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Abstract

1. Introduction

Studies on artificial cavities go back to many years ago, with a
variety of researches and surveys that have been published in many
different sources, since the issue of artificial cavities cover a wide range
of disciplines, from history to archaeology, from geology to architecture,
from biology to hydraulics, and so on. Starting from some of the main
references on the issue, these were essentially classical works, such as
the underground drainageways in southern Etruria and northern Latium
by JUDSON & KAHANE (1963), that on archaeology of water by TOLLE-
-KASTENBEIN (1993), or monographies on the most interesting areas
in the world, as the rupestrian environment of Cappadocia, in Turkey
(BIXIO & CASTELLANI, 1995; RODLEY, 2006; BIXIO, 2012), or shelters in
China (GOLANY, 1992).

Then, awide literatureis available as regards especially the hydraulic
structures, including the ancient underground aqueducts and all the
related works for water tapping, collection, transport and distribution
(CASTELLANI & DRAGONI, 1991; CASTELLANI, 1995, 2000; LAUREANO,
2001; MAYS, 2010; PARISE, 2009, 2012; SEMSAR YAZDI & LABBAF KHA-
NEIKI, 2010; PARISE et al., 2015b; ANGELAKIS et al., 2016; BIXIO et al.,
2017; VALIPOUR et al., 2020).

After the adoption in 2013 at the international level of the typological classification of artificial cavities, originally proposed by the National
Commission of Artificial Cavities of the Italian Speleological Society, new researches and studies from different parts of the world highlighted
the need for updating it, and possibly adding new entries in the classification. Many of these studies derived from activities of the members
of the Commission on Artificial Cavities of the International Union of Speleology, and have been presented in the four Congresses Hypogea,
organized since 2015. The advancements in research on artificial cavities brought at the Italian level to discuss new possible additions to the
classification, and to present in this contribution the revised classification, that has been already defined and accepted by the Italian Commis-
sion. The classification is illustrated through some text, and the two tables included in this article.

Hydraulic works were, however, not the only underground works
object of studies: many other underground structures and works were
in the meantime the focus of specific studies, from defensive works in
underground shelters (BIXIO & DE PASCALE, 2015) and other war works
(TRIOLET & TRIOLET, 2011), to rupestrian settlements and dwellings in
the Mediterranean area (CRESCENZI & CAPRARA, 2012; POLIMENO et al.,
2019), to worship and cult sites (GALEAZZI et al., 2016), and to dovecots
(GERMANIDOU, 2015; BIXIO et al., 2023).

Italy was among the most active country in studies about artificial
cavities, and Italian scholars among the leading researchers, both as
concerns speleological explorations and scientific studies. It was the-
refore not surprising that the first efforts to classify the high number of
typologies came from Italy. This contribution summarizes the story of
the classification, and the main international activities coming out of
it, before presenting a proposal of its revision, that follows that recently
published in Opera Ipogea journal by GALEAZZI & GERMANI (2023),
following works within the dedicated Commission on Artificial Cavities
of the Italian Speleological Society.

2. The typological classification of artificial cavities

The typological classification of artificial cavities was issued by the
National Commission of Artificial Cavities of the Italian Speleological
Society in the 1980s, and proposed to the international community at
the Il Symposium on underground quarries, held in Naples in 1991.

It was only many years later, however, and precisely at the 15th
International Congress of Speleology, held in Kerrville (Texas, USA), on
19-26 July 2009, that this topic became matter of wider interest, also
thanks to the activity of the renewed Commission on Artificial Cavities
of the International Union of Speleology (UIS). The UIS Commission
restarted its work after the congress at Kerrville, in the attempt to raise
again the attention on the issue of artificial cavities. At this goal, it was
againin Italy, namely in Turin, that the classification of artificial cavities
was the object of a specific workshop, organized in May 2012, with its
proceedings published in a special issue of the journal Opera Ipogea
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(PARISE, 2013). On that occasion, starting from the Italian classification
(GALEAZZI,2013), some adjustments were produced, both in the typo-
logical tree structure and in the terminology.

The furtherinclusion of new typologies of cavities led to the revised
classification, that was presented at the 16th International Congress of
Speleology, held in Brno (Czech Republic) in 2013 (PARISE et al., 2013),
and since then adopted also at the international level.

Thereafter, the renewed enthusiasm of the UIS Commission on Artifi-
cial Cavities brought to the idea of organizing an international congress,
specifically dedicated to Speleology in Artificial Cavities. The congress
was entitled “Hypogea”, and the first one was organized in Rome, Italy,
in 2015, producing a ponderous volume of proceedings (PARISE et al.,
2015a), that was distributed to participants at the time of the congress.
The success obtained at Rome made Hypogea the main activity in the
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years to come for the UIS Commission on Artificial Cavities.

After Rome 2015, following the will by the UIS Commission on
Artificial Cavities to keep organizing Hypogea every two years, other
three congresses have been organized, allowing continuous exchange
of experiences and researches about artificial cavities from different
parts of the world. All of this was realized notwithstanding the worldwide
difficulties related to the Covid pandemic, and to political problems in
some countries.

In 2017, Hypogea was organized in the magnificent scenario of
Cappadocia, Turkey (PARISE et al.,2017); the lower number of participants,
with respect to the first edition in Rome, allowed to give more space to
field trips, and to visit many different situations of artificial cavities. In
May 2019, it was the turn of Dobrich, Bulgaria, where the third Hypogea
congress was held, as usual with the production of an interesting volume
of proceedings (ZHALOV et al., 2019).

Then, in 2020 the Covid pandemic stopped the activities of the UIS
Commission on Artificial Cavities, as well as those of the entire world.
However, once passed this very difficult time, we started again thinking
about Hypogea, and came back to Italy, this time in its north-western
sector. In Genoa, at the turn between September and October 2023, the
fourth edition of Hypogea was successfully organized, giving new, and
very much needed, breadth to the UIS Commission on Artificial Cavities.
The congress proceedings (SAJ et al., 2023) were as always distributed

at the Congress, a habit of which the Hypogea organizers have always
been proud. At the time we write, the fifth Hypogea congressis planned
to be held in Georgia in 2026; the decision to postpone one year the
next congress was taken by the UIS Commission in order not to overlap
this meeting with the 19th International Congress of Speleology in Belo
Horizonte (Brasil).

All the four Hypogea so far organized have allowed a comparison
among the countless studies carried out worldwide, at the same time
highlighting the need for a further revision of the classification, updating
it through the inclusion of new typologies. In this case, too, the journal
Opera Ipogea has played a fundamental role, hosting tens of contribu-
tions discussing different typologies of artificial cavities, and the related
acquisition methods (see, among the many valid contributions so far
published, BIXIO & DE PASCALE, 2013; KLONER & ZISSU, 2013; TRIOLET
&TRIOLET, 2013; GILLI etal.,2014; ZISSU & KLONER, 2014; YAMAG, 2019,
2021; BIXIO et al., 2021). To all of the above, the works about potential
instability problems related to artificial cavities, with the opening of
anthropogenicsinkholes at the surface (GUTIERREZ et al., 2014; PARISE,
2019,2022) has to be added: in some countries, and particularly in Italy
(VENNARI & PARISE, 2022), this subject has been the focus of many stu-
dies, of high interest also for civil protection issues, aimed at ensuring
the private and public safety.

3. Revising the classification of artificial cavitiesl

The aim of the present contribution, deriving from the work by the
Commission on Artificial Cavities of the Italian Speleological Society, is
to propose a revision of the classification, updating denominations and
introducing sub-classes for better detailing some typologies. Figure 1
shows the revised version of the classification, as accepted by the Italian
Commission. At the same time, it was decided not to change the original
numbering, as this would distort the previous documentation, possibly
creating some misunderstandings in the future.

The new classification proposal, therefore, obeys to the following

scheme: 1) all the main typologies, labeled by capital letters ranging
from A to G, remain unchanged; 2) all the sub-typologies, indicated
by numbers after the main label, e.g. A1, remain unchanged, too; 3)
a new level is introduced by adding a lowercase letter after the main
label and the number, e.g. A.1a; this is aimed at better specifying the
function those structures had at the time of their construction, and also
in the sub-sequent phases of re-use. The following tables illustrate the
revised classification.

Table 1: Revision and updating of the typological classification of artificial cavities (by the Commission on Artificial Cavities of the Italian
Speleological Society) (continues).

A.la - conduits for regulating the level of lakes and basins without natural outlets

A.1b - conduits for the reclamation of marsh land; galleries for the regulation of streams in order
A.1 - Water regulation and land reclama- | to obtain land to be used for agricultural purposes, or to reduce water pressure (defence from

tion works flooding, protection from erosive effects)

A.1c-channels created by covering water courses, to gain new spacesin urban areas (construction
of roads, buildings, etc.)

A.2a - tapping/collection channels to feed underground reservoirs (A.4a) or directly the aque-

A.2 - Water tapping works ducts (A.3a)

A.2b - tapping/collection channels to feed fountains, tanks or external channels, even free-flowing

A.3a - aqueduct

A A.3b - galleries carrying non drinkable water (white waters)
A.3-Underground transport water works: - -

ANCIENT NDERGROUND duct A.3c - conduits to transport water producing power
aqueduc

HYDRAULIC WORKS . A.3d - qanat, qanaq, karez, kariz, foggara, rhettara

A.3e - by-pass

A.4a - reservoirs
A.4b - cisterns

A.4c - tunnel cisterns

A.4d - rock-cut cisterns

A.4 - Water storage works
A.4e - underground tanks

A.4f - silos for liquids

A.4g - small cavities to trap the wind, or other underground structures for the condensation of
moisture to produce water

A.5a - groundwater wells or cistern wells, artesian wells

A.5 - Hydraulic wells
A.5b - withdrawing wells (from aqueduct or cisterns)
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A
ANCIENT NDERGROU-

A.6 - Distribution works

A.6a - castellum aquae

A.6b - distributors

A.7T - Sewers

A.8 - Navigable underground canals

ND HYDRAULIC WORKS

A.9 - Ice houses, snow houses

A.10 - Hydraulic underground tunnels or ducts with unknown function

B.1 - Permanent dwellings

B.1a - underground structures to mitigate adverse meteoric phenomena (ventiducts, sirocco

rooms, wind towers)

B.2 - Temporary dwellings

B.2a - seasonal or extemporary settlements

B.2b - false caves and nymphaea

B.3a - underground oil mills to produce oil

B.3b - underground grape-treading basins for wine production

WORKS DEDICATED
TO WORSHIP AND
BURIALS

B . B.3c - other underground workplaces (not dedicated to oil and wine production)
UNDERGROUND AND B3 - Underground factories B.3d - ovens to cook the limestone rocks and produce quicklime
ROCK-CUT CIVILIAN B.3e - undergound conduits to draw outer air to be directed into furnaces in order to feed
SETTLEMENTS the flames

B.4 - Underground or rock-cut warehouses, storages, cellars

B.5 - Underground silos, grain pits

B.6 - Underground or rock-cut stables for animals

B.7 - Underground or rock-cut structures B.7a (former B.7) - rock-cut pigeon houses, dovecotes

for breeding and housing pigeons, bees B.7b (former B.8) - rock-cut apiaries

and fishes B.7c - fish tanks

B.8 - Any other kind of underground civilian settlements

C.1a - underground or rock-cut buildings dedicated to sacred cerimonies and rituals, tem-

C.1-Underground places sacred to cele- ples of any religion, mithraea and artificial cavities dedicated to cults
C brate cults C.1b - hypogea for hermitic, cenobitic and monastic life
UNDERGROUND C.1c - underground places for carrying out esoteric cults and initiatory rites

C.2 - Underground places for burials

C.2a - catacombs

C.2b - rock-cut necropolises

C.2c - isolated underground burials

C.2d - crypts

C.2e - funerary columbaria

C.2f - putridarium

D

UNDERGROUND OF-
FENSIVE AND DEFEN-
SIVE WAR WORKS

D.1 - Defensive works

D.1a - underground traps

D.1b - trenches (covered or open air)

D.1c - bastion fortifications

D.1d - stone fortifications

D.le - forts

D.1f - cave fortifications

D.2 - Galleries and connecting passages

D.2a - tunnels for transit or movement of weapons and armed men

D.2b - connecting tunnels inside the bastions and the fortifications

D.3 - Mine and countermine

D.3a - mine tunnels

D.3b - countermine tunnels

D.3c - mine chamber and mine shaft

D.4 - Underground firing points

D.5 - Underground military deposits, includi

ng those for chemicals, bacteriological substances, garbage, hazardous materials

D.6 - Underground shelters for soldiers

D.6a - military anti-aircraft shelters

D.6b - military anti-atomic bunkers

D.6¢ - military shelters and/with trenches, including underground hospitals

D.7 - Underground shelters for civilians

D.7a - shelters

D.7b - anti-aircraft shelters

D.7c - anti N.B.C. (Nuclear - Bacteriological - Chemical) bunkers

D.8 - ICBM Silo for inter-continental rockets (attack facility)

D.9 - Defensive and offensive complexes

D.9a - defensive complex of first class

D.9b - defensive complex of second class

D.9c - “water-earth” complex

E
MINING WORKS

E.1 - Quarries

E.2 - Underground mines

E.3 - Suspended typology (before, non meta

lliferous mines)

E.4 - Mineral exploration

E.5 - Underground farming (e.g. mushroom patch)

E.6 - mine shaft (if isolated)

E.7 - mine descending way (if isolated)

E.8 - deposito of explosives (if isolated)

E.9 - gallery to carry out waters (if isolated)
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F.1 - Abandoned tunnels
F .
F.2 - Underground tunnels for pedestrians
UNDERGROUND TRAN- - -
SITWAYS F.3 - Railway tunnels, tramways or funicular
F.4 - Non-hydraulic (technical) wells, shafts
G
OTHER WORKS
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Figure 1: The revised typological classification of artificial cavities, as approved by the Commission on Artificial Cavities of the Italian Speleological
Society (drawing by R. Bixio).

References

ANGELAKIS A.N., MAYS L.W., DE FEO G., SALGOT M., LAUREANO P., DRU-
SIANI R. (2016) Topics and Challenges on Water History. In: LI H. (Ed.),
Global Trends & Challenges in Water Science, Research and Management:
A compendium of hot topics and features from IWA Specialist Groups,
2nd ed., IWA Publ., London, UK:128-132.

BIXIO R. (Ed.) (2012) Cappadocia. Records of the underground sites.
British Archaeological Reports S2413: 278 pp.

BIXIO R., CASTELLANI V. (1995) Categories of hypogean Cappadocian
structures. Proceedings International Symposium on Souterrains, Maas-
tricht:16-29.

BIXIO R., DE PASCALE A. (2013) A new type of rocky work: the apiaries.
Opera Ipogea 1/2013:59-74.

BIXIO R., DE PASCALE A. (2015) Defensive devices in ancient under-
ground shelters. Comparison among the sites of Aydintepe, Ani, Ahlat
and Cappadocia, in Turkey. Proceedings Symposium on East Anatolia-
-South Caucasus Cultures, Erzurum, october 2012, Atatiirk Universitesi
Edebiyat Fakdiltesi Erzurum, vol. Il, Cambridge Scholars Publishing,
Cambridge:461-480.

BIXIO R., PARISE M., YAMAG A. (2017) Idraulica rupestre in Turchia. Geo-
logia del’Ambiente 3:198-203.

BIXIO R., YAMAC A., GALEAZZI C., PARISE M. (2021) Artificial cavities of
Turkey. Updating the Map of Anthropogenic Cavities in the Mediterranean
Basin. Opera Ipogea 2:27-46.

29

BIXIO A., BIXIO R., DE PASCALE A., YAMAG A. (2023) Intended use and
dating of rock-cut dovecotes in Cappadocia (Turkey). Proceedings IV
International Congress of Speleology in Artificial Cavities “Hypogea2023”
(Genoa, Italy, 29 September-1°October, 2023), Opera Ipogea 1-2:171-176,
ISBN 978-88-32241-32-7.

CAPUANOE., ORBONS J.,BEAMON S., SOWAN P., MORLO H., SILVERTANT
J., DE BLOCK G., LUCCIO F. (1991) Lexicon of words concerning the
subterranealogy. Proc. 3rd Int. Symposium on Underground Quarries,
Naples, 10-14 July 1991:292-302.

CASTELLANI V. (1995) From ancient “Qanats” to present “Rhettaras”
in the oases of Moroccan Sahara. UNESCO Int. Symp. “Proper uses of
natural Resources”, Matera.

CASTELLANI V. (2000) La Civilta dell’acqua. Editorial Service System,
Roma, 254 pp.

CASTELLANI V., DRAGONIW. (1991) Italian tunnels in antiquity. Tunnels
& Tunneling 23(3):55-58.

CRESCENZIC.,CAPRARAR. (Eds.) (2012) The Rupestrian Settlementsin the
Circum-Mediterranean Area. CRHIMA-CINP Project October 2010 - Sep-
tember2012, Tipografia Il David Firenze, ISBN 978-88-96080-09-2, 288 pp.

GALEAZZIC. (2013) The typological tree of artificial cavities: a contribution
by the SSI Commission. Opera Ipogea 1:9-18.

GALEAZZI C., GERMANI C. (2023) Proposta di revisione della classificazione
tipologica delle Cavita Artificiali SSI/UIS, sulla base degli studi speleologici



19t International Congress of Speleology and 38° Congresso Brasileiro de Espeleologia - Belo Horizonte 2025 - Vol. V

condotti tra il 1981 e il 2023. Opera Ipogea 1/2:51-82.

GALEAZZI C., CALOI V., DOBOSZ T., GALEAZZI S., GERMANI C., MAZZOLI
M., PARISE M. (2016) The hermit movement and the use of caves for cult
purposes. The journey of Saint Nilus toward Crypta Ferrata (Grottaferra-
ta, Rome, Italy). In: GUNKO A.A., KONDRATIEVA S.K., LYLOVA M.I. (Eds.),
Proceedings International Scientific Forum “Caves as objects of history
and culture”, (Voronezh & Divnogorye, April 19-22/2016) Publishing
and Printing Centre Nauchnaya Kniga:43-54, ISBN: 978-5-4446-0793-0.

GERMANIDOU S. (2015) Dovecotes from Roman and Byzantine Periods:
An Overview. HEROM Journal on Hellenisticand Roman Material Culture,
Leuven University Press 4(1):33-52.

GILLIE.,YAMACA., TOKE. (2014) Halys deviation tunnel and cliff dwellings
of Sarthidir (Cappadocia - Turkey). Opera Ipogea 2:29-36.

GOLANY G. (1992) Chinese Earth-sheltered Dwellings: Indigenous Lessons
for Modern Urban Design. University of Hawaii Press, 178 pp.

GUTIERREZ F., PARISE M., DE WAELE J., JOURDE H. (2014) A review on
naturaland human-induced geohazards and impactsin karst. Earth Scien-
ce Reviews 138:61-88. https://doi.org/10.1016/j.earscirev.2014.08.002.

JUDSON S., KAHANE A. (1963) Underground drainageways in southern
Etruria and northern Latium. Papers of the British School at Rome
31:74-99.

KLONER A., ZISSU B. (2013) The Subterranean Complex of Maresha.
Opera Ipogea 2:45-62.

LAUREANO P. (2001) Water atlas. Traditional knowledge to combat
desertification. Bollati Boringhieri, Torino.

MAYS L.W. (2010) Lessons from the ancients on water resources sus-
tainability. In: Ancient Water Technologies. Springer, Dordrecht, The
Netherlands, 280 pp.

PARISE M. (2009) Distribution and characteristics of ancient underground
aqueductsin Italy. Proc. Int. Water Association Specialty Conf., 2nd Int.
Symp. on “Water and wastewater technologies in ancient civilizations”,
Bari, 28-30 May 2009.

PARISE M. (2012) Underground aqueducts: afirst preliminary bibliography
around the world. Proc. 3rd IWA Special. Conf. on “Water and Wastewater
Technologies in Ancient Civilizations”, Istanbul, 22-24 March 2012:65-72.

PARISE M. (Ed.) (2013) Proceedings of the International Workshop on
Speleology in Artificial Cavities “Classification of the Typologies of
Artificial Cavities in the World”. Opera Ipogea 1:104 pp.

PARISE M. (2019) Sinkholes. In: WHITE W.B., CULVERD.C., PIPANT. (Eds.),
Encyclopedia of Caves. Academic Press, Elsevier, 3rd edition, ISBN 978-
0-12-814124-3, p. 934-942.

PARISE M. (2022) Sinkholes, Subsidence and Related Mass Movements.
In: SHRODER J.J.F. (Ed), Treatise on Geomorphology, vol. 5. Elsevier,
Academic Press, 200-220. https://dx.doi.org/10.1016/B978-0-12-818234-
5.00029-8, ISBN 9780128182345.

PARISE M., GALEAZZI C., BIXIO R., DIXON M. (2013) Classification of Ar-
tificial Cavities: a first contribution by the UIS Commission. Proc. 16th
International Congress of Speleology, Brno (Czech Republic), 2: 230-235.

30

PARISE M., GALEAZZI C., BIXIO R., GERMANI C. (Eds.) (2015a) Proceedings |
International Congress of Speleology in Artificial Cavities “Hypogea2015”,
Rome, March 11/17-2015, ISBN 978-88-89731-79-6, 544 pp.

PARISE M., GALEAZZI C., GERMANI C., BIXIOR., DEL PRETE S., SAMMARCO
M. (2015b) The map of ancient underground aqueductsin Italy: updating
of the project, and future perspectives. Proc. | International Congress
of Speleology in Artificial Cavities “Hypogea2015”:235-243, ISBN: 978-
88-89731-79-6.

PARISE M., GALEAZZI C., BIXIO R., YAMAC A. (Eds.) (2017) Proceedings II
International Congress of Speleology in Artificial Cavities “Hypogea2017”,
Cappadocia, Turkey, March 6/10-2017, 556 pp., ISBN 978-605-9680-37-0.

POLIMENI B., BIXIO R., GALEAZZI C., GERMANI C., PARISE M., SAJ S.,
SAMMARCO M. (2019) Creating a Map of the Underground Heritage in
the Mediterranean Area: A Visual Representation for a Comprehensive
Research. In: AMORUSO G., SALERNO R. (Eds.), Cultural Landscape in
Practice, Lecture Notes in Civil Engineering, Springer 26:115-129, https://
doi.org/10.1007/978-3-030-11422-0_8.

RODLEY L. (2006) Cave monasteries of Byzantine Cappadocia. Cambridge
University Press, 286 pp.

SAJ S., GALEAZZI C., BETTI M., FACCINI F., MADONIA P. (Eds.) (2023)
Proceedings IV International Congress of Speleology in Artificial Cavities
“Hypogea2023”, Genoa, 29 September-1 October 2023, 424 pp., ISBN
978-88-32241-32-7.

SEMSARYAZDIA.A., LABBAF KHANEIKI M. (2010) Veins of desert. A Review
on the techniques of Kanat/Falaj /Karez. Water Resources Management
Organization, Iran, 311 pp.

TOLLE-KASTENBEIN R. (1993) Archeologia dell’acqua. La cultura idraulica
nel mondo classico. Longanesi Ed., Milano, 288 pp.

TRIOLET J., TRIOLET L. (2011) La guerre souterraine: sous terre, on se
bat aussi. Perrin ed., Paris, 348 pp.

TRIOLET J., TRIOLET L. (2013) Underground refuges and war tunnels
(France, Cappadocia, Afghanistan, Vietnam and Lebanon). Opera Ipogea
1:49-54.

VALIPOUR M., ABDELKADER T.A., ANTONIOU G.P., SALA R., PARISE M.,
SALGOT M., SANAAN BENSI N., ANGELAKIS A.N. (2020) Sustainability of
underground hydro-technologies: from ancient to modern times and
toward the future. Sustainability 12:8983, d0i:10.3390/su12218983.

VENNARI C., PARISE M. (2022) A chronological database about natural
and anthropogenic sinkholes in Italy. Geosciences 12:200, doi.org/10.
3390/geosciences12050200.

YAMAGC A. (2019) Biiylik Biirlingiiz Underground Shelter (Kayseri - Turkey).
Opera Ipogea 2:65-76.

YAMAG A. (2022) Derevank rock-cut monastery of Kayseri (Turkey). Opera
Ipogea 2:71-82.

ZHALOV A., GYOREV V., DELCHEV P. (Eds.) (2019) Proceedings IIl Inter-
national Congress of Speleology in Artificial Cavities “Hypogea2019”,
Dobrich, Bulgaria, May 20/25-2019, 202 pp., ISBN 978-619-7526-01-1.

ZISSU B., KLONER A. (2014) The Bell-Shaped Quarries of the Judean
Foothills, Israel. Opera Ipogea 1:47-59.



