalies caused by shallow sources and by the top
parts of deep bodies or bodies with a large depth-extent. Anomaly peaks can be used to
locate the centres of sources or the steeper sides of bodies. The zero contour lines can
be used to locate boundaries of sources. Note that noise, as well as near surface
features are enhanced in this process.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 5km LP filter emphasises anomalies
with wavelengths greater than 5km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 30km LP filter emphasises anomalies
with wavelengths greater than 30km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 100km LP filter emphasises
anomalies with wavelengths greater than 100km. However, caution is warranted when
interpreting the data, because the signals may also arise from aliasing of shallower
sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 200km LP filter emphasises
anomalies with wavelengths greater than 200km. However, caution is warranted when
interpreting the data, because the signals may also arise from aliasing of shallower
sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 300km LP filter emphasises
anomalies with wavelengths greater than 300km. However, caution is warranted when
interpreting the data, because the signals may also arise from aliasing of shallower
sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 1km LP filter emphasises anomalies
with wavelengths greater than 1km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 1km LP filter emphasises anomalies
with wavelengths greater than 1km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Automatic Gain Control (AGC) filter aims to: 1) boost the signal in areas of low field
variability and 2) reduce signal amplitude in areas of high variability, by removing the
background components and then equalising the signal across the survey area. The
AGC filter highlights continuity of structures across areas with different intensity. Since
the AGC increases amplitude in areas of low variability it also increases noise in those
areas.
"The local gain is estimated using a moving window. The window Size is actually the
closest odd number less than or equal to the input value so that it may be centered
over each position. In this window the average RMS signal amplitude is calculated, and
is taken to be an estimate of the local signal gain" (Oasis Montaj Application Notes:
GRIDAGC GX).

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.
A Low pass (LP) filter passes low frequencies but substantially attenuates (or reduces)
frequencies higher than the cut-off frequency. The 1km LP filter emphasises anomalies
with wavelengths greater than 1km. However, caution is warranted when interpreting
the data, because the signals may also arise from aliasing of shallower sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Analytic Signal (AS) is used to evaluate major field variations and structures. The AS
filter calculates the total amplitude of the three directional derivatives (in E-W, N-S and
vertical directions). Local peaks in the AS profile are interpreted as edges of source
bodies and the shape of the peak contains information about depth to the edge. In the
absence of high-frequency noise and aliasing in the data, horizontal locations from
Analytic Signal are highly accurate.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Modulus (MS), or Horizontal Gradient Magnitude (HGM), filter is a tool for outlining
the boundaries of magnetic sources, but is also useful for enhancing DEM and gravity
data. The filter is calculated from a pair of orthogonal horizontal derivatives. The
resultant field consists of positive values. The peaks of horizontal modulus anomalies
indicate the edges of a source body. The amplitude of the filtered anomaly retains
information about the properties of the sources.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Tilt filter is calculated from the ratio of the first vertical derivative (1VD) and the
modulus of horizontal gradients (MS). The function of the filter is to enhance both
strong and weak anomalies at their centres and also to emphasise the edges of broad
anomalies. The Tilt filter produces similar shapes to the 1VD, however the amplitudes
are greatly condensed to a small range, and therefore the anomalies appear sharper.
For isolated sources, the tilt angle is positive over the source, crosses through zero at or
near the edge of a vertical sided source, and is negative outside the source region. The
Tilt filter significantly enhances subtle anomalies in areas of relatively flat response,
enabling the continuity of major structures to be interpreted. As with a 1VD, noise is
also enhanced by this filter.

Note that no unit applies to this filter; the colour bar shows the dynamic range in the
filter results.

Frogtech Geoscience
Post: PO Box 250, Deakin West ACT 2600, AUSTRALIA
Office: Suite 17F, Level 1, 2 King Street, Deakin West ACT 2600, AUSTRALIA
T: +61 02 6283 4800, E: info@frogtech.com.au W: frogtechgeoscience.com.au

Government of Western Australia
Department of Mines, Industry Regulation and Safety

84

MAGNETICS

The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Horizontal Derivative (HD) or Directional Horizontal Gradient (HG) filter reduces
regional variation and enhances signals from shallow sources. The anomaly amplitudes
preserve the polarity of the original anomaly amplitude. The HD filter calculates the
rate of change in a specific horizontal direction, therefore application of HD enhances
anomalies perpendicular to the filter orientation. The north-south HD enhances eastwest trending structural anomalies and suppresses the structures along the north-south
direction. The HD filter enhances the expression of the edges of anomalies (source
edges are defined by the maximum amplitude). This enhancement also facilitates
interpretation of fault and contact features. It is complementary to the first vertical
derivative enhancement. It usually produces a more exact location for faults than the
first vertical derivative.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The Horizontal Derivative (HD) or Directional Horizontal Gradient (HG) filter reduces
regional variation and enhances signals from shallow sources. The anomaly amplitudes
preserve the polarity of the original anomaly amplitude. The HD filter calculates the
rate of change in a specific horizontal direction, therefore application of HD enhances
anomalies perpendicular to the filter orientation. The east-west HD enhances northsouth trending structural anomalies and suppresses the structures along the east-west
direction. The HD filter enhances the expression of the edges of anomalies (source
edges are defined by the maximum amplitude). This enhancement also facilitates
interpretation of fault and contact features. It is complementary to the first vertical
derivative enhancement. It usually produces a more exact location for faults than the
first vertical derivative.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The ZS-Area filter is a Frogtech Geoscience proprietary filter. The ZS-Area filter maps the
zonal extent of potential field sources or source regions.
The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The ZS-Block filter is a Frogtech Geoscience proprietary filter. The filter has the effect of
transforming the data into zones that may relate to lithological variations. The filter
produces sharp edges and the amplitudes of original anomalies have been normalised
and compressed into a reduced range.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The ZS-Plateau filter is a Frogtech Geoscience proprietary filter. This filter depicts the
data as a 2D plan of apparent source distribution. The anomalies covered by the source
region appear to form a plateau against a background of relatively low amplitude
regional anomalies.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The ZS-Edge filter is a Frogtech Geoscience proprietary filter and has been developed to
map source edges. The filter compresses the amplitude range and responds equally
well to shallow and deep sources. Also, a greater contribution of the anomaly
amplitude over the source is retained, thereby improving anomaly characterisation at
the partial expense of edge sharpness.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The ZS-Edgezone filter is a Frogtech Geoscience proprietary filter. This filter was
developed to increase the sharpness of anomalies that indicate the edge of source
bodies. The filter results in an anomaly around the edge of a body rather than over the
peak. The Edgezone filter compresses the amplitude range and responds equally well to
shallow or deep sources, and equally well to strong or weak anomalies. This filter differs
from the ZS-Edge filter in that less contribution of the anomaly amplitude over the
source is retained; therefore edge sharpness is increased while anomaly
characterisation is compromised.

The numerical range of values for this filter has not been displayed as the result no
longer corresponds to a natural unit of measurement for this data type. Dynamic range
can be gauged by colour range, with high (red) to low (blue).
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The ZS-Trend filter is a Frogtech Geoscience proprietary filter. The function of the filter
is to significantly enhance the details of potential field variations, and especially
highlight the trends from the data. It produces a peak over the anomaly and highlights
subtle features even more strongly than the tilt filter. The amplitudes of all anomalies
are positive.

The numerical range of values for this filter does not correspond to a natural unit of
measurement for this data type. Dynamic range can be gauged by colour range, with
high (red) to low (blue).
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
ZS-Edge (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
and retains the anomaly amplitude over the source thereby improving anomaly
characterisation and the mapping of source edges. This image is also of use in
accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
ZS-Edgezone (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
across shallow or deep sources with strong or weak anomalies. This image is also of use
in accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The CMY ternary image combines the results of the Tilt (cyan), Modulus (magenta) and
AGC (yellow) enhancement filters to produce a highly detailed image. The enhancement
image highlights the edges of broad anomalies, enhances subtle anomalies in areas of
relatively flat response, and shows continuity of major structures across areas with
varying intensity. This image is also of use in accurately locating anomalies as no sun
angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
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The result of the Reduction to the Pole (RTP) operation is a magnetic field which would
be observed if the given field had been observed with vertical polarisation, that is, as
though observed at one of the Earth's magnetic poles. TMI data are routinely reduced
to the pole to attempt to shift anomalies directly over their source. Therefore the
location of sources, particularly source edges, can more readily be determined when
the magnetic data has been reduced to the pole. It should be noted that the RTP
transformation fails in low magnetic latitude regions and that it does not work for
bodies with remanent magnetisation (unless the remanent field is known).
The CMY ternary image combines the results of the Tilt (cyan), ZS-Edge (magenta) and
Modulus (yellow) enhancement filters to produce a highly detailed image. The
enhancement image highlights the edges of broad anomalies, enhances subtle
anomalies in areas of relatively flat response, and shows continuity of major structures
and retains the anomaly amplitude over the source thereby improving anomaly
characterisation and the mapping of source edges. This image is also of use in
accurately locating anomalies as no sun angle is applied to the image.

An RGB colour scale does not show the absolute units measured, it is to be viewed as a
ratio of high and low values of a particular filter relative to high and low values of
another filter.
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2018 CARNARVON BASIN SEEBASE STUDY AND GIS

The 2018 Carnarvon SEEBASE project has
markedly increased the resolution of the
Carnarvon Basin depth-to-basement model
compared to the 2005 version, improved identification
and mapped major structures, basement faults,
crustal architecture and basement composition.
These new products form a valuable pre-competitive
dataset for both the minerals and petroleum industries.

Frogtech Geoscience

In 2005, Frogtech Geoscience completed the ‘Structurally Enhanced
view of Economic BASEment’ (OZ SEEBASE) project, resulting in
a continental-scale depth-to-basement grid highlighting the
Phanerozoic basins across Australia. With the acquisition of
new potential field and seismic datasets in the
Carnarvon Basin since then, the Geological Survey
of Western Australia (GSWA) contracted
Frogtech Geoscience to revise the SEEBASE
model of the Carnarvon Basin, and to provide
interpretations of basement terrane and
lithology.

Further details of geological products and maps are available from:

www.dmp.wa.gov.au/GSWApublications
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