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List of acronyms used
ASCII

American Standard Code for Information Interchange. A standard for digital
information storage in which data are encoded as characters and numbers.

CAD

Computer Assisted Drafting. Computer software for drawing and displaying
engineering and architectural designs.

CODES

The ARC Centre of Excellence in Ore Deposits at the University of Tasmania.

CSV

Comma Separated Value. A format for data in a text file in which individual pieces
of information are separated by a comma.

DXF

Drawing eXchange File. A common file format for interchange of two- and
three-dimensional digital data between CAD and GIS software systems.

GIS

Geographic Information System. Computer software for storage, display, query and
analysis of two-dimensional and three-dimensional spatial data.

OLT

The Australian Office for Learning and Teaching.

PDF

Portable Document Format. A file format used to present and exchange documents
reliably. Invented by Adobe, PDF is now an open standard.

TESEP

Teacher Earth Science Education Programme. An Australian program that provides
in-service training in Earth sciences for school teachers. It is funded by industry and
professional societies.

UAV

Unmanned Aerial Vehicles. Commonly known as drones, they are aircrafts without
human pilots aboard.

XML

eXtensible Markup Language. A structured data file format in which information is
stored in a formatted text file with information delineated by category.
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Executive summary
Field work is a cornerstone of education programs in many disciplines and nothing can fully
replace the tactile experience of holding and manipulating an object or the insight gained by
exploring, touching and documenting a field site. Within university undergraduate units,
however, it is not possible to expose students to a fully comprehensive range of field
experiences. Important localities are widely dispersed across the continent and many
significant sites are situated in inaccessible or dangerous locations where student visits are
simply not practical.
Financial, safety, legislative and logistic issues and trends towards increased flexible content
delivery, mean that resources to complement conventional field-based teaching programs
are urgently needed. This project has pioneered development of these new resources for field
geology education, but the methodology and procedures that have been developed are
directly applicable to other field-based disciplines.
Geoscience field work teaches a range of important observational and analytical skills in an
experiential learning context. Geological field education is particularly distinguished by the
need for students to document and conceptualise phenomena in both time and space and to
develop high-level spatial perception skills. These specialised skills are best developed by
exposing students to multiple examples of a wide range of geological features, but this cannot
necessarily be accomplished in conventional field programs. Interactive digital visualisations
complement and augment, but can never fully replace, conventional field-based learning.
The new visualisation methods and software developed in this project provide engaging tools
for interactive virtual exploration of geological objects that can help to develop the key skills
of systematic documentation, multi-scale interpretation and 3D perception.
This project employed new ‘enabling’ technologies including automated photogrammetry,
‘deep zoom’ imagery, full spherical panoramas, and unmanned aerial vehicles (UAVs). These
methods enable rapid and inexpensive generation of intuitive and immersive digital teaching
resources.
This project has developed a Virtual Atlas of Australia’s Geology called the AusGeol library
(www.AusGeol.org) that now contains visualisations from over 3,200 sites that collectively
document many of Australia’s significant geological outcrops. This library is the largest and
most comprehensive collection of geological visualisations in the world and is the only
collection of visualisations that attempts to systematically document the geology of an entire
continent.
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The AusGeol library is unique in that it is underpinned by a comprehensive metadata database
that facilitates interactive query and selective display of visualisations to meet specific spatial
or geological criteria. All AusGeol visualisations are provided, together with their metadata,
free via the AusGeol website as open educational resources and can be downloaded in a
variety of standard formats.
The AusGeol library also provides innovative new teaching and learning resources, and uses
the potential of immersive visualisation to improve student learning outcomes. A key
deliverable of the AusGeol project has been development of new, innovative software called
GeoVis3D that enables interactive qualitative and quantitative analysis of 3D photorealistic
virtual geological models. GeoVis3D and its documentation are distributed free as open
educational resources through the AusGeol website.
The applications of the new AusGeol visualisations, the GeoVis3D software and accompanying
educational resources have been assessed in undergraduate classes with generally positive
responses from both teaching staff and students. Systematic evaluation of the effectiveness
of these new resources will be undertaken in 2017.
The AusGeol Virtual Atlas of Australia’s Geology, accompanying educational resources and
the GeoVis3D software provide blueprints for the use of emerging visualisation technologies
in other field-based disciplines.
The initial OLT Innovation and Development project was a collaboration between five
universities. The expanded AusGeol project involved 18 organisations and attracted
significant additional funding ($127 500) to develop the virtual library and associated teaching
and learning resources. The expanded project involved collaboration between 13 of the
18 Australian universities that teach Earth Science majors, as well as government geoscience
organisations and the Teacher Earth Science Education Programme. The ‘buy-in’ to the
AusGeol project by additional institutions and organisations provides clear indication of the
perceived value of this project for geological education and public outreach.
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Project rationale
Field work is a cornerstone of education programs in many disciplines and nothing can fully
replace the tactile experience of holding and manipulating an object or the insight gained by
exploring, touching and documenting a field site. Within university undergraduate units,
however, it is not possible to expose students to a comprehensive range of field experiences.
Australia’s landscape, heritage and ecosystems are diverse, with significant localities widely
dispersed across the continent. In addition, highly instructive sites are often situated in
inaccessible or dangerous locations where student visits are simply not practical. Financial,
safety, legislative and logistic issues, together with trends towards increased flexible content
delivery, mean that resources and strategies to complement and augment conventional fieldbased teaching programs are needed (Whitmeyer et al., 2009; Boyle et al., 2009).
Geoscience field work teaches a range of important observational and analytical skills in an
experiential learning context (King, 2008). Geological field education is particularly
distinguished by the need for students to document and conceptualise large- and small-scale
phenomena in both time and space and to develop high-level spatial perception skills. This
includes the ability to visualise 3D features, often from limited perceptual cues (Orion and Ault,
2007, Kastens et al., 2009). These specialised skills are best developed by exposing students to
multiple examples of a wide range of geological features, but this cannot necessarily be
accomplished in conventional field programs. When the students do experience real field
work, their quality of learning can be significantly enhanced by prior exposure to virtual
geological information (e.g. Stokes et al., 2012).
Reasoned interpretation of a field locality typically involves integration of a range of qualitative
and quantitative information that includes the geometry, colour and texture of multiple
objects and their relative spatial arrangement (Liben and Titus, 2012). Conventional digital
photography has been used in many disciplines to produce ‘virtual excursions’ or ‘virtual field
trips’, but normal photography cannot adequately convey all the important aspects of a field
site. The static nature of conventional photography significantly restricts the utility of these
resources and compromises the student learning experience (Liu et al., 2009).
This project has pioneered development of new virtual teaching and learning resources for
field geology education, but the methodology and procedures employed are directly
applicable to other field-based disciplines. The aim of these new resources is to complement,
but not replace, conventional field-based education. The virtual library developed in this
project facilitates instant student access to many of the most significant Australian geological
sites. The visualisation methods and software developed in this project provide engaging tools
for interactive virtual exploration of geological outcrops and help to develop the key skills of
systematic documentation, multi-scale interpretation and 3D perception.
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AusGeol
The OLT Innovation and Development project ‘Immersive Visualisation for Field-Based
Sciences’ was initially a collaboration between educators from five Australian partner
universities (University of Tasmania, The University of Melbourne, The Australian National
University, The University of Queensland and The University of Western Australia). Significant
interest in this initiative from other organisations resulted in additional partners joining the
project and the provision of significant additional funding ($127,500) to help deliver Earth
science educational resources.
The primary aim of the original OLT project was to generate of a set of representative
geological visualisations and associated teaching and learning resources for use in
undergraduate Earth Science education. An additional focus of the expanded project was to
systematically document Australia’s diverse geology using immersive visualisation technology.
The web address registered for the virtual geological library established for the initial OLT
project is www.AusGeol.org, and the expanded project took on this name to become the
AusGeol project. In this document, references to AusGeol refer to the expanded OLT project.
Additional support for the original OLT project came from many institutions and government
organisations that contributed funds, data and personnel time. The partners in the expanded
program and their respective contributions are detailed in TABLE 1. The expanded AusGeol
project involved 18 organisations that included 13 universities, four government geoscience
agencies and the Teacher Earth Science Education Programme (TESEP). AusGeol involved
collaboration between staff from 13 of the 18 Australian universities that teach Earth Science
majors. The buy-in to the AusGeol project by nine additional educational institutions and five
external organisations provides a clear indication of the perceived value of this project for
geological education and public outreach.
The AusGeol project was coordinated and managed by staff at the OLT project lead institution,
the University of Tasmania (UTas). UTas staff provided training for partner institution staff in
visualisation techniques, undertook field work to collect imagery from around Australia,
processed UTas and partner institution imagery to generate visualisations, developed the
AusGeol web portal, coordinated development of the new GeoVis3D software, and developed
educational resources that use the new visualisations in the AusGeol virtual library.
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Table 1. AusGeol partner organisations and their respective roles and contributions to the project

Organisation

Contribution and Role

University of Tasmania

Original OLT partner institution
Lead institution for the project
Project coordination and management
Provision of hardware and software resources (~$20 000)
Data acquisition
Data processing
Website development
Software development
Educational resource development
Original OLT partner institution
Data acquisition
Educational resource development
Original OLT partner institution
Data acquisition
Educational resource development
Original OLT partner institution
Data acquisition
Educational resource development
Original OLT partner institution
Data acquisition
Educational resource development
AusGeol partner institution
$10 000 cash contribution
AusGeol partner institution
$10 000 cash contribution
AusGeol partner institution
$10 000 cash contribution
AusGeol partner institution
$10 000 cash contribution
AusGeol partner institution
$5 000 cash contribution
AusGeol partner institution
$5 000 cash contribution
AusGeol partner institution
Contribution of digital data
AusGeol partner institution
Contribution of digital data
AusGeol partner organisation
$20 000 cash contribution
AusGeol partner organisation
$20 000 cash contribution
AusGeol partner organisation
$20 000 cash contribution
AusGeol partner organisation
$10 000 cash contribution
AusGeol partner organisation
$7 500 cash contribution

The University of Melbourne

The Australian National University

The University of Queensland

The University
Australia

of

Western

University of Wollongong
Macquarie University
The University of Newcastle
The University of Adelaide
University of South Australia
The University of New England
James Cook University
Monash University
Geoscience Australia
Geological Survey of Victoria
Geological Survey of South
Australia
Mineral Resources Tasmania
Teacher Earth Science Education
Programme (TESEP)
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Geological visualisation methods
There are three main issues that limit the utility of conventional photography for documenting
a geological outcrop.
1. Three Three-dimensional information: Most geological features are inherently threedimensional. Conceptualising and understanding 3D features is a difficult cognitive task
even using multiple standard images acquired from different directions.
2. Multi-scale investigation: Interpretation of a geological exposure commonly requires
investigation of features at a range of scales. Even modern, high-pixel count cameras
cannot adequately depict both the entirety of an outcrop and the small-scale, macro
features in a single image.
3. Viewpoint limitations: Many geological features are difficult to depict and interpret
from terrestrial imagery alone. Alternate, elevated viewpoints often provide a more
complete and informative view of the object.
The AusGeol project has used a range of innovative visualisation techniques to address these
issues and to provide intuitive, immersive virtual access to significant geological localities
around Australia. New ‘enabling’ technologies used in this project include automated
photogrammetry, ‘deep zoom’ imagery, full spherical panoramas and unmanned aerial
vehicles (UAVs). These techniques facilitate rapid and inexpensive generation of intuitive and
immersive digital teaching resources.
Realistic, 3D, virtual models of objects that can be manipulated and viewed at any scale and in
any orientation (FIGURE 1). These models are generated using ‘structure from motion’
algorithms from conventional digital photographs acquired from multiple orientations.
It is not necessary to use a calibrated camera for photography or to record the position and
orientation of each image. Lens characteristics and image geometry are automatically
determined by matching common features between images. Geo-referenced 3D photorealistic
models provide all the geometric, colour and textural characteristics of real objects.
‘Deep zoom images typically comprise more than 100 million pixels and some may have billions
of pixels (gigapixel imagery). These images may be acquired by automated stitching of 100s of
images acquired using a robotic camera head or alternatively, as orthoimagery generated from
automated photogrammetry. Deep zoom imagery is stored using optimised file formats for
rapid display and can clearly depict features at a range of scales within a single image (FIGURE2).
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Figure 1. The digital photographic process illustrated for a site at Cape Liptrap, Victoria. The final texture-rendered
3D model provides a photorealistic, geometrically correct rendition of the original geological outcrop.

Figure 2. 900 Megapixel image of multiply deformed metasedimentary rocks from Nambucca Heads. NSW. The
insert shows detail achieved using high-quality optics and a robotic camera head (illustrated in the top left).

Full spherical panoramas record the full 360 x 180-degree view of a single locality and, when
viewed in appropriate software, provide an immersive view of the site that allows the user to
look in any direction and to zoom in and out on features (FIGURE 3). These 360 x 180-degree
views are typically generated from multiple images acquired using a fisheye lens and a
panorama head on a tripod. The 3D video extends this concept and uses six synchronised video
cameras to capture a full spherical panorama for every frame in a video.
UTAS Immersive Visualisation for Field-Based Sciences
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Figure 3. An example full spherical panorama of a coastal site on the Tasman Peninsula, Tasmania. The
image depicts a 360 x 180-degree view and appears highly distorted if viewed in conventional image display
software. In dedicated 3D-viewing software the image displays a 360-degree view of the site.

Figure 4. A 3D virtual model of the contact between Neoproterozoic and Cambrian strata in the Flinders
Ranges, South Australia. The model was generated from imagery acquired using an unmanned aerial
vehicle (UAV). UAVs facilitate modelling of large features that could not be imaged from a purely terrestrial
viewpoint.

Imagery acquired using UAVs (often called drones) can provide informative views of field
exposures. UAV imagery provides a combination of high spatial resolution and multiple
elevated viewpoints that facilitate generation of high-resolution photogrammetric models and
orthoimagery of large geological features (FIGURE 4).
Full spherical panoramas, 3D photogrammetric models, UAV imagery and other data sources
such as video and PDF files can be integrated to generate virtual tours of a locality (FIGURE 5).
Linked full spherical panoramas enable a user to ‘move’ in steps along an outcrop and to view
the scene in any direction from each viewpoint. Additional resources such as 3D models are
linked to ‘hotspots’ attached to images in the tour and are activated as desired by the user.
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Figure 5. Screen image of a virtual tour of Point Ellen, South Australia. The virtual tour incorporates
interlinked UAV imagery, full spherical panoramas, 3D models and other media such as audio files. The
camera and 3D icons mark hotspots that indicate that link to additional resources.
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AusGeol data delivery
The AusGeol virtual library currently contains geological visualisations from over 3200 sites
across Australia (FIGURE 7). Thus, the project team have acquired and processed significantly
more visualisations than the 1500 total estimated in the original OLT grant application. This
more complete coverage of the geology of Australia has been made possible by the financial
contributions of the additional AusGeol partners. Visualisations include approximately 2300
photorealistic 3D virtual models, 650 full spherical panoramas, 170 UAV images and 300 deep
zoom images. The AusGeol library is now the largest and most comprehensive repository of
geological visualisations in the world and the only database that attempts to systematically
document the geology of an entire continent.
“The AusGeol project team have collected an extraordinary amount of data and imagery
from all around Australia. They have also produced a very impressive website which,
while still developing, has become an invaluable resource for both teaching and learning
about the geology of Australia. The website is a great tool for complementing field work
carried out by our students who can in essence ‘revisit’ some of their field sites and
retrieve forgotten or missed information. We look forward to the continuing
development of this important educational resource. (Dr Bill Landenberger, Head of
Earth Sciences, The University of Newcastle).”
“The OLT/AusGeol project has developed a magnificent resource for teaching in the
Earth sciences including many significant geological sites from around the country. This
expanding resource provides many excellent examples of important geological features
with the unique advantage that these features are portrayed in a three-dimensional
format. For students to fully comprehend geological features such as rock layers,
sedimentary structures, folds, faults, dykes, the three-dimensional perspective is
invaluable. (Associate Professor Chris Fergusson, University of Wollongong).”
The AusGeol website (www.AusGeol.org) is the primary means for distributing the output of
this project. The website has been developed and tested primarily using the Google Chrome.
While the website is automatically reconfigured to enable access through mobile devices,
some issues with website functionality on Internet Explorer are yet to be resolved.
The website home page (FIGURE 6) provides scrolling examples of geological sites in the
database, together with tabs that provide access to a range of resources. Visualisation types,
file formats and geological metadata are outlined in detail on respective tabs accessed from
the home page.
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Figure 6. The AusGeol website home page displays scrolling examples of data and tabs to access
visualisations and metadata via either a spatial interface (Atlas) or in tabular interface (Sites).

The Atlas tab displays visualisation locations via a zoomable map interface that superimposes
the localities on selected maps and imagery of Australia (FIGURE 7). A wide variety of
background data layers can be selected in the Atlas display to provide geographic and
geological context for the visualisations. Backgrounds layers include several topographic map
layers, a digital elevation model, Google satellite imagery mosaic, 1:2 500 000 and 1:1 000 000
scale geology maps and geophysical datasets from Geoscience Australia.
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Figure 7. Examples of AusGeol geographic data display. The AusGeol atlas provides geographic and
geological context for visualisations by overlaying their locations on a variety of imagery including:
(a) Topographic data, (b) Google satellite image mosaic, (c) Geoscience Australia surface geology of
Australia, (d) Total magnetic intensity image.

In the Atlas view, closely spaced sites are automatically aggregated into composite markers
dependent on the zoom level. Marker colours and numbers indicate the number of sites in
each region. Composite markers progressively split as the zoom level of the map increases and
individual sites are marked by blue circles (FIGURES 8A AND 8B). When a site is selected, a
thumbnail image of the visualisation is displayed and, if the ‘details’ option is selected, the
geological attributes for the visualisation are displayed in a side pane, together with a list of
files available for download (FIGURE 8C). Clicking on a download link automatically downloads
two files, the visualisation file and the associated metadata record stored in XML format.
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Figure 8. Examples of spatial data display in the AusGeol website. (a) The distribution of all sites in the
AusGeol library. Numbers in coloured dots show the number of sites in each locality; (b) An enlarged view of
Tasmania showing the local distribution of sites in more detail; (c) A thumbnail image displayed for a selected
site together with download links and geological metadata.

The Sites tab presents visualisations and their associated metadata via a tabular interface. Both
the Sites and Atlas tabs provide options for selective display of visualisations based on
compound metadata queries (FIGURE 9). It is possible to select features based on combinations
of site name, site description, visualisation type, rock type and keywords. These search
facilities enable easy identification of suitable visualisations to illustrate particular geological
features.
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Figure 9. Examples of AusGeol metadata queries. (a) Atlas view showing the distribution of all 3D-models
that depict structural geology with sites superimposed on the Google satellite mosaic. (b) Sites tabular view
of some 3D models from near Albany, Western Australia that display folds.

Data for all sites are available for download and offline visualisation via either the Atlas or Sites
tabs. The Sites tab also facilitates online display of full spherical panoramas and 3D models that
have been uploaded to the Sketchfab online model repository (www.sketchfab.com) (FIGURE 10).

Figure 10. Screen image of Interactive SketchFab display of a 3D model within the AusGeol website.
The model shows folded Devonian strata from Cape Liptrap in Victoria.

The GeoVis3D tab, accessed from the AusGeol home page, provides free access to the new
GeoVis3D software and associated instructional videos. This software enables interactive
qualitative and quantitative analysis of 3D, photorealistic, virtual geological models.
Educational resources are provided through the Resources tab. Resources include virtual tours
and teaching exercises that use visualisations from the AusGeol library. Some of these resources
are provided for free open access, but other resources that contain exercises with answers and
teacher notes are available only to registered educators with password access. Access to
protected resources is provided to any verified educator who makes a request via the website.
UTAS Immersive Visualisation for Field-Based Sciences
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GeoVis3D
A major achievement of the AusGeol project has been development of new software
(GeoVis3D) for interactive geological interpretation of 3D-photorealistic virtual models. The
aim of GeoVis3D is to replicate, on 3D-virtual models, the qualitative observations and
quantitative measurements that are conventionally acquired on real outcrops.
GeoVis3D has been developed using the Unity® game engine and accepts input models as
Google KMZ files from the AgiSoft® Photoscan photogrammetry software. More than 1500
KMZ files from across Australia currently are available from the AusGeol website for use in
GeoVis3D. The main application interface (FIGURE 11) has a model viewport in which the 3D
model can be manipulated by rotation, pan and zoom operations to optimally orient the model
for interpretation.

Figure 11. Example of geometric data analysis and annotation in GeoVis3D. A virtual model from
Kangaroo Island, South Australia, is displayed in the main viewport with interpreted features superimposed
in colour. These measurements are automatically plotted in the stereonet (top right) and in the data table
(lower right). Orange features are bedding planes, blue planes mark fold axial planes, purple planes are
joints, green arrows are fold axes and red lines are surface annotation on the model that delineate layering.

Much of the functionality of GeoVis3D involves geometric analysis of virtual models. The
orientation of an external planar feature in the model can be recorded with a single mouse
click and data are automatically tabulated and plotted on an associated stereonet (a standard
tool for geometric analysis of geological features). There is a live link between the model,
stereonet and tabular data so that a feature selected in one pane is automatically highlighted
in the other panes. Planar features that intersect the model surface are recorded by digitising
multiple points along the surface trace of the feature. GeoVis3D provides visual feedback on
the fit of the plane to the digitised points and tests for colinearity of the input points. Linear
features are measured by digitising two points on the model surface that are connected as a
lineation.
UTAS Immersive Visualisation for Field-Based Sciences
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Options for annotation of the 3D model are also provided. Annotation modes include options
to draw lines and curves directly on the 3D-model surface and the ability to attach text labels
to the model. Annotation automatically moves with the model during zoom, pan and rotation.
‘Hotspots that link to text files, images and audio files can also be created on the model. This
facility allows an instructor to embed detailed explanations of model features directly in the
correct three-dimensional context.
Structural data can be exported to ASCII text files in CSV format for input into external
applications. All measurements, annotations and display parameters can be saved in a session
file that is stored in XML format. Session files provide a mechanism for easy exchange of
structural interpretations between students and educators. Data can also be output as 3D-DXF
files for import into CAD or GIS software.
Development of GeoVis3D commenced in late 2015 and a stable beta version of the software
was trialled in undergraduate classes in semester 2, 2016. Many of the teaching resources
developed as part of the AusGeol project have been specifically designed to make use of
GeoVis3D and the software has been well received by educators and students.
“Many undergraduate students find structural geology difficult because it requires
analysis of geometric features in three dimensions and their abstract representation on
stereographic projections. GeoVis3D allows students to easily measure the orientations
of structures on 3D-virtual models, and see those orientations displayed on
stereographic projections. Students enjoy using Geovis3D, and seem to learn faster,
because it helps them to better visualise geology in three dimensions. (Dr Robert Scott,
University of Tasmania).”
GeoVis3D is available for Windows and Macintosh computers and can operate without
installation on both platforms making it well suited to use in university computer labs where
installation of new software is often closely controlled and centrally administered. GeoVis3D
is available free for download from the AusGeol website, which also provides video tutorials
in the operation of the software.
GeoVis3D software has significant applications in research and industry in addition to
geoscience education. GHD, a global engineering consultancy company with over 200 offices
worldwide, have recently agreed to provide financial support to continue development of
GeoVis3D as open access software.
“The GeoVis3D software, developed at the University of Tasmania through the AusGeol
program, provides high quality visualisation and analysis of 3D geological models and
functionality not currently available in any commercial package. GeoVis3D is an
important tool for undergraduate education in geoscience, geotechnical, civil and mining
engineering but also has significant applications in industry. GHD are very happy to
financially support the continued development of this excellent open-access software
and hope that it will become a standard package for geotechnical analysis and
interchange of 3D geological interpretations. (Hugh Tassell, Team Leader Geotechnical
Engineering, GHD).”
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The new funding provided by GHD will allow the incorporation into GeoVis3D of additional
data input and output options, and significant new analytical capability. These improvements
will further increase the potential applications of the software for education, research and
industry.
Major planned enhancements to GeoVis3D functionality include the ability to measure and
plot lithological/sedimentological sections from a virtual model, options to manipulate and
measure point clouds, and utilities to generate and annotate curved-form surfaces for folded
and complexly deformed rock units.
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Educational resources
A range of educational resources have been developed to use the visualisations from the
AusGeol Virtual Library. These include virtual tours of selected localities and thematic
classroom and self-paced activities.
Virtual tours can integrate a variety of visualisation types together with other rich media such
as video and audio to comprehensively illustrate a locality from multiple positions. Virtual
tours developed as part of the AusGeol project specifically require students to independently
explore significant geological locations and deliberately do not provide a linear path between
virtual sites or objects. Free exploration of a virtual locality provides a far more effective
educational experience than a simple guided tour. Largely unstructured access to virtual
resources is achieved by creation of many interconnected links between visualisations that
provide a multitude of possible ways to navigate the tour, as illustrated for a tour of Bluestone
Bay in eastern Tasmania (FIGURE 12).

Figure 12. Example of a virtual tour of Bluestone Bay, eastern Tasmania. The upper panel shows UAV
imagery of the tour area with sites and visualisations marked by dots and icons. The lower panel illustrates
the network of interconnected links between some of the objects in the tour.
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Figure 13. Screen image of a site within the Bluestone Bay virtual tour. The pane on the left shows the full
spherical panorama locations superimposed on Google satellite imagery with the field of view of the selected
panorama shown by the maroon sector. Hotspots are superimposed on the full spherical panorama in the
right pane. Red dots link to adjacent panoramas, information icons link to audio files and 3D icons display
associated 3D-virtual models.

Spatially referenced full spherical panoramas are the building blocks of virtual tours. Links
between panoramas allow students to ‘move’ in steps around the locality, to zoom in and out
on selected features, and to view each site in any direction (FIGURE 13). Hotlinks attached to
the panorama provide access to other digital objects such as 3D models and audio files.
Virtual tours have been developed for ten locations around Australia; however, the AusGeol
database hosts visualisations from numerous additional sites that were specifically acquired
with the intention to generate tours. These visualisations will be progressively compiled into
tours as time and resources permit.
A variety of thematic classroom and self-paced activities have been produced by the AusGeol
team that are specifically designed to exploit the educational opportunities provided by highquality visualisations and the GeoVis3D software. Many activities provide resources for
teaching structural and field geology and make extensive use of GeoVis3D for model display,
qualitative and quantitative observations.
An example of a structural geology exercise, designed for 2nd year geology students, is
provided in Appendix D. This activity, on the classification and characterisation of folded rocks,
presents appropriate background material and poses a series of questions and tasks for
students to complete using GeoVis3D based on a 3D model of an exceptional ‘textbook’
outcrop from Kangaroo Island, South Australia. In related activities, students are challenged to
undertake observations and measurements on less-ideal virtual exposures. These staged
exercises progressively develop students’ skills in observation and interpretation.
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“Educational resources, based on high-quality 3D visualisations from the AusGeol
database, and the functionality of the new GeoVis3D software, make it possible to
introduce students to a wide range of geological features in a classroom environment
and hence to better prepare them for geological field work. (Dr Robert Scott, University
of Tasmania).”
Model visualisation and analysis using GeoVis3D are integral to most of the educational
resources that have been developed through the AusGeol project. Classroom trials of these
resources were hence only possible when a stable beta version of GeoVis3D became available
in mid-2016. Some of the new AusGeol teaching resources were used in 2nd- and 3rd-year Earth
Science units at the University of Tasmania in semester 2, 2016. Although a systematic
evaluation of the effectiveness of these resources was not attempted in 2016, feedback from
students through the unit evaluation process, and from teaching staff, suggest that the
classroom exercises were well received and that the interface and functionality of GeoVis3D
were highly regarded (see example student comments below). A comprehensive assessment
of the efficacy of these resources will be undertaken in 2017.
GeoVis3D worked perfectly and really helped my understanding. (Student response,
UTas KEA209 unit evaluation, 2016)
“I found the 3D models and the GeoVis3D program very helpful for structural analysis.
The ability to visualise an outcrop in many orientations was great for data analysis. The
ease of use of the program helps significantly with measurement and analysis. (Student
response, UTas KEA310 unit evaluation, 2016).”
“Virtual models and GeoVis3D are great tools for students, myself included, who struggle
with aspects of structural geology. Being able to manipulate the 3D image into
orientations that illustrate structural features is really helpful and definitely aided my
learning. (Student response, UTas KEA310 unit evaluation, 2016).”
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Secondary education
The original OLT project was primarily directed towards provision of resources for tertiary
education in field-based disciplines. Many of the resources that have been generated in this
project, however, have obvious application in primary and secondary education.
The Teacher Earth Science Education Programme (TESEP) is a partner organisation in the
AusGeol project. TESEP is funded by contributions from a range of organisations that include
geoscience learned and professional societies, government geoscience agencies and
petroleum and mineral explorers. TESEP provides professional development training and Earth
science educational resources for primary and secondary education.
In partnership with TESEP, the AusGeol program has developed a range of new teaching
resources that use 3D-visualisations and are specifically designed for secondary education.
These resources have been developed by AusGeol staff in conjunction with Philip Sansom, a
secondary science teacher with over 30 years of teaching experience. These new resources
have been specifically designed to align with the new Australian Science Curriculum.
A major achievement of the AusGeol/TESEP partnership has been successful development and
testing of procedures for generation of high-resolution 3D-virtual models of hand specimens
using automated macro photographic systems. A particular emphasis of this work has been
generation of 3D models for a representative collection of invertebrate fossils (FIGURE 14).

Figure 14. Example view of a 3D, photorealistic, virtual, model of a small trilobite acquired using the
protocols developed in the AusGeol/TESEP collaboration.

Examples of photorealistic, 3D, macro, virtual models of Tasmanian fossils can be viewed at:
https://sketchfab.com/AusGeol/collections/tasmanian-fossils. The new techniques developed
in this collaboration have also underpinned a recent funding application to the Inspiring
Australia Citizen Science Grant Scheme. The proposed project is complementary to the
AusGeol initiative and aims to digitally capture fossil and mineral samples from Australian
archival collections for education and research.
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Some of the resources for secondary education generated in the AusGeol/TESEP collaboration
will be modified for use in tertiary undergraduate education.
The outcomes of the AusGeol/TESEP partnership have been communicated to science
teachers through a workshop at the Australian Science Teachers Association CONASTA 65
conference held in Brisbane in July 2016. A second workshop showcasing the outcomes of the
AusGeol project will be conducted at the CONASTA 66 conference in Hobart in July 2017. Phillip
Sansom has also introduced AusGeol to teachers and education department staff at the
following meetings:


LABCON conference (Victorian Laboratory Technicians annual conference) in
Melbourne, November 2017. This workshop was based around a lesson of trilobite
identification
and
comparisons
using
3D
virtual
models
(https://sketchfab.com/AusGeol/collections/trilobites).



Cosmic Stars 2017 ACT Astronomy and Space Science Education Conference. In this
workshop Phil introduced AUSGEOL and the concept of 3D models using 3D images of
Mars terrain constructed using stereo-pair imagery from the Curiosity Rover hazard
cameras (https://sketchfab.com/AusGeol/collections/mars).



TESEP workshop on astronomy at Geoscience Australia in Canberra, which also
introduced AusGeol and 3D virtual models via the Mars Rover reconstructions.
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Project promotion
Dissemination of information about the AusGeol project to Australian and international
geoscience educators and to the broader geoscience community has been a priority of the
project.
Seven one-day workshops on geological visualisation techniques were presented in 2015 to
train staff and students from AusGeol partner organisations in photographic techniques and
data processing for visualisation generation (TABLE 2).
Workshops were conducted by Dr Michael Roach (UTas) and consisted of an initial
presentation (see Appendix C), followed by a practical session at a local geological site during
which specialised photographic equipment was demonstrated and participants used their own
camera equipment to collect imagery for 3D reconstruction. Participants then processed their
own imagery using a free trial version of the AgiSoft Photoscan software before experimenting
with generation of a virtual tour.
Table 2. Geological Visualisation workshops conducted in 2015 by Dr Michael Roach

Workshop location
Melbourne – September
University of Melbourne

Participants
2015,

The 10 participants from The University of
Melbourne, Monash University and the
Geological Survey of Victoria.

Canberra – May 2015, Geoscience Australia

16 participants from Geoscience Australia
and The Australian National University

Wollongong – April 2015, University of 12 participants from the University of
Wollongong
Wollongong
Sydney – April 2015, Macquarie University

12 participants from Macquarie University

Newcastle – May 2015, The University of 8 participants from The University of
Newcastle
Newcastle
Adelaide – September 2015, University of 15 participants from the University of South
South Australia
Australia, The University of Adelaide and the
Geological Survey of South Australia
Hobart – November 2015, University of 17 participants from the University of
Tasmania
Tasmania and Mineral Resources Tasmania
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“A very important aspect of the AusGeol project, which has been a great boon to UON
staff, are the skills that have been delivered through AusGeol workshops about how to
collect data and imagery in the field, and how to process these images into geological
visualisations. (Dr Bill Landenberger, Head of Earth Sciences, The University of
Newcastle)
A presentation on geological visualisation methods and the AusGeol project was delivered at
the 2015 meeting of the Geological Society of Australia, Specialist Group in Tectonics and
Structural Geology meeting held in Caloundra in November 2015. (See Appendix B for an
abstract of this presentation.)
In December 2015, an oral presentation on the AusGeol project was delivered to ~50
geoscientists at the Tasmanian Geoscience Forum, at Cradle Mountain, Tasmania. This meeting
was jointly hosted by the Geological Society of Australia and The Australasian Institute of Mining
and Metallurgy.
A presentation on the progress of the AusGeol project was delivered at the Australian
University Geoscience Education Network (AUGEN) meeting held at The Australian National
University in Canberra in January 2016 (see Appendix B for an abstract of this presentation).
This presentation was followed by a 1.5-hour workshop in which over 40 participants from
universities and government organisations contributed ideas for AusGeol visualisations and
the development of new educational resources to accompany the visualisations.
In May 2016, Dr Michael Roach gave an oral presentation in Hobart on geological visualisation
methods and the AusGeol program to representatives from the Australian and international
minerals industry as part of the annual CODES Science Planning Meeting.
Dr Michael Roach and Philip Sansom jointly hosted a 2-hour workshop on AusGeol and
geological visualisation methods at the Australian Science Teachers Association CONASTA 65
conference in Brisbane in July 2016. This workshop was attended by 30 high school teachers
from around Australia.
Two oral presentations related to the AusGeol project were delivered at the 35th International
Geological Congress in August 2016 in Cape Town, South Africa (see Appendix B for abstracts
of these presentations). The first presentation, in the geoscience education stream of the
conference, outlined the aims and achievements of the AusGeol program. The second
presentation, in the structural geology stream, showcased the capabilities of the GeoVis3D
software. Both presentations were well attended and generated significant interest and
discussions from international geoscience educators.
In October 2016, Dr Michael Roach delivered an invited presentation on the AusGeol program
in Brisbane to ~30 geoscientists at the Queensland Branch meeting of the Geological Society
of Australia.
Invited presentations on the AusGeol project were also delivered in November 2016 to ~20
geoscientists at The Geological Survey of NSW in Maitland, and to ~40 geoscientists at
Geoscience Australia in Canberra.
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A workshop on the AusGeol education resources will be presented at the annual Australian
Science Teachers Association Conference CONASTA 66 that will be held in Hobart in July 2017.
An oral presentation and an open workshop highlighting the achievements of the AusGeol
program was to be delivered at the Australian University Geoscience Education Network
(AUGEN) meeting that was scheduled for Macquarie University in January 2017.
Unfortunately, this meeting was postponed and these activities will now be presented at the
AUGEN meeting scheduled for The University of Sydney on August 5-6, 2017.
A presentation on the AusGeol initiative is planned for the Australian Conference on Science
and Mathematics Education that will be held at Monash University in September 2017.
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The future for AusGeol
The outputs of the AusGeol initiative have been very well received by tertiary geoscience
educators, school teachers, professional geoscientists and the general public. It would be a
great pity if the interest and impetus generated by this program were to dissipate. The AusGeol
team will be working hard to attempt to secure additional funding to continue development
of the virtual library and associated educational resources.
The existing resource, documenting over 3200 geological sites around Australia, will continue
to be hosted on servers at the University of Tasmania. In the long term, however, the obvious
repository for this database is Geoscience Australia in Canberra. Geoscience Australia are a
partner organisation in the AusGeol program and have indicated their willingness to mirror
and/or host the AusGeol database in the future. Geoscience Australia, as the federal custodian
of Australian geoscience data, are in the best position to preserve this important resource in
perpetuity.
New funding from the engineering consultancy GHD has recently been offered and will be used
to add functionality to the GeoVis3D software. No new funding for AusGeol data acquisition
and educational resource development has yet been secured.
AusGeol staff at the University of Tasmania recently have applied for funding from the
Inspiring Australia Citizen Science Grants scheme to support continued acquisition of
geological visualisations. This application, entitled ‘From the Vaults – Unearthing Australia’s
Hidden Geological Treasures’, builds on the successes of the AusGeol program and will
generate visualisations of archival geological specimens with the assistance of citizen scientist
volunteers. This proposal has the support of 19 partner organisations that curate significant
Australian geological collections and includes universities, museums and government
geoscience agencies. If this proposal is funded, then archival samples will be the focus of
AusGeol activities for the next three years.
If citizen science funding is not available, then support for the continuation of the AusGeol
initiative will be sought from the mining, petroleum and engineering sectors in addition to
universities, government geoscience agencies, professional and learned societies.
AusGeol staff are also exploring options for extending the virtual library initiative beyond
Australia following many positive responses to the AusGeol program from international
geoscientists. These discussions are at a very early stage and project logistics or funding
mechanisms have not yet been identified.
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Deputy Vice Chancellor (Students and Education)
The University of Tasmania
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Appendix B
Conference abstracts relating to the AusGeol Project
1. Presentation at the Specialist Group in Tectonics and Structural Geology (SGTSG)
Conference, Caloundra, November 2015
2. Presentation at the Australian University Geoscience Education Network (AUGEN)
meeting, Canberra, January 2016
3. Presentation about AusGeol at the 35th International Geological Convention, Cape
Town, South Africa, August 2016
4. Presentation about GeoVis3D at the 35th International Geological Convention, Cape
Town, South Africa, August 2016
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Abstract of presentation at the Geological Society of Australia, Specialist Group in Tectonics
and Structural Geology (SGTSG) meeting, Caloundra, November 2015

AusGeol.org – A Virtual Library of Australia’s Geology
MICHAEL ROACH 1, STEPHEN COX 2, PENNY KING 2, CHARLES
ANNETTE GEORGE 4, SANDRA MCLAREN 5

VERDEL 3,

KEVIN WELSH 3,
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Research School of Earth Sciences, Australian National University
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2

Recent advances in digital imaging techniques now facilitate simple, cost-effective,
generation of digital representations of geological features. These geological visualisations can
be utilised to augment conventional geological educational programs and also provide resources
for professional education and research. A major collaborative project to generate a virtual
library of Australia’s geology is currently underway. The project is funded by the Australian
Government Office for Learning and Teaching, and supported by a consortium of universities,
state and federal geoscience agencies. The visualisations generated in this project are freely
available as Open Educational Resources and are distributed through the AugGeol.org website.
This presentation will briefly describe visualisation generation methods, showcase selected
visualisations, outline the current status of the digital library and describe plans for future
enhancement of this educational resource.
Digital photogrammetry, based on ‘structure from motion’ algorithms, can be easily
undertaken using standard digital photographic equipment to generate photo-realistic texturerendered digital models of geological outcrops, digital elevation models and orthoimagery. If
appropriate control points are established in the field during photography, then
photogrammetric models can be fully coordinated in three dimensional space and hence capture
all the geometric and textural features of the real outcrop. Photgrammetry can be undertaken at
any scale. Imagery for large-scale features (>50m) are best acquired using UAVs. Mediumscale (0.5-50m) visualisations can be generated from UAV, pole and terrestrial photography.
Small scale features (0.05 to 0.5m) are acquired using macro photographic methods.
Multi-resolutional (gigapixel) photography enables depiction of outcrop features at both
small and large scales within a single image. These enormous images can be generated by
stitching together hundreds of conventional photographs acquired using a high power zoom
lense and usually a specialised robotic panorama camera head. Multi-resolutional images can
also be generated as an additional product of the photogrammetric process. These huge images
are stored and visualised using a multi-resolution tiling technique, similar to that employed by
Google Earth, or alternatively in a single file using wavelet compression techniques (ECW
format).
High resolution, full spherical panoramas are easily generated using a tripod, panorama head
and a good DSLR camera with a fisheye lense. These images, when viewed in 3D viewing
software, enable a seamless, zoomable, 360 degree view of a locality from a single viewpoint.
Multiple full spherical panoramas can be linked together, and with other visualisations and
additional data, to generate walk-through tours of geological sites.
All visualisations we produce have coordinates (latitude and longitude for the site at
minimum) and have associated geological attributes that encode stratigraphic, lithological, age
and mineralogical characteristics. The AusGeol.org site delivers visualisations via a web
mapping platform that currently provides a spatial view of the distribution of visualisations with
features displayed on the basis of attribute searches (Figure 1). Tabular display of data based
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on search criteria will also be implemented. All visualisations are available as downloadable
files for display using local hardware and software (Figure 2). We are currently developing
open-access software that will enable annotation and geometric analysis of 3D models. This
software will allow measurement of the orientation of planar and linear features on fully
coordinated models and hence structural analysis of the virtual models. We will use the
AusGeol visualisations and these new tools to develop educational resources for Tertiary Earth
science education that will augment, but not replace, conventional field based geoscience
education. Field and structural geology will be a particular focus of educational resource
development but resources in other areas such as sedimentology and volcanology will also be
developed.
The ultimate objective of the AusGeol project is to generate, and freely disseminate,
visualisations and educational resources that document the important and iconic aspects of
Australia’s geology. This will be accomplished, in-part, by targeted field data acquisition by
collaborating organisations. However, the task of recording geological features across the
whole continent really requires a collaborative effort by the entire Earth Science community to
generate a truly representative and comprehensive resource. Contributions of imagery and
visualisations to the database are welcome from all geoscientists.

Figure 1. Extracts from the AusGeol.org web map interface. The image on the left shows the distribution of
visualisations is SE Australia (September 2015) with the number in each circle showing the number of
visualisations at each locality. The Image on the right shows a thumbnail of a visualisation at Cape Conran in
Victoria

Figure 2. The 3D texture-rendered model Conran17 downloaded from the AusGeol.org site as a 3D PDF and
visualised in Adobe Acrobat.
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Abstract of presentation at the Australian University Geoscience Education Network (AUGEN)
meeting, Canberra, January 2016

AusGeol.org – Progress Towards A Virtual Library of Australia’s Geology
MICHAEL ROACH1, SAMANTHA LAKE1, BRONWYN KIMBER1 AND STEPHEN HARWIN1
1

Earth Sciences, School of Physical Sciences, The University of Tasmania

AusGeol is new digital Open Educational Resource that delivers immersive visualisations of
Australia’s geology through the website AusGeol.org. The AusGeol project was initiated
through an Innovation and Development Grant from the Australian Government Office for
Learning and Teaching with additional funding provided by partner universities and
government geoscience agencies. The AusGeol database and website have been developed and
are maintained at The University of Tasmania.
AusGeol visualisations include photo-realistic photogrammetric 3D models, deep zoom
imagery, full spherical panoramas and virtual tours. Visualisations have been specifically
generated for use in undergraduate geological education but also have potential applications in
secondary education, professional education, research and public outreach. This presentation
provides an overview of the current status of the AusGeol project and outlines plans and future
directions for expanding and enhancing this resource.
Data acquisition during 2015 focussed on significant outcrops in southeast Australia with
imagery acquired from over 1100 ‘sites’ (Figure 1). All visualisations are geo-located (latitude
and longitude) and many are fully geo-referenced (oriented in 3D UTM coordinates).
Visualisations have associated geological attributes that encode stratigraphic, lithological, age
and mineralogical characteristics.

Figure 1. The AusGeol.org web map interface showing the distribution of sites (November
2015). The number in each circle shows the number of visualisations at each locality.
Background geology from the Geoscience Australia web map server.

AusGeol.org delivers visualisations via a web mapping platform that provides a spatial view of
the distribution of sites (Figure 1). A thumbnail image of the visualisation is displayed when a
site is selected from the map interface. Site attributes and download options are available from
a side panel. Visualisation localities are overlain on background imagery from external web
map servers (Figure 2). The AusGeol site does not provide direct interaction with the
visualisations. All visualisations are available as downloadable files for display using local
hardware and software.
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Figure 2. A thumbnail image of the visualisation is displayed when a site is selected in the web
map interface. Attributes and download options for a selected site are displayed in a ‘pop-out’
panel on the left hand side of interface.

New open-access software for annotation and geometric analysis of 3D models has recently
been developed. The application allows measurement of the orientation of planar and linear
features on fully coordinated models and plots these measurements automatically on a stereonet
for interactive structural analysis.
Acquisition of imagery for significant geological sites in western and northern Australia is an
AusGeol project priority in 2016. However, the task of recording geological features across the
whole continent really requires a collaborative effort by the entire Earth Science community to
generate a truly representative and comprehensive resource. Contributions of imagery and
visualisations to the database are welcome from all geoscientists.
A major focus of AusGeol project activities in 2016 is to develop Open Educational Resources
for tertiary Earth science education that utilise the new visualisations and open-access software
and to then evaluate the educational effectiveness of these resources.
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Abstract of presentation at the 35th International Geological Convention, Cape Town, August
2016

AusGeol.org – A Virtual Library of Australia’s Geology
Roach, M.J.1, Cox, S.F.2 , King, P.2 , George, A.D.3 , Verdel, C.4 , Welsh, K.J.4 and McLaren, S.5
1
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___________________________________________________________________________
Recent advances in digital imaging techniques now facilitate simple, cost-effective generation of digital
representations of geological features. These visualisations can be utilised to augment conventional geological
educational programs and also provide resources for professional education and research.
The AusGeol project is developing a virtual library of Australia’s geology. The project is funded by the Australian
Government Office for Learning and Teaching, and is supported by a consortium of universities, as well as state
and federal geoscience agencies. The visualisations and accompanying educational resources generated in this
project are freely available as Open Educational Resources and are distributed through the AugGeol.org website.
This presentation outlines the AusGeol visualisation methods, showcases selected visualisations, outlines the
current status of the digital library and describes plans for future enhancement of this educational resource.
Digital photogrammetry, based on ‘structure from motion’ algorithms, can generate photo-realistic, texturerendered digital models and orthoimages of geological outcrops. Photogrammetric models can be fully
coordinated in three dimensional space and hence capture all geometric and textural features of the real
outcrop. Photgrammetry can be undertaken at any scale. Imagery for large-scale features (>50m) are best
acquired using UAVs. Medium-scale (0.5-50m) visualisations can be generated from UAV, pole and terrestrial
photography. Small scale features (0.05 to 0.5m) are acquired using macro photographic methods.
Multi-resolutional (gigapixel) photography depicts outcrop features at both small and large scales within a single
image. These large pixel count images can be generated by stitchinghundreds of conventional photographs
acquired using a robotic panorama camera head. Multi-resolutional images can also be generated as
orthoimagery using photogrammetric methods.
High resolution, full spherical panoramas are generated using a tripod, panorama head and a camera with a
fisheye lense. These images, when viewed in 3D imaging software, enable a seamless, zoomable, 360 degree
view of a locality from a single viewpoint. Multiple full spherical panoramas can be linked together, with other
visualisations and additional data, to generate walk-through tours of geological sites.
All AusGeol visualisations have coordinates and associated geological attributes that encode stratigraphic,
lithological, age and mineralogical characteristics. The AusGeol.org site delivers visualisations via either a web
mapping platform, that provides a spatial view of the distribution of visualisations, or through a list option with
objects displayed based on metadata search criteria. The AusGeol site does not currently support on-line display
of visualisations. All products are provided free as downloadable files for display using local hardware and
software. The AusGeol site also provides open-access software for annotation and geometric analysis of 3D
virtual models.
The AusGeol project provides new educational resources for tertiary Earth science education that complement
conventional field based geoscience education programs. It also provides a collaborative model for potential
future development of a global database of virtual geological objects for education, research and public outreach.
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Abstract of presentation at the 35th International Geological Convention, Cape Town, August
2016

Interactive Structural Analysis of Virtual Geological Outcrops
Roach, M.1and Scott, R.1
1

School of Physical Sciences, University of Tasmania , michael.roach@utas.edu.au

___________________________________________________________________________
Digital photogrammetry, based on ‘structure from motion’ algorithms, is a cost effective method for generating
fully coordinated, photo-realistic, texture-rendered, 3D virtual models of geological outcrops. These models can
capture all the geometric and textural features of a real outcrop and provide excellent resources for geological
education, research and public outreach.
We present a new, free application that allows intuitive, interactive, general structural analysis of 3D virtual
models. This application has been developed as part of the AusGeol project which provides a virtual library of
Australia’s geology and accompanying educational resources. The application runs on Windows and Macintosh
computers and can be downloaded from the AusGeol website (www.ausgeol.org).
The software has been developed using the Unity game engine and currently accepts input models as Google
KMZ files from the AgiSoft Photoscan photogrammetry software. The main application interface (Figure 1) has a
model viewport in which the 3D model is manipulated and measurements are conducted using the mouse cursor.
The orientation of a planar feature on the external surface of the model can be measured with a single mouse
click using several interpolation or smoothing algorithms. Planar features that intersect the model surface are
recorded by digitising multiple points along the surface trace of the structure. The application provides visual
feedback on the fit of the plane to the digitised points and also tests for co-linearity of the input points. Linear
features are measured by digitising two points on the model surface. Options for 3D annotation are also
provided. Annotation modes include drawing lines and curves on the model surface and the ability to attach text
labels to the model.

Figure 1. The structural analysis interface displays linked model, stereonet and
feature table panes. Structural features and annotation are shown on the
surface of the model.

Structural measurements on the model are automatically plotted in the stereonet pane and displayed in the
feature table. Data are linked, so that selection of a measurement in any pane automatically highlights the
corresponding feature in the other panes. Structural data can be exported to ASCII text files in CSV format for
input into external applications. All measurements, annotations and display parameters can be saved in a session
file that is stored in XML format. Session files provide a mechanism for easy exchange of structural interpretations
between students and educators or between researchers.
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Appendix C
Workshop notes from geological visualisation workshops.
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Appendix D
Example of a student exercise that utilises 3D visualisations and GeoVis3D.

The following worksheet, accompanying 3D virtual models and the GeoVis3D software are
available for download through the AusGeol website.
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Geometric Characterisation of Folds
Introduction
Layered rocks that undergo ductile deformation, usually in response to compressive stresses, may develop
folds. Folds are manifest at all scales and display highly variable geometric characteristics (Figure 1).

Figure 1. Examples of folds at a variety of scales and with different geometric characteristics
(images from http://www.zmescience.com/science/geology/geological-folds/)

Tight folding is a common feature of rocks from orogenic zones but gentle folding also affects many flatlying sedimentary basins. Description and analysis of the geometric characteristics of folded strata is an
important geological skill.

Learning Objectives




understand the terminology used to classify and describe folded rocks
measure the orientations of layering, fold axes and fold axial planes on a virtual model
understand how the geometric elements of folded strata are depicted on a stereonet

Assumed Knowledge
This activity assumes that students have a basic understanding of fold orientation terminology (strike, dip,
plunge, trend), the stereographic projection technique and its application in geology, and have been
introduced to dip isogons and fold classes. It is assumed that students understand how planar features are
represented as great circles and poles on a stereonet and how lineations plot as a point on a stereonet.

Requirements




Windows or Macintosh computer.
GeoVis3D software for interactive structural analysis
3D texture rendered virtual models – harveys2.kmz
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Background Information
The geometric features of folded rocks are depicted in Figure 2.

Figure 2. Fold geometry terminology (From Fossen 2010, p258)

Folds are best studied in sections perpendicular to the fold axial surface or axial plane i.e. viewed from the
profile plane.
In general, folds are made up of a hinge that connects two usually differently oriented limbs. The hinge
may be sharp and abrupt or if the curvature of the hinge is gradual then this region is described as a hinge
zone. Fold hinges range from the pointed hinges of kink bands and chevron folds to the well-rounded
hinges of concentric folds (Figure 3). The point of maximum curvature of a folded layer is located in the
centre of the hinge zone and is called the hinge point. Hinge points on a specific layer are connected in
three dimensions to form a hinge line. The hinge line is often curved, but where it appears as a straight line
it is called the fold axis.

Figure 3. Fold hinge geometry (From Fossen 2010, p258)

The axial surface, or axial plane (when the surface is approximately planar) connects the hinge lines of two
or more folded surfaces.
The axial trace of a fold is the line of intersection of the axial surface with the surface of observation,
typically the surface of an outcrop.
The dimensions of folds can be described by the fold amplitude and wavelength.
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Fold tightness is characterized by the interlimb angle. Folds can be separated into gentle (120- 180),
open (60- 120), tight (10- 60) and isoclinal (0- 10) categories based on interlimb angle.
Not all folds are equal on both sides of the fold axis. Those with limbs of relatively equal length are termed
symmetrical, and those with highly unequal limbs are asymmetrical (Figure 4). Asymmetrical folds
generally have an axis at an angle to the original unfolded surface they formed on.

Figure 4. Symmetric and asymmetric folds
(image from http://earth.leeds.ac.uk/ugpublic/ears1053/2003/lecture01/notes1.htm)

In multi-layered rocks, folded layers may be repeated with similar shape in the direction of the axial trace.
Such folds are called harmonic (Figure 5). If the folds differ in wavelength and shape along the axial trace or
die out in this direction they are said to be disharmonic. This type of folding is characteristic of rock layers
that have significant contrasts in viscosity.

Figure 5. Harmonic and disharmonic folds (modified from www.quizlet.com)

Figure 6. Cylindrical and non-cylindrical folds (From Fossen 2010, p259)

Folds with straight hinge lines are cylindrical. The surface of a cylindrically folded layer can be generated by
moving a line in space so that it is always parallel to the fold axis (Figures 2 and 6). At some scale all folds
are non-cylindrical, since they have to start and end somewhere. The degree of cylindricity varies from fold
to fold and a portion of a fold may appear cylindrical as observed at outcrop.
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Poles to cylindrically folded layers deﬁne a great circle on a stereonet. The pole (B axis) to that great circle
deﬁnes the fold axis (Figure 7). Non-cylindrical folds do not have straight hinge lines and poles to folded
layers in these structures do not closely conform to a single great circle on a stereonet.

Figure 7. A cylindrical fold and corresponding stereonets. Poles to layering lie along a great circle (red curve in the
upper stereonet) and the pole to this great circle is the fold axis (B axis). If layers are plotted as great circles then all
great circles pass through the fold axis (lower stereonet) (http://www.geosci.usyd.edu.au)

The orientation of a fold is described by the orientation of both the axial surface and hinge line (Figure 8).

Figure 8. Fold orientation classification
based on the orientation of the hinge
line and the axial surface (from
Structural Geology, Fossen 2010, p223).
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An antiform is a convex-upward fold where the limbs of the fold dip away from the hinge zone. A
synform is a convex-downward fold where the limbs of the fold dip towards the hinge zone (Figure 9).
Where the stratigraphic order of layers is known, the fold is an anticline if the fold has its oldest rocks at its
core, and a syncline if the youngest beds are at its core.

Figure 9. Fold geometry and stratigraphic facing of a sequence displaying two generations of folds (profile
view). (Modified from Rasoul Sorkhabi, 2013)

The class of a fold is determined based on dip isogons. Figure 10 shows the three main classes.
Class 1: dip isogons converge toward the inner arc, which is tighter than the outer arc. Class 1A folds
are characterised by thinned hinge zones, Class 1B folds (also called parallel folds) have constant
layer thickness, and Class 1C folds have slightly thinned limbs.
Class 2 (similar folds): Dip isogons parallel the axial trace. The shapes of the inner and outer arcs are
identical. Limbs are thinner than the hinge.
Class 3: Dip isogons diverge toward the inner arc, which is more open than the outer arc. Limbs are
thinner than the hinge.

Figure 10. Ramsay’s (1967) classification based on dip isogons. Dip isogons are lines connecting points of
identical dip for vertically oriented folds. (From Fossen 2010, p224).
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Exercise A – Harveys Return
The file Harveys2.kmz is a texture-rendered 3D virtual model of an exposure of “zebra rock” at the Harveys
Return geological monument site on Kangaroo Island, South Australia. The rocks at this locality are
Cambrian metasedimentary rocks of the Kanmantoo Group and consist of a sequence of laminated and
folded metasandstone and quartz–biotite schist. The regular quartz-rich and biotite-rich layering (zebra
rock) largely reflects original sedimentary layering enhanced by metamorphic differentiation.
1. Save the Harveys2.kmz and Liptrap7.kmz files anywhere on your C drive. Run GeoVis3D, start a new
session and navigate to the Harveys2.kmz file using the ‘Up’ button. The 3D model should appear in
the model viewport. If you are having trouble with this, resave the kmz files to where you see the
software can navigate to. Single click on Harveys2.kmz to load it. Instructions for the operation of
the GeoVis3D software are provided in an associated PDF file, which includes useful tips on keypad
shortcuts for viewing the image and how to adjust mouse sensitivity.
2. The black and white gradated scale bar is positioned in the horizontal plane with the red end of the
bar pointing north and the other arm east. The black and white divisions on the scale bar are 10cm
long. Zoom in and orient the model to look down the plunge of the folds i.e. the fold hinge is
dipping away from you. In the space below, draw a sketch of the folded layering to scale.

Sketch of the folded layers looking down plunge
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1. Using the background information for reference, describe the folds, and where relevant provide
numerical estimates, in terms of the following parameters:
 wavelength and amplitude
 hinge shape eg. angular (chevron), moderately angular or rounded
 inter-limb angle
 symmetry
 fold plunge (horizontal, gentle, moderate, steep or vertical)
 dip of the axial surface
 fold form (harmonic or disharmonic)
 fold orientation
 fold class
………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
2. Reorient the 3D model to display an oblique view from the NW. Identify the fold hinge lines and
visually estimate the plunge and trend of the fold axes. Record plunge as two digits (dd) and trend
as three digits (ddd). Comment on whether the folding appears to be cylindrical or non-cylindrical
(see Figure 6).
Plunge of fold axes (dd): ……………………….………..……Trend of fold axes (ddd):………………..……………………
……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
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1. As you work through this exercise, look at the bedding planes in the model and predict where
points will plot on the stereonet before you make the measurements. Set the Sample Mode to
Point and use the mouse cursor to measure the orientation of 20 to 30 bedding planes on the
surface of the model. Double left click or shift+left click to make a measurement at the mouse
cursor position. Select SO (S0) to specify the measurement as a bedding plane.
Take measurements on the long gently dipping fold limbs, in the hinge zones and on the more
steeply dipping short limbs of the folds. As you make measurements, poles to the bedding planes
are automatically plotted on the stereonet.
Draw a sketch of measured poles to bedding below. Differentiate between measurements that
come from each fold limb and the hinge zone. To assist with this, features are linked between the
view panes; selecting a measurement on the model highlights the corresponding pole on the
stereonet and vice versa.

N

+ bedding (long limb)
o bedding (hinge zone)
x bedding (short limb)
W

E
fold axial plane
fold axis

S
2. Set the Sample Mode to Lineation and use the mouse to measure four fold axes. To define a
lineation you need to digitise two points to define a vector. Double left click or shift+left click to
define each point. Select Fold Axis as the lineation type. Record the plunge and trend of the
measured fold axes below and mark their approximate positions on the stereonet in part 5.
Fold Axis #1

Plunge (dd): ……………………..………..…… Trend (ddd):………………………………………

Fold Axis #2

Plunge (dd): ……………………..………..…… Trend (ddd):………………………………………
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Fold Axis #3

Plunge (dd): ……………………..………..…… Trend (ddd):………………………………………

Fold Axis #4

Plunge (dd): ……………………..………..…… Trend (ddd):………………………………………

How do your measured values compare with the visual estimates you made in part 4, and why was it
your estimates were different? Provide both qualitative and quantitative answers.
Plunge:
…………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………..
Trend: ……………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………..
1. Set the Sample Mode to Best Fit Plane and use the mouse to measure three fold axial planes (see
Figure 11 for example).

Axial planes
Fold axis

Figure 11. Oblique view of folded quartz veins with fold axes and axial planes plotted and labelled. The black
non-co-linear points on the green axial plane indicate where the mouse was clicked to define the best fit plane.
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To define a best fit plane, you need to digitise a series of hinge points. These points cannot be colinear or the best fit plane will be poorly defined. Double left click or shift+left click to define each
point. A green plane will appear when a minimum of three non-co-linear points with a good fit are
digitised. Record the dip and dip direction of the measured axial planes below and mark their
approximate positions on the stereonet in part 5.
Axial Plane #1

Dip (dd): ………………...……….…… Dip Direction (ddd):………………….…….………

Axial Plane #2

Dip (dd): ………………...……….…… Dip Direction (ddd):………………….…….………

Axial Plane #3

Dip (dd): ………………...……….…… Dip Direction (ddd):………………….…….………

1. Use Figure 8 and the values recorded in parts 6 and 7 to classify the folds’ orientation.
…………………………………………………………………………………………………………………………………………………………
2. Review your stereonet to assess whether the poles to layering likely align along a single great circle
and hence whether the fold is cylindrical or non-cylindrical. Circle your interpretation below:
Cylindrical

Non-cylindrical

3. In GeoVis3D, press Esc to access the main menu and save a session file (*.gvx) for submission if
required.
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Appendix E
Summary Statement
The AusGeol project was a unique, innovative and truly ambitious concept from the
outset. It is clear from the thorough documentation submitted in the final report that it has
received widespread welcome and recognition across the Australian geoscience education
sector and beyond. The overwhelming financial, executive and in-kind support it has received
from universities, government agencies, professional organisations and the private sector
speaks volumes to its value and long-term potential impact.
While not every expected outcome has been met within the two-year timeframe of
the OLT funding, the project has assumed a life of its own far beyond the scope of that
originally proposed, which bodes well for its perpetuity. The ancillary results over the coming
years will likely far outpace the initial core expectations, assuming additional funding is
secured. Even without further financial support, the AusGeol.org web resource and GeoVis3D
software as they stand are a huge boon to geoscience educators, students and professionals
everywhere and will doubtless be expanded through citizen science efforts.

Project Evaluation
The two primary products delivered from this project are the online ‘atlas’ of
significant Australian geological site visualisations and the open-source software tool for
interactive quantitative spatial analysis of 3D virtual models. The AusGeol Virtual Library
contains an extensive and invaluable collection of geological visualisations, which is by design
open-ended, publicly accessible and intuitive to use. This resource alone will undoubtedly
inspire geoscience education innovation and facilitate the inevitable move toward more
digital teaching and learning initiatives. When coupled with the GeoVis3D software, the
educational possibilities abound and will foster increased participation as more students are
able to overcome the high cognitive load and numerous threshold learning concepts inherent
in structural geology, stratigraphy, and analysing field relationships.
The perennial challenge of field studies sustainability increases as student numbers
grow and universities become increasingly risk adverse, creating myriad barriers to
established teaching methods. Accessibility for students with limited mobility is an additional
hurdle; as such, they have not traditionally been catered for. However, institutions expect
educators to provide ‘equitable’ learning and assessment opportunities, often without any
direct support to do so. In some cases risk or proximity simply makes the best exposures of
geologic phenomena impracticable for any hands-on teaching when they are only found in
hazardous environs (e.g. underground mines, cliff faces, tidal zones, etc.) or exceedingly far
away. While virtual teaching modes are by no means a panacea that can simply replace
traditional field trips and solve the aforementioned problems, research shows they are an
effective compliment. The realistic virtual models contained within the AusGeol Virtual Library
are an incredible resource to support classroom based exercises that overcome many of these
teaching obstacles.
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As the online resource and software only reached critical mass and viability at the end
of 2016, they are still in the trial stages for educational purposes. Improvements to learning
outcomes in two courses at the University of Tasmania and one at the University of Western
Australia are, however, supported by anecdotal evidence. Students presented with the new
resources and technology were observed to be more engaged in the practical exercises than
previous cohorts presented with the same material using traditional teaching methods. The
instructors found that students mastered complex spatial cognition skills more quickly than
before and noted that many students finally overcame key learning thresholds, having their
“light bulb on” moment, only after introducing the 3D visualisations. Students also felt that
the 3D visualisations improved their confidence and mapping skills prior to entering the field.
The current size of the AusGeol repository is far greater than anticipated in the original
OLT proposal. The geological and geographical diversity coupled with the incredible quality of
the imagery, models, and virtual tours are its greatest strengths. The formal learning activities
to utilise the new visualisations and software are, however, still in development. At this time,
only one practical exercise for tertiary teaching and two Teacher Earth Science Education
Program (TESEP) workshop material sets are fully developed, reviewed and deployed. Five
other tertiary lessons are close to completion, several are in development stage, and more are
proposed. Two virtual tours are completed, but not yet deployed to the website. Project
partners continue to enthusiastically write and share additional curricula as the resource
comes to fruition. Ultimately, the AusGeol website must host a password protected collection
of learning activities designed to progressively build field skills. As these resources are
developed and completed, they must be disseminated for use beyond the initial partners to
support professional development, secondary education and community outreach programs.
Project partners have continually shared and promoted this project and its technical
achievements through workshops, informal presentations and conferences since its inception.
This publicity to diverse audiences has generated broad interest in all aspects of the project,
ensuring it will continue to grow beyond its current form and scope. There is significant room
for peer-reviewed publications on the learning gains from introducing virtual tours and
interactive quantitative spatial analysis of 3D virtual models in geoscience education, as this
is a nascent and emerging area of research globally.
A systematic evaluation of immersive digital visualisation’s effectiveness for
augmenting conventional field-based learning is not complete. Some project partners have
administered baseline spatial cognition pre- and post-tests in their units prior to introducing
virtual models, but no comparable data have been collated or analysed for groups using the
new visualisations. The baseline tests, however, do reveal interesting trends in gender
differences for 3D thinking and confidence gains over the course of a traditionally taught
semester, which provides a point of comparison as the new technologies are incorporated.
The cognition tests show that female students do not perform as well initially, but make
greater learning gains than their male counterparts over the course of the semester. Project
partners are interested in analysing if and how this trend manifests with the introduction of
immersive digital visualisation to the courses. Student surveys reveal generally positive
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attitudes toward the new software and models for improving their spatial analysis and
inference skills, but this is purely emotive and not quantitatively measured.
It is generally accepted by the project partners and the wider geoscience education
community that engagement with immersive visualisation will facilitate improvements to
students’ field skills, however no rigorous methods to test these gains are in place. It seems
the evidence will primarily come from anecdotal instructor impressions and whole cohort
aggregate comparisons from one year to the next. While this may be sufficient to encourage
other enthusiastic educators to incorporate the new technologies into their courses and
professional development programs, it will not carry the same weight as a methodically tested
means to improve learning gains with a quantitative magnitude measurement. Fortunately,
the fact that the resources are publicly available, open-source, and intuitive to learn bodes
well for widespread uptake regardless of whether the associated gains are statistically
significant or not. It may, however, be more difficult to illustrate to practitioners and
educators in other field-based disciplines that it is a worthwhile endeavour without systematic
evaluation. There is also resistance to these teaching methods from some who fear university
administrators will use any positive results to argue for wholesale scrapping of field programs,
which is why it is critical to demonstrate disparate and complimentary learning gains from the
two instructional modes.
A compelling and inspiring outcome from this project is the enthusiastic interest from
the professional geological community. The virtual atlas affords a novel and enhanced
opportunity for these sectors to engage with geoscience education by contributing imagery
to generate 3D visualisations and their expertise to document field sites. There are limited
juncture points between professional geologists and educators at present, hence the AusGeol
project bridges a critical gap to improve the flow of information and ideas between these
groups.
It is still too early to assess this project in terms of its projected long-term and largescale effects. It certainly has fostered the collaborative development of educational resources
across multiple Australian universities, but these relationships are still maturing from their
infancy while the project gains additional momentum. University geology field education
programs are notoriously deeply entrenched and slow to change without major outside
forcing (e.g. departmental restructuring, university risk assessment restrictions, loosing access
to established field sites, etc.), therefore it is unlikely that significant integration of these
programs across universities will occur promptly. However, the more success stories that
come from using the AusGeol resources, the greater likelihood of future collaboration.
The provision of the new immersive visualisation methods absolutely increases the
diversity of geological settings every student can experience. Whether this exposure will
improve overall student learning outcomes will depend significantly on how they are
implemented. Seasoned geologists are inherently aware of their own improved perception
and ability to solve complex geologic problems through additional field experiences, but it is
largely untested how virtual experiences compare in terms of total learning gains. Dohaney et
al. (2012) conducted a unique investigation wherein three groups of students were compared
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for their learning experiences in the field only, through a virtual field video game only, or both
environments successively and found that both real and virtual settings are successful for
teaching geologic concepts, with strengths and weaknesses in each delivery mode. Their
findings are germane to the AusGeol purview in that teaching students in both environments
successively was found to be complementary and produced significantly greater learning
outcomes than only using either setting. Assessing the total impact of the virtual atlas is
impossible, but greater insight will come if similar studies are designed and conducted.
In conclusion, the AusGeol project has achieved its major goals and more of the promised
products continue to be completed. The projected timeline for creating online resources,
software and curriculum products, testing teaching methods, measuring learning gains, and
disseminating research findings was rather too ambitious for the two-year timeframe and
incipient group expertise. The time constraints became increasingly onerous as university
bureaucracy consumed several months and eliminated the possibility to trial any new
technologies during the first year. Although I made multiple attempts throughout the project
to guide the partners toward means of testing the viability and impact of their teaching modes,
it was clear from the outset that they were highly focussed on creating an amazing virtual
object repository that would eventually be worked into teaching resources, rather than
assessing the consequences of introducing innovative teaching technologies. As such, they
have met their objectives.
Dr Leslie Almberg
Monash University
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