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PALEOGEOGRAPHIC INFORMATION SYSTEMS 

Geographic information systems form a core part of Earth Science, allowing the growing repositories of digital 
geo-data to be integrated and visualised in a unified fashion. These systems cope with the wide variety of 
spatial data types, each with their own properties and metadata, allowing for a better understanding of how 
Earth processes operate. A unique requirement for the Earth Sciences is to take into account plate motion and 
crustal deformation processes acting through time, thus altering the various spatial relationships between 
datasets. The open-source GPlates (www.gplates.org) software [1, 2] has become a standard tool for this type 
of analysis, providing the ability to reconstruct various datasets through time interactively by attaching 
arbitrary data to tectonic plates.  

GPLATES OPEN INNOVATION PLATFORM 

Developed originally as a standlone software, GPlates has gradually grown into an open innovation platform 
by employing an open-standards-based information model, by implementing extensive data import/export 
capabilities, developing an emerging python plugin framework and by establishing links to web services.  This 
extensible platform allows users to explore the evolution of the entire Earth system in accordance with past 
tectonic plate configurations [3] by combining GPlates with a variety of research tools, data and workflows. 
GPlates applications include deep earth dynamics [4, 5], tectonics and continental margin reconstruction [6], 
evolution of continental stress fields [7], evolution of river systems [8] and carbonate reefs [9], long-term sea-
level change [10], basin evolution [11], mountain building processes [12] and continental collision [13], 
continental paleogeography [14, 15], and the evolution of continental climate [16] and ocean circulation [17].  

SPATIO-TEMPORAL DATA MINING 

Combining vast datasets in a spatio-temporal sense is increasing the analysis complexity, with traditional 
visualisation-based approaches becoming ineffective in extracting necessary information and discovering new 
insights. In addressing this, GPlates has been particularly extended with two key technologies. The first 
technology is a "data coregistration" tool, in which desired relationships between various datasets are 
recursively defined, thus providing the key link between a qualitative visualisation environment and a 
quantitative multivariate statistical analysis framework. The second technology is a data-mining environment, 
better suited to coping with complexities due to large datasets, high dimensionality, spatial and temporal 
dynamics and different data types [18]. The data-mining tool has a diverse library of components allowing for 
interactive filtering, combining, transforming and pattern analysis of incoming data. Attached to the data-
mining tool is a visual-programming environment in which underlying software complexities are abstracted 
from the user, allowing for the rapid prototyping of analysis workflows without requiring programming 
expertise. A plug-in framework allows for the construction of new spatio-temporal data processing 
components, which is seeing the functionality and flexibility of this environment increasing rapidly, aided by 
an open-source model.  

GPLATES AS A MASSIVE SERVICE 

Some applications of data mining require large computing and memory resources, particularly including GPU 
resources, as raster data tectonic reconstruction and analysis is strongly GPU-based in GPlates.  This makes 
the cloud computing “Software as a service (SaaS)” concept attractive for GPlates users.  To explore this 
avenue GPlates is now being offered as a service on the Multi-modal Australian Sciences Imaging and 
Visualisation Environment (MASSIVE).  Users can access GPlates on MASSIVE via TurboVNC, a free remote 
desktop software package that enables remote control of GPU-based visualization nodes in the MASSIVE high 
performance computing facility using the local desktop’s mouse and keyboard.  The combined ensemble of 
technologies (Fig. 1) lends itself to becoming a frontier teaching and research tool, providing the necessary 
abstraction of complexity required to better understand how the various complex Earth processes acted 
through time resulting in the familiar spatial configuration we observe today. 
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Figure 1: Knowledge-discovery platform components, with a spatio-temporal “Palaeo-GIS” 

providing interactive visualisation through time, a data co-registration tool for defining 
quantitative relationships between datasets, and a suite of data mining tools for data analysis 
through time, abstracting programming complexities via a visual programming environment 
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