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Abstract:

To fully appreciate the contributions of archaeological studies devoted to the understanding of quarries and rock-
cut structures, it seems advisable to focus the attention over the human, geological and technical aspects that are
common to this kind of site. Such conceptual bonds became evident to archaeologists only recently, after a long
theoretical and methodological development of research in the field. For a long time, studies of quarries and rock-
cut monuments have been carried out independently, often underpinning different research goals. A brief overview
of research approaches and bibliographical references on these specific subjects allows us to better appreciate the
direction of the current investigations.

This paper is divided into three sections: a general overview of the field of studies; a focus on quarries and, finally,
the outline of recent advances in the study of rock-cut sites. Studies on ancient quarries are numerous and closely
connected with the analysis of the nature of the stone itself whereas research on rock-cut sites remains somehow
neglected and scattered, since it drew scholars’ attention only during the 21° century.
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1 General context

The large quarry basins which have marked monumental architectural history are generally quite distant from
the most famous rock-cut complexes, both geographically and chronologically. The areas that have been the
most targeted by archaeological research on ancient quarries are mainly distributed around the Mediterranean
Sea and its eastern islands (Pentelicus, Euboea, Paros, Thasos, Marmara, etc.).! Scholars have focused mostly on
the Greco-Roman phases of activity of these quarries. Early research on the theme of stone extraction and
supply converged on hard, so-called “noble”, or ornamental rocks (marbles, granites, porphyries and other
decorative hard rocks), because of their ostentatious character of status display and their prestige for powerful
ancient clients and art lovers of all times. On the other hand, “ordinary stone” quarries (used to build all sorts of
architecture) have never benefited from such enthusiasm, even when they were located adjacent to large rock-
cut monuments, such as in Petra (Rababeh 2005, 49-60; Bessac 2007, 77-88).

In terms of rock-cut architectures, a few sites are located in geographic areas neighbouring the large historic
marble supply area of the Mediterranean basin, notably on the west coast of Asia Minor, while the largest part of
these hewn complexes is scattered around its periphery (Saudi Arabia, Jordan, Turkey, France, Italy) and even
well beyond (Persia, Afghanistan, India, Egypt, Ethiopia, Mexico). Apart from rare exceptions, such as Naqgsh-i
Roustan near Persepolis whose tombs are carved out of hard limestone, most of these features are cut out in
relatively soft rocks, such as sandstones, volcanic tufa and more or less chalky limestones. Furthermore, the
chronology of carving for the great rock-cut complexes goes far beyond Antiquity and extends diachronically
from Prehistory (Sardinia, France, Ireland, England) to the Middle Ages (lItaly, Turkey, India, Ethiopia). Despite
these general chronological, geographic, and structural differences between the broad categories of quarries and
rock-cut sites, we wish to draw attention to a technical aspect that is common to all these features: the process of
carving the rock itself. Despite a possible shared methodological approach, research on these two types of sites

1 Asin the acts of the ASMOSIA congress, the first of which was published in 1988 (Herz and Waelkens 1988).



followed different paths from the very beginning, and it is only recently that scholars have started reflecting on a
common ground.

2 Quarries: a research closely connected to the nature of the rock

The archaeological and historical interest around ancient quarries did not begin until the end of the 19th century.
Historians and epigraphists were pioneers in this field, such as Luigi Bruzza, interested in marbles, Charles
Dubois, working on all ornamental stones, and Hugo Bliimner, who wrote more generally on the technical
vocabulary of craftsmanship (Bruzza 1870; Blimner 1884; Dubois 1908). The investigations carried out back
then were essentially historical, based on the epigraphic study of inscriptions on semi-finished or rough blocks
found in the great imperial quarries, known for the extraction of prestigious materials, and supplied throughout
the Roman empire. Early studies were approaching quarries, especially those active in the Greco-Roman period,
as a sort of “ancillary” production site, essentially a variety of mines (Léger 1875,704-706). It was only later on
that archaeologists started to take into account the differences between the technical activity of the miner, who
crushes the mineral ore without worrying about its final destination, and that of the quarryman, who produces
blocks whose technical, dimensional and aesthetic characteristics are chosen and / or determined according to
their final use (Bessac 1996, 397).

It was not until the last third of the 20th century that the theme of quarries took off again, under the pressure of
disciplines related to archaeology, such as the archaeology of buildings or the anthropology of techniques
(Bessac 1986a; Balfet 1991; Arlaud and Burnouf 1993; Rockwell 1993). However, at that time research was still
dominated by epigraphers and historians, who had little training in the practical and material approach to
extraction sites while the contribution of field archaeologists remained relatively marginal. In this scenario,
some researchers started approaching the technical and economic aspects of ancient quarries, opening up a new
research perspective (Ward-Perkins 1972; Dworakowska 1983; Bedon 1984; Dodge and Ward-Perkins 1992).
Starting from the last quarter of the 20th century, the interest towards extraction techniques increased as a
consequence for the involvement of different specialists in the study of ancient quarries, such as heritage
curators, architects, engineers, and geologists. Already in the 1950s, a pioneer, Josef Roder, initiated the
analysis of the technical processes of stone carving and directed excavation campaigns in quarrying sites with
the aim of studying exploitation strategies, collecting ancient tools, and observing their traces on the rock
surface. Roder started by working on the Roman quarries of volcanic tufa in Rhineland (Réder 1957), before
plunging in the study of ornamental stone mining in Turkey, Egypt and Tunisia. His approach to the study of
quarries constituted a major innovation but, unfortunately, this new perspective was not really developed and
integrated in the archaeological discourse until a few decades later. Since these early studies, various research
strategies were tested, together with the development of new methods and research questions, tailored to the
specificity of each site (Bessac 1986b). Unlike central Mediterranean and European regions, in the Eastern
Mediterranean and the Near East, the study of ancient stone quarries has often been limited to a few superficial
observations and epigraphic notes, collected in the context of general archaeological surveys. As specified
above, only the marble quarries and other ornamental stones attracted the attention of archaeologists, however
without really inspiring them to undertake systematic excavations of production areas, except for some ancient
exploitation sites dug in the Egyptian Desert during the last two decades of the twentieth century (Maxfield and
Peacock 2001). However, in the last twenty years, it became clear to archaeologists that the understanding of the
design and logic behind the creation of ancient buildings, as well as the techniques and the economy of their
construction, was lacking without linking it to the organization of the extraction sites.

From the end of the 1970s, European researchers started adopting systematic methods for surveying rocky
outcrops as well as considering the idea of conducting excavations in quarry sites. In North Africa and Asia
Minor, the investigation of sites for the extraction of ornamental rocks benefitted from these new approaches,
such as at Mons Claudianus in Egypt, and Dokimeion in Phrygia (Waelkens, Herz, and Moens 1992; Maxfield
and Peacock 2001). Nevertheless, these operations were often aimed at unearthing the outcrops, collecting
inscriptions, lapidary elements, and antique tools from contemporary quarrymen, rather than documenting the
complete stratigraphic sequence (Fant 1989; Asgari 1995). During the same years, in the western areas of the
Mediterranean basin, researchers began to take an interest also in the exploitation of “ordinary” rocks, while
these studies often remained superficial or linked to fortuitous discoveries.

The stratigraphic method was introduced gradually in the study of old quarries. From the 1980s, the
archaeological authorities, particularly in France, began to support quarry investigations by integrating them into
national research planning (Programmation 1981, 73). Most of the field operations were still linked to fortuitous



discoveries and rescue operations, such as in Saint-Boil, near Autun (Monthel and Pinette 1977). The study of
the buildings themselves often prompted scholars to study provenance and production of building materials, as
in the case of Cap Couronne, near Marseille, where research on the Hellenistic city walls induced archaeologists
to investigate the traces of ancient coastal quarries (Guery, Trousset and Hallier 1985). A long-term study
program on a vast limestone outcrop in the Bois des Lens, in the region near Nimes, began in 1978 (Bessac
1996). The project continued for more than twenty years, gradually considering the relationship between
quarries, and built monuments, but this kind of approach remained an exception. Between 1980 and 2000, a
research project focused on the mapping of the ancient and medieval quarries in France (specifically in Gaul)
(Bessac and Sablayrolles 2002). Despite their relative limitations, these early surveys and excavations produced
sets of innovative data encompassing technology, economics, socio-cultural phenomena, and even worship
(Roder 1975, 213-271; Bessac 1996; Bessac and Sablayrolles 2002). Interest in and recognition of the potential
of such research has recently led to the development in England of a multi-period research agenda for extractive
industries (Newman 2016).

The early 2000s was also a favourable moment for the development of multidisciplinary studies in archaeology.
Research on stone quarrying around the Mediterranean basin became a relevant topic for all archaeologists, not
only mining and quarrying specialists, while a major revolution for the subject was due to the cooperation with
researchers from the natural sciences (Waelkens, Herz and Moens 1992; Benoit et al. 2000). Until then, there
were few chemists, physicists, geographers and especially geologists involved in quarry research. This is
particularly relevant for the study of antique and medieval quarries, while prehistoric archaeologists could count
on a longer tradition of provenance studies (i.e., Clough and Cummings 1979). The methodological and
theoretical gap had to be filled and, from the end of the 20th century, a new scientific paradigm for the study of
extraction sites took over. The number of detailed geochemical analyses of rock samples and the extensive
survey and sampling campaigns increased significantly and aimed, above all, at identifying the outcrops
supposed to have supplied large construction sites.

In the last ten years, studies have benefitted from those earlier experiences, by applying protocols that are the
result of the integration of different methods: archaeological survey, geological mapping and sampling, and
geochemical analyses. The result of that are local studies that focus on a particular stone type or a quarrying
basin, functional to a better understanding of local economies of stone supply (Gluhak and Hofmeister 2009;
Mascione and Camporeale 2010; Pearson et al. 2015; Pruno 2018; Roubis and Sciuto 2019).2 Moreover, several
reference datasets, both analogue and digital, are now available for learning and teaching to recognize and
classify tool-marks (Bessac 1986a; Wootton et al. 2013; Lavigne 2018).

Currently, in the Mediterranean Basin, a major long-term archaeological excavation project in an ancient
extraction site has just ended: the ancient quarry of megaliths in Baalbek, Lebanon.® Elsewhere, for Antiquity,
there has been a marked decrease of scheduled excavations for the benefit of rescue and survey operations.*
Quarry sites dated to the early Middle Ages have lately been the target of a more sustained research, in
particular the underground exploitation of sarcophagi, which is considered to be the most important extraction
activity known for this period. Underground quarries, dated to the Medieval and modern periods have also been
mapped and investigated, with physical limits due to the difficulties in accessing some subterranean areas, while
excavations in these contexts are rare.’

3 Rock-cut monuments: still a study niche?

As for stone quarries, research on rock-cut sites encompasses the analysis of both the underground features
and/or the rock surface. The study of sites hewn in the bedrock began with the Napoleonic expedition to Egypt,
in the dim light of the Pharaonic monumental tombs. From the very beginning of the investigations, the artistic
riches of the tombs’ content and their decorations eclipsed the technical and human aspects of these majestic

2 Such as the proceeding of the conferences dedicated to quarries and construction sites published in the Spanish journal “Arqueologia de la
Construccion”, the proceedings of the CTHS: "Carriéres et constructions en France et dans les pays limitrophes", issued since 1991 or the
proceeding of the conference “Montagne incise, pietre incise” (Stagno 2013).

3 Excavations of the Deutsches Archdologisches Institut led by Jeanine Abdul Massih.

4 For example, the Italian sites site of Fossacava (Paribeni 2020), while the scheduled excavation of the stone quarries in the area of

Populonia have provided important data for understanding the exploitation and supply of calcareous stones between the Etruscan and
Roman period in southern Tuscany (Mascione and Camporeale 2010).

5 One notable exception: Morleghem 2018



rock-cut structures. Similar was the destiny of other iconic monuments, such as the Sphinx and the temple of
Abu Simbel, where the exceptional architectural and sculptural apparatus have largely monopolized the
direction of the studies. In 1812, the discovery of Petra in the middle of a rocky desert, by Johan Ludwig
Burckhardt, caused a general astonishment for the richness of its rock-cut architectural decorations but ignoring
all questions about their practical realization. Later, the few texts engraved on the monuments in Petra caught
the interest of explorers and researchers. At the beginning of the 20th century, two Dominican brothers, J.
Jaussen and R. Savignac, began the study of the numerous inscriptions in the rock tombs of the Nabataean city
of Hegra, in Saudi Arabia (Jaussen and Savignac 1997). Most inscriptions mentioned the names of the craftsmen
who created the monuments, extremely rare and precious information (Nehmé 2007, 7-27); in the light of that
discovery, even if the study of techniques was not yet on the archaeological agenda, scholars could no longer
ignore the important craftsmanship of the workforce of specialists active in this extraordinary work.

Despite the early interest shown, more than a century ago, in the work of past craftsmen (Jerphanion 1925-1942;
Fonseca 1970), the archaeology of rock-cut monuments remained for long time confined to general architectural
typology and, more particularly, to the analysis of stylistic features (McKenzie 1990; Thierry 1983-1994). Art
historians were the first to approach the study of these monuments, seeking to date the rock complexes and
setting up typo-chronologies often based on masonry-built references. Likewise, the rare technical
considerations proposed about stonework in rock-cut sites were strongly influenced by the conventions of
monumental construction (which always develop from the bottom up, whereas in rock-cut architectures the
procedure is generally reversed, since the rock is carved from top to bottom). Unlike buildings, rock-cut
monuments were seen as architectures frozen in the rock, and therefore made in one piece. Carving phases,
whether contemporary or spaced over a long-time span, were generally not mentioned.

It was not until the 21st century that the understanding of rock-cut monuments changed. For instance, the
rejection of the general scheme of a bottom-up realization of most rock-cut monuments happened very gradually
(Bessac 2007, 89-109). The descriptive vocabulary also evolved and improved; initially modelled on that of
traditional construction, it adapted to the jargon of quarrymen, miners, stonemasons and sometimes sculptors,
closer to the actual practices of rock cutting (Bessac 2007, 566-568; Dehijia and Rockwell 2016). Following the
example of studies on quarries, but well after them, research on rock-cut monuments really took off in the last
15 years. Monuments were integrated into archaeological research as a source for understanding the landscape
and its transformations over time (Fauvelle et al. 2010; Crescenzi 2012; Sogliani 2018, 2020), but unfortunately,
hardly any excavation is currently carried out in these complexes.®

The contribution of digital technologies should also be mentioned. An overview of documentation methods that
involve 3D modelling, stratigraphy and speleology was recently written by Giancarlo Pastura (2020).
Photogrammetry represented an important breakthrough for the survey of rock-cut monuments, allowing
researchers to better capture the volumes of the sites, in order to understand their evolution over time, and the
directions in digging (Angelini 2018). Plans and cross sections, easily extracted from 3D models, also support a
better understanding of the workers’ technical skills in achieving perfect right angles. Moreover, the
combination of photogrammetry and 3D GIS could allow an analysis of the monument within the outcrop itself,
observing the position of the carved spaces within the geological layers, and understanding technical and
architectural choices that are conditioned by geomorphology. Finally, Virtual Reality is also becoming an
interesting immersive medium for exploring undergrounds and sharing the process of interpreting the space
according to carved features (Sciuto et al. forthcoming). The application of these methods contributed to the
renewed interest for the study of rock-cut monuments, developed in recent years (Carpiceci, Inglese and
Colonese 2015). The general understanding of rock-cut features, entailing its qualitative and quantitative
aspects, should, above all, benefit from the methodological revolutions begun in the last decades.

4 Towards new research perspectives

Until the beginning of the 21% century, the links between the activity of quarrymen and rock-cut architectural
productions was not always evident to scholars interested in monumental archaeology, nor to the general public.
The aspects that are common to these two types of features began to emerge only recently, in all their technical
and anthropological complexities.

6 Except for the research carried out by the international team at Lalibela, which has been conducting excavations on this exceptional rock
site for several years now (Bosc-Tiessé and Derat, 2019; Derat et al. 2021).



Even in rock-cut sites, depending on the various types of architecture and rock concerned, the share of work
needed for extraction is predominant, compared to that of the architectural decor. This extraction can be
destructive, crushing the rubble, especially in soft rocks such as the volcanic tufa of Cappadocia (Lamesa 2018)
or conducted in such a way as to provide ashlars for construction, as with the sandstone of Petra. In many cases,
quarries and rock-cut sites are overlapping, located on the same outcrop, and probably some of the workers were
involved in both activities. If in rock-cut sites the extraction activity is undeniable, it must be considered as
closely associated, even mixed, with certain quarrying techniques and particularly with some special and
complex stone carving processes, since it lacks the guide given by the natural alignment of the depositional
joints. These are compelling socio-economic aspects which have barely been investigated and remain to be
developed, especially through ethnoarchaeology and experimental archaeology (Lamesa 2011; Porqueddu 2018;
Lamesa and Hailay Atsba Hailu 2020; Robin and Adams in this volume).

A reflection about the technical means adopted both in quarries and rock-cut sites for coping with the
characteristics of the rock, and the agency of the stone itself, can be made by examining the quarrymens’ know-
how. Even though rock craftsmen are usually quite versatile, it is in the everyday practice of their work that they
first discover hidden defects of the rock: cracks, harder layers, stratification joints, etc. They are the ones who
judge how to get around or integrate these features into the general stylistic choices of the block/monument,
knowing that the slightest error in this groundwork activity of carving and sculpting can wreck the work, and
even determine its abandonment (Lamesa 2020). Similarly, the methodological challenges in the study of rock-
cut sites are different from those of free-standing constructions because of this powerful agency of the bedrock
itself. For example, while in standing monuments built within the classical tradition, archaeologists can easily
assess the respect of proportions as compared to the rules defined by Vitruvius, in hewn monuments, even when
actual formal reference models exist, the craftsmen must comply with the litho-stratigraphic peculiarities of
bedrocks that they often discover as their work progresses down and deep into the layers they carve (Bessac
2009).

The works collected in this volume aim at adopting a holistic approach to the study of quarries and rock-cut
sites, by overcoming the old typo-chronological studies and embracing a truly transdisciplinary resolution. This
work is part of a more environmental and anthropological perspective, which aims at balancing different
approaches by applying them to various landscapes and features, taking into account the mind and the work of
the professionals who carried out these activities as well as their manifold relationships with bedrocks.
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