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Abstract

This paper presents an overview of Geographic Information
System applications utilised in an historical archaeology
research project supported by La Trobe University. This
work is part of a broader study titled ‘Cultural Landscapes
of Colonial Water Management in Victoria’s Central
Highlands’ funded by the Australian Research Council
(DP110100437, Chief Investigators Assoc. Prof. Susan
Lawrence and Dr Peter Davies). The analysis of historical
archaeological evidence for capturing, storing, transporting
and using water and the associated environmental
degradation has furthered our understanding of changes
to land-use, landscape and environment at a local and
regional level. The results of this project provide an historical
context for modern debates about water sustainability
and climate change. This project incorporates a variety
of GIS applications and systems to understand the spatial
and temporal relationships between water management
features, such as water races, dams and reservoirs, utilised
on the nineteenth century Creswick goldfields. This paper
introduces the reader to Historical GIS, and discusses some
of its limitations. It concludes that GIS has been integral to
understanding the complex Creswick goldfields landscape
and relationships between water users.

Introduction
Water was vital to almost every aspect of gold mining in
the colonial period, but many areas of central Victoria,
such as Creswick, had limited access to reliable water
sources. Creswick has a small catchment area, creeks
rather than rivers and no large natural water bodies
(Figure 1). To overcome this, miners built substantial
reservoirs and hundreds of kilomtres of races to capture,
store and distribute water to mining claims, many of
which are still well-preserved in the goldfields today.
This project was able to map the water supply system in
Creswick in detail, from water sources to mining claims,
then to points of discharge into the creeks. This places
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the system in a broader landscape context, and enables
a greater understanding of the technologies employed
for, environmental consequences of, and government
responses to these vast manmade hydrological systems
(Davies et al. 2013; Lawrence and Davies 2011, 2012).
Aside from Tracey’s (1997) study of archaeological
water management sites at several NSW goldfields, and
Coroneos’ (1993) archaeological survey of a number of
Tasmanian goldfields, there are few comparable detailed
archaeological studies of water management systems in
Australian goldfields. Few studies, if any, have attempted
comprehensive mapping of these complex systems. Two
central Victorian studies have examined hydrology
systems at a broader scale (Nathan 2007; Russell 2009),
and Context (2007a, 2007b) undertook a major study of
Victorian water supply sites, providing some background
context for this project. A common finding across these
studies is that water was a highly valued commodity
which was complicated to control and manage

Historical GIS: what is it?
Historical Geographic Information System (GIS) is
the application of GIS to study the past, and it fittingly
describes the convergence of history and geography. In
this context, geography is defined as the study of spatial
differentiation, and history as the study of temporal
differentiation (Knowles 2002). Historical GIS assists
in deconstructing temporally and spatially complex
landscapes, including areas that have been subject to
mining, and it also provides new ways to visualise and
analyse change across time and space. Historical GIS
therefore has a strong historical or temporal component,
and it relies on the integration of historical documents,
georeferenced historical maps and three-dimensional
modelling to assist with interpretation. Archaeologists
have developed methodologies for GIS over the last
20 years, particularly for spatial analyses and the
visualisation of site distributions (McCoy and Ladefoged
2009). GIS is now firmly entrenched in the cultural
heritage industry to assist with the management and
stewardship of archaeological sites.
The use of GIS to analyse temporal as opposed
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Figure 1. Creswick catchment area.

to spatial changes has gained momentum over the
last decade, particularly in relation to historical and
landscape archaeology. Chronology is a cornerstone
of archaeological research that is measured in a variety
of absolute and relative ways, including years, decades,
periods, stages, phases, radiocarbon dates, date ranges
and typologies. Many of these measurements of time
are imprecise, variable and overlapping, and they can
pose serious difficulties in a GIS database. As a result,
most historical analysis using GIS is limited to a basic
model that maps time-slices or snapshots of time. Some
scholars argue that GIS is atemporal (e.g. Castleford
1992), and that a truly temporal GIS (TGIS) requires
an axis of continuous time, in the same way that X, Y,
and Z co-ordinates are continual axes of location and
elevation (Lock and Harris 2000:5). Many archaeologists
have expressed frustration at the current limitations of
GIS in expressing archaeological time, and advocate the
development of specific TGIS software for archaeological
analyses.
Only a few useful methodologies exist for temporal
analysis in GIS. However, these methodologies are often
too project-specific or lacking in explicit methodologies
(González-Tennant 2009). Johnson’s (1999, 2008;
Johnson and Williams 2003) TimeMap™ project focuses
on three issues: (1) a methodology for recording timebased cultural features; (2) an interface for displaying
time-based maps; and (3) the generation of map-based
animations to display time depth. While TimeMap™ has
produced good results in areas such as public display,
education, interaction and map animation, it has moved
away from the project’s original concerns of ‘fuzzy time’
38

in archaeology. To counter this, Green (2008) developed
a TGIS methodology for archaeologists to use within
ArcGIS. Although Green advocates the development of
TGIS-specific software, he argues that a better approach is
to use applications with which archaeologists are already
familiar. Green’s project appears to have true TGIS
capabilities, enabling probability mapping and scenario
testing. Similarly, Lock and Harris (1997) present some
useful ideas for developing a temporal database that has
probability and scenario-testing capabilities.
As GIS data are often imprecise and vague, the issue
of ‘fuzzy space’ complicates Historical GIS mapping,
and introduces secondary errors into the process of
georeferencing historical maps. While the GIS operator
may be aware of these issues, presenting the inaccuracies
to the reader is often challenging. For example, one part
of a georeferenced map may be accurate to ±2 m, while
other parts of the map may be significantly less accurate.
When these issues are coupled with historical locations
that are indicative only, the margin of error can be varied
across one map. Currently, the only way to present
Historical GIS map error is in metadata, text, legends
and disclaimers, suggesting the need for an accepted
symbolisation of fuzzy boundaries and locations.

Methodology: assembling the spatial database
While map output was crucial to reconstructing the
Creswick goldfields landscape, GIS also provided some
useful mechanisms. The structure of the database was a
key consideration, to ensure that all data could be queried
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to answer key research questions. GIS technology was
also employed in the field using various GPS units and
iPad technology.
Field data was collected sporadically over an 18-month
period using Real Time Kinematic (RTK) differential GPS
units and non-differential GPS devices. Historical maps
were georeferenced and relevant features digitised. This
data resulted in several discrete historical datasets (i.e.
layers), including water races, dams, historical features,
prior waterways, mining leases and survey datasets.
These spatially referenced databases are best thought of as
layers of information that can be switched on and off on a
map. Basedata was sourced from VicMap data, as VicMap
is the authoritative spatial data supplier in Victoria,
and the foundation of Victoria’s primary mapping
and GIS. VicMap data includes cadastral property
boundary, vegetation cover, transport route, elevation
and hydrology datasets. The Department of Primary
Industries (DPI) provides shallow alluvial working, mine
shaft and mine datasets with an accuracy of ±100 m.
It is important to be aware of the accuracy of base
data and how it was created. Metadata supplied with
most spatial data describes these attributes. For example,
VicMap’s ‘Property’ layer positional accuracy is classified
as ‘BB.’ This means that 90% of all well-defined features
are within 1 mm (at plot scale) of their true position, so
that 1:500 equates to ±0.5 m accuracy, and 1:25,000 to
±25 m. VicMap’s ‘Property’ layer is derived from what
were originally two physically separated databases.
Originally, Melbourne Water created a digital dataset
for the Melbourne Metropolitan area, and Survey and
Mapping Victoria created a similar dataset to cover rural
Victoria. According to VicMap, both datasets comprise
‘spaghetti’ line work (i.e. disjointed and overlapping
lines). Weaknesses of both datasets include a lack of clean
line work, topographical structure, or any significant
degree of ‘intelligence’ (i.e. a measure of how well the
field and attribute content has been structured in order
to query the data purposefully). Substantial cleaning of
the data was required by VicMap before it was GIS ready.
Knowledge of the accuracy of acquired spatial
data is crucial when mapping historical features and
georeferencing historical maps. Experience has shown
that many roads, rivers and streams, especially in nonurban areas, are inaccurately mapped by VicMap.
This creates problems if features from these layers are
used as control points for plotting historical data or
georeferencing maps. Various aspects of the project
required differing levels of accuracy. For example, in
order to identify small mapped historical features like
individual races during a field survey, a high level of
accuracy (±5 m) was preferable because many features
lie in close proximity to one other. In comparison, the
mapping of larger features or localities required less
accuracy. This project achieved a relatively good average
level of accuracy (±5 m) so that features plotted from

historical maps were generally identified in the field
within 5 m of their mapped location.
Establishing the historical spatial database required
careful thought as to the structure of the database, with
attribute fields providing the intelligence from which the
data can be sorted and queried. To map changing damuse over time, a field was used to assign one of three
statuses to each dam: (1) pre-1900 dam; (2) historical
dam in current use; and (3) existing dam (Figure 2).
Using these temporal marker attributes, the GIS can
easily display the results.
Water race data came from varied sources such as
historical documents, georeferenced maps and field
survey data, and a field that recorded the references for
each feature was maintained. Modern orienteering maps
comprised a major source of information. In addition, we
utilised comprehensive spatial data that was collected over
several years by Dr Kevin Tolhurst (School of Forestry,
Melbourne University), who used a non-differential GPS
unit to map many major races that fall within the project
study area. These two datasets covered a large proportion
of the extant races in Creswick Regional Park. With the
addition of historical information, a comprehensive
picture of water supply into Creswick began to emerge
(Figure 3). However, it should be noted that many races
still remain unmapped to the southwest of Creswick.

Managing the database
As the project progressed and increasing quantities of
data from varying sources were added to the database,
it became apparent that the ‘Water Races’ layer was
presenting data management challenges, with the
potential to become unintelligent spaghetti. Most
water races were reconstructed from many different
sources such as georeferenced historical and modern
maps, standard GPS (±5 m accuracy) and DGPS (±1
m accuracy).To complicate matters further, some races
were mapped in the late nineteenth century by different
surveyors, with minor variations between each map.
During our own field survey, some races were mapped at
different times with different GPS units, with each map
producing slightly different datasets.
A major part of working with GIS databases is
keeping the data clean, to avoid data disaggregating into
unintelligent spaghetti, so that queries and maps can be
easily generated. Linear data, such as roads, waterways
and races, can be particularly complex as they are often
made up of many segments. For example, the longest race
at Creswick comprises 1,114 aggregated line segments
which, if disaggregated, would add 1,114 separate rows to
the database. In many instances the ability to aggregate or
disaggregate data must be maintained in order to generate
certain statistical data such as measurements of extant
and non-extant sections, major and minor race sections,
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and to differentiate ownership of different sections.
To overcome these problems, superfluous or
overlapping data were removed from the database. The
most accurate set of field survey data was retained and
then matched against the already digitised historical data.
When unambiguous matches occurred between surveyed
races and digitised historical races, some historical spatial
data could be removed with the georeferenced historical
maps still able to provide the historically mapped race
alignment for reference. The relatively good match
between numerous early historical race surveys and the
existing races is a testament to the remarkable accuracy
of the early surveyors, for what were complex features to
map in difficult terrain. For example, the existing race in
Figure 4 rarely varies more than a few metres from the
original nineteenth century plan.
This research has only touched on the complexities
of establishing and managing Historical GIS databases.
As Gonzalez-Tennant (2009) points out, published
methodologies for GIS database creation are rare,
probably due to the individual and complex nature of
project-specific spatial databases. With the increasing
role of GIS in archaeology, the need to develop

Figure 2. Status of dams in the study area.
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standardised methods to facilitate the sharing of data
while maintaining project specificity will be challenging.

Georeferencing historical maps
Historical GIS relies heavily on the use of georeferenced
historical maps for building layers of information. Once
features are georeferenced, they can be digitised as
point, line or polygon data, and maps and data can then
layered. However, it can be challenging to visually depict
changes over time using multiple paper maps. Many of
the earliest historical references for Creswick water races
came from nineteenth century parish, geological survey,
town survey, mining lease and water right survey maps.
In total, over 30 maps have been georeferenced.
Original survey plans held at the Public Records
Office Victoria (PROV) and parish maps provided a
useful level of mapping detail for some of the early water
races (Figure 5). The ability to view these georeferenced
maps on iPads was particulary invaluable in the field, and
is discussed in more detail later.
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Figure 3. Water races mapped at Creswick to date.

Analysing the database
One advantage of GIS is the ability to visualise, query
and analyse the data. However, as previously discussed,
the level of success depends on how well the database is
structured. One of the aims of this project was to develop
spatial data that could be used to view and analyse the
spatial and temporal relationships between historical
features. As the mining landscape is a palimpsest of
features from different phases, this initially provided a
simple solution for simplifying and visually representing
such complexity. For example, the Historical GIS
efficiently generated a simple colour-coded map that
showed the dates various gullies were opened for mining,
using the ‘Date’ field for the ‘Shallow Workings’ dataset
(Figure 6).
Other basic queries included highlighting the
historical features that relate to a particular event,
for example correlations between drought, flood or
significant legislative change. Some of the problems
encountered during these investigations included
historical features that were undateable to specific
years or decades, or the reuse of features over extended
periods of time. These problems prevented the selection

of features from discrete dates or time periods (i.e.
snapshots or time-slices). While the database included
two fields which permitted temporal querying – ‘Date
of Construction’ and ‘Period of Use’ – these queries
were limited by broad dating resolution and difficulties
in establishing appropriate Structured Query Language
(SQL) that could handle date ranges. The results of
the temporal analysis therefore tended to produce
misleading and incomplete visual representations. The
complexities of structuring the database and generating
the appropriate queries to enable temporal querying
using SQL are beyond the scope of this paper. Green’s
(2008) warning of being forced into an ‘intractable
compromise’ or simplifying research questions to
compensate for the limited ability of GIS to analyse
the temporal data appears to ring true. Due to the lack
of good temporal resolution for many features, it was
difficult to structure the database to handle fuzzy time
and, therefore, construct the appropriate SQL queries.
Disappointingly, the analysis of temporal data in the GIS
added little to our understanding, and was limited to
confirming what was already known.
Nevertheless GIS has been used successfully in this
project to synthesise data and solve problems through
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Figure 4. Example of a good correlation between an existing surveyed race and a georeferenced
historical survey plan for Water Right No 421 (VPRS 6784, date unknown).

Figure 5. Parish map detail showing the correlation between historical map, races and
cadastre. Major races, main roads and current cadastre have been overlaid. The accuracy of
the registration varies across this map, and the margin of error is up to ±20 m in some places
(Department of Primary Industries 2013).

immediate data interaction. A vast amount of data
was available from newspapers, official reports, court
records, council minutes, local histories and personal
communications. However, it was often difficult
to contextualise or spatially map each fragment of
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information when seen in isolation. Furthermore, the
documentary evidence relating to goldfields needs to be
critically examined to avoid misleading interpretations,
with Tracey (2007) cautioning against the temptation
to match historical references with features located on-
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the-ground to provide some historical context. Thorough
corroboration of historical information and the spatially
mapped data was therefore undertaken. GIS was
particularly useful for locating historical sites mentioned
in texts, and testing different scenarios for race alignments
and ownership. For example, documentary evidence
indicated that water was diverted from Race 1 (on Back
Creek) into Race 6, thereby suggesting that Race 6 is
lower than Race 1 – assuming a pump was not used.
GIS is a particularly useful tool for verifying
historical references that refer to measurements in miles
or chains. The ability of the GIS to project data into
earlier measurement systems was crucial in establishing
the correct identity and location of many features based
on measurements provided in historical references. It
also provided visual data to help locate races with vague
location details. For example, Race 14 was described
as being 14 miles (22 km) long and commencing high
in the ranges (Wynn 1979). This race was eventually
identified as St. George’s Race; however, only eight
miles of extant and non-extant race could be mapped,
falling well short of the proposed source in the ranges.
An additional six miles place the beginning of this race
high in the Great Dividing Ranges around Dean, raising
the possibility that many of the races mapped so far are

also underrepresented and were sourcing water from
more distant sources than our current maps indicate.
While it is unfortunate that the remains of many races
beyond Creswick Regional Park have been destroyed by
agricultural development, GIS nevertheless permits a
greater understanding of historical land-use, particularly
beyond what is extant on the ground.

Integrating spatial data with Google Earth and
iPad
Spatial data generated in MapInfo was integrated with
other applications, especially Google Earth, Google Maps,
and iPad applications Galileo and Avenza PDF Maps.
Spatial data was easily converted into other formats such
as Keyhole Markup Language (KML), Georeferenced
Tagged Image File Format (GEOTIFF). The ease of this
process facilitated collaboration with other researchers,
and provided a measure of GIS interactivity for those
without knowledge of or access to sophisticated GIS
software.
The Galileo and Avenza applications proved
extremely useful in the field. Galileo tracks and marks
waypoints that are comparable to standalone GPS units,

Figure 6. An example of mapping using MapInfo’s thematic layering tool for colour coding ‘Shallow
Workings’ data, using the ‘Date’ field.
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whereas Avenza imports georeferenced maps and KML
files. In the complex mining landscape of tangled races
and sluiced gullies, these applications were particularly
useful for identifying one’s location in relation to mapped
features. This proved useful in identifying and establishing
relationships between historical features in the field. The
use of these applications, for example, resulted in the
prompt identification of a mapped 1860s pipeline in the
field, which comprised minor traces of bitumen pipe
and a very faint pipeline through bush scrub (Figure
7). Ephemeral features, such as very small holding dams
(which are nowadays eroded and difficult to discern) and
flume commencement points, were likewise promptly
identified using historical georeferenced maps in the
Avenza application.
Spatial data was also exported from MapInfo into
the Google Earth iPad application, providing another
useful way of viewing historical spatial data while in
the field. The iPad’s locational applications functioned
consistently well in the moderately hilly and wooded
Creswick Regional Park, enabling the tracking of paths,
waypoints, navigation and georeferenced photographs.
The multifunctional nature of iPads also alleviated the
need to carry separate cameras, compasses, paper maps
and GPS units in the field. Finally, the ability to seamlessly
transfer spatial data from the various iPad applications

to the office GIS via email, Dropbox and other programs
streamlined workflow tremendously.

Discussion and conclusion
The GIS component of this project aimed to map the
major races and reservoirs at Creswick using historical
resources (especially maps), survey data and GIS.
More than 170 km of water races, dozens of dams and
numerous historical features in the study area were
accurately mapped, together representing a significant
portion of the historical water network supplying the
Creswick goldfields. Goldfields in general are complex
historical and archaeological sites, and the interpretation
of these landscapes is often challenging (Pearson and
McGowan 2000). The use of GIS greatly facilitated
the accurate identification and mapping of historical
features (±5–10 m), which could then be integrated into
complex systems of associated activity areas. This has
resulted in better outcomes for management purposes,
as many features that were previously recorded on the
Victorian Heritage Register as discrete and localised sites
have been successfully connected and given historical
and landscape contexts. The ability to accurately map
historical features using GIS has enabled the association

Figure 7. The ability to view Krause’s (1880) georeferenced map in Avenza PDF Maps on an iPad
facilitated prompt identification of a 1860s bitumen pipe in the field.
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of features identified on the ground and historical
references, making a major and tangible contribution
to the history and future management of the Creswick
goldfields (Davies et al. 2013).
While it was originally envisaged that GIS could
facilitate temporal analysis of water features in the
Creswick goldfields, particularly for correlating historical
features with mining phases and events such as droughts,
GIS has not greatly improved our understanding of
temporal relationships due to limitations in the software
and our temporal data. Many archaeologists have
expressed similar frustrations at the current limitations
of GIS for temporal analysis.
The project exported spatial data and maps generated
in MapInfo into iPad applications such as Avenza PDF
Maps, Google Earth and Google Maps. This proved
beneficial for sharing data, and resulted in features being
identified and interpreted in the field more promptly.
Overall, Historical GIS is a powerful tool for
examining landscapes and land-use, and has facilitated a
more holistic understanding of water-use on the Creswick
goldfields. The historical and spatial information
generated as part of this project has the potential to
make a significant contribution to our understanding of
Creswick’s goldfield history, and future management of
this landscape. It is hoped that GIS data generated as part
of this project can find an outlet that reaches the wider
public in a number of interactive ways.
Software
MapInfo (version 11); Avenza PDF Maps, Galileo, Google
Earth and Google Earth applications for iPad; Google Maps.
H a r d w a r e : L e i c a C S 1 0 3 . 5 G D G P S ; To p c o n
GRS-1 D GPS; Garmin GPS; iPad 2 and 3.
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