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Abstract

Today, there is almost no new archaeological discovery in which geophysical investigation tools do not play a key role. In fact, looking onto the past
century, one could argue that geophysics, in a way, has rescued archaeology and revived it from its old-style techniques involving hard labor and time-
consuming digging and trenching. Today, thanks to geophysics, archaeology utilizes state-of the-art technologies, takes advantage of the most recent
data management and processing techniques, and benefits from the latest image processing protocols. However, archaeology is not the only beneficiary
from this successful coupling between archaeology and geophysics. Many of the advances in shallow and high-resolution geophysical techniques as well
as data processing and interpretation capabilities can be indirectly attributed to the needs, demands and feedbacks of archaeologists. This successful
exchange of benefits has resulted in a new scientific term that is commonly used nowadays; that is Archaeogeophysics or Archaeological Geophysics.

Introduction

The reasons behind the growing application of geophysical
tools in the field of archaeology are numerous. One of these reasons
is that geophysics provides an efficient tool to cover large areas of
archaeological interest with little effort, in brief time, and with high
precision. Most geophysical instruments used in archaeological
investigations today are portable and data collection speed is limited
only by how fast a man can walk. Integration of recent technologies
such as GPS and remote communication devices into geophysical
instruments makes geophysical data acquisition even easier and
faster. Such high-speed geophysical investigations become even
more vital when investigation time is limited, as in the case of
archaeological reconnaissance of an area before implementing
new development plans. Moreover, since geophysics is one of the
sciences that benefit the most from the increasing computation
power and capabilities, this reflects on the high precision and dense
data coverage required for archaeological investigations. Moreover,
because different geophysical methods probe different physical
properties of soil, the vast diversity of geophysical methods available
today makes it possible to investigate wide variety of archaeological
sites and objects. Integration of more than one geophysical tool to
study archaeological sites is proven to be highly effective in diverse
types of archaeological investigations [1-3]. Geophysical tools are
not only used to investigate new archaeological sites, but they
can also be used to study existing sites in order to image detailed
structures and objects inside well-known sites. A good example is
the geophysical investigations of the of the famous Giza plateau
hosting the Pyramids and Sphinx in Egypt [4]. The most important
advantage of archaeogeophysics, however, is its noninvasiveness

or its capability to investigate delicate archaeological sites with
minimal or no damage to its valuable contents. This advantage
alone is enough to create such a strong bond between geophysics
and archaeology since noninvasiveness is what archaeology needs
the most.

The first form of coupling between archaeology and geophysics
started about a century ago with the use of aerial photography in
archaeological studies after the World War 1. Arial photography
provided useful information about the surface soil’s color, texture,
and composition, indicating probable sites of buried artifacts. By
the end of the World War 1], electric resistivity was extensively used
in most archaeological investigations. Magnetic methods started
being used in the 1950’s and is still used extensively until today in
almost all archaeogeophysical surveys. The boom of archaeology-
geophysics coupling, however, occurred in the mid 1980’s with the
emergence of compact geophysical devices capable of providing
high-resolution images at high speed such as electromagnetic
induction devices, commonly called terrain conductivity meters
and ground penetrating radar. Today, archaeology and geophysics
seem inseparable and they contribute to each other in a positive
way as no other two branches of science do.

Magnetic method was first used in archaeological studies in the
late 1950’s and is still used in archaeology more frequently than any
other geophysical method [5]. Thisis partly because magnetometers
are compact and easy to operate and because magnetic data can
be easily processed and interpreted by non-geophysicists. The
main reason for the frequent use of magnetic method, however, is
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its unique capability to detect various archeological features [6].
In addition to detecting buried metallic objects, magnetometers
can be used to detect disturbed soil, artificially compacted soils,
raw bricks, campfire spots, as well as walls and floors of kilns and
hearths. Magnetic gradiometers also provide useful geophysical
imaging of different archaeological sites.

Electromagnetic induction devices, commonly known as
terrain conductivity meters, are portable, compact, and effective
devices for archaeological investigations. Because both subsurface
apparent electric conductivity and magnetic susceptibility can be
mathematically driven from their multi-frequency measurements,
terrain conductivity meters provide the most efficient tools for
archaeological site investigations [7-10]. Terrain conductivity
meters can be used for detecting caves, voids, shafts, walls, ditches,
and iron workings.

Five decades ago, the electric resistivity method formed the
cornerstone of archaeogeophysical investigations [11,12]. Today,
the use of this method faded away for the less invasive and more
efficient geophysical tools such as ground penetrating radar (GPR).
Recent years have witnessed an increasing use of GPR in different
archaeological applications all over the world [Watters, 2004] [9,13-
16]. Ground penetrating radar provides high-resolution three-
dimensional images in reasonable time but at relatively high-cost.
The cost of GPR data acquisition systems and processing software is
falling drastically in recent years, thanks to technological advances
and the creators of open-source GPR processing and interpretation
software.

Some geophysical methods are rarely used in archaeological
investigations, either because of their heavy data acquisition
procedures or because they don’t always provide clear images
of buried archaeological objects. These methods include the
radiometric method [17], the gravity method [18], and the seismic
method [19,20]. In certain conditions, some of these methods are
the only suitable tool for archaeological investigations.

There are several obstacles dragging the coupling between
archaeology and geophysics, such as the high cost of some
geophysical instruments and the complex mathematics and physics
needed to fully understand and be able to process and interpret
geophysical data. However, the most frustrating obstacle facing
the implementation of geophysical investigation tools in every
archaeological study is the inherent non-uniqueness of geophysical
anomalies, a condition that is always hard to explain to non-
geophysicists. This is that the same geophysical anomaly can be
caused by different subsurface conditions. This kind of uncertainty
about the nature, size and depth causing specific geophysical
anomaly is hard to comprehend by archaeologist whose strategy
was always excavating and seeing with their own eyes. Another
obstacle is related to the lack of contrast between the object of
interest and the surrounding environment and the high noise
level encountered in some archaeological sites. These obstacles,
however, are diminishing rapidly in recent years because of the
increasing capabilities of geophysical instrument, the application

of integrated geophysical surveys, and the technological advances
introduced everyday into geophysical instrumentation and data
processing techniques.

Despite of these limitations and obstacles facing the coupling
between geophysics and archaeology, the future is expected to carry
even more interaction between them. The fact that geophysics can
provide tremendous amounts of information about archaeological
sites while leaving these sites intact for future archaeologists is
the driving force for even stronger coupling between geophysics
and archaeology in the future. Moreover, the huge technological
advances in the capabilities of geophysical sensors are expected to
satisfy the demands made by archaeology in the future. For example,
quad rotor-borne geophysics is an emerging branch of geophysics
that is specifically perfect for investigating large archaeological
sites that are too fragile to be investigated using heavy ground
geophysical tools. Moreover, the increasing data storage capacities
of geophysical instruments and the capability of new processing
software to handle massive amounts of data should provide us with
archaeogeophysical images with higher resolution than ever.

Looking deep into the history of coupling between geophysics
and archaeology from its humble beginnings until today and having
a glimpse at the foreseen future of this coupling allow us to say with
confidence that the successful coupling between archaeology and
geophysics is expected to get stronger in the near future.
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