
ORIGINAL ARTICLE

Geoheritage          (2025) 17:170 
https://doi.org/10.1007/s12371-025-01225-y

Rocks are geological resources that have consistently 
provided different services to humanity. Humans and their 
predecessors have used them for more than 3 million years 
to produce artefacts and tools (Harmand et al. 2015), art for 
at least 40,000 years (Brumm et al. 2021) and constructions 
for at least 12,000 years (Kazancı and Adıyaman Lopes 
2022), being part of the materiality of the cultural heritage 
of all societies. Rocks have almost always provided strucu-
tral or ornamental elements to monumental constructions 
and were chosen not only for their strength, aesthetic and 
availability but also because they represent immortality for 
mankind’s works. The ideal stone would be one that, by its 
beauty and characteristics, provides impressive architec-
tural and structural effects and the magic of “lasting for-
ever” (Roth 1982).

Beyond its durability, natural stone is unpredictable in 
its textures, surprising for its range, and fascinating in its 
blends. For this reason, the use of specific stones by different 
cultures throughout history also represents diverse cultural 
values, i.e., symbols of status or beliefs (Pereira and Marker 
2016) and being part of the intangible cultural heritage. In 
other terms, the history of stone use is the real history of 
peoples and their cultures; indeed, the remains of utilitar-
ian objects, art, and architecture are fundamental in telling 
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Abstract
Sustainable development seeks to ensure human prosperity in balance with nature, emphasizing the responsible use of 
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appreciation across scientific, cultural, and societal dimensions.
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the story of the evolution of civilisations (Ricci and Canepa 
1929). These works will remain as historical evidence where 
civilisations knew the use of marble and stone with excellent 
characteristics (both mechanical and chromatic).

One might ask, for example, how much of Rome’s history 
would have come down to us intact, if left to literature alone 
and not also to temples, aqueducts, baths, columns, statuary, 
mosaics. The same question could be asked of other ancient 
civilisations such as the Egyptian, Nuragic, Greek, Indian, 
Chinese, Arab, Aztec, etc.

Many splendours of the past are unknown to us because 
they were built with more perishable materials over time, 
such as the unfired earth bricks used by the Assyro-Bab-
ylonians. One could say that stone is to the spirituality of 
peoples what gold is to the world economy. You can replace 
gold but not abolish it; you can make art with a palette 
and colours or architecture with wood, but giving up stone 
means giving up the immortality of the work. Therefore, 
natural stone has the charm of the intrinsic features and his-
torical element: it is unpredictable in its textures, surprising 
in its varieties and fascinating in its blends. Stone speaks the 
language of place and belongs to the genius loci more than 
form does (Pincini 2007).

Throughout human history, stone has been extracted 
from nature where it was available, and continuously in 
some cases, as the marbles of the Cava Madre of Candoglia 
quarry presented in this special issue (Oreste et al. 2024), 
places that have become industrial heritage allowing us to 
follow the evolution of techniques employed as well as pro-
viding material for the restoration of the cultural heritage. 
The history of such quarries also serves to illustrate how 
the stone industry practices have been adapting to the chal-
lenges of sustainable development.

Anyway, use of stone can be ruined by inappropriate 
selection, design, installation, maintenance and all manner of 
other processes because of our patent lack of understanding 
of the materials (Bignell 2015). For this reason the proper 
knowledge of stone materials with their properties and their 
behaviour is a fundamental contribution to the sustainabil-
ity in the sector of cultural heritage and in those of building 
construction. In this direction the IUGS designation Heritage 
Stones can be referred to natural stone recognized as integral 
aspect of human culture (Ehling at al. 2024).

From Southeast Turkey, the country with the oldest 
known stone buildings, we learn about the Mardin Stone, 
a limestone characteristic of both the geological and cul-
tural heritage of Mardin City, quarried since ancient times at 
more than a hundred sites and valued as a building material 
to this day (Dusun, 2024). That case clearly illustrates that 
stones are elements of geodiversity that connect the natural 
environment to the city, which often represents a continuum 
with the surrounding geology and landscape.

Additionally, economic and political aspects help us 
understand the relationship between geoheritage and cul-
tural heritage, which gives identity to human settlements, 
as illustrated in the case of Poznan, Poland (Wolniewicz 
2024). The use of some stones can even identify a whole 
country’s culture, as in the example of Latvia (Rasina et al., 
2024), which in many cases was influenced by renowned 
architects who selected the stones for their works, such as 
Lauren Hasse did in Belgium with the Red Main Sandstone 
(Erkan et al., 2024).

For the conservation of our stony heritage, other actions 
are necessary beyond divulging it. Studying the stones and 
stone-built elements’ performance and decay is fundamental 
to guide practical conservation, as illustrated by the effects 
of fire in the Bundelkhand granite from India (Katre et al. 
2025), the polishing performance of the Muga Marble from 
Turkey (Çetintaş 2025), or the mechanical performance of 
the stone in masonry arcs and bridges (Varró et al., 2025). As 
stones are part of structures, other stony components, such 
as aggregates, must also be studied to find their sources and 
characteristics, making it possible to use compatible prod-
ucts for monument conservation, as Aydınalp et al. (2025) 
detail for the case of Byzantine mortars in Turkey.

Moreover, the conservation actions regarding deteriora-
tion patterns, such as crusts, shall be carefully studied and 
scientifically based, or usual practices as the crusts’ removal 
on rocky materials may lead to further degradation and may 
erase part of the monument’s history, as Kaplan et al. (2024) 
reveal for the case of the Archaeological Sites of Aigai and 
Assos, in Turkey.

This special issue contains also selected papers dealing 
with the advancements in the state of the art of heritage 
stones. In particular researches include topics on natural 
stone sustainability, contemporary and ancient uses of natu-
ral stones in architecture, heritage stone characterization.

In relation to the sustainability of natural stone extraction 
and processing, Eerola (2025) highlights the importance to 
communicate in a proper way to the community the role 
and importance of natural stone in architecture, underlin-
ing the relation between geology, society and environment 
by means proper geoscience communication and education 
experiences. A new tourism strategy should include geoher-
itage values into tourism offers (Marjanović et al. 2024). 
Interesting georoutes based on old extractive activities are 
proposed by La Russa et al. (2024). As the City of Mardin, 
several others are open-air expositions that follow human 
development through their natural stone life, as Careddu et 
al. (2025) showcase for Cagliari (Italy), proposing custom-
ised geo-urban itineraries that link the geological, environ-
mental, and cultural aspects that shaped the city’s identity.

The sustainability of heritage stones, tied with the recov-
ery and reuse of stone scraps was discussed by Leonets and 
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al. (2024) and Graziano et al., (2024). Moreover, wastes 
resulting from stone processing can be successfully used in 
restoration works, as exemplified by Portale et al. (2024).

Exportation of heritage stones in the past was discussed 
by Deng et al. (2025).

The uses of natural stones in cultural heritage were 
referred to numerous countries. German architecture and 
its link with designated stones (Siedel et al. 2025), Denizli 
Travertine in Turkey (Özkul et al. 2024), Italian stones with 
a focus on the Piedmont stones (Storta et al. 2024) and on 
Manciano Sandstone in Tuscany (Rescic et al. 2024), Poland 
with studies on prospects for the protection of the stone her-
itage of the Małopolska Vistula River Gorge (Bobrowska et 
al. 2024) and Brasil, where Frascá et al. (2025) describe a 
important heritage limestone.

Researches on stone characterization go in deep on 
mechanical properties and durability (Sitzia et al. 2023; 
Felix et al. 2024; Celik 2024). Verma et al. (2024) studied 
the problem tied with cooling in heritage stone. Innovative 
methods to detect a geochemical marker for exploration of 
stones was presented by Mancini et al. (2024).

When talking to recovering and restoring heritage stone 
buildings, we have to keep in mind that some signs and 
marks in the buildings are also part of our heritage and, as a 
reminder of the history for generations, it is recommended 
that they be preserved (Pereira 2024). Historical quarries of 
heritage stones should also be preserved in the perspective 
of cultural heritage (Szepesi et al. 2024; Härmä and Selonen 
2024).

The aim of this special issue is also to make all precious 
global heritage stones well known to readers. As researchers 
working in the field of stone, we have a duty to spread the 
stone culture so that this fundamental resource is preserved.

All that knowledge must be shared to foster the heritage 
valuing and conservation by society. As rocks bear struc-
tures that tell the story of the Earth, the evolution of the 
environment, the landscape and life, heritage stones can be 
tools to value natural and cultural heritage from a geoscien-
tific perspective (Silva et al. 2020).

Therefore, the C-10 Commission of the International 
Association of Engineering Geology – IAEG, in the first 
years of this millennium, considered it fundamental to 
develop a geological standard for the dissemination of sci-
entific studies about building stones, aiming for their more 
adequate use and the conservation of cultural heritage. That 
initiative led to the creation of the Heritage Stones Sub-
commission within the International Union of Geological 
Sciences – IUGS. Since then, many natural stones, part of 
cultural objects around the world, have been studied and 
divulged, and those significant to the world’s cultural heri-
tage have been designated IUGS-Heritage Stones (Kaur 
2022; Ehling et al. 2024).

Going ahead on the protection and recognition of Heri-
tage Stones, building capacities for the sustainable use of 
Earth resources, and contributing to the HerSTONES IGCP 
637 UNESCO funded project – “Heritage Stones: a step 
towards to widen up the recognition of stones used in the 
building of heritage in emerging countries”, 30 cases are 
included in this special issue.

In addition to the topics addressed in this Special Issue, 
it is noteworthy that, over the past two years, other regions 
of the world have increasingly engaged with this subject, 
which has traditionally been represented by Europe and, 
more recently, India, South America, and Turkey. For 
instance, Choie et al. (2024) coordinated an international 
collaboration between Korea and Cambodia aimed at con-
serving and managing heritage monuments from the Angkor 
period. In Mexico, a second stone has been officially desig-
nated as a heritage stone (Amador et al. 2025). Furthermore, 
the Ziada House in Iraq has been reconstructed following 
the ISIS invasion, adhering to its original architectural 
design through the use of traditional building materials and 
construction techniques (Faiza et al., 2024). As a result, 
fifty-five heritage stones from Asia, Africa, North America, 
South America, Europe, and Australia have been formally 
designated as IUGS Heritage Stones (Ehling et al. 2024).

This Special Issue serves as a valuable resource for 
geologists, mining engineers, architects, and archaeologists, 
aiming to enhance public awareness of heritage stone. The 
integration and dialogue between scientific and humanistic 
disciplines are crucial for fostering a deeper understanding 
of the historical significance of stone in the cultural evolu-
tion of humankind.

It is essential for geoscientists to regard geoheritage as 
a foundational framework underpinning both their educa-
tion and professional practice. The communication and dis-
semination of scientific knowledge should be recognized as 
central activities in the construction of a knowledge-based 
society, one capable of safeguarding geosites, historical 
quarries, and monuments, thereby ensuring that future gen-
erations appreciate the intrinsic significance of stone.

In conclusion, this Geoheritage SI aims to make this 
precious global stone wealth known to readers, and it is 
dedicated to Professor Barry Cooper, who lead the Heritage 
Stone designation initiative.

Our Colleague Barry Cooper (By Maria 
Dolores Pereira)

Barry Cooper (Fig. 1) was born in Australia in 1948 and, 
since early childhood, he was interested in history. Barry 
studied geology at the University of Melbourne (1967–1972) 
and he specialized on palaeontology and stratigraphy. After 
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stones in the stone-built heritage around the world. Twenty 
of his publications referred to heritage stones and the devel-
opment of the IUGS standard. He put always his very opti-
mistic side in all the initiatives.

His professional life was always linked to South Austra-
lia institutions. He retired from the Geological Survey of 
South Australia in 2009, and he was Adjunct Senior Lec-
turer at the University of South Australia.

Barry died the 13th of October 2023, and we all will miss 
him.
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finishing his PhD in the Ohio State University, in Colum-
bus, Ohio (USA), he obtained a position of palaeontologist 
with the Geological Survey of South Australia in Adelaide, 
where he remained for the rest of his professional career.

Thanks to his collaboration with the Geological Society 
of Australia, through its newsletter, he highlighted the need 
of working on the “History of Geology”, and from there, 
the “Earth Sciences History Group” was created in 1984, 
with Barry as Chair. Barry Cooper was very active in the 
subject, and in 1989 he became member of the IUGS INHI-
GEO working group, of which he was Chair from 2016 to 
2020. Also in the 2000 s, he increased interest in building 
stone and a developing interest in the history of building 
stones. In fact, he was the main engine to create the IUGS 
Heritage Stones working group in 2012. He leaded the ini-
tiative of creating a new international geological standard, 
a designation that defined selected stone types that have 
had a major historic role in human culture. Italy’s Carrara 
Marble is an obvious example. Barry was Secretary Gen-
eral of the Heritage Stone Task Group from 2011 to 2016 
during which several stones were recognized as Global 
Heritage Stones.

Barry was a very inspirational person, a superb organizer, 
and he would soon convince you in starting new initiatives, 
which were all a big success. International projects (e.g., 
UNESCO IGCP), international conferences (e.g., EGU, 
IGC), and a good number of papers where he was a main 
leader permitted the dissemination of the role of heritage 

Fig. 1  Barry Cooper with Table 
Mount at the back, in South 
Africa, 2016 (Picture provided by 
David Ananian-Cooper)
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