Open-data presentation of a geophysical
survey in Gerasa (Jerash), Jordan
Achim Lichtenberger' & Rubina Raja®"

This article presents data obtained in the first geophysical survey undertaken in the Decapolis city of
Gerasa (Jerash) in northern modern _Jordan, and reflects on the value of openly sharing data in the
academic community.
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Introduction

In 2011 the Danish-German Jerash Northwest Quarter Project, headed by the authors,
together with the Eastern Atlas geophysical prospection company (Berlin), conducted a geo-
physical survey in the highest area within the walled Decapolis city of Gerasa (modern Jerash)
in Jordan (Kraeling 1938; Lichtenberger & Raja 2018a) (Figure 1). The survey was undertaken
in preparation for excavations intended to investigate the settlement history of this unexplored
part of the city. The geophysical survey covered approximately 4ha using a fluxgate magnetom-
eter system (Figure 2); three smaller test areas were surveyed using ground-penetrating radar
(GPR). The results of the survey were published preliminarily in 2012 and are included in
the final publication of the project (Kalaitzoglou ez a/. 2012; Pilz ez al. in press). Both publica-
tions offer print-only maps, however, and only a selection of the full dataset—as is common-
place in archaeological publications. An open-data publication that makes the raw data available
is therefore highly desirable; this would allow examples of best practice to be developed for
future archacological projects and open dialogues about the value of geophysical surveys within
the framework of, and in combination with, other geographic and archaeological data. We have
previously published open datasets combining lidar data with other geographical data such as
earlier maps and non-georeferenced aerial photography. The results of this demonstrate that
such an approach allows for a more integrated understanding of data and more detailed inter-
pretation of it (Stott ez al. 2018; Lichtenberger ez al. 2019). The geophysical data from the
Danish-German Jerash Northwest Quarter Project is published on a figshare server under a
Creative Commons License (CC BY 4.0) (Lichtenberger & Raja 2019a & b). This allows
other researchers to use, evaluate and integrate the raw data in their own projects freely.

The Northwest Quarter is situated on a natural karst limestone hill. The terrain slopes
steeply to the north and south, and more gently to the east. Structures belonging to the
ancient city are constructed of locally quarried limestone blocks. While fluxgate gradiometry
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Figure 1. Plan of the Northwest Quarter of Jerash (© Danish-German Jerash Northwest Quarter Project).
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Figure 2. Map of the magnetic results in greyscale with threshold values of 5 nT (© Danish-German Jerash Northwest Quarter Project).
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produced good results, GPR was only effective to a limited extent due to the geology, soil and
surface conditions of the site. As Gerasa is a dynamic multi-period site, and the Northwest
Quarter was densely settled until the end of the Umayyad period, the fluxgate magnetometer
maps display numerous anomalies and structures (Figure 3). Interpretation of this data is not
the aim of this paper, however, and survey results relating to the chronology of the settlement
have been published elsewhere (Lichtenberger & Raja 2015, 2017, 2018b).

Applied geophysics

The applied geophysical techniques are presented in detail here to show how results were obtained.
For the magnetic investigations, an array of six fluxgate gradiometer probes, carried by the geo-
physicist, was used (Figure 4) (cf. Kalaitzoglou ez a/. 2012; Pilz ez al. in press). This made it possible
to cover the entire Northwest Quarter including steep slopes and areas of dense building and deb-
ris. The probes registered the vertical gradient of the vertical magnetic field component with an
accuracy of 0.1nT (nanotesla). The measured gradient is insensitive to the typical large fluctuations
of Earth’s magnetic field and is determined only by the magnetisation of local anomalies in the
ground. Data-processing consisted of an offset shift and a drift correction. Drift correction is neces-
sary because the sensors are subject to internal thermal drift, which can affect the calibration of the
instrument. The resulting map of the magnetic investigation is shown in Figure 2.

For the GPR, a GSS Inc. SIR-3000 GPR system with a 270MHz antenna was used. GPR
was applied in three locations with relatively level ground. Due to soil conditions, the elec-
tromagnetic waves did not penetrate deep into the surface, however; consequently, the result-
ing GPR profiles provide minor reflections only (see Pilz ez al. in press). The reason for the
poor penetration and low reflectivity of the targets was most likely similarities between the
bedrock and construction materials, and the thin but dry and clay-rich topsoil. The vertical
profiles of the GPR data were transformed into horizontal sections. Processing comprised sta-
tic corrections in order to estimate precise depth and enhance the signal-to-noise ratio. The
GPR data is available at three depths from Om to a maximum depth of 1.5m, from which an
average is calculated. Each section represents a time interval of 10ns (nanoseconds), which
reflects the two-way transit time. The physical layer thickness of approximately 0.5m results
from an estimation of the average electromagnetic wave propagation velocity of v = 0.1m/ns.

Best practice in archaeology: open-data strategies

While geophysical surveys have become integral parts of archaeological projects and are often
undertaken prior to excavation, the data collected are rarely made available openly. There are
several reasons for this, such as space restrictions or unwillingness to share data openly, and
the result is that although we can see the interpretation of results, we cannot truly learn from
the experiences of the teams. If other archaeologists cannot access the raw data, they are not
able to reinterpret them or use them to simulate alternative results. Nor can they implement
the same methodologies in on-going or new fieldwork. We cannot learn from them in a
reflective way. Furthermore, space restrictions in printed media mean that larger datasets,
such as those obtained from geophysics, are often published selectively. For effective interpre-
tations, however, a combination of several magnetograms at a range of resolutions is
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Initial interpretation of geomagnetic data
Archaeologically relevant features:

Positive magnetisation (refilled ditches and
pits; terrain edges, backfill from collapses)

Negative magnetisation
(limestone walls, rocks and stones)

Others:

Modern features
(scrap metal, iron poles)

Figure 3. Interpretation of the magnetic results (© Danish-German Jerash Northwest Quarter Project).
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Figure 4. Fluxgate gradiometer in action in the Northwest Quarter (©Danish-German Jerash Northwest Quarter
Project).

necessary. Georeferenced data maps of fluxgate gradiometry surveys at a range of nT
resolutions should be made accessible to the wider research community; this is crucial to
allow for a more holistic understanding of sites and to enable integration of existing results
into future research. It would also allow other researchers to review geophysical data and
to reflect critically on methodologies in order to raise the standard of best practice continually.
This practice is also valid for unsuccessful data-gathering such as the aforementioned
attempt to use GPR at Gerasa. Data from techniques that have not yielded important archaeo-
logical results are rarely published. Presenting such data openly, however, can inform future
research and improve fieldwork methods. Providing geophysical data in an open-data format is
a conditio sine qua non if we are to make data usable and sustainable in the long term (Wilkinson
et al. 2016).
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