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above: New map of Gordion, showing a selection of its topographical 
and morphological components. None of the pre-existing maps 
showed the entire extent of the site. Letters identify burial mounds. 
Pizzorno and Darbyshire 

inset, right: In 2010 we produced high-resolution aerial photography 
of large areas of the site and its extant architecture, using a 
camera mounted on a weather balloon. This work was conducted 
in partnership with Penn Design, who for conservation purposes 
required an aerial image of one of the Early Phrygian buildings still 
visible on the Citadel Mound. Penn Museum Gordion Archive and 
Penn Design
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gordion, in central Turkey, is the largest and longest-running 
of the Penn Museum’s many excavation projects. An ancient 
site of great historical significance, Gordion was occupied 
for 5,000 years from the Early Bronze Age (ca. 3000 BCE) 
through to modern times. Its high point was in the Iron Age 
(the early first millennium BCE) when it was the capital of the 

kingdom of Phrygia. Penn’s Gordion project began in 1950 and has run continuously 
to the present day. In six decades of research there have already been two major series 
of excavations, 1950–1973, directed by Rodney Young, and 1988–2006, directed by 
Mary Voigt. A third series, begun in the summer of 2013, is being directed by C. Brian 
Rose. As a result of this enormous excavation drive, a large part of the Citadel Mound 
has been investigated together with around 40 elite burial mounds, as well as select 
areas of the city’s suburbs, outer fortifications, and lower class cemeteries.

Taming  
the Beast
The Digital Gordion Mapping Project
By Gareth Darbyshire and Gabriel H. Pizzorno

The spatial relationships inherent 
in archaeological evidence—struc-
tures, deposits, features, artifacts, the 
remains of the dead—are fundamental 
to analysis and interpretation. Accu-
rate mapping is therefore essential for 
good archaeological practice. In order 
to properly represent spatial layouts 
belonging to one specific time period 
and sequences of layouts through 
time, the remains must first be linked 
to a reliable system of planimetric 
(horizontal) and altimetric (vertical) 

coordinates. The precision with which 
coordinates are recorded will depend 
on the mapping technology avail-
able at the time, and on the require-
ments of the post-recording analyses 
involved.

Archaeological excavation is by its 
nature a destructive process, because 
to investigate earlier underlying mate-
rial one must first remove the later 
overlying evidence. It is therefore 
critical that the recording is accurately 
completed as the work proceeds. Un-

like non-destructive types of archaeo-
logical investigation (e.g. field survey 
or geophysical prospection), it will 
not be possible to check the majority 
of the actual remains later on, because 
they will no longer exist, at least not 
in situ.

Of course, in the real world not 
everything goes according to plan. 
Mapping is a complex task and it is 
not unusual for mistakes to be made 
which can remain unnoticed for years. 
Inaccuracies, however, are unforgiving, 
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and will ultimately emerge to cause 
problems when attempting to integrate 
the spatial data for research purposes. 
These problems are magnified as the 
scale and complexity of archaeologi-
cal datasets increase, and can become 
serious obstacles to comprehension and 
presentation, inhibiting the pace and 
quality of analysis and publication.

Unfortunately, the excavated remains 
from Gordion were never accurately ref-
erenced to a reliable site-wide coordinate 
system. The planimetric and altimetric 
referencing was seriously compromised in 
the very first excavation season in 1950 
through a series of surveying and tracing 
errors. Most of the mapping work in suc-
cessive seasons was based on this initial, 
faulty survey, and, over time, errors 
spread and inaccuracy became endem-
ic to the Gordion mapping corpus. 
Although it became apparent years 
later that there was a problem with the 
referencing, the issues were never fully 
understood and the attempted rem-
edies proved not only unsuccessful but 
also contributed further complexities 
to the problem (for a detailed account, 
see Pizzorno and Darbyshire 2012). 

By 2008, when we initiated the 
Digital Gordion Mapping Project, 
most of the original maps and 

plans—showing excavation trenches, 
architecture, and other remains—could 
not be reliably integrated and the real 
locations and spatial relationships of 
the evidence were only approximately 
known. Of course, the Gordion excava-
tion project has, in the past, continued 
to publish a limited corpus of maps 
and plans, which over six decades has 
served the interim purpose of convey-
ing the site’s spatial attributes. But it 
has not been possible to produce the 
kinds of spatial representations that 
are essential for the comprehensive, 
detailed, and definitive analyses that 
still need to be completed for Gordion, 
such as accurate site maps showing all 
the excavated areas, accurate plans of 

remains from a single period, phase 
plans showing sequences of remains 
through time, or reconstructions of the 
architecture and spatial layouts. 

To resolve this situation we needed 
to unify the Gordion mapping data 
by accurately referencing them to a 
single, reliable system of planimetric 
and altimetric coordinates. Utilizing a 
custom-built Geographic Information 
System (GIS), we began the process of 
referencing the cartography to a world-
standard coordinate system, Universal 
Transverse Mercator (UTM).

The first step was to scan over 
2,000 maps and plans, the core of 
Gordion’s mapping corpus, so that 
they could be imported into the GIS.

Phase plans are an essential archaeological tool, providing crucial information on the spatial relationships 
of site layouts through time. The one presented above is the first such plan ever published for Gordion. 
Since it is much too large and graphically complex to be comprehensibly reduced to a single page, we have 
provided an inset (1) to illustrate a small selection of the detail (however, a large foldout version accompanies 
Pizzorno and Darbyshire 2012). Researching and designing such plans is no easy task, for with increasing 
archaeological scope and detail, previously unresolved or unrealized research issues become manifest, and 
design issues likewise tend to increase in complexity. In order to address some of these, the plan includes 
a color-coded descriptive key (2), which rationalizes the various architectural phases represented. Notes 
in various places (3) illustrate a selection of key research issues that we have resolved or formulated in the 
process of making the plan. A complex compass rose (4) accurately unifies the formerly confusing variety of 
cardinal orientations used over six decades of Gordion research. Pizzorno and Darbyshire
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Once the drawings were imported, 
we could begin the arduous task of 
referencing them (i.e. assigning them 
accurate coordinates). In the case 
of those remains still in situ on site, 
obtaining accurate coordinates was 
simply a matter of resurveying them, 
which we accomplished in 2008, 
2010, and 2013. However, the bulk of 
the mapped archaeological evidence 
and excavation trenches at Gordion 
no longer existed and hence, for these, 
resurvey was not an option. 

To deal with this situation we first 
created a system of “snapshots,” using 
aerial photographs and satellite images 
taken at different times over the last 60 
years. These images, once they had been 
referenced in the GIS, provided spatial 
cues for accurately aligning the plans 
of long-gone trenches and excavated 
structures included in the original 
photographs. As a basis for the refer-
encing we initially used a QuickBird 
satellite image (rectified in partnership 
with NASA). However, in 2010 we 
dramatically enhanced the accuracy of 

the system by using a series of balloon 
photographs taken that year, which we 
referenced using thousands of control 
points surveyed on-site using a high 
precision dGPS (differential Global 
Positioning System) unit. 

We then integrated the still 
unreferenced maps and plans by 
looking for correspondences between 
them and the data already in the GIS, 
namely architectural elements, trench 
outlines, old survey markers, or topo-
graphical features. With the original 
plans referenced, we could then move 
on to vectorizing their contents. This 
involves tracing the features depicted 
in each plan, in order to transform 
them into discrete elements which can 
be easily recombined and manipulated 
however we require.

Since the GIS integrates all the 
data, we can select whichever com-
ponents we wish in order to create an 
endless variety of new maps and plans, 
tailored according to the research issues 
in hand. At the same time, the power 
conferred by digital technology gives 
us enormous creative flexibility in 
graphic design, allowing us to present 
Gordion’s spatial data in innovative and 
attractive formats. To highlight these 
points, the accompanying illustrations 
show some recent examples of our 
work, in the form of maps, plans, and 
three-dimensional reconstructions. 
All of these creations require not only 
accurate digital data but also detailed 
archaeological research to resolve the 
many archaeological issues and prob-
lems that inevitably emerge, and so the 
process of constructing them is always 
a catalyst for new research.

Under our supervision, the bulk 
of the GIS work has been carried out 
by Penn graduate and undergraduate 
students, funded by two grants from 
the University Research Foundation in 
2009–2010 and 2012–2013. This has 
provided the students with an opportu-
nity to acquire cutting-edge skills as part 
of a comprehensive research experience 
that trains them to solve problems associ-
ated with a real and complex dataset.  Ä

gareth darbyshire, ph.d., is the Gor-
dion Project Archivist and a Research 
Associate at the Penn Museum. gabriel 
h. pizzorno, ph.d., is a Research Associ-
ate at the Penn Museum.
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The accuracy and flexibility of our new dataset allows us to create 3D architectural and topographical 
reconstructions, which are an exciting and expeditious way to stimulate the imagination and to present 
complex data. The example illustrated here shows one of several possible reconstructions of the Early 
Phrygian citadel’s gate complex (ca. 850–800 BCE). These reconstructions are being used not only 
as research tools, to help us better understand the sequence of architectural complexes at Gordion, 
but also as a means to enhance the presentation of the site and its rich history to the general public. 
Pizzorno and Darbyshire 
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Penn Museum
3260 South Street, Philadelphia, PA 19104-6324
Telephone: 215.898.4000
Website: www.penn.museum

Hours
Tuesday–Sunday: 10:00 am to 5:00 pm
Closed Mondays and major holidays.

Admission
Penn Museum members: Free; PennCard holders 
(Penn faculty, staff, and students): Free; 
Active US military personnel with ID: Free; 
Adults: $15.00; Seniors: $13.00;
Children (6-17) and students with ID: $10.00

Tours
Docents offer tours most Saturdays and Sundays 
at 1:30 pm. Check the Museum website for 
topics. Group discounts and docent-led tours 
are available for groups of 10 or more with 
reservations.

Museum Library
Open to the general public with ID.
Call 215.898.4021 for information and hours.
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