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Introduction
On 1 October 1970, the first issue of Quarterly Notes was
published by the Geological Survey of New South Wales
(GSNSW). It featured an article on the age of the Billabong
Creek Limestone by Lawrie Sherwin (who has gone on to
be the most-published author across the first 150 issues)
and a synthesis of Narrabeen Group nomenclature by
Chris Herbert.

with us in another half century, but I’m confident that
whatever it evolves into will continue to contribute to our
reputation and legacy as one of the world’s leading
geological surveys.

Dr Chris Yeats
Executive Director
Geological Survey of New
South Wales

Quarterly Notes issue one (QN1) included an Editorial Note
that stated:
‘Quarterly Notes of the Geological Survey of New South
Wales have been introduced to enable rapid publication of
short notes and progress reports. They will be issued on the
first day of January, April, July and October each year.’

1 November 2017

A little over 47 years on from that first issue, Quarterly
Notes remains true to that initial aim of rapid publication
of GSNSW’s latest results and interpretations of the state’s
geology. However, the goal of quarterly publication has
fallen away since the 1990s. It took only 26 years to reach
QN100 (again featuring a paper co-authored by Lawrie
Sherwin) in 1996, but the ensuing 50 issues have spanned
21 years.
Although Quarterly Notes typically focuses on the
GSNSW’s recent and ongoing work, as head of NSW’s
oldest continuously operating government agency, with a
history extending back to 1875, I’m conscious of the
contribution and the legacy of the leaders and staff who
have preceded me. There is a truism in all science that we
‘stand on the shoulders of giants’ and that is also true of
any scientific organisation. We have therefore decided to
make QN150 a retrospective issue, which tracks some of
the major advances and developments in geoscience,
technology and data systems in the near half-century
since QN1 was published. The issue also features the
recollections of 6 of the 7 individuals who have occupied
my current role, or its equivalent, since the publication of
the first Quarterly Notes in 1970. It’s fascinating to read
that as much as things have changed, some challenges,
such as availability and security of funding, and
government’s never-ending fascination with organisational
restructures, are constants through the years.
Looking back over the past few issues of Quarterly Notes
(I arrived at GSNSW shortly after the publication of
QN143 in May 2015), it’s clear that the geoscience being
undertaken by staff and published in Quarterly Notes
is as strong as it’s ever been. The production values of
the newsletter are also outstanding and are a credit to
our Publication and Outreach team, now led by Simone
Meakin, with production managed by Geneve Cox.
With outstanding staff, (relatively) secure funding and
world-class programs, data systems, publications and
products; GSNSW is well placed to continue to undertake
great geoscience and contribute to our state’s prosperity
well into the future. In a world where the delivery of
information is evolving at an unprecedented pace, it’s
unlikely that Quarterly Notes in its current form will still be
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Reflections

What changes did you see, and what
challenges did you overcome?
During my term there was a complete overhaul of NSW
exploration regulation, with tough streamlined rules
across all types of exploration activities. This affected a lot
of GSNSW staff, none more so than the Land Use & Titles
Advice unit, who put in an extraordinary effort to help the
greater division bring the new regulations into force by
July 2015.

Dr John Greenfield
Director of the Geological
Survey of New South Wales
2014–15

What were the most important initiatives
of GSNSW?
I was appointed Director in January 2014, after a hiatus of
four years since Lindsay Gilligan had resigned from the
position, and with 2/3 vacancies in senior management.
The most important initiative in that regard was to
restore the standing and confidence of the GSNSW
within the greater department. The GSNSW name was
restored (back from ‘Geosciences’), and within a greater
restructure, the Coal & Petroleum and Coal Innovation
units were returned to GSNSW for the first time in nine
years.
The New Frontiers Initiative, which changed funding
sources in July 2012, was now overseen by a new industry
liaison group made up of representatives of peak industry
bodies. The key project in New Frontiers was Cooperative
Drilling. This was the first time GSNSW has run such a
project since the Drilling Aid program (1960–1983). The
first round proved very popular with industry and $2
million was allocated in grants.
Other important New Frontiers projects included the
WB Clarke Geoscience Centre extension, the statewide
seamless geology project (QN145), the launch of
‘Common Ground’ community portal, and the start of the
roll-out of the Mineral Resource Audit to councils around
the state.

What do you consider the strengths of GSNSW?
The staff are very professional and really care about what
they do. Because of that, there is a sense of a family in
GSNSW. If you ask what level in the NSW Government that
the staff identify with, it is at the Geological Survey Branch
level. In general, staff are very passionate about geology
and the outdoors.
Our longevity as an agency and good record-keeping
has meant we have retained excellent corporate memory.
This has allowed us to tap into geological observations,
maps, reports and decision-making dating back to 1875.
This is all easily accessible and harnessed through digital
systems. We are truly building our knowledge on the
shoulders of past giants.
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There was also a change of department, with an
accompanying restructure of the GSNSW into ‘functional’
units, as opposed to the traditional ‘subject matter’
organisational structure. This also coincided with a ‘root
and branch’ change in administrative systems, with the
main benefit to GSNSW being that it allowed stronger
project management control over the 55 projects that
were active in 2014.

What do you consider the strengths of GSNSW?
A capacity to acquire and disseminate pre-competitive
geological data which stimulates exploration and
supports the sustainable development of the state’s
mineral resources.

Brad Mullard PSM
Executive Director Mineral
Resources 2009–14

What were the most important initiatives
of GSNSW?
During my time there were several significant initiatives
which advanced the geological knowledge of NSW.
The coverage of much of the state with modern high
resolution geophysical surveys which enhanced the
Geological Survey mapping programs enabling greater
confidence in interpreting the geology of the state
undercover and improving our knowledge of the state’s
sedimentary basins.
The coal resource identification program extended our
knowledge of the state’s coal and coal seam gas
resources particularly in the Gunnedah Basin and the
Western Coalfield.
A statewide mineral resource audit to provide data on the
location of mineral and extractive resources and potential
resource areas on a local government area (LGA) basis
to enable better land use planning and protection of
strategically important mineral resources.
Securing the $100 million Coal Innovation NSW Fund
which supported research, development and
demonstration of low emissions coal technologies. This
funding also supported the NSW CO2 Storage Assessment
Project with the aim of undertaking a statewide assessment
to identify potential storage opportunities in NSW. This
included the drilling of four deep stratigraphic wells in the
Sydney Basin and two wells in the Darling Basin, both of
which were identified as national priorities for precompetitive exploration by the National Carbon Storage
Taskforce.

The ability to contribute to the NSW Government’s policy
and economic development through the provision of
geological information and science-based advice.

What changes did you see?
A move away from a virtual total reliance on static hardcopy
mapping data to digital datasets which has enabled the
development of a NSW seamless geology. This resulted in
exploration companies and researchers having access to
the best available integrated geological data.
An increased focus on land use assessment to ensure
that resource potential was considered by government
agencies and local government as part of land use
planning and decision making. The aim was to prevent
unnecessary sterilisation of the mineral, petroleum and
extractive resources of NSW.

What challenges did you overcome?
Beginning with Discovery 2000, GSNSW required
initiative funding for much of its mapping, data acquisition
and information delivery. Given ongoing initiative
funding was only provided for limited periods of time, this
resulted in the organisation only being able to employ
large numbers of temporary staff on a temporary basis for
many of its programs. Loss of the initiative funding would
mean much of the Geological Survey’s programs would
be cancelled and also result in a significant reduction
in staffing. NSW Department of Treasury advised that
further initiative funding would not be made available
and subsequently the programs needed to become
self-funding in order to continue. A funding model was
developed and approved by the NSW Government which
enabled GSNSW programs to become self-funding on an
ongoing basis.

The Common Ground initiative recognised that in the
past much of the information provided by the Geological
Survey was tailored to the resource industry. Common
Ground was developed by the Geological Survey to
provide clear explanations of mining and production
titles to non-industry individuals and communities.
Common Ground describes the roles of community
and government in the decision-making process for
any proposed exploration or mining activity, as well as
providing site-specific data.
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What changes did you see?

Lindsay Gilligan PSM
Director of the Geological
Survey of New South Wales
2005–09

What were the most important initiatives
of GSNSW?
New Frontiers was clearly the most important GSNSW
initiative on my watch. Such initiatives, however,
commenced back in 1994 with Discovery 2000 and
then Exploration NSW. These programs dramatically
accelerated high-quality geophysical and geological
coverage across the state. These programs were critical
in providing the scientific information required to support
effective sustainable mineral and petroleum exploration.
These datasets also proved to be immensely valuable
in the major land use assessment programs that the
Geological Survey engaged in over the 1990s and
2000s such as Regional Forest Agreements and
Bioregion assessments. The datasets and prospectivity
methodologies deployed in these assessments
revolutionised land use evaluation and were instrumental
in developing evidence-based public policy. Likewise, the
Comprehensive Coastal Assessment and the excellent
Geological Survey 1:25 000 mapping program brought
resources and geosciences into central consideration in
policy development. This was also a time when crossagency engagement was immensely productive in
resolving land use conflicts, particularly in relation to
expansion of the National Parks and Wildlife Service
conservation estate.

What do you consider the strengths of GSNSW?
The measure of a strong geological survey is the quality of
its regional mapping programs. The GSNSW has benefited
immensely and continues to benefit from strong science
leadership in this critical endeavour of all geological
surveys. Geological mapping is not a ‘record and describe’
exercise. It is complex process of scientific interpretation
of the whys and wherefores of crustal evolution.
Experienced and talented geoscientists are fundamental
and NSW has been well blessed in this regard.
Good people make an organisation great and so it has
been with GSNSW in all its pursuits whether it be mapping
or map making, whether it be information and knowledge
acquisition or delivery of same. The NSW community
should feel well served by its Geological Survey of New
South Wales!
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Change has been the norm. Initiative funding over the
years has allowed the GSNSW to develop a potent
geoscience information access and delivery system.
The work devoted to this by many highly talented
professionals must not be underestimated. I remember
being alone in a darkened office in Bent St Sydney late
one evening in 1986 when I first saw all the state’s mineral
occurrences finally appear as a single display. The then
Mineral Resources Land Information System had delivered
a key dataset. Thirty years later such a ‘breakthrough’ is
passé. On-line access and delivery are now staggering in
their capacity, and it comes to us on our iPhone!
Radiometric dating and isotopic characterisation have
revolutionised geological mapping and mineral system
studies. These, taken together with modern geophysics
and quality geological mapping, have revolutionised our
understanding of the morphology and evolution of our
little bit of Earth’s crust.

What challenges did you overcome?
Challenges are what we all deal with everyday. In an
organisational sense, yes the Director is responsible, but
the truth is that challenges are addressed and solved
collectively. Arguably, the biggest change that we
experienced was the amalgamation into the Department
of Primary Industries in 2003. The move to Maitland in
2004 was a further challenge for all staff but ultimately it
provided the GSNSW an opportunity for renewal from
which it is now very much benefiting.
Today I see a strong and vibrant GSNSW and I take some
pride in being partly responsible for that.
Lindsay Gilligan PSM is currently Chairman Thomson
Resources Ltd, Director Governing Board DETCRC,
organisational consultant, and philosopher.

‘The promotion of mineral investment opportunities in NSW
requires, above all else, getting the right information to
the right people at the right time. DIGS® (Digital Imaging
of Geological System) on the internet is a lynchpin in this
strategy. Thus the minerals industry, including exploration
companies, can consult results of over 100 years of
exploration in NSW.’

Dr Ted Tyne
Director of GSNSW and
NSW Chief Government
Geologist 2002–05

The period of 2001–02 in the GSNSW, under the
leadership of John Cramsie, was a time of great
productivity and delivery of long term mapping projects
and outcomes, technical and scientific innovation and
forward thinking initiatives including Exploration NSW.
At this time, the shape of the mineral exploration sector
was also evolving with a shift to more junior companies
leading the exploration effort. These companies were
relying more on the Geological Survey’s regional mapping
and metallogenic expertise and advice as well as requiring
improved on-line access to the wealth of state geoscience
information and the historical exploration knowledgebase to support successful exploration project generation.
In 2002, GSNSW and Exploration NSW took the initiative
to more actively engage with industry and government
through the presentation of the first of the high-profile
public releases of new mapping coverages, geophysical
datasets and the latest geology, exploration and
metallogenic studies at NSW Parliament House — the
first ‘Exploration in the House’, the well-regarded public
geoscience event now held annually.
I was appointed Director in June 2002, following John
Cramsie’s retirement. Together with my Assistant
Directors, Lindsay Gilligan, John Watkins and Peter Lewis
and their staff, I took on the immediate task of planning for
these significant changes and addressing the findings and
recommendations of a major external review of GSNSW’s
responsibilities, functions and organisational structure.
The review highlighted a number of areas including,
mapping processes and resourcing, online access
to databases, coal, petroleum and land use matters,
customer focus and organisation, overall funding
needs and support to the exploration sector through
government-funded initiatives such as Exploration NSW.
The positive outcomes of the review led to further
organisational refinement of the mapping, land use
and minerals assessment, coal and petroleum and
Exploration NSW areas. A restructure brought together
the geoscience information and on-line delivery functions
with a strong focus on alignment with changing customer
needs and leading-practice web services.
The release of the new ‘DIGS on the Net’ in 2002 (QN112),
underscored the importance of supporting the industry:

Since 2000, the GSNSW and department strategy to more
comprehensively support the state’s mineral exploration
opportunities, leading to new discoveries, has been a
key point of strategic engagement and cross-border
collaboration between each of the state/NT geological
surveys and Geoscience Australia.
The unforeseen 2001/02 announcement by the NSW
Premier that the long standing Department of Mineral
Resources would join a new super-Department of Primary
Industries, and that GSNSW and some other mineral
resource functions would be moved in 2004 to the
regional city of Maitland, delivered a massive challenge
for managing change in the organisation and continuing
to build close working relationships with key stakeholders.
Over the period 2002–04, I worked with staff through
the complex machinery of government issues around
integration of the Department of Mineral Resources
(DMR) into the Department of Primary Industries as well as
planning for the regional relocation in 2004. In the same
time-frame, GSNSW teams continued to deliver world
class mapping and geoscience products including many
in support of the government’s Exploration NSW initiative.
The integration into the new department and the
relocation to Maitland were completed by late 2004,
while maintaining delivery of world-class statewide
mapping, data and geoscience and ever-improving
information services to the industry. The successful
achievement of these mighty challenges owes everything
to the resilience, diligence, commitment and loyalty of the
men and women of the Geological Survey of NSW.
In April 2005, I left the NSW Government Executive
Service to head the Government of South Australia’s
Mineral Resources agency in Adelaide as Director and SA
Chief Government Geologist.
Over the past 12 years, I was responsible for overseeing
and supporting all aspects of SA’s mineral exploration
and mining sectors including state-wide geoscience and
the PACE exploration initiative programs, the regulation
of mineral tenements and mineral exploration activities,
strategic land access programs and the lead assessment,
approval and regulation and inspectorate functions for
the state’s major mines, extractive, industrial minerals
and opal mining operations. In 2017, I retired as Executive
Director of SA Mineral Resources (now in the Department
of Premier & Cabinet) and have returned to Sydney.
On a personal note and as a former Director of the
Geological Survey, I congratulate Quarterly Notes on
the occasion of the 150th edition, almost 50 years of
excellence in geoscience publishing.
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John Cramsie
Director of the Geological
Survey of New South Wales
1990–2001

Introduction
I was appointed Director in 1990, having worked for
the department since 1968 in a number of positions,
including Principal Geologist, Regional Mapping; Chief
Coal Geologist; Assistant Secretary Coal Development;
and Deputy Director General. I had been Director of
the Geological Survey of Victoria from 1983 to 1986.
In December 2001, I resigned from the Department of
Mineral Resources to work as a consultant. In 2008 I
retired from consulting and now regularly enjoy body
surfing and swimming at Sydney’s marvellous beaches. I
maintain an enthusiastic interest in the minerals industry
and am a Fellow of the Australasian Institute of Mining and
Metallurgy and the Australian Institute of Geoscientists.
The very strong performance by GSNSW during the 1990s
was generated by a dedicated, loyal, and very capable
team. I am particularly grateful to my Program Managers,
who provided excellent leadership and support.

Geological Survey Organisation Review
Following my appointment as Director, I was
commissioned by the Director General to undertake
a comprehensive organisation review of GSNSW.
This review included broad industry, client and
staff consultation. Recommendations approved for
implementation included:
• substantial increase to the resources allocated to
regional geological mapping
• a greater focus on improved publications, and reports,
and greater promotion and publicity;
• improved program and project management and
teamwork, with greater emphasis on priority projects.

National Geoscience Mapping Accord
Commonwealth and state programs of systematic
geological mapping had been wound back during the
1970s and 1980s as a result of completion of most of the
states’ programs of 1:250 000 scale geological mapping
and government budget pressures. By the early 1990s
the majority of these maps were over 20 years old and did
not provide an adequate framework for modern mineral
exploration. There was growing concern from industry
that governments weren’t providing the right level of
support for company exploration efforts. Governments
eventually responded to industry pressure by supporting
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the establishment of a National Geoscience Mapping
Accord (NGMA). The Accord covered a range of bilateral
agreements between BMR/AGSO and state and territory
agencies to produce a new generation of geoscientific
maps and data sets in areas which were jointly recognised
as being of high priority. The NGMA progressed rapidly in
NSW, with jointly funded projects in the Lachlan Fold Belt
and at Broken Hill. Airborne geophysical surveys flown
from 1991 covered the Bathurst and Dubbo 1:250 000
sheets and a substantial part of the Broken Hill Block.

The Discovery 2000 Initiative
The appointment of Dr Garry Lowder as the Department’s
Director General in 1993 marked a critical turning
point in the GSNSW’s fortunes. Working with GSNSW
management, and strongly supported by the minerals
industry, he developed a program initiative proposal that
convinced the NSW Government to provide a budget
enhancement of $40 million over 6 years. The aim was
to accelerate the generation and promotion of new,
high quality geological and geophysical information to
provide an improved framework for geological mapping
and mineral exploration. About half of the budget was
directed towards the collection of high resolution airborne
magnetic and radiometric data. These surveys eventually
covered over 50% of NSW during the 6 year life of
Discovery 2000. Another important initiative element was
the establishment of a broad range of digital information
systems and data bases, most notably DIGS®, providing
internet access to company exploration reports and the
department’s information systems. Areas considered to
have the highest priority for exploration success were the
early focus. The quality of the information, backed up with
successful promotion, developed a high profile nationally
and internationally for the initiative. More importantly, it
influenced a major increase in the quality and quantity of
mineral exploration in the state. Other benefits included
more positive relationships with industry for GSNSW staff,
and a boost for staff morale, with 30 positions created.
Many of the new recruits were young and highly skilled.
Several states and countries have modelled exploration
initiatives on Discovery 2000.

Planning for the next century
One of the greatest challenges for GSNSW in the
1990s was to ensure continuing funding to maintain
the momentum for programs like Discovery 2000.
The initiative had been recognised as the benchmark
for exploration initiatives. Premier Bob Carr endorsed
Discovery 2000 as one of his government’s most effective
industry development initiatives and acknowledged that
‘it has worked brilliantly’. The GSNSW management team
developed a detailed strategy and implementation plan
which had strong support from industry. The proposal
focused very effectively on the considerable economic
benefits of the initiative.
The department and GSNSW were thrilled and profoundly
relieved in late 1999 when ‘Exploration NSW – Mining
Beyond 2000’ was approved by the government,
committing $30 million over 7 years to the initiative.

What changes did you see?
It is hard to separate these items given the scenario that
the Geological Survey in the early 1960s was neglected,
understaffed and in need of modernisation.

Toby Rose
Director of the Geological
Survey of New South Wales
1970–75

What were the most important initiatives
of GSNSW?
I joined the Geological Survey as a geologist on 28th
March 1955 shortly after my 20th birthday. At that stage,
the total strength of the Geological Survey was 26 persons
– note that the Chemical Laboratory was part of the Survey
but its staff are not included in the 26.
Luckily the Public Service Board (PSB) saw the impending
development of a mining boom and had the foresight to
see the importance of the Geological Survey to the state in
developing the state’s prospective mineral resources.
I was fortunate in being selected for secondment to the
PSB to undertake an Organisation and Methods (O&M)
Survey Review of the Geological Survey to allow for its
modernisation and properly equip it to face the challenges
which were recognised at that stage.
When the Government Geologist (viz Director/Head) of
GSNSW (Dr F.W. Booker) retired in 1967, Dr C.T. McElroy
moved into the role. I was subsequently appointed as
his Executive Assistant (at Assistant Director status),
with the task of assisting him in implementing the
recommendations of the O&M report.
In 1970, I became the Director of the Geological Survey of
NSW following the resignation of Dr McElroy.
At this time, the Geological Survey of NSW was the largest
state geological survey in Australia and led the field in
a number of areas as diverse as metallogenic mapping,
geophysics (including marine geophysics), marine
geology, environmental geology and employment of
female geologists on field work.
The O&M survey also strongly recommended that
the Geological Survey implement a system of formal
programming of all of its projects and allocating priorities
to each project. This was a key part of my work as
Executive Assistant.

What do you consider the strengths of GSNSW?
The greatest strength of the Geological Survey is its total
professionalism, its total commitment to the science of
geology; its teamwork.

The use of graduate geologists in the field, as assistants
to other geologists, was replaced by ‘field assistants’
and ‘technical assistants’ and ‘office assistants’
were introduced to assist geologists in the office.
Computerisation was introduced and the basis of DIGS®
was established.
In the early 1970s the loss of staff to private industry
(because of higher salaries and rewards) became a
major issue. In the first three months of 1970 we lost
25 geologists. I was able to negotiate a new wages
deal referred to as ‘Accelerated progression’ to partly
counteract this issue.
In addition, we recognised the untapped resource of
graduate female geologists, who for social reasons
were not engaged in fieldwork. I began an aggressive,
successful programme of recruitment aimed at female
geologists. Many of these recruits were more than
happy to be engaged in fieldwork once employed by the
Geological Survey.
From my own perspective, the 1:250 000 Regional
Mapping Programme is one of my pet subjects. On my
promotion to Senior Geologist (Regional Mapping)
I was approached by a number of leading industry
members who made it clear to me that the most important
contribution that we could make was to publish the
1:250 000 maps with the knowledge of geology at that
time – ‘a snapshot’. It was a daunting task with a total staff
at that time of 2 to 3; but this was alleviated by industry
cooperation in the use of unpublished exploration data.
As part of our modernisation programme we sought to
find and follow bench mark concepts from other ‘leaders’.
As part of this process I undertook an overseas trip and
inter alia visited the United States Geological Survey.
They had started an ambitious metallogenic mapping
programme at that time and I decided that our own
Geological Survey should start a similar programme. Our
first effort was the Bathurst 1: 250 000 Metallogenic map
(compiled by BPJ Stevens).
South Australia Geological Survey in the early 1960s
was admired for its programmes and professionalism. I
developed a fairly close relationship during our regional
mapping of the border areas Precambrian. I was
introduced to their Quarterly Geological Notes. They had
introduced these as a quick and easy and convenient form
of publication to make available new findings and research
to their clients. This seemed like a good idea and we soon
introduced our own form of Quarterly Notes. As they have
continued for 150 editions it seems like it was a good idea.

Some of my best friends still come from my time in the
Geological Survey.

Quarterly Notes 150
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Staff of the Geological Survey of NSW, Mitchell Library in Sydney (1986).

Staff of the Geological Survey of NSW, Maitland (2014).
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Forty-seven years of
Quarterly Notes of the
Geological Survey of NSW
Dr John Greenfield and Lindsay Gilligan
The late 1960s and early 1970s was very much a period
of geoscience renewal, particularly in Australia. This,
in part, reflected major scientific breakthroughs in the
global geoscientific community. The period saw the
conjunction of a number of factors that reinvigorated
the Geological Survey of NSW (GSNSW). The advent of
the theory of plate tectonics was emblematic of these
changes and had a profound impact on the way GSNSW
geologists sought to understand the state’s geology
(Adrian 1974). Amendments to the Mining Act 1906
introduced a mechanism for private-sector, regional
mineral exploration – the Exploration Licence (EL). In
February 1965 the first EL was granted to the Electrolytic
Zinc Company Of Australasia Ltd to explore Captains Flat
and surrounds. Shortly after this, there was a Department
of Mines trainee scheme which provided a mechanism for
the ‘best and the brightest’ students to develop a career
in government geoscience.
Then the nickel boom saw a major staff turnover which
created a new young generation of staff. This was a time
of unprecedented growth of the Geological Survey into
a multidisciplinary geoscience organisation. For the first
time, research scientists were appointed to the Geological
Survey under a new Research Scientist Classification
scheme introduced by the NSW public service. This was
also a time of strong science leadership from a new breed
of chief government geologists rebadged as Directors
and, later, Executive Director Cliff McElroy, Toby Rose
and Neville Markham, in turn, oversaw this resurgence.
However, with booms come busts and GSNSW
subsequently experienced ‘downsizing’ and the loss
of certain functions such as hydrology and engineering
geology, as well as the Geological and Mining Museum.
The museum had opened in August 1909 but closed its
doors the final time in 1992. By 1996 its collections had
been distributed between the Australian Museum and the
Londonderry core library.

The newly named WB Clarke Geoscience Centre (2007).

The core library has been under the control of GSNSW
on and off since the first building on the site was opened
in 1966. Given that the core library has increased in
importance and scale over its life — with a number
of extensions being added and a substantial new
facility, called the EC Andrews Core Storage Facility,
erected at Broken Hill in October 2006. In December
2007, the Londonderry facility, given its range of other
functions, including collections, research, petrology and
hyperspectral core imaging, was renamed the WB Clarke
Geoscience Centre in recognition of NSW’s foremost early
geoscientist.

Bathurst 1:250 000 mapsheet (1st edition) 1972.

Until the late 1960s, GSNSW had a major focus on
completing the initial 1:250 000 geological coverage
of the state. The minerals groups were focused on
commodity studies and mapping and assessments
of small mines and prospects as an aid to the smaller
operators. Coal geology focused on assessment of Sydney
Basin coal resources.
In 1969, work commenced on the first metallogenic
map, the Bathurst 1:250 000 map sheet. Toby Rose had
been impressed by the metallogenic mapping program
of the French Geological Survey (Bureau de Recherches
Géologiques et Minières) and launched a comparable
program in NSW. Fresh new graduates were mainly used
on this program, with half a dozen mapping projects
by the early 1970s e.g. Dubbo, Goulburn, Canberra,
Bega, Narromine 1:250 000 map sheets, and the Sydney
1:500 000 map sheet.
The release of The Geology of New South Wales (Packham
1969) by the Geological Society of Australia represented
a major watershed in the understanding of NSW geology.
This iconic volume became known as ‘the pink elephant’
such was its popularity — as well as its large size and
pink cover. The urgency to publish was also felt by the
Standing Committee of Coalfield Geology of New South
Wales (chaired by GSNSW), who published a series
of breakthrough articles at that time in the Records of
the Geological Survey of NSW. They covered: the coal
reserves code; the decision on the use of the term ‘seam’
in stratigraphic nomenclature; a report on sedimentary
terminology; and the stratigraphy of the Illawarra Coal
Measures in the Southern and South-western Coalfields
(Crouch 2001). This is also reflected in Chris Herbert’s
paper in the first Quarterly Notes (Herbert 1970, QN1)
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which sought to summarise the abundance of recent work
by the Geological Survey and academia on the Narrabeen
Group of the Sydney Basin, including work published in
Packham (1969).
With the approval of then-new Director Toby Rose, the
Quarterly Notes of the Geological Survey of New South
Wales series was introduced in October 1970 to enable
rapid distribution of the latest scientific results produced
by the Geological Survey. The chosen format emulated the
Quarterly Geological Notes series issued by the
Geological Survey of South Australia which ran from 1962
to 1996. Planned as four issues per year, released on the
first day of each quarter, publishing discipline was
maintained until the mid-1990s by which time email, web
communications and the availability of GS Reports in
DIGS® (Digital Imaging of Geologic System) allowed for
even more rapid messaging of scientific results, and
therefore fewer Quarterly Notes were produced.
Nevertheless, since 1970 there have been over three
quarterly notes per year on average. For much of this series’
history Helena Basden, the organisation’s outstanding
geological editor managed the publication program.

Another aim of the new Quarterly Notes series was to
provide a mechanism to formalise new lithostratigraphic
units, since priority and standing for new stratigraphic
names are only established once published in a
recognised scientific or technical publication. As
noted by the editors in QN1, ‘the Quarterly Notes will
constitute a publication for the establishment of priority
for stratigraphic and fossil names’. Despite this, the early
version of Quarterly Notes was not considered formal
enough to satisfy the International Code of Zoological
Nomenclature requirements. However as the publication
evolved — an ISSN was assigned from QN33, external
peer reviewing started in QN73 and distribution became
international (print & digital) — it became widely
recognised as a formal publication.
The GSNSW regional mapping team was at that time
concluding its program of surface geological mapping at
a scale of 1:250 000. The final first edition NSW 1:250 000
map sheet (Tweed Heads) was compiled and ready for
‘fair drawing’ in December 1969. The last of the 1:500 000
series maps (New England) was compiled and ready for
‘fair drawing’ in August 1970. Although there was a slow
start to provide ‘reconnaissance’ preliminary coverage
of NSW at 1:250 000 scale of geological mapping, the
concerted effort by the Geological Survey between 1962
and 1969 ensured NSW was the first state to achieve this
goal (New South Wales Department of Mines Annual
Report 1970, p.128; Lucas 1974). Despite this, the state
still has gaps in the standard-series 1:250 000 map sheet
coverage to this day. Booligal, published in 1998, was
the last of the standard-series 1:250 000 geological map
sheets. The Hay 1:250 000 map sheet area is covered by
a geophysical–geological interpretation map (Carlton
2017), while Deniliquin, and the NSW parts of Swan Hill
and Mildura map sheets have still not been field mapped
at anything better than 1 million scale.

A cartography typist adding the stratigraphic legend to a map in
the early 1970s (note the extended typewriter carriage to hold
the map sheet).

During the 1970s, geological concepts and analytical
techniques that are now taken for granted were becoming
established. Lucas (p. 9, 1974), in his history of GSNSW
geological mapping, summarised the new scientific
and technological advances that were advancing the
understanding of the geology of NSW:
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‘The concepts of ‘continental drift’ and ‘plate tectonics’
and consequent interpretations of the Earth’s history (e.g.
Scheibner & Stevens 1972, QN10; Scheibner 1974, QN14);
radio-active methods of dating rocks; new techniques in
aerial and satellite photography; and improved techniques
in geophysical and geochemical work (e.g. Gilligan 1973,
QN9) assisted by computer application (e.g. Basden 1974,
QN15) and statistical studies are additional ‘tools’ for
geological mapping and interpretation.’
The 1970s and 1980s saw comprehensive 1:100 000
scale geological mapping over the Nymagee and Cobar
1:250 000 map sheet areas, complemented by the Cobar,
Nymagee and Bourke 1:250 000 metallogenic maps. The
1:100 000 scale mapping was subsequently extended
onto the Cargelligo and Narrandera 1:250 000 map sheet
areas in the 1990s as well as the Bourke 1:250 000, under
minerals initiative funding in the 1990s and 2000s. A lot of
the regional mapping effort in this period was overseen by
Dennis Pogson, who started with the Geological Survey
in 1963 and led the Regional Mapping section from 1968
until his retirement in 2003.

of mapping and resource assessment (e.g. the Nyngan
1:250 000 scale survey in Agostini 1984, QN54; Walgett
1:250 000 scale survey in Agostini 1987, QN66).
The Broken Hill mapping team moved to Armidale in 1985
and, together with staff based in Sydney, continued the
metallogenic mapping program over the New England
Orogen. The lack of recent detailed geological mapping
over this orogen required the team to produce new
geological bases at 1:25 000 scale, based on thesis and
company mapping and field checking. The final map
(Warwick–Tweed Heads 1:250 000 geological map) in the
statewide metallogenic mapping program was published
in 2014. Subsequently, revised metallogenic maps have
been published for the Broken Hill, Cobar and Bathurst
regions.

Northwest Regional Mapping Team, from left: David Jones,
Maria Duba–Oakes, John Watkins, Greg MacRae, Erwin
Scheibner, Lawrie Sherwin, Dick Glen, John Byrnes, Harvey
Henley and Dennis Pogson (1986).

In the early 1980s, a review at the department level saw
the role of the Geological Survey redefined. Several
functions were discontinued or transferred to other
departments including the geotechnical engineering and
mineral economics, and geoscience information functions
(Information & Publications, Museum & Education) were
transferred to the Central Services Division of the-then
Department of Mines.
Meanwhile the outstanding geological mapping program
of the Broken Hill Block at 1:25 000 scale was coming to a
conclusion, and the ongoing mapping and research into
the resource potential of the Sydney (QN38, 41, 47, 51, 54,
56, 57, 58, 69), Gunnedah (QN45, 48, 51, 53, 55, 59, 62,
65, 66, 68, 70, 71, 73), Clarence–Moreton (QN60, 74) and
Surat–Eromanga (QN40, 50, 52, 60, 65, 66, 68, 72) basins
continued to progress. During this period the Geophysics
section shifted its focus from site investigations and local
problem-solving projects to regional surveys in support

Armidale-based field mappers, including Bob Brown, Jim
Stroud, Rob Barnes and Jeff Brownlow (1987).

By the late 1980s regional magnetic, radiometric and
gravity surveys were being released as coloured contour
maps, and as sun-shaded colour stretches from 1993.
Despite having been transferred to the Central Services
Division, the Cartography unit continued to service the
GSNSW as its main stakeholder. This unit had always
been at the forefront of innovation, winning several map
design competitions — from an 1893 award for Rev. W.B.
Clarke’s statewide map (scale 1 inch = 32 miles) through
to a New Zealand Cartographic Society Map Award in
2011 for the Metallogenic Map of New South Wales. By the
late 1980s the digital era was beginning, and it became
obvious that an extensive analogue to digital conversion
process would have to be undertaken to capture the
vast store of geological maps and publications in the
Geological Survey. In 1988 the GSNSW was one of the first
geological surveys in the world to begin the process of
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digitising linework of geological maps into a Geographic
Information System (GIS). This program formed part of the
department’s Mineral Resource Land Information System
(MRLIS), and the back-capture process, using computeraided drawing systems (CAD), would continue for ten
years, changing the process of cartography forever. By
1993, the Geological Survey had produced its last hand
drawn map, and the Cobar 2nd edition 1:100 000 geology
map (Glen 1994) was the first fully digital production.
By the mid-2000s, Geological Survey geologists were
compiling and submitting their own fully attributed map
linework to the Cartography unit.
In 1988 the Regional Mapping unit underwent a major
review. A 13-member external panel (drawn from industry,
academia, and other relevant government departments)
made several recommendations for the unit:
• continue to generate standard series 1:100 000
geological maps
• have colour maps as a standard output, phasing out
colour-dye printing and replacing with high-resolution
inkjet printing
• focus the mapping in areas relevant to exploration.
Mapping at 1:100 000 scale focused on the Tumut,
southern Tamworth Belt, and Cobar regions. The Cobar
mapping was supported by a regional stratigraphic
drilling program between Nymagee and Walgett.
More detailed commodity studies proved very popular
with industry. Reports on platinum (Suppel & Barron
1986, QN65); gold (Suppel et al. 1986, QN64; Henley
1991, QN83); zeolites and opal were well received, while
a report on the origin of sapphire deposits near Elsmore
sparked a mini-rush on the area (Pecover & Coenraads
1989, QN77).

Larry Barron in the 1980s.

After the Greiner Government came to power in 1988
the Geological Survey was tasked with contributing to a
statewide natural resource audit of publicly owned land
conducted under the auspices of the Natural Resource
Audit Council. This resulted in the launch of GSNSW’s
capacity for mineral prospectivity analysis as a land-use
planning tool.
One of the audit products was a statewide tectonic map
of NSW (Scheibner 1974, QN93), which is still in use. As
a statewide product, this map will finally be superseded
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by the completion of the current seamless geology, fault
attribution and crustal framework projects due for release
in 2019.
The advent of high-resolution airborne magnetic and
radiometric survey technology and portrayal of such
data in a useful RGB image format was an immense
breakthrough. In 1991 Geoterrex, the Australian
Geoscience Survey Organisation (AGSO, now Geoscience
Australia, GA) and GSNSW jointly funded an airborne
survey over the Bathurst 1:250 000 map sheet. The results
were stunning and provided invaluable data coverage for
the subsequent National Geoscience Mapping Accord
(NGMA) detailed mapping program of Bathurst.
Collaborative projects became the order of the day from
the early 1990s. The NGMA and the subsequent National
Geoscience Accord (NGA) increased cooperation with
AGSO and then GA. Scientific collaboration extended
across state borders with the Broken Hill Exploration
Initiative (GA, Geological Survey of South Australia (GSSA)
and various research organisations) and joint programs
with the Queensland and Victorian geological surveys.
Involvement with the Cooperative Research Centre for
Landscape Environments and Mineral Exploration (CRC
LEME) and CRCLEME II saw extensive collaboration on
mapping and characterisation of regolith in the west
of the state, particularly in the Broken Hill and Cobar
regions. Initiative funding of major projects with the
predictive mineral discovery Cooperative Research
Centre (pmd*CRC) resulted in, inter alia, detailed gravity
programs, airborne gravity, airborne hyperspectral
mapping and three-dimensional modelling.
In the early 1990s, concern at the modest level of
exploration expenditure in NSW encouraged the new
Director-General, Garry Lowder, to submit a business case
to NSW Treasury for a bold exploration initiative to revive
investment in the state. Named ‘Discovery 2000’, the six
year, $35 million initiative was approved in mid-1994. The
impact of Discovery 2000 cannot be overstated. It started
a number of exploration initiatives in NSW that provided a
major boost to the industry, with a significant advance in
the provision of new pre-competitive geological data. The
concept of a state exploration initiative, pioneered by the
Geological Survey of South Australia in 1992, was the envy
of other jurisdictions across the world, and soon other
Australian states followed suit and announced their own
exploration initiatives.
In 1994, AGSO (now GA) initiated National Geoscience
Mapping Accords with most state and territory geological
surveys, including GSNSW. The aim was to combine the
capabilities of state and federal geoscience agencies to
boost geological mapping in key prospective regions,
with the aid of regional geophysics and geochemistry.
In NSW the flagship NGMA projects and key Discovery
2000 projects focused on petroleum potential in eastern
Australian basins, and mineral potential in the Lachlan
Orogen and Koonenberry Belt. Quarterly Notes issues
95 and 102 are examples of the early results from these
collaborative projects.

A new model for diamond formation in NSW was
published in Quarterly Notes in late January 1994 (Barron
et al. 1994, QN94). This led to a diamond exploration rush
focused on the New England region, with exploration
licence (EL) applications increasing from two in the month
of January 1994 to 42 applications in May 1994.

productive exploration industry through this period
(including the discoveries of Tritton Cu, Ridgeway Au–Cu
and Pooncarie heavy mineral sands deposits) ensured
that the proposal was successful, and a new six-year,
$30 million initiative (2000–06) named ‘Exploration NSW’
was approved.

The late 1990s saw the Commonwealth–State Regional
Forest Agreement (RFA) process which was followed by an
analogous state-only process entitled Comprehensive
Regional Assessment (CRA). These were science-based
processes to determine the appropriate levels of
environmental protection of public land. They involved
comparing environmental values with resource values of
large areas of, usually, native forest. As part of the CRA
process in 1999, the Geological Survey began a new
series of geological map compilations and reports for the
Brigalow Belt South and Nandewar bioregions (Hill et al.
2002; Dawson et al. 2004; McEvilly et al. 2004; Vickery et
al. 2007, QN123). These assessments provided a more
holistic approach to land-use planning and natural
resource management. The Geological Survey’s approach
to data analysis and spatial processing was highly valued
by the most senior levels of government.

Geoscientific projects under the Exploration NSW
initiative included:
• regional mapping in Koonenberry, Goulburn, and also
Cargelligo (Downes 2004, QN117)
• petroleum drilling in Devonian basins at Mossgiel in
the Hay–Booligal Zone and the Paka Tank Trough in the
Thomson Orogen
• source rock maturity and geochronological studies in
the Surat Basin (Dawson & Dunlap 2003, QN115)
• airborne geophysical surveys in the Murray–Riverina
region (Hallett et al. 2005, QN118) and New England
region (Peel in Brown 2001, QN111; Peel South in Brown
2003, QN114; Inverell in Brown 2006, QN121 and
Stonestreet et al. 2006, QN122)
• mapping and revision of metallogenic data on the
Cootamundra 1:250 000 map sheet (Downes et al.
2004, QN116; Basden & Gilligan 2004, QN117).

Regional mapping team (clockwise from left): Anthony ‘Trangie’
Johnston, Simone Meakin, Roger Cameron, Lis Arundell (nee
Morgan), Dennis Pogson, Martin Scott and Lawrie Sherwin (1998).

In 1999, as Discovery 2000 was nearing completion,
the digital online data delivery vision became a reality.
Ground-breaking online services such as the document
archive ‘Digital Imaging of Geological System’ (Brookes et
al. 1999, QN109; Brookes 2002, QN112) and the relational
geodatabase COGENT went live on the world wide web.
GSNSW also pioneered GIS as a storehouse of jurisdictionwide geological mapping data, with the development of
a geodatabase format that became the type example on
the ESRI website for many years. This was the forerunner
to the statewide geodatabase developed for the Seamless
Geology project (Phillips et al. 2015, QN145).
With the conclusion of Discovery 2000 there was
still much more to be done and most other Australian
jurisdictions were now competing for investment with
their own initiatives. The then-Director, John Cramsie and
his team submitted a new business case to Treasury as a
follow-on initiative to build on the success of Discovery
2000 (1994–2000). The ability of NSW to maintain a

Geophysicists (clockwise from left) Peter Ruszkowski, David
Robson and Michael Moore view the latest in high resolution
geophysical imagery in 2001.

Separate from Exploration NSW activities, in 2001 the
Geological Survey began a coastal quaternary geology
mapping project, co-funded with the Comprehensive
Coastal Assessment (CCA). The CCA was managed by
the Resource and Conservation Division of the former
Department of Infrastructure, Planning and Natural
Resources. The aim of the CCA was to provide a robust set
of scientific data to improve land-use planning and natural
resource management of regional coastal areas in New
South Wales (Troedson & Hashimoto 2008). Geological
mapping at 1:25 000 scale was undertaken between
2002 and 2004, but the gap between Newcastle and
Wollongong was not completed until 2015 (Troedson &
Deyssing 2015, QN146).
In 2005 GSNSW completed a transfer of its Sydney head
office in St Leonards to Maitland, resulting in a period of
major upheaval and staff turnover. This was compounded
by the resignation of Director Ted Tyne, who left soon after
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to pursue an opportunity in SA. The Coal & Petroleum
section was transferred out of the Geological Survey, not
returning until 2014.

Premier Bob Carr at the opening ceremony for the Maitland
office (2005).

By July 2006 Exploration NSW was completed. New
Director Lindsay Gilligan and his team submitted the
business case for a third initiative, using independent
cost-benefit analysis to assess the value of pre-competitive
data collected in previous initiatives. This analysis showed
that for every dollar spent by government, between $5
and $9 was spent by industry in new exploration. The
initiative had seen an increase in exploration activity in
NSW, including the discoveries (maiden JORC resource
announcements) of Atlas–Campaspe heavy minerals,
McPhillamys gold and Collerina nickel laterite deposits.
The third exploration initiative, termed ‘New Frontiers’,
was awarded $24.5 million over six years (2006–12), with
the aim of stimulating mineral and petroleum investment
in unexplored and under-explored terranes of the state.
Geoscientific projects under the New Frontiers initiative
included:
• regional mapping in Angledool, Sussex-Byrock,
Gosford–Lake Macquarie, Manilla (e.g. Brown 2009,
QN131), and Braidwood (e.g. Forster et al. 2014, QN141),
whilst finalising Koonenberry and Goulburn maps,
explanatory notes and reports (e.g. Pogson 2009,
QN130; Downes & Forster 2010, QN133; Downes et al.
2011, QN135; Percival et al. 2011, QN137; Musgrave &
Dick 2017, QN149)
• soil, lag and plant geochemical surveys, deep seismic
reflection surveys and stratigraphic drilling in the
Thomson Orogen (in collaboration with CRCLEME,
Société Générale de Surveillance and GA)
• passive seismic grid survey across NSW (e.g. Rawlinson
et al. 2008, QN129)
• seismic surveys and SEEBASE® (Frogtech Geoscience)
data packages for the Clarence–Moreton and
Gunnedah–Bowen basins
• soil-gas geochemistry and reflection seismic over
the Permian Oaklands Basin (Davidson & Fahey 2014,
QN142)
• airborne geophysical surveys in the Thomson, Grafton–
Tenterfield, southeast Lachlan and Murray Basin areas

14

November 2017

• seismic survey over Rankin Springs in collaboration with
Geoscience Australia
• helicopter-assisted ground gravity surveys over Broken
Hill, south Gunnedah and Oaklands Basin
• Sydney, Darling–Murray, Gunnedah–Bowen and
Oaklands basins geothermal energy assessment
• mineral system studies including a new mineral system
classification scheme (Lewis & Downes 2008, QN128),
the creation of statewide metallogenic map, and the
installation of a Hylogger™ unit in the Londonderry
Core Library to begin hyperspectrally scanning core
from key deposits in NSW.
By 2008 it was clear that GSNSW online systems
such as COGENT, DIGS®, MinView and the statewide
geodatabase were in need of major upgrades, and the
underlying data were not being maintained nor new
data added. In 2010 a new relational geodatabase of
point-data based on a Micromine platform, discoverable
via Google Earth, became the basis of the Geoscientific
Data Warehouse (Collins et al. 2013, QN139). A new
spatially enabled product catalogue followed (Moriarty
2013, QN139). In 2009 a new statewide geodatabase
was devised, along with a new stratigraphic unit coding
system that became the underlying storage format for the
Seamless Geology project (Phillips et al. 2015, QN145).
Most recently, the release of MinView 3 has seen a single
portal integrating online services previously covered by
DIGS®, MinView, Geoscience Product Catalogue and the
Geoscience Data Warehouse.
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Seamless geology of New South Wales:
approach, methodology and application
Abstract
The Geological Survey of New South Wales (GSNSW) Seamless Geology Database is a compilation of the state’s best
available geological mapping data in an internally consistent format. This report documents the public release of the
geodatabase, which at present consists of a dynamic geological model of the eastern area of NSW covered by UTM
Zone 56. The geodatabase structure allocates geological data into individual layers that represent key stages in the
geological evolution of the state. For UTM Zone 56, data is assigned to one of the following layers: (i) Basement —
New England and Lachlan orogens; (ii) Permian–Triassic Basins — Sydney, Gunnedah and Bowen basins; (iii) Great
Australian Basin — Clarence–Moreton, Ipswich and Surat basins; (iv) Mesozoic igneous province; (v) Cenozoic
sedimentary province; and (vi) Cenozoic igneous province. The approach taken to build the geological model for
UTM Zone 56 involved merging disparate datasets deemed the best-available mapping data for particular regions.
Initial problems encountered during the compilation and merging stages include: significant georeferencing errors
inherited from older maps compiled on poor base-map data; spatial and stratigraphic mismatches across map joins,
where linework did not connect or rock units were called different things across the map boundary; and mapping data
that was acquired at markedly different scales (1:25 000 to 1:250 000), resulting in a variable degree of data resolution.
To seamlessly merge these datasets, the following workflow was used: (i) convert all existing data into a consistent
statewide format; (ii) rectify georeferencing problems; (iii) edge-match geological contacts across dataset boundaries;
and (iv) re-code rock units using the new statewide stratigraphic naming convention. Using this approach, a new
dynamic geological model of UTM Zone 56 was constructed. The geodatabase is also linked with the GSNSW
Geoscientific Data Warehouse (GDW), which contains information on the character of rock units. Consequently,
the Seamless Geodatabase can act as a spatial search engine that accesses geological data stored in the GDW.
Keywords: seamless geology, Geographic Information Systems, geodatabase

AUTHORS
Glen Phillips1, Gary G. Colquhoun1,
Kyle S. Hughes1 and Liann Deyssing2
Geological Survey of New South Wales
1
516 High Street, Maitland, NSW 2320
2
161 Kite Street, Orange, NSW 2800

© State of New South Wales through Department of Industry, Skills
and Regional Development 2015.
Papers in Quarterly Notes are subject to external review.
External reviewers for this issue were David Higgins (Geological
Survey of Victoria) and Olivier Rey-Lescure (University of
Newcastle). Their assistance is appreciated.
Quarterly Notes is published to give wide circulation to results
of studies in the Geological Survey of New South Wales. Papers
are also welcome that arise from team studies with external
researchers.
Contact: simone.meakin@industry.nsw.gov.au
ISSN 0155-3410 (print)
ISSN 2204-4329 (online)

The first phase of New Frontiers (2006–12) saw a sharp
upturn in NSW exploration activity related to the Chinaled mining boom (2005–12), punctuated by a short
downturn during the global financial crisis (GFC; 2008–10).
In 2009 Director Lindsay Gilligan retired. A staff freeze
saw key management positions left vacant. The impact
of the GFC made this a very challenging period for
GSNSW. Instead a new system was established in July
2012 where rental fees imposed on exploration title
holders were retained in an investment fund to pay for
New Frontiers activities. This system is still in place. As
part of the governance structure, the Geological Survey
Advisory Committee, active since 1992, was replaced by
the New Frontiers Industry Liaison Committee, containing
representatives from peak industry bodies.
Since 2012 there has been a series of GSNSW geoscientific
projects that have continued to refine the understanding
of NSW geology:
• regional mapping in Oxley–Coolabah, Captains Flat,
and east Riverina (Hewson & Robson 2014, QN140)
• mineral systems study of the Nymagee region (Dowens
et al. 2016, QN147), as well as Bathurst, Broken Hill
(Fitzherbert 2015, QN143), and Cobar (Fitzherbert et al.
2011, QN148) 1:250 000 metallogenic mapping
• new geophysical surveys, including east Riverina
gravity, Coonabarabran airborne magnetic and
radiometric, and Thomson airborne electromagnetics
• reflection seismic survey across the Yathong Trough
• stratigraphic drilling in the Hawkins–Rumker and
Thomson Orogen regions
• 3D depth to basement and 3D basin modelling of the
Clarence–Morton and Sydney–Gunnedah basins
• long-period magnetotelluric soundings across NSW at
half-degree (55 km) station spacing, part of a national
AusLAMP baseline magnetotelluric survey.
In 2014, the Geological Survey secured the funding to
start a Cooperative Drilling program to provide grants
to exploration companies to assist private exploration
drilling programs for Group 1 minerals. The aim of the
program is to lead to new discoveries.
In 2015 renewable energy resources mapping became
the responsibility of the GSNSW for the first time. The first
map was released online as a web service and hard copy
map in July 2016. It captures the state’s resource potential
and existing infrastructure for solar, wind, geothermal,
bioenergy, hydro and ocean resources.
An ongoing five-year plan (2016–21) for New Frontiers
developed in 2015 seeks to build an interactive and
searchable seamless 3D geological and resource model of
NSW that shows explorable depths and prospectivity for
mineral systems, and basin prospectivity for petroleum,
mineral sands and other basin-related resources (e.g.
geothermal energy and water).

science projects so important to a modern geological
survey. GSNSW has achieved much in the way of
geoscience coverage and understanding of the state
which is fundamental to resource management, informed
land-use planning and environmental management. The
Geological Survey has a proud heritage of geoscience but
has also proven itself to be nimble in the application of
new ideas and technologies.
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Over these 47 years of the GSNSW’s history, there
has been growth and contraction with budgetary and
functional requirement changes. Initiative funding has
become critical to achieving the often-collaborative, big
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GSNSW team meeting at Terrigal, mid 1990s.

Palaeontologist Ian Percival with a half-scale model of the NSW State Fossil Emblem, Mandageria fairfaxi, at its official launch at
Parliament House, Sydney, in 2015. The GSNSW has had a long-running involvement in palaeontology, with John Pickett, Ian Percival
and Yong-Yi Zhen sequentially holding the role of State Palaeontologist since 1964.
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GSNSW management team at Tocal, 2016.

Kate Bull presenting to the general public during the Newcastle
Time Walk (2016).

(l to r) Nancy Vickery, John Greenfield, Kingsley Mills, Bill Reid
and Bob Brown in the Koonenberry Belt (2006).
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Embracing new technology
Roger Cameron
In February 1979, the Geological Survey briefly trialled
an early model of GPS in the Hunter Valley. This unit was a
Magnavox MX 1502 Geoceiver Satellite Surveyor (on loan
from Hawker Pacific) and cost $48 500. By comparison,
an average 3 bedroom house in Sydney then cost about
$40 000. With a limited number of orbiting satellites, this
early GPS could take up to 20 minutes to get a position
reading, which could also be stored on a standard
cassette tape. Given the short time of this trial with its
mixed results (some readings were not very accurate),
along with the size and weight of the components, the
Geological Survey decided not to purchase this unit.
GPS was not used regularly in field work until the late
1980s when the department bought the Magellan GPS
NAV1000TM . This unit was about the size of a paving
brick, not very heavy and could fit in a backpack (Gary
Colquhoun is holding one in the photo on page 40).
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Delivery of geological
information — highlights of
the journey
Trisha Moriarty

Introduction
The role the Geological Survey of NSW (GSNSW) has
played in creating and curating geological information
for New South Wales has been critical to both the state’s
economic and cultural development. The GSNSW data
repositories represents over 140 years of scientific
knowledge and enquiry, and those repositories constitute
a fundamental resource used by government and other
decision-makers to support both policy development and
direct action for the sustainable management of the state’s
natural resources.
The adoption of modern and emerging technologies has
been a significant component of GSNSW’s success in
realising the value of its data assets and ensuring that the
information is accessible for use by all stakeholders.
This article will highlight some of the Geological Survey’s
achievements in advancing the geological understanding
of NSW through the use of technology as documented in
the Quarterly Notes (QN) summarised in four sections.
1. The digital preservation of hardcopy records as the
Geological Survey scanned, and made available online,
its entire library of company reports, departmental
research papers and maps. This was the genesis of
the DIGS® (Digital Imaging of Geological System)
document management system which was expanded
to incorporate an online submission module in 2008
and merged with the department’s product catalogue
and relaunched with a vastly improved modern search
engine in 2016 (Brookes et al. 1999, QN109; Barron et
al. 2002, QN112 and Collins et al. 2013, QN139).
2. The use of relational databases to collate, validate
and deliver structured analytical data, the central
component at the core of the Geoscientific Data
Warehouse (GDW), a system that manages the full
lifecycle from the uploading of field data to its online
delivery in Google Earth (Collins et al. 2013, QN139).
3. The application of Geographical Information Systems
(GIS) to geological mapping and the development of
a seamless statewide geological model (Phillips et al.
2015, QN145).
4. The provision of GSNSW’s maps for use on mobile
devices, including the pioneering use of interactive map
tiling technology to provide interactive geology maps
for the use in the field on mobile phones (Phillips et al.
2015, QN145).
It should be noted that, while this article does cover a
broad range of technology, it is by no means exhaustive.
For example, GSNSW’s online mapping application
MinView, is an obvious omission.

DIGS® — digital preservation and
online delivery of geological reports
Since its inception in 1875 the Geological Survey has
accumulated a vast repository of both government
and company reports that contain a wealth of valuable
geological and mineral exploration data pertaining
to NSW. Being able to access this knowledge can
potentially save governments, commercial entities and the
research sector significant time and money. By reducing
expenditure on recapturing data and facilitating sharing
geological interpretations and models, resources could
be focused on advancing the geological understanding
and expanding the knowledge base further.
This information was originally stored in hardcopy form,
primarily in the library in the department’s head office in
Sydney. In 1998 there were concerns about the potential
loss of this information due to the deterioration of the
hardcopy archives and the decision was made to preserve
the records in digital form (Figure 1).

Figure 1. Storage of hard copies has always been an issue.

It was also an opportunity to improve access to the
archive contents, allowing simultaneous access to
single reports over the internet and the reproduction of
reports that could be reprinted or disseminated, initially
on compact disc, but later through direct downloads
by users. It would also mean reports could not be lost,
either by the hardcopy not being returned to the library
or the whole collection being damaged in a disaster
event. The department’s collection also included original
and rare copies of records that were irreplaceable,
including handwritten letters of considerable heritage
value. Hence all original records were transferred to
the State Record Authority for permanent storage at its
purpose-built facilities with a digital backup kept off-site
at a different location. Funding was initially provided by
the New South Wales Discovery 2000 program and an
innovative approach to digitising and then delivering
the reports in electronic form was formulated. The
result saw the deployment of a custom-built document
management system called DIGS®, which integrated the
digital documents with report metadata that could be
interrogated over the department’s internal network.
The user interface for the first version of DIGS® was built
with Visual Basic and SQL (Structured Query Language).
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A commercial application called Fulcrum provided for the
full text search and retrieval, and another called Tower
Imaging System handled the images storage on two HP
jukeboxes that used 2.6 GB WORM (write once read many
times) discs.
Significant effort went into determining the best quality
image format for records that included, inter alia, typed
reports, handwritten field notes, printed maps, core
photographs and seismic logs (that could be over 20 m
long). It was necessary to integrate the existing
bibliographical indexes and new metadata as documents
were scanned. The hardcopy was linked to digital version
using barcodes and unique numerical identifiers setting
up a content model and workflow that could cater for: the
initial scanning and conversion to a digital formats; the
off-site storage of the originals; the delivery of digital
copies via the internet; and bureau-type printing service
for those still requiring a hardcopy product.
The initial project also had a strong focus on quality
control and one technique that was particularly successful
was employing geoscientists for the data processing to
ensure the accuracy of the metadata. Geoscientific data
can be complex, with even its metadata being jargonrich and highly technical. Ensuring domain knowledge
is embedded within the technical teams in roles such
as system architects and database administrators
is a technique that has been employed in following
technology projects — also to great success.

Geoscientific Data Warehouse — a
single point of truth for analytical
and observation data
The Geoscientific Data Warehouse (GDW) was publicly
released in 2012 as a single portal to access the vast array
of point-related geoscientific data held by the GSNSW. It
was the culmination of a significant effort placed on data

collation, validation and processing that occurred under
the banners of the COGENT I and II projects (Common
Geoscientific Environment) and was a significant step
towards the vision of providing on-demand access to
all GSNSW-managed data from a single spatial-based
interface. The data available from the GDW covers
a broad spectrum, including drilling, geochemistry,
mineral occurrence, field observations, geochronology,
petrography and fossil information.
At the start of the COGENT II project data was held in a
variety of locations. They included spreadsheets and MS
Access databases on both personal computers hard drives
and/or on the department network, and often data was
duplicated and the authoritative version was unknown. A
critical decision was to store all suitable data in a master
database or ‘single point of truth’. This is where all data is
modified, updated or added to, under the supervision of
the data custodian who is a domain expert.
The master database concept improved the quality
and security of the data through the use of controlled
workflows that included using referential integrity on
lookup lists, strict naming standards for tables and
standardised data-loading procedures. It also allowed for
a more seamless interlinking of related data points. From
the users’ perspective, selecting a single field observation
point results in a report that shows all available information
from rock unit descriptions, structural measurements, field
photographs and analytical sample results — all which
come from separate datasets but are related by location.
Behind the public interface of GDW is an integrated
system of relational spatial databases with relatively
complex table structures; data management tools,
including ETLs (extract, transform and load); and web
server technologies that control the flow of data as it is
uploaded, queried, viewed and downloaded by the users
(Figure 2).

SQL Server®

GIS Server

Geoscientific SQL Server® database
(points but no lines or polygons)

GIS for editing points, lines and polygons
(e.g. geological maps, seismic lines)

FME
nightly
transfer

Merges all relational data and all geometry (points,
lines and polygons) in a spatial database

FME
nightly
transfer

FME
nightly
transfer

TAS

Other data

System for managing the
allocation of exploration titles

Data from Oracle and
Esri systems

Figure 2. Data flow diagram.
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The strategy employed when designing the GDW
technical architecture ensured a thorough hands-on
evaluation of each application. In practice this meant
installing software and evaluating it against a set of
predetermined criteria using real data. This ‘best of breed’
approach saw the selection of a mix of Commercial Off
The Shelf (COTS) and Open Source technology which
includes SQL Server as internal database, GeoBank as data
entry tool, FME Server for data transfer and downloads
and GeoServer, in conjunction with PostGIS for serving
the data to Google Earth. This modular design and the
minimisation of custom coding are designed to ensure the
longevity of the system.
The design of the GDW embodied the idea that systems
should empower users not place a technological barrier(s)
between them and the data. Hence it provided simple
query screens for each dataset and made use of the
popular Google Earth map viewer to visualise the data
points over satellite imagery. This provides a relatively
user-friendly experience for even non-technical users,
giving everyone easy access to all of GSNSW’s validated
non-confidential point-related geoscientific data.
The GDW is accessible from:
http://dwh.minerals.nsw.gov.au/CI/warehouse
Choosing Software – Checklist
Is the software solving problems and fulfilling the project
requirements?
• What are the requirements? (a system might be good at
what it does, but it may lack the relevance to the project)
Is the product being actively developed?
• Is the product keeping pace with new technologies of
the time?
• Is the vendor focussed on developing the product?
• Are there user forums?
Is the product taking the project towards standards?
• Is the vendor resisting standards and pushing proprietary
formats for their own benefit?
Will the product empower staff?
• Will it give staff independence or just build dependence on
the vendor?
• Can staff develop the skills to use and develop the
product?
Once implemented, can staff maintain it?
• Will consultants be needed for even minor changes?
• Does the annual maintenance bill stifle systems
development?
Figure 3. Considerations applied when selecting the software
for the GDW.

GIS and Seamless Geology
The aim of the GSNSW’s Seamless Geology project that
commenced in 2012 was to produce a dynamic model
with a consistent data structure to present the key stages
of the geological evolution of the NSW landscape. It
allows users to explore the geological information for
the whole state in one dataset. The use of specialised
mapping software known as Geographical Information
Systems (GIS) provides the ability to interrogate the data
spatially and to view the tectonic and stratigraphic units
relative to each other, stacked as layers as they would
appear below the surface (Figure 4). In collating the best
available data to populate the model, it was necessary
to perform extensive editing to remove edge-matching
issues caused by past mapping projects being mapped
at different scales by different geologists and generally
being constrained to the standard series map sheet
areas. This editing involved significant reinterpretation of
geological boundaries, which often resulted in increased
detail being added to the dataset as gaps were filled in
with new, higher resolution data drawn from more recent
geophysical surveys (Figure 5).
A key outcome of this process was the development of
a solid basement layer for the whole state, providing an
improved understanding of what was occurring at depth
with solid lithological and structure interpretations of the
basement now being available. This essentially gave users
the ability to ‘peek undercover’ (Phillips et al. 2015, QN145
p. 4) and explore the subsurface geology in a pseudo-3D
environment.
Developing the model in a GIS had numerous other
advantages. It meant that the lineage and data
confidence/quality could be preserved within the data
files as attributes, preventing this vital information from
being lost or overly simplified, beyond usability, in a
separate metadata statement. Internal consistency
could be achieved with lookup tables and controlled
vocabularies. Direct connection to the state’s stratigraphic
database in the GDW would ensure the harmonisation of
geological unit naming conventions was preserved for
integration with the national stratigraphic database.
A key characteristic of the resultant statewide dataset
is that it can be considered scaleless because the GIS
software allows the presentation of a simplified view
of the data when view at statewide scale which then
resolves into more detail as the user zooms into their area
of interest. This aspect is employed to great benefit in
GSNSW phone maps, where the user’s view is limited by
device size and screen resolution.
The Seamless Geology project data outputs can be
downloaded from DIGS at:
https://search.geoscience.nsw.gov.au
Products produced specifically for use on mobile devices
can be downloaded at:
https://www.geoscience.nsw.gov.au/phonemaps/
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a)

b)

Figure 4. a) Statewide geological map of NSW depicting the exposed geology of the state. b) Schematic separation of the
map into four layers representing different lithotectonic components. The basement layer has noticeable blank spots in the
geology of the continental basement. This is due to the lack of interpretation under cover.
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a)

Geology maps — for use in the field
on your mobile phone

1:250 000

GSNSW was the first Australian geological survey to
offer its geology maps for use on mobile devices. It was
anticipated that being able to access geological mapping
data in the field would be popular with not only geologists
but a broad range of stakeholders including fossickers,
farmers, civil and water engineers, teachers and other
interest groups. But the challenge was how to provide the
maps on mobile phones. In 2014 the software to present
even simple GIS data files on mobile devices was still
immature and not user-friendly. And the network coverage
across NSW was patchy, even non-existent in the western
regions of the state. The approach taken was to provide
the maps offline, to have the user download and store
them on the phone so they would be available everywhere
and not be dependent on mobile reception. The phone’s
GPS would provide the navigational functions, allowing
the user to zoom to their current location and track their
movement across the geology maps as they travelled.

Join between databases
1:50 000

b)

1:250 000

new linework

Join between databases

1:50 000

c)

Seamless

Tngb
Tnru
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0
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2015_06_0031

Figure 5. Merging two datasets that show mapping data of
contracting resolution. a) Detailed mapping (bottom half) shows
numerous subdivision compared to the broad, lower resolution
mapping dataset (top half). b) To avoid losing detailed data,
mapped contacts identified in the bottom dataset are projected
into the top dataset by following contour lines. c) New merged
dataset with the obvious map join removed. In what was the top
dataset, lines created by following contours were attributed as
inferred (dashes with question marks).

A key initial project decision was not to build a new,
dedicated app (mobile application) but rather to provide
the data in a format that could be consumed by existing
apps. This decision had the twofold benefit of allowing
the user to use apps they were already using and familiar
with, and reducing the initial cost and time required by
the GSNSW to make their maps available for use on
mobile devices.
The 1:1.5 million geological map was the first to be made
available using the RMAPS file format. The format is
essentially a SQLlite database that stores a series of
layered raster tiles depicting the map image at different
scales. Once downloaded, the user could zoom in and
out viewing the geological data at different scales, a very
useful feature for delivering complex data on the small
screens of mobile phones. But the format did not cater for
legends and individual rock units were labelled with
letter symbols only. A work around was to load the
legend into the SQLlite database at the top zoom level,
and the user would have to zoom out to see the
descriptions when required.
The second iteration of the statewide geological phone
map improved the user experience by introducing a new
file format, MBTiles, which allowed interactivity. The user
could click on the geological map and a pop-up would
display the rock unit name, age and description. This
overcame the issue with the legend in the first iteration.
Whilst this format could be used with an existing Android
app, there was no equivalent Apple app, and it was
necessary for the GSNSW to develop its own app to
deliver interactive geological maps for Apple users.
All of the GSNSW older standard series geological and
metallogenic map are also available in the MBTiles format.
Whilst these are not interactive, they are geo-referenced.
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This provides the user with the convenience of only having
to use a single device in the field and not carry hard copy
maps and/or a laptop. All mobile maps (Figure 6) and apps
are available at
https://www.geoscience.nsw.gov.au/phonemaps/

Figure 6. Interactive geology map of NSW delivered using the
NSW Geology Phone app developed by GSNSW.
Librarian Al Bashford and Geoff Brookes in the Sydney office
library (1998).

Guy Fleming and Simone Meakin trialling early digital devices
for field data capture (1999).
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Coal resource assessment
by the NSW Government –
a short history

The Coal Resource Identification Program is conducted
in the major coalfields of NSW, guided by government
requirements and, where gaps exist, in the coal resource
knowledge. The ongoing management of the state’s
coal resources assists in creating new regional jobs and
contributes to the budget and economy. Coal provides
a source of domestic electricity generation, coking coal
for the steel industry and coal for cement making. The
significant increase in exports in the last decade is driven
by demand from major trading partners for thermal and
metallurgical (coking) coal.

Dr Kevin Ruming and Erin Holmes

Introduction
Coal was first recorded in NSW in the late 1790s and first
mined in Newcastle in 1799. Eighty-five (imperial) tons
were exported from Newcastle to England in 1805. By
contrast today Newcastle is the largest coal export port
in the world, having shipped approximately 170 million
tonnes in 2015–16, primarily to Asia. Approximately
25 different product specifications of high-quality thermal
and metallurgical coal are now sold, representing around
80% of the total value of NSW mineral production.

Coal in New South Wales
NSW contains high-quality thermal and metallurgical
black coal resources. The quality of the thermal coals
ranges from medium- to high-ash, low-sulphur coal
used for domestic electricity generation and cement
manufacture, through to low- to medium-ash, low-sulphur,
high-energy, export-quality coal.

The NSW Government has been undertaking drilling
programs to assess the coal resources of NSW since 1878.
The coal resource assessment program is ongoing and
is managed by the Geological Survey of NSW (GSNSW)
on coal prospecting titles held by the government.
These assessments provide information and data to the
government to inform land-use planning, policy, and
to develop areas for consideration under the Strategic
Release Framework.

Metallurgical coals range from low-volatile, hard coking
coal to low-ash, semi-soft coking coal, used for iron and
steel production supplying export and domestic markets.
NSW’s black coal resources occur in seven of the state’s
sedimentary basins: Sydney; Gunnedah; Gloucester;
Clarence–Moreton; Oaklands; Ashford and Surat Basins
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Figure 1. NSW coal-bearing sedimentary basins.
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(Figure 1). The Sydney Basin is subdivided into five
‘coalfields’: Newcastle; Hunter; Western; Southern; and
Central Coalfields (Figure 3).
Almost all (99%) of the state’s current coal production
is from the Sydney and Gunnedah basins, with the
remainder from the Gloucester Basin. The primary
economic coal-bearing sequences in NSW are Permian,
from the Illawarra, Newcastle, Wittingham, Tomago
and Greta coal measures (Figure 2). Coal mining has
previously occurred in other areas of the state, including
the Clarence–Moreton, Oaklands and Ashford basins
(Figure 4).
The majority (approximately 89% in 2016) of the coal
produced in NSW is exported, with most of the remainder
being used for domestic electricity generation. A relatively
small quantity of domestic coal is used by local industries,
such as cement manufacture (Figure 5).
Coal was exported to 15 countries in 2016. The main
export markets are Japan (largest consumer, at over 40%
of NSW exported coal), Republic of Korea and Taiwan.
A total of 37 billion tonnes of coal resources have been
reported under company titles. These resources are
contained within 62 mines, and 53 major development
proposals and exploration projects. An estimated
57 billion tonnes of unallocated in situ coal resources in
NSW are not under company title. However, a significant
amount of this unallocated resource is impacted by
environmental, social, economic, infrastructure, urban
development and competing land-use factors.

HUNTER COALFIELD
Narrabean Group

NEWCASTLE COALFIELD
Narrabean Group

Newcastle Coal Measures

Newcastle Coal Measures

Watts Sandstone/
Denman Formation

Watts Sandstone/
Denman Formation
Dempsey
Formation

Jerrys Plains
Subgroup
Wittingham
Coal
Measures

Archerfield
Sandstone

Tomago
Coal
Measures

Vane Subgroup

The Geological Survey assesses the state’s coal resources
in areas not held by companies, providing information
and advice to government agencies, industry and the
community on them.
The NSW Government holds coal prospecting titles to
conduct resource assessment programs. Currently 16 coal
exploration titles are held. However, the number and area
of such titles has reduced significantly over time as title
areas have either been relinquished or when new titles
were granted to industry.
Identifying new coal resource areas with the potential
to support a new stand-alone mine is generally a three
stage process (Table 1). The goal is to have sufficient data
to estimate the size of the ‘Inventory’ coal resource near
or at an ‘Inferred Resource’ as outlined in the Australian
Guidelines for the Estimation and Classification of Coal
Resources. This specific level of information ensures that if
an area is released for competitive bidding the companies
are able to formulate a robust bid based on a reasonable
amount of data.
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Figure 2. Generalised stratigraphy of the Sydney, Gunnedah and Gloucester basins.
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The NSW coal industry plays a significant role in the state’s
economy. The industry provided around $1.16 billion of
royalties in 2015–16, and coal is the state’s single largest
export in value terms. The coal mining industry currently
directly employs approximately 20 000 people, indirectly
sustaining more than 8000 supporting businesses.
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Figure 3. The Gunnedah Basin and the coalfields of the Sydney Basin.
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Figure 4. Location of current and historic coal mining operations in NSW. See Figure 1 for inset location.
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2016 Export coal product

The first stage is a desktop study to identify broad
areas that may contain coal resources that fit criteria
stipulated by government or to fill knowledge gaps.
During this initial assessment, factors considered include
proximity to infrastructure, potential land-use conflicts
and water resources. Follow up assessment involves
a drilling program designed to broadly evaluate the
area. This program is reconnaissance in nature. Initial
reconnaissance drilling results are compared against
existing mining operations to determine if an area contains
coal seams with comparable thicknesses, quality and
extent. This comparison is used to refine the areas for
further investigation.

15.9%

Metallurgical coal
Thermal coal

84.1%

The next stage of assessment involves planning a drilling
program to determine the potential limits of the coal
resource area, to test the continuity and variability of the
coal seams, and to identify any major adverse geological
features such as intrusions and faults. This level of
assessment is usually not sufficient to be able to estimate
the resource to the level near an ‘Inferred Resource’.
Where drilling results are encouraging, geophysical
surveys may be undertaken.

2016 Domestic coal use
12.3%

0.9%
1.2%

Electricity generation
Cement industry

85.6%

Iron & steel industry
Other
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The final stage of assessment involves a drilling program
to preferably achieve sufficient density of data to enable
the resource estimation to be completed at or near
‘Inferred Resource’ level and reasonably define the limits
of the resource.

Figure 5. NSW export coal products and domestic coal use.

Table 1. Stages involved in assessing potential new coal exploration areas for consideration under the Strategic
Release Framework.
Stages of coal
resource assessment

Purpose

General criteria for
assessment

Activities

1. Broad identification
of potential coal
bearing regions

Regional resource identification

• Reports of coal occurrences

• Regional mapping

• Regional mapping, water
bores, road cuttings, company
reports, etc.

• Reconnaissance drilling

2. Targeted drilling
programs

Land-use assessment and follow • Areas of potentially economic
up on results from regional
coal
resource identification

• Desktop studies
• Drilling
• Down hole geophysics
• Geological modelling
• Coal quality analysis
• Airborne geophysics

3. Identification of
potential new coal
exploration areas

Assessment of areas that may
• Government requirements,
be suitable for public release as
e.g. new areas to address coal
a stand-alone coal development
supply for domestic electricity
area under the Strategic Release
security
Framework
• Provision of continuity of
mining operations and regional
employment
• Proximity to existing
infrastructure and existing
mining operations
• Market conditions

• Targeted drilling, generally to
achieve at or near an ‘Inferred
Resource’ level of confidence.
• Coal quality analysis
• Geological modelling
• Resource estimation including
identification of potential
open cut and/or underground
resources
• Preparation of departmental
reports
• Development of data packages
as required
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Figure 6. Locations of government drilling and major coal resource assessment projects. See Figure 1 for inset
location.
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Following the last stage of drilling, resource modelling is
undertaken. This work includes estimating the size of the
resource, including likely product types and tonnages,
the quality, energy content and any geological factors that
may impact mining — such as faults. Geographic, cultural,
agricultural and water factors are also considered

Previous government assessments
NSW Government agencies have completed 255 coal
resource assessment programs since 1878. Over the last
50 years there have been approximately 60 major
assessment projects and prior to that numerous other,
mostly small programs (Figure 6, Table 2) . The programs
ranged in scope from regional reconnaissance
assessments to drilling sufficient holes to estimate at an
‘Inferred Resource’ level. Many of the early programs
identified the extent of world class coalfields in NSW
providing important data enabling the development of
these coalfields.

The NSW Government coal resource assessment
program is a successful program providing scientific data
for consideration by government to enable informed
decision making with respect to sustaining the NSW
coal industry. Understanding the nature and location of
potentially commercially viable coal resources provides
the opportunity to strategically plan for the development
of NSW.
The level of data acquired also means that companies
which enter a bid for new coal exploration areas, offered
by competitive tender, are able to better formulate their
bids. Over the last 50 years some of the state’s significant
coal mining operations and projects were originally
assessed by government geologists and subsequently
released to the industry (Table 3).

Table 2. Coal resource assessment programs (1878–2016).
Number
of holes

Metres
drilled (m)

Target coal measures

Date

12 programs

25

6296

Illawarra Coal Measures

1889–1974

Bungaba

3

472

Illawarra Coal Measures

1992

Cobbora

412

30 745

Cobbora Embayment
Illawarra Coal Measures

2003–2009

Cope

5

309

Illawarra Coal Measures

1992

Curryall

6

2308

Illawarra Coal Measures

1982–1995

Ganguddy

5

1284

Illawarra Coal Measures

1980–1983

Hawkins–Rumker

23

3116

Illawarra Coal Measures

2015–2016

Kains Flat

20

1986

Illawarra Coal Measures

2014

Kelgoola

10

4921

Illawarra Coal Measures

1980–1982

Moolarben

28

924

Illawarra Coal Measures

~2006

Never Never

9

3375

Illawarra Coal Measures

1981–1983

North Rylstone

12

2439

Illawarra Coal Measures

2013

Uarbry

5

1403

Illawarra Coal Measures

1992–1995

Ulan

31

5907

Illawarra Coal Measures

1975–1976
1991–1992

Western Coalfield North

23

7192

Illawarra Coal Measures

2010–2011

Wilpinjong/Cumbo

77

2656

Illawarra Coal Measures

1992–2002

Wollar

4

171

Illawarra Coal Measures

2014

Drilling program
Western Coalfield – Sydney Basin
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Number
of holes

Metres
drilled (m)

7 programs

40

4896

Blackhill

3

346

Newcastle, Wittingham and Greta coal
measures

1977

Broke

5

1159

Newcastle and Wittingham coal measures

1981–1997

Brougham

4

914

Newcastle, Wittingham and Greta coal
measures

1981

Camberwell

10

915

Newcastle and Wittingham coal measures

1976–1977

Clanricard (Bengalla)

38

4993

Wittingham Coal Measures

1977–1980

Denman

13

6603

Newcastle and Wittingham coal measures

1971

Denman/Wybong

15

7364

Newcastle and Wittingham coal measures

1971–1978

Doyles Creek

15

11 704

Newcastle and Wittingham coal measures

1968–1971

Ellis

45

10 718

Newcastle and Wittingham coal measures

1975–1979

Glendonbrook

2

726

Wittingham Coal Measures

1986

Goulburn Valley

5

1978

Newcastle and Wittingham coal measures

1973

Goulburn Valley West

5

670

Newcastle and Wittingham coal measures

1974

Jerrys Plains

14

2319

Newcastle and Wittingham coal measures

1973–1990

Kayuga/Strathern (Dartbrook)

17

5730

Newcastle and Wittingham coal measures

1970–1979

Liddell

38

5937

Newcastle and Wittingham coal measures

1966–1970

Maison Dieu

12

1010

Newcastle and Wittingham coal measures

1988

Mitchells Flat

4

1344

Wittingham Coal Measures

1986

Ridgelands

13

2556

Newcastle and Wittingham coal measures

2001–2003

Rixs Creek

1

101

Wittingham Coal Measures

1975

Scone

10

3031

Newcastle, Wittingham and Greta coal
measures

1978–1985

Warkworth

28

9898

Wittingham Coal Measures

1970–1975

West Scone

4

1012

Newcastle, Wittingham and Greta coal
measures

1993

Yarrawa (Ferndale)

4

289

Newcastle and Wittingham coal measures

2003

17 programs

65

8864

Cooranbong–Kulnura

5

3479

Newcastle Coal Measures

1973

Dora

6

1981

Newcastle Coal Measures

1981–1982

East Maitland

2

642

Tomago Coal Measures

1975

Drilling program

Target coal measures

Date

Hunter Coalfield – Sydney Basin
1889–1948

Newcastle Coalfield – Sydney Basin
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1885–1968

Drilling program

Number
of holes

Metres
drilled (m)

Target coal measures

Date

Mandalong

6

1981

Newcastle Coal Measures

1981–1987

Metford

8

722

Newcastle Coal Measures

1978

Olney

3

1529

Newcastle Coal Measures

1981–1982

Stockton

3

2078

Newcastle Coal Measures

1980–1981

Wyong

9

3802

Newcastle Coal Measures

1981–1987

11 programs

92

50 389

Campbelltown

5

3864

Illawarra Coal Measures

1972

Cobbity

4

2676

Illawarra Coal Measures

1972

Huntley

40

13 020

Illawarra Coal Measures
Stage 1 (22 holes), 1967–1968; Stage 2 (18
holes), 1983

Oakdale

3

1882

Illawarra Coal Measures

1972–1973

Picton–Liverpool

14

10 324

Illawarra Coal Measures

1972–1973

4 programs

4

1650

Benelabri

37

6247

Black Jack Group
Stage 1, 1982–1991; Stage 2, 2009–2010

1982–2010

Boggabri

5

697

Maules Creek Formation

1976–1981

Brown

3

1037

Black Jack Group

1982

Caroona

50

12 696

Black Jack Group

1975–2001

Goonoo

2

887

Black Jack Group and Maules Creek Formation 2001–2002

Maules Creek

8

2055

Maules Creek Formation

1974–1975

Narrabri

48

13 226

Black Jack Group

1982–1984

Parkes

3

1496

Black Jack Group and Maules Creek Formation 1982

Watermark

39

3657

Black Jack Group

2006–2007

23

3745

Coorabin Coal Measures

1973–1974

5

300

Greta Coal Measures

1970

15

1570

Southern Coalfield – Sydney Basin
1878–1967

Gunnedah Basin
1974

Oaklands Basin
Oaklands/Coorabin
Cranky Corner Basin
Cranky Corner
Clarence Moreton Basin
2 programs

12 programs (many with a single hole) 15

4000

1909–1946
Walloon Coal Measures

1976–1978
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Table 3. Mines and projects that were released based on government drilling programs. Note: Run-of-mine is
abbreviated as ROM.
Mine area

Comment

Date
released

Mine
Ashton

Ashton was initially allocated through a tender process as a coal development area in 1996.
EL4918 was granted in 1997 to White Mining Limited.

1996

Ashton mine was given development consent in 2002 and commenced mining in 2004. Current
consent exists to mine 5 Mtpa ROM coal until 2024.
Bengalla

Bengalla was initially allocated through a tender process for the ‘Bengalla Coal Development
Area’ in January 1990. It was granted to the Bengalla Mining Company in 1991 as AUTH438.

Jan 1990

Bengalla was given development consent in 1995, and commenced production in 1999. Current
consent exists to mine 15 Mtpa ROM coal until 2039.
Dartbrook

Dartbrook was initially allocated to the Bellambi Coal Company as AUTH256 in 1980, from the
department’s previously held AUTH102.

~1980

The Dartbrook mine began production in 1996, and currently holds development consent to mine
6 Mtpa ROM coal until 2022. Dartbrook mine is currently in care and maintenance.
Maules Creek

The Maules Creek mine area was initially an Exploration Permit Tender Area in January 1979.
The tender was granted to Kembla Coal and Coke in 1980 as Exploration Permit No.4 (which
subsequently became AUTH346 granted in 1984). AUTH346 currently forms part of the Maules
Creek coal mine.

Jan 1979

The Maules Creek coal mine was given initial development consent in 1990, however mining did
not commence. Further development consent was sought by new owners and granted in 2012 to
mine 13 Mtpa ROM coal until 2034 (approx. total 381 Mt ROM coal). Production commenced 2015.
Moolarben

Moolarben was initially granted as EL6288 in 2004, following a tender process.

March 2004

The Moolarben mine was given development consent in 2007, and production commenced
2010. Current consent permits mining 12 Mtpa ROM from the open cut and 8 Mtpa ROM from the
underground mine, until 2038.
Narrabri North

Narrabri North was directly allocated to Narrabri Coal Company as EL6243 in 2004, from the
department’s previously held AUTH102.

2004

Narrabri North mine received development consent in 2007, and currently holds consent to mine
11 Mtpa ROM until 2031 (approx. total 171 Mt ROM coal).
Tarrawonga

Tarrawonga was initially granted as an Exploration Permit Tender Area 1 (EPTA1). However, after
some exploration, the company elected to apply for a coal lease in the northwest portion of the
original tender area and relinquished the rest of the area. This was later released as Maules Creek
tender area. The retained area became EL5967 (granted in 2002), which subsequently became
part of Boggabri East/Tarrawonga mine.

Jan 1979

Tarrawonga mine was granted development consent in 2005, and currently holds consent to mine
3 Mtpa until 2030. Production commenced in 2007.
Warkworth

Warkworth (currently part of the Mount Thorley Warkworth Complex) was originally released as
CLA Tender Area 5 in January 1975.

Jan 1975

Mining commenced at the Warkworth Colliery in 1981. Current development consent exists to
mine 18 Mtpa ROM over 21 years (total of 230 Mt ROM coal).
Wilpinjong

Wilpinjong was initially granted as EL6169 in 2003 following a tender process.
Wilpinjong was granted development consent in 2006, and production commenced in the same
year. Approval has recently been granted for the Wilpinjong Extension Project, which allows the
extraction of 16 Mtpa ROM coal until 31 Dec 2033.
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Dec 2002

Mine area

Date
released

Comment

Under Development
Vickery South

Vickery South was released in September 2008, and granted as EL7407 in October 2009.

Oct 2008

The Vickery Coal Project was given development consent in 2014, however mining did not
commence and the company has since submitted a preliminary EA to the DPE for a new revised
Vickery Extension Project (but no formal DA yet).
The approved project (SSD-5000) allows the mining of 4.5 Mtpa ROM until 2044, for an estimated
total 135 Mt ROM production. The revised project (SSD-7480 Pending) applies for the mining of
10 Mtpa ROM coal for 25 years (estimated total 186 Mt ROM production).
Wallarah No. 2

Wyong Coal Development Area was released via tender and granted as AUTH404 in 1988.

1988

The original tender area now forms part of Wallarah No.2 Proposal, which proposes to mine
5 Mtpa for 25 years (approx. total 150 Mt ROM coal).
Watermark

Watermark was a tender area released in October 2007. Granted as EL7223 from Department
title AUTH216.

Oct 2007

The project has development consent to mine 10 Mtpa until 30 June 2046. A mining lease is yet to
be granted by the department.
The mining project was estimated to produce 268 Mt ROM coal.
Exploration
Ferndale

Ferndale/Yarrawa was released in September 2008, and granted as EL7430 in December 2009.

Sept 2008

The project remains in an exploration phase as Ferndale/Yarrawa Project.
Goonbri

Goonbri was strategically released in September 2008. Granted as EL7435 in October 2009.

Oct 2009

The project remains in an exploration phase as Goonbri Project.
Inglenook /
Running Stream

Tendered in August 2008, granted as EL7432, EL7432, and EL7442.

Aug 2008

Oaklands

Exploration Permit Tender Area 9 (Clear Hill) was tendered in January 1979, and granted as
AUTH207 and AUTH345.

This project remains in an exploration phase as Inglenook/Running Stream Project.
Jan 1979

Exploration continues in the project area. Assessment Lease (AL18) is held over the area.
Ridgelands

Ridgelands was released in June 2009 via a tender process, and granted as EL8064.

Jun 2009

Ridgelands EL8064 remains an exploration project. There are no immediate plans for mining in
this area.
Spur Hill

Spur Hill was released in September 2008, and granted as EL7429 in Dec 2009.

Sept 2008

A preliminary Environmental Assessment has been submitted to DPE. The project proposes to
mine 8 Mtpa ROM coal for 25 years (total of 154 Mt ROM coal).

References
Beckett J. 1999. Coal seam nomenclature application in the
Hunter Coalfield. Coalfield Geology Council of New South
Wales 1999 Bulletin 1, 102–112.
Guidelines Review Committee 2014. Australian Guidelines for
the Estimation and Classification of Coal Resources. Report
prepared on behalf of the Coalfields Geology Council of
New South Wales and the Queensland Resources Council.
Hughes W.W. 1995. Gloucester Basin. In: Ward C.R.,
Harrington H.J., Mallett C.W. & Beeston J.W. eds. Geology
of Australian Coal Basins, pp. 411–416. Geological Society
of Australia, Coal Geology Group, Special Publication 1.

Hutton A.C. & Bamberry W.J. 1999. Stratigraphy and
terminology for the Southern Coalfield. Coalfield Geology
Council of New South Wales 1999 Bulletin 1, 120–152.
Ives M., Brunton J., Edwards J., Rigby R., Tobin C. & Weber C.
R. 1999. Revision of the stratigraphy of the Newcastle Coal
Measures. Coalfield Geology Council of New South Wales
1999 Bulletin 1, 113–119.
Tadros N. Z. 1999. Permian stratigraphy of the Gunnedah
Basin. Coalfield Geology Council of New South Wales 1999
Bulletin 1, 40–93.

Quarterly Notes 150

35

Dr Ted Tyne presenting MinView at Parliament House in May 2002.

Dr Ted Tyne (right) and David Hayward (GIS analyst).

These photographs were taken at the first high profile
public release/presentation of new Exploration NSW data
and maps at Parliament House in May 2002. This event
was the model for the ‘Exploration in the House’ series
that continues today.

(l to r) Carolyn Bloch (Executive DMR), Russell Meares (Malachite
Resources), Alan Coutts (D-G DMR), John Cramsie (former Director
GSNSW) and Gary Lowder (former Director General of DMR).

Exploration in the House 2017 attracted the largest crowd yet.
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The Coal Geology Group in 1983 including Brad Mullard (centre back), John Whitehouse (back row, right of the umbrella) and Julie
Moloney (centre front). The photo was taken on Level 18 of the old CAGA building in Sydney (now demolished and replaced by
Governor Macquarie Tower).

A hand boring plant at Home Rule gold mine near Mudgee, circa
1901. Photographer L.F. Harper.

Drillers at work on an Amoco exploration drill at Wallacia
southwest of Sydney (1994).

Mendooran Drilling Project – site visit to DM Wallaroo DDH1,
August 2017. Clockwise from left: Sam Walsh, Erin Holmes, Tully
Matthews, Spencer Hopcroft, Lee Scott and Dan Cronin.

(l to r) Steve Cozens, Michael Hill and Vlad David. Cobbora
Drilling Project (2003).
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A group including (l to r) Phil Blevin, Cameron Ricketts, John
Whitehouse and Cressida Gilmore touring Boral Quarries’
operation, where Carboniferous volcanic rocks are extracted for
hard rock aggregate products. Seaham Quarry, Seaham (2007).

Cameron Ricketts and Spencer Hopcroft sizing up an old
dragline bucket at Rio Tinto’s thermal coal operation in the
Hunter Valley. Bengalla Mine, Muswellbrook (2011).

Iain Paterson and Simon Francis viewing a rock saw extracting Triassic Hawkesbury Sandstone for dimension stone products at
Gosford Quarries’operation. Mt White Quarry, Somersby Plateau (2010).
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Field camp at Halls Peak (1984).

Bob Harris conducting a field survey in Wallah (c 1970).

Peter Bukey operating the Hylogger™ at the WB Clarke
Geoscience Centre (2015).

Jane Barron (1974).
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Rear (l to r): Dennis Townsend, Graham Bedford, Bob Moffitt, Anne Felton, Cliff Matson, Graeme McIlveen. Centre: Barney Stevens,
Gizelle Herzberger, Lindsay Gilligan, Mazedul Chowdhury, Heather Griffin (nee Hill). Front: John Hobbs, Carl Weber, Dave Suppel,
Harry Bowman, Debbie Willoughby (1972).

.
Dubbo Mapping Project team (from left): Martin Scott, Larry Barron, Peter Downes, Dennis Pogson, Lis Arundell (nee Morgan), Simone
Meakin, Gary Colquhoun (with Magellan GPS NAV 1000), Alice Warren and Roger Cameron (1997).
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Field excursion to Packsaddle Hill, Koonenberry Belt (2009).

Steve Trigg in East Riverina (2015).

Rosemary Hegarty and Bob Musgrave in the Koonenberry Belt (2006).

GSNSW Open Day in Maitland (2017).

Dr Ted Tyne (seated) Director of the Geological Survey (2002–05)
with Assistant Directors (l to r) Peter Lewis, Lindsay Gilligan and
John Watkins (2005).
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Ar/39Ar geochronology of the Tara intrusion-related
base metal deposit: implications for metallogenesis
in the central Lachlan Orogen, New South Wales
40

ABSTRACT
Dating of eight muscovite grains from a quartz–muscovite–sulfide vein from the Tara intrusion-related base metal system 20 km
east-northeast of Hillston, New South Wales, yielded indistinguishable 40Ar/39Ar age results with a weighted mean age of 420 ± 2
Ma. The deposit is hosted by a metamorphosed turbidite sequence that includes medium- to thin-bedded quartz sandstone,
shale, siltstone and mudstone. A Late Silurian age for the mineralisation at Tara extends the spatial distribution of intrusion-related
mineral systems of similar age within the Central Subprovince of the Lachlan Orogen. Tara formed at approximately the same time
as the Mineral Hill (Ag–Pb–Zn and Cu–Au) and Holbrook (Mo) intrusion-related mineral systems and the initial magmatic event
associated with the Ardlethan tin deposit. The recognition that Tara is part of a widespread Late Silurian metallogenic and thermal
event increases the prospectivity of the Cargelligo 1:250 000 map sheet area.
Keywords: Keywords: Lachlan Orogen, Lake Cargelligo, Tara, 40 Ar/39 Ar dating, mineralisation
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INTRODUCTION
Exploration drilling was carried out by Pan Australia Mining Ltd
in 1986 (Paull & Rugless 1986) to test a significant aeromagnetic
anomaly 20 km east-northeast of Hillston, New South Wales
(Figure 1). That drilling resulted in the discovery of copper–lead–
zinc–silver–tin–arsenic mineralisation under 40 m of cover at
Tara and Tara South (Figure 2) (Paull & Rugless 1986; Paull 1987).
The Tara system is an intrusion-related base metal deposit that
has been described by a number of workers, including Paull
(1987); Croxford (1987); Barclay and Smith (1989); Rutherford and
Thieme (2000); Downes (2004a, b); and Burton and Downes
(2005).
Dating of the Tara mineral system was undertaken as part of
the geological mapping and metallogenic assessment of the
Cargelligo 1:250 000 map sheet area (Colquhoun, Meakin &
Cameron 2005). This paper documents the results of 40Ar/39Ar
dating undertaken at Tara and discusses the results in a regional
context.
The Central Subprovince of the Lachlan Orogen (Glen 2005)
in New South Wales (Figure 1) underwent a number of
metallogenic events during Early Silurian to Middle Devonian
times. Mineralisation in the Central Subprovince includes:
intrusion-related tin–tungsten mineralisation in the Early Silurian
(Kikoira–Gibsonvale) (Figure 2); volcanic- and intrusion-related
mineralisation in the Late Silurian (Mineral Hill) (Figure 1); and
volcanic-hosted massive sulfide and Cobar-type mineralisation
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Mineral systems of the Murray Basin, New South Wales
Abstract

The Murray Basin in southeastern Australia is an intracratonic sedimentary basin of Cainozoic age that extends
across 300 000 square kilometres of New South Wales, Victoria and South Australia. The upper sequences, principally
the Loxton–Parilla Sands, Calivil Formation and Shepparton Formation, contain economic accumulations of heavy
mineral sands; bentonite; kaolin; and gypsum. Mineral sands are the most significant commodities in the Murray
Basin because of their large resources of high-quality coarse-grained rutile, zircon and ilmenite. Quartz sand
amenable to construction applications occurs in many places, primarily as aeolian dune deposits, alluvial sequences
associated with modern drainage courses, and ancient stream channels along the eastern margin of the basin.
Mineral deposits of the Murray Basin formed in a large geological province in which critical interactions of
depositional, eustatic, climatic and tectonic processes influenced their development. High-quality kaolin deposits
along the eastern margin of the basin are believed to have been derived from weathering of nearby basement rocks.
The kaolin accumulated in lacustrine or floodplain settings. Thick deposits of heavy mineral sands that accumulated
in early Pliocene sequences in the northern Murray Basin are believed to represent coastal barrier stacking that
occurred during multiple sea level fluctuations of at least 40 m. Bentonite deposits scattered across much of the
southern and central Murray Basin were probably derived from volcanic ash emitted from inferred late Pliocene
eruptive centres, now concealed by younger sedimentary units.
Cainozoic sequences of the Murray Basin are disrupted in many places as extensive faulted and uplifted basement
ridges that mainly trend northeast to southwest. Tectonic activity played a major role in the development of heavy
mineral sands concentrations by the formation of uplifted fault blocks upon which beach placers preferentially
formed. Structural depressions formed in response to subtle downwarping provided favourable sites for volcanic ash
accumulations subsequently altered to bentonite.
During the last 0.5 Ma, large quantities of marine salts from the Southern Ocean have been deposited over much
of southern Australia. Those salts leached into shallow aquifers resulting in their typically saline groundwater from
which salt is extracted commercially at several locations. Favourable structural or stratigraphic pathways in many
places allowed groundwater to migrate to the surface to form hypersaline lakes that dried out leaving numerous
deposits of gypsum.
KEYWORDS: kaolin; bentonite; gypsum; salt; heavy minerals; rutile; zircon; ilmenite; Loxton–Parilla Sands; Shepparton Formation;
Calivil Formation; Pliocene; Miocene; Iona Ridge; Neckarboo Ridge; Gingko; Murray Basin; Tertiary; Cainozoic; Cenozoic; Woorinen
Formation; lunette
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The Geoscientific Data Warehouse
— delivering NSW geoscience data
Abstract
The Geoscientific Data Warehouse (GDW) was first released in 2012. It is the culmination of the COGENT II project,
which aimed to secure and centralise the vast repositories of geoscientific data held by the Mineral Resources branch
of NSW Trade & Investment, and provide a platform that would make the data easily accessible to industry, other
government departments and the public. It is funded under the state government’s New Frontiers initiative to attract
mineral and petroleum exploration investment in New South Wales, and inform land use decision making.
This paper aims to document methodologies and technologies deployed in the GDW, present case studies to highlight
the ease of access to geoscientific data, and promote the use of the GDW.
The GDW has been developed in-house by the Geological Survey of New South Wales using both open-source
and commercial off-the-shelf-products. A strategy of minimising the use of coded software has reduced the cost of
development and ongoing maintenance and provided the Mineral Resources branch with a flexible platform that can
be expanded and improved upon into the future without major expense.
The main design features are the geoscientific ‘single point of truth’ database, nightly replication to an internal and
internet-facing data warehouse, the display of data in Google Earth, simple searches on all datasets, and single-click
downloads of data in the form of shape files, MapInfo files and CSV files.
Four case studies show how the GDW facilitates access to data, how the Google Earth or geological map data display
enhances the physical context of the data and how the GDW enables the download of surface geology maps and
geophysics imagery onto mobile phones and tablets.
Keywords: geoscience, data warehouse, spatial, web, geology, geophysics
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A 3D model for the Koonenberry Belt from geologically
constrained inversion of potential field data
Abstract
A 3D model of the poorly outcropping Koonenberry Belt in northwestern New South Wales was produced by linking
a series of 2.5D geological cross-sections in a computer-aided 3D geological modelling package. The 2.5D sections
resulted from inversion of magnetic and gravity data by iterative modifications of forward models, starting with initial
cross-sections that represented a best first estimate of the geology in a setting of limited geological data constraints.
The process involved repeated two-way exchange between the geophysicist and geologists. Profiles longer than 50 km
were simultaneously inverted for magnetic and gravity data with rigorous attention paid to the closeness of fit of the
model anomaly to data, particularly on the flanks of anomalies, and to the geological justifications of the model. A
reflection seismic profile across the centre of the belt helped to constrain the key Wonnaminta profile. Confidence in
the outcome of the inversion process was boosted by confirmation of a prediction of the model for remanence in rocks
in the basement of the Bancannia Trough. Wavelet edge detection traces (‘worms’) played a pivotal role in defining the
starting models, testing the validity of final inversions, and linking the 2.5D profiles to construct the 3D model. The
resulting 3D model played a crucial role in the tectonic interpretation of the Koonenberry Belt.
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