
Building Materials and the Ancient Quarries at
Thamugadi (East of Algeria), Case Study: Sandstone
and Limestone

Rezkallah, Younès; Marmi, Ramdane

Source / Izvornik: ASMOSIA XI, Interdisciplinary Studies on Ancient Stone, Proceedings of 
the XI International Conference of ASMOSIA, 2018, 673 - 682

Conference paper / Rad u zborniku

Publication status / Verzija rada: Published version / Objavljena verzija rada (izdavačev 
PDF)

https://doi.org/10.31534/XI.asmosia.2015/05.07

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:123:894784

Rights / Prava: In copyright / Zaštićeno autorskim pravom.

Download date / Datum preuzimanja: 2024-12-22

Repository / Repozitorij:

FCEAG Repository - Repository of the Faculty of Civil 
Engineering, Architecture and Geodesy, University 
of Split

https://doi.org/10.31534/XI.asmosia.2015/05.07
https://urn.nsk.hr/urn:nbn:hr:123:894784
http://rightsstatements.org/vocab/InC/1.0/
http://rightsstatements.org/vocab/InC/1.0/
https://repozitorij.gradst.unist.hr
https://repozitorij.gradst.unist.hr
https://repozitorij.gradst.unist.hr
https://repozitorij.svkst.unist.hr/islandora/object/gradst:1323
https://dabar.srce.hr/islandora/object/gradst:1323


Sponsored by:

UNIVERSITY OF SPLIT

PROCEEDINGS
of the XI ASMOSIA Conference, Split 2015
Edited by Daniela Matetić Poljak and Katja Marasović

Interdisciplinary Studies on Ancient Stone
ASMOSIA XI

ASMOSIA PROCEEDINGS:

ASMOSIA I, N. HERZ, M. WAELKENS (eds.): Classical 
Marble: Geochemistry, Technology, Trade, 
Dordrecht/Boston/London,1988.

ASMOSIA II, M. WAELKENS, N. HERZ, L. MOENS (eds.): ASMOSIA II, M. WAELKENS, N. HERZ, L. MOENS (eds.): 
Ancient Stones: Quarrying, Trade and Provenance – 
Interdisciplinary Studies on Stones and Stone Technology in 
Europe and Near East from the Prehistoric to the Early 
Christian Period, Leuven 1992.

ASMOSIA III, Y. MANIATIS, N. HERZ, Y. BASIAKOS (eds.): ASMOSIA III, Y. MANIATIS, N. HERZ, Y. BASIAKOS (eds.): 
The Study of Marble and Other Stones Used in Antiquity, 
London 1995.

ASMOSIA IV, M. SCHVOERER (ed.): Archéomatéiaux – 
Marbres et Autres Roches. Actes de la IVème Conférence 
Internationale de l’Association pour l’Étude des Marbres et 
Autres Roches Utilisés dans le Passé, Bordeaux-Talence 1999.

ASMOSIA V, J. HERRMANN, N. HERZ, R. NEWMAN (eds.): ASMOSIA V, J. HERRMANN, N. HERZ, R. NEWMAN (eds.): 
ASMOSIA 5, Interdisciplinary Studies on Ancient Stone – 
Proceedings of the Fifth International Conference of the 
Association for the Study of Marble and Other Stones in 
Antiquity, Museum of Fine Arts, Boston, June 1998, London 
2002.

ASMOSIA VI, L. LAZZARINI (ed.): Interdisciplinary Studies ASMOSIA VI, L. LAZZARINI (ed.): Interdisciplinary Studies 
on Ancient Stone – ASMOSIA VI, Proceedings of the Sixth 
International Conference of the Association for the Study of 
Marble and Other Stones in Antiquity, Padova 2002.

ASMOSIA VII, Y. MANIATIS (ed.): Actes du VIIe colloque in-ASMOSIA VII, Y. MANIATIS (ed.): Actes du VIIe colloque in-
ternational de l’ASMOSIA, Thasos 15-20 septembre 2003, 
Proceedings of the 7th International Conference of 
Association for the Study of Marble and Other Stones in 
Antiquity, Thassos 15-20 septembre 2003, BCH supplement 
51, Athènes 2009.

ASMOSIA VIII, P. JOCKEY (ed.): Leukos Lithos, marbres et 
autres roches de la mediterranée Antique: etudes interdisci-
plinaires, Paris 2009.

ASMOSIA IX, A. GUTIERRÉZ-GARCIA, P. LAPUENTE, I. 
RODÁ (eds.): Interdisciplinary studies on ancient stone. 
Proceedings of the IX ASMOSIA Conference, Tarragona 
2012.

ASMOSIA X, P. PENSABENE, E. GASPARINI  (eds. ): 
Interdisciplinary Studies on Ancient Stone. Proceedings of 
the X ASMOSIA International Conference, Rome 2015.
 

www.asmosiaxi.org
asmosiaxi@unist.hr

A
S

M
O

SI
A  

XI
  

  
In

te
rd

is
ci

pl
in

ar
y  St

ud
ie

s  on
 An

ci
en

t  St
on

e

FACULTY OF CIVIL ENGINEERING,
ARCHITECTURE AND GEODESYArts academy in Split

UNIVERSITY OF SPLIT

ARTS ACADEMY IN SPLIT



Interdisciplinary Studies on Ancient Stone
Proceedings of the XI ASMOSIA Conference (Split 2015)



Publishers: 
 

ARTS ACADEMY IN SPLIT 
UNIVERSITY OF SPLIT 

 
and 

 
UNIVERSITY OF SPLIT 

FACULTY OF CIVIL ENGINEERING,  
ARCHITECTURE AND GEODESY 

 
 

Technical editor: 
Kate Bošković 

 
English language editor: 

Graham McMaster 
 

Computer pre-press: 
Nikola Križanac 

 
Cover design: 
Mladen Čulić

Cover page:  
Sigma shaped mensa of pavonazzetto marble from Diocletian’s palace in Split

ISBN 978-953-6617-49-4 (Arts Academy in Split) 
ISBN 978-953-6116-75-1 (Faculty of Civil Engineering, Architecture and Geodesy) 

 
e-ISBN 978-953-6617-51-7 (Arts Academy in Split) 

e-ISBN 978-953-6116-79-9 (Faculty of Civil Engineering, Architecture and Geodesy)

CIP available at the digital catalogue of the University Library in Split, no 170529005



Association for the Study of Marble & Other Stones in Antiquity

ASMOSIA XI
Interdisciplinary Studies of Ancient Stone

Proceedings of the Eleventh International Conference of ASMOSIA,  
Split, 18–22 May 2015

 

Edited by 
Daniela Matetić Poljak 

Katja Marasović

Split, 2018



Nota bene 
All papers are subjected to an international review.  
The quality of the images relies on the quality of the originals provided by the authors.



5

CONTENT

 PRESENTATION

 NECROLOGY: NORMAN HERZ (1923-2013) by Susan Kane

1.  APPLICATIONS TO SPECIFIC ARCHEOLOGICAL QUESTIONS – 
 USE OF MARBLE 

 Hermaphrodites and Sleeping or Reclining Maenads:  
Production Centres and Quarry Marks

 Patrizio Pensabene

 First Remarks about the Pavement of the Newly Discovered Mithraeum  
of the Colored Marbles at Ostia and New Investigations on  
Roman and Late Roman White and Colored Marbles from Insula IV, ix

 Massimiliano David, Stefano Succi and Marcello Turci

 Alabaster. Quarrying and Trade in the Roman World:  
Evidence from Pompeii and Herculaneum

 Simon J. Barker and Simona Perna

 Recent Work on the Stone at the Villa Arianna and the Villa San Marco 
(Castellammare di Stabia) and Their Context within the Vesuvian Area

 Simon J. Barker and J. Clayton Fant

 Marble Wall Decorations from the Imperial Mausoleum (4th C.) and the Basilica  
of San Lorenzo (5th C.) in Milan: an Update on Colored Marbles in Late Antique Milan 

 Elisabetta Neri, Roberto Bugini and Silvia Gazzoli

 Sarcophagus Lids Sawn from their Chests
 Dorothy H. Abramitis and John J. Herrmann

 The Re-Use of Monolithic Columns in the Invention  
and Persistence of Roman Architecture

 Peter D. De Staebler

 The Trade in Small-Size Statues in the Roman Mediterranean:  
a Case Study from Alexandria 

 Patrizio Pensabene and Eleonora Gasparini

 The Marble Dedication of Komon, Son of Asklepiades, from Egypt:  
Material, Provenance, and Reinforcement of Meaning 

 Patricia A. Butz

 Multiple Reuse of Imported Marble Pedestals at Caesarea Maritima in Israel 
 Barbara Burrell

 Iasos and Iasian Marble between the Late Antique and Early Byzantine Eras
 Diego Peirano

15

17

25

33

45

65

79

89

95

101

109

117

123



6

ASMOSIA XI, INTERDISCIPLINARY STUDIES OF ANCIENT STONE, SPLIT 2018

 Thassos, Known Inscriptions with New Data 
 Tony Kozelj and Manuela Wurch-Kozelj

 The Value of Marble in Roman Hispalis: Contextual, Typological  
and Lithological Analysis of an Assemblage of Large Architectural  
Elements Recovered at Nº 17 Goyeneta Street (Seville, Spain) 

 Ruth Taylor, Oliva Rodríguez, Esther Ontiveros, María Luisa Loza,  
José Beltrán and Araceli Rodríguez

 Giallo Antico in Context. Distribution, Use and Commercial Actors According  
to New Stratigraphic Data from the Western Mediterranean (2nd C. Bc – Late 1st C. Ad)

 Stefan Ardeleanu
 
 Amethystus: Ancient Properties and Iconographic Selection
 Luigi Pedroni

2.  PROVENANCE IDENTIFICATION I: (MARBLE)

 Unraveling the Carrara – Göktepe Entanglement
 Walter Prochaska, Donato Attanasio and Matthias Bruno

 The Marble of Roman Imperial Portraits
 Donato Attanasio, Matthias Bruno, Walter Prochaska and Ali Bahadir Yavuz

 Tracing Alabaster (Gypsum or Anhydrite) Artwork Using Trace Element Analysis 
and a Multi-Isotope Approach (Sr, S, O)

 Lise Leroux, Wolfram Kloppmann, Philippe Bromblet, Catherine Guerrot,  
Anthony H. Cooper, Pierre-Yves Le Pogam, Dominique Vingtain and Noel Worley

 Roman Monolithic Fountains and Thasian Marble
 Annewies van den Hoek, Donato Attanasio and John J. Herrmann

 Archaeometric Analysis of the Alabaster Thresholds of Villa A, Oplontis  
(Torre Annunziata, Italy) and New Sr and Pb Isotopic Data for  
Alabastro Ghiaccione del Circeo

 Simon J. Barker, Simona Perna, J. Clayton Fant, Lorenzo Lazzarini and Igor M. Villa

 Roman Villas of Lake Garda and the Occurrence of Coloured Marbles  
in the Western Part of “Regio X Venetia et Histria” (Northern Italy)

 Roberto Bugini, Luisa Folli and Elisabetta Roffia

 Calcitic Marble from Thasos in the North Adriatic Basin:  
Ravenna, Aquileia, and Milan 

 John J. Herrmann, Robert H. Tykot and Annewies van den Hoek

 Characterisation of White Marble Objects from the Temple of Apollo  
and the House of Augustus (Palatine Hill, Rome)

 Francesca Giustini, Mauro Brilli, Enrico Gallocchio and Patrizio Pensabene

 Study and Archeometric Analysis of the Marble Elements Found  
in the Roman Theater at Aeclanum (Mirabella Eclano, Avellino - Italy)

 Antonio Mesisca, Lorenzo Lazzarini, Stefano Cancelliere and Monica Salvadori

131

143

155

167

175

185

195

207

215

231

239

247

255



7

CONTENT

 Two Imperial Monuments in Puteoli:  
Use of Proconnesian Marble in the Domitianic and Trajanic Periods in Campania

 Irene Bald Romano, Hans Rupprecht Goette, Donato Attanasio and Walter Prochaska

 Coloured Marbles in the Neapolitan Pavements (16th And 17th Centuries): 
 the Church of Santi Severino e Sossio
 Roberto Bugini, Luisa Folli and Martino Solito

 Roman and Early Byzantine Sarcophagi of Calcitic Marble from Thasos in Italy: 
 Ostia and Siracusa
 Donato Attanasio, John J. Herrmann, Robert H. Tykot and Annewies van den Hoek

 Revisiting the Origin and Destination of the Late Antique Marzamemi 
 ‘Church Wreck’ Cargo
 Justin Leidwanger, Scott H. Pike and Andrew Donnelly 

 The Marbles of the Sculptures of Felix Romuliana in Serbia
 Walter Prochaska and Maja Živić

 Calcitic Marble from Thasos and Proconnesos in Nea Anchialos (Thessaly) 
 and Thessaloniki (Macedonia)
 Vincent Barbin, John J. Herrmann, Aristotle Mentzos and Annewies van den Hoek

 Architectural Decoration of the Imperial Agora’s Porticoes at Iasos 
 Fulvia Bianchi, Donato Attanasio and Walter Prochaska

 The Winged Victory of Samothrace - New Data on the Different Marbles  
Used for the Monument from the Sanctuary of the Great Gods

 Annie Blanc, Philippe Blanc and Ludovic Laugier

 Polychrome Marbles from the Theatre of the Sanctuary of Apollo Pythios  
in Gortyna (Crete)

 Jacopo Bonetto, Nicolò Mareso and Michele Bueno

 Paul the Silentiary, Hagia Sophia, Onyx, Lydia, and Breccia Corallina
 John J. Herrmann and Annewies van den Hoek  

 Incrustations from Colonia Ulpia Traiana (Near Modern Xanten, Germany) 
 Vilma Ruppienė and Ulrich Schüssler

 Stone Objects from Vindobona (Austria) – Petrological Characterization  
and Provenance of Local Stone in a Historico-Economical Setting 

 Andreas Rohatsch, Michaela Kronberger, Sophie Insulander,  
Martin Mosser and Barbara Hodits

 Marbles Discovered on the Site of the Forum of Vaison-la-Romaine (Vaucluse, France): 
 Preliminary Results
 Elsa Roux, Jean-Marc Mignon, Philippe Blanc and Annie Blanc

 Updated Characterisation of White Saint-Béat Marble. Discrimination Parameters 
from Classical Marbles

 Hernando Royo Plumed, Pilar Lapeunte, José Antonio Cuchí,  
Mauro Brilli and Marie-Claire Savin

267

275

281

291

301

311

321

331

337

345

351

363

373

379



8

 Grey and Greyish Banded Marbles from the Estremoz Anticline in Lusitania 
 Pilar Lapuente, Trinidad Nogales-Basarrate, Hernando Royo Plumed,  

Mauro Brilli and Marie-Claire Savin

 New Data on Spanish Marbles: the Case of Gallaecia (NW Spain) 
 Anna Gutiérrez Garcia-M., Hernando Royo Plumed and Silvia González Soutelo

 A New Roman Imperial Relief Said to Be from Southern Spain:  
Problems of Style, Iconography, and Marble Type in Determining Provenance

 John Pollini, Pilar Lapuente, Trinidad Nogales-Basarrate and Jerry Podany

 Reuse of the Marmora from the Late Roman Palatial Building at Carranque  
(Toledo, Spain) in the Visigothic Necropolis

 Virginia García-Entero, Anna Gutiérrez Garcia-M. and Sergio Vidal Álvarez

 Imperial Porphyry in Roman Britain
 David F. Williams

 Recycling of Marble: Apollonia/Sozousa/Arsuf (Israel) as a Case Study
 Moshe Fischer, Dimitris Tambakopoulos and Yannis Maniatis

 Thasian Connections Overseas: Sculpture in the Cyrene Museum (Libya)  
Made of Dolomitic Marble from Thasos

 John J. Herrmann and Donato Attanasio

 Marble on Rome’s Southwestern Frontier: Thamugadi and Lambaesis
 Robert H. Tykot, Ouahiba Bouzidi, John J. Herrmann and Annewies van den Hoek

 Marble and Sculpture at Lepcis Magna (Tripolitania, Libya):  
a Preliminary Study Concerning Origin and Workshops

 Luisa Musso, Laura Buccino, Matthias Bruno, Donato Attanasio and Walter Prochaska

 The Pentelic Marble in the Carnegie Museum of Art Hall of Sculpture, 
 Pittsburgh, Pennsylvania
 Albert D. Kollar

 Analysis of Classical Marble Sculptures in the Michael C. Carlos Museum, 
 Emory University, Atlanta
 Robert H. Tykot, John J. Herrmann, Renée Stein, Jasper Gaunt, 
 Susan Blevins and Anne R. Skinner

3.  PROVENANCE IDENTIFICATION II: (OTHER STONES)

 Aphrodisias and the Regional Marble Trade. The Scaenae Frons of the Theatre at Nysa
 Natalia Toma

 The Stones of Felix Romuliana (Gamzigrad, Serbia)
 Bojan Djurić, Divna Jovanović, Stefan Pop Lazić and Walter Prochaska

 Aspects of Characterisation of Stone Monuments from Southern Pannonia
 Branka Migotti

ASMOSIA XI, INTERDISCIPLINARY STUDIES OF ANCIENT STONE, SPLIT 2018

391

401

413

427

435

443

457

467

481

491

501

513

523

537



9

 The Budakalász Travertine Production
 Bojan Djurić, Sándor Kele and Igor Rižnar

 Stone Monuments from Carnuntum and Surrounding Areas (Austria) – 
 Petrological Characterization and Quarry Location in a Historical Context
 Gabrielle Kremer, Isabella Kitz, Beatrix Moshammer, Maria Heinrich and Erich Draganits

 Espejón Limestone and Conglomerate (Soria, Spain): 
 Archaeometric Characterization, Quarrying and Use in Roman Times
 Virginia García-Entero, Anna Gutiérrez Garcia-M, Sergio Vidal Álvarez, 
 María J. Peréx Agorreta and Eva Zarco Martínez

 The Use of Alcover Stone in Roman Times (Tarraco, Hispania Citerior). 
 Contributions to the Officina Lapidaria Tarraconensis
 Diana Gorostidi Pi, Jordi López Vilar and Anna Gutiérrez Garcia-M.

4.  ADVANCES IN PROVENANCE TECHNIQUES,  
METHODOLOGIES AND DATABASES

 Grainautline – a Supervised Grain Boundary Extraction Tool 
 Supported by Image Processing and Pattern Recognition
 Kristóf Csorba, Lilla Barancsuk, Balázs Székely and Judit Zöldföldi

 A Database and GIS Project about Quarrying, Circulation and Use of Stone  
During the Roman Age in Regio X - Venetia et Histria.  
The Case Study of the Euganean Trachyte

 Caterine Previato and Arturo Zara

5.  QUARRIES AND GEOLOGY

 The Distribution of Troad Granite Columns as Evidence for Reconstructing 
 the Management of Their Production
 Patrizio Pensabene, Javier Á. Domingo and Isabel Rodà

 Ancient Quarries and Stonemasonry in Northern Choria Considiana
 Hale Güney

 Polychromy in Larisaean Quarries and its Relation to Architectural Conception 
 Gizem Mater and Ertunç Denktaş

 Euromos of Caria: the Origin of an Hitherto Unknown Grey Veined Stepped Marble 
of Roman Antiquity

 Matthias Bruno, Donato Attanasio, Walter Prochaska and Ali Bahadir Yavuz

 Unknown Painted Quarry Inscriptions from Bacakale at Docimium (Turkey) 
 Matthias Bruno

 The Green Schist Marble Stone of Jebel El Hairech (North West of Tunisia): 
 a Multi-Analytical Approach and its Uses in Antiquity
 Ameur Younès, Mohamed Gaied and Wissem Gallala

 Building Materials and the Ancient Quarries at Thamugadi (East of Algeria), 
 Case Study: Sandstone and Limestone
 Younès Rezkallah and Ramdane Marmi

CONTENT

545

557

567

577

587

597

613

621

633

639

651

659

673



10

 The Local Quarries of the Ancient Roman City of Valeria (Cuenca, Spain)
 Javier Atienza Fuente

 The Stone and Ancient Quarries of Montjuïc Mountain (Barcelona, Spain)
 Aureli Álvarez

 Notae Lapicidinarum: Preliminary Considerations about the Quarry Marks  
from the Provincial Forum of Tarraco

 Maria Serena Vinci

 The Different Steps of the Rough-Hewing on a Monumental Sculpture  
at the Greek Archaic Period: the Unfinished Kouros of Thasos

 Danièle Braunstein 

 A Review of Copying Techniques in Greco-Roman Sculpture
 Séverine Moureaud 

 Labour Forces at Imperial Quarries
 Ben Russell

 Social Position of Craftsmen inside the Stone and Marble Processing Trades  
in the Light of Diocletian’s Edict on Prices

 Krešimir Bosnić and Branko Matulić

6. STONE PROPERTIES, WEATHERING EFFECTS AND RESTORATION,  
AS RELATED TO DIAGNOSIS PROBLEMS, MATCHING  
OF STONE FRAGMENTS AND AUTHENTICITY

 Methods of Consolidation and Protection of Pentelic Marble 
 Maria Apostolopoulou, Elissavet Drakopoulou, Maria Karoglou and Asterios Bakolas

7.  PIGMENTS AND PAINTINGS ON MARBLE

 Painting and Sculpture Conservation in Two Gallo-Roman Temples in Picardy (France):  
Champlieu and Pont-Sainte-Maxence

 Véronique Brunet-Gaston and Christophe Gaston

 The Use of Colour on Roman Marble Sarcophagi
 Eliana Siotto

 New Evidence for Ancient Gilding and Historic Restorations on a Portrait of Antinous 
in the San Antonio Museum of Art

 Jessica Powers, Mark Abbe, Michelle Bushey and Scott H. Pike

 Schists and Pigments from Ancient Swat (Khyber Pukhtunkhwa, Pakistan)
 Francesco Mariottini, Gianluca Vignaroli, Maurizio Mariottini and Mauro Roma

8.  SPECIAL THEME SESSION: „THE USE OF MARBLE AND LIMESTONE IN THE 
ADRIATIC BASIN IN ANTIQUITY”

 Marble Sarcophagi of Roman Dalmatia Material – Provenance – Workmanship
 Guntram Koch

683

693

699

711

717

733

741

749

763

773

783

793

809

ASMOSIA XI, INTERDISCIPLINARY STUDIES OF ANCIENT STONE, SPLIT 2018



11

 Funerary Monuments and Quarry Management in Middle Dalmatia 
 Nenad Cambi 

 Marble Revetments of Diocletian’s Palace 
 Katja Marasović and Vinka Marinković

 The Use of Limestones as Construction Materials for the Mosaics of Diocletian’s Palace
 Branko Matulić, Domagoj Mudronja and Krešimir Bosnić

 Restoration of the Peristyle of Diocletian’s Palace in Split
 Goran Nikšić

 Marble Slabs Used at the Archaeological Site of Sorna near Poreč Istria – Croatia
 Đeni Gobić-Bravar

 Ancient Marbles from the Villa in Verige Bay, Brijuni Island, Croatia
 Mira Pavletić and Đeni Gobić-Bravar

 Notes on Early Christian Ambos and Altars in the Light of some Fragments  
 from the Islands of Pag and Rab 
 Mirja Jarak

 The Marbles in the Chapel of the Blessed John of Trogir  
in the Cathedral of St. Lawrence at Trogir

 Đeni Gobić-Bravar and Daniela Matetić Poljak

 The Use of Limestone in the Roman Province of Dalmatia
 Edisa Lozić and Igor Rižnar

 The Extraction and Use of Limestone in Istria in Antiquity
 Klara Buršić-Matijašić and Robert Matijašić

 Aurisina Limestone in the Roman Age:  
from Karst Quarries to the Cities of the Adriatic Basin

 Caterina Previato 

 The Remains of Infrastructural Facilities  
of the Ancient Quarries on Zadar Islands (Croatia)

 Mate Parica
 
 The Impact of Local Geomorphological and Geological Features 
 of the Area for the Construction of the Burnum Amphitheatre
 Miroslav Glavičić and Uroš Stepišnik

 Roman Quarry Klis Kosa near Salona
 Ivan Alduk

 Marmore Lavdata Brattia
 Miona Miliša and Vinka Marinković

 Quarries of the Lumbarda Archipelago
 Ivka Lipanović and Vinka Marinković

827

839

855

863

871

879

887

899

915

925

933

941

951

957

963

979

CONTENT



12

 Island of Korčula – Importer and Exporter of Stone in Antiquity
 Mate Parica and Igor Borzić 

 Faux Marbling Motifs in Early Christian Frescoes  
in Central and South Dalmatia: Preliminary Report

 Tonči Borovac, Antonija Gluhan and Nikola Radošević

 INDEX OF AUTHORS

985

995

1009

ASMOSIA XI, INTERDISCIPLINARY STUDIES OF ANCIENT STONE, SPLIT 2018



673

BUILDING MATERIALS AND THE ANCIENT QUARRIES AT THAMUGADI 
(EAST OF ALGERIA), CASE STUDY: SANDSTONE AND LIMESTONE

Younes Rezkallah1 and Ramdane Marmi2

1 École doctorale d’archéologie, Université de Paris1 Panthéon-Sorbonne, Paris, France
(younes.rezkallah@gmail.com) 

2 Laboratoire Géologie et Environnement, Université de Constantine 1, Constantine, Algeria
(marmi_ramdane@yahoo.fr) 

Abstract

This research deals with the study of two types of build-
ing materials (sandstone and limestone) used in the Ro-
man city of Thamugadi founded in 100 AD (the present 
Timgad), and the ancient quarries from which they had 
been extracted (inside a perimeter of 25 km). The field-
work survey conducted in the ancient quarries of Tha-
mugadi revealed sites that were previously unknown. 
Petrographic studies led to the identification of three 
sandstone lithotypes and five limestone lithotypes among 
the building materials sampled from fourteen monuments 
of the city. The survey of rock outcrops led to the identi-
fication of two main sandstone lithotypes and quarries: 
(T1) Djelfaoune and (T2) Mechta Rebaa. Nine limestone 
lithotypes and four main groups of open cast quarries or 
exploitation sites have been identified: Djebel Afia-Lam-
bèse-Ain Drinn, Taouint Abderahman, Medjeba-Berbaga, 
and Lerdham-Elghar Nithviren-Ain Cherchar.

Keywords
building materials, Thamugadi, quarries  

Introduction

The ancient Roman colony of Thamugadi (Co-
lonia Marciana Traiana Thamugadi)1, the present-day 
Timgad, is located 35 km to the east of Batna and 21 
km to the east of Lambaesis (the present Lambèse) in 
northeastern Algeria. It was founded in 100 AD, by the 
emperor Trajan and the project was conducted by the 
third Augustan legion (L.III.A), commanded by Lucius 
Manatius Gallus (GSELL 1911).

A strategic location was chosen, not so far from 
the Roman road that connected Lambaesis to Theveste 
(present-day Tébessa). Six Roman roads cross at Tha-
mugadi (Fig. 1). 

1 CIL.VIII.17842-43= ILS 6841.

It was built on a small plain with an average altitude 
of a thousand meters (1040 m in the north and 1080 in the 
south). The early settlers were probably about 250 persons 
and the original plan was a square of 360 m sides. Quick-
ly it became a strong and prosperous colony, which grew 
speedily and became a famous city. From the first half of 
the second century, new buildings and monuments were 
constructed in the eastern and western suburbs, outside of 
the original plan (COURTOIS 1951; LASSUS 1966).

The archaeological site and its monuments are 
among the most famous and attractive sites excavated in 
North Africa2. Large studies have been devoted to them, 
and one can find a significant amount of literature de-
voted to these monuments. Unfortunately, that is not the 
case for the building materials. Studies of these materi-
als are primarily focused on the building techniques and 
largely ignore the study of the materials themselves and  
their provenance (REZKALLAH 2003).

Moreover, the ancient quarries presented here 
and their materials remained unknown until the present 
work and were never studied before. These sites and oth-
er similar ones played an important role during antiquity 
and they should be inventoried and studied in order to 
take their own place in the archaeological atlas of Algeria 
(REZKALLAH 2017).

Geological view

Timgad is situated in the center of the sedimen-
tary basin that bears the same name. In the geological 
series, the basin essentially belongs to the Cretaceous 
and the Neogene (Miocene and Pliocene);  however, 
gypsiferous Triassic formations can be observed in some 
abnormal positions (MARMI 1995).

The rocks of the Cretaceous (Upper Cretaceous) 
are represented essentially by limestone and marls but 

2 The first excavations date back to 1880 and continued 
till 1955. The excavations results were regularly pub-
lished, particularly in BCTH (Bulletin du Comité de 
Travaux Historiques et Scientifiques).

DOI: https://doi.org/10.31534/XI.asmosia.2015/05.07
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Fig. 1. The location of the ancient quarries of Timgad (ancient Thamugadi)

Fig. 2. Geological series in the Basin of Timgad
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Fig. 3. The monuments concerned in the sampling and study of and building materials 
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those of the Miocene are formed of clays and sandstones. 
The brittle tectonics (faults, fractures, cracks) in-

duced discontinuities in limestone and sandstone rocks, fa-
cilitating the exploitation and extraction of stone materials.

The two main building materials discussed in this 
paper are abundant near Thamugadi: sandstone in the 
immediate vicinity of the site and limestone located a few 
kilometers around the city (Fig. 2).

Archaeological monuments 

Due to the large amount of monuments known 
at Thamugadi, only a few of them have been chosen for 
this project. Thus, fourteen monuments were selected for 
the current research (Fig. 3). Then, a selective sampling 
of sandstone and limestone building materials was done 
in each monument.

Fig. 4. The Djelfaoune quarries and sandstone lithotype.
A - The Djelfaoune Sandstone quarries; 
B1- Photomicrograph of the T1 sandstone lithotype: subrounded and heterogeneous quartz (PPL, X4); 
B2- Iron oxides in T1 lithotype (NPL, x4)

Fig. 5. The Mechta Rebaa quarries and sandstone lithotype.
A - General view of the northern part of Mechta Rebaa quarries;
B1 - Photomicrograph of homogeneous quartz in the T2 lithotype sandstone samples (PPL, x2); 
B2- Photomicrograph of the T2 lithotype sandstone with grains of glauconite (NPL, x4)  
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The present study concerns the following mon-
uments: a part of the northeastern primitive wall of the 
colony, the Capitol, the Theatre, the southern great baths, 
the library, the Curia, the eastern small baths which oc-
cupy insula no. 79, tinsula 01, insula 11, insula 12, insula 
72, the Cardo maximus, the Decumanus maximus and 
the forum. The three last sites have provided three differ-
ent limestone samples of pavement slabs. This concerns 
the bluish gray limestone of the Forum, bluish limestone 
including fossils of the two main streets intra-muros 
(Cardo and Decumanus maximus), and the red marmo-
real limestone collected from the scattered pavement in 
the courtyard of the Capitol. All these monuments date 
from between the 2nd and 5th century.

Quarries and extraction sites

In order to identify the ancient quarries and ex-
traction areas near Timgad, we conducted an archaeolog-
ical survey on the outcrops of sandstone and limestone, 
using a 25 km perimeter  around the ancient city (Fig. 1).

The mapping of the ancient quarries in the re-
gion was carried out systematically at the same time 
as the outcrops were surveyed. A limited budget and 
time constraints led to the use of a simple GPS (Garmin 
e-trex version) for mapping quarries, extractions, and 
sampling sites. Currently, a total of fourteen sites have 
been identified, and further surveys will probably extend 
this number. With regard to site selection, there are two 

Fig. 6. 
General view of the limestone quarries, 
extraction sites and outcrops around 
Thamugadi. 
A: Djebel Afia quarries; 
B: Ain Drinn outcrops and exploitations; 
C: Lambese exploitations;
D: Opencast quarries of Taouint 
Abderahmane; 
E: Eastern extraction site in Taouint 
Abderahmane (red marmoreal sandstone); 
F: Medjeba opencast quarries; 
G: Berbaga outcrops;
H: Ain Cherchar outcrops;
I: North-western part of Lardham 
opencast quarries; 
J: Elghar Nithviren limestone quarries 
(Site 2)
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issues worth mentioning here: 1) unfortunately, some ar-
eas remains inaccessible and dangerous; 2) the second, 
is that the assistance of the local population and some 
shepherds were of great help to us, as they - more than 
anyone else- know the outcrops surrounding the ancient 
city extremely well.

Two main sandstone quarries were identified: Djel-
faoune, 2 km in the direction of the south-west and Mech-
ta Rebba, 7 km to the north-east. One small extraction site 
was also discovered near the Byzantine citadel. The mi-
croscopic examination conducted on the samples showed 
that the rocks are identical as those at Djelfaoune. As the 
sites are near to each other we prefer to associate them 
with the same quarries (Djelfaoune) (Fig. 4A).

The common element to these sites is that the 
sandstone consists of laminated layers or strata that are 
separated by thin stratification joints. The average thick-
ness of beds in the Djelfaoune quarries is about 60 cm, 

while the range of thickness in Mechta Rebaa varies from 
30 to 60 cm.  This natural stratification allows the rock 
beds to cleave horizontally and offers cutting facilities to 
the stone cutters. The inclination of the sandstones bed 
rocks in Mechta Rebbaa probably offered supplementary 
facilities (Fig. 5A).

The survey of limestone outcrops allowed the 
identification of four main groups of open cast quarries 
and exploitation sites, located a few kilometers around 
the ancient city (Fig. 6). 

The first is the Lambèse group, located 21 km 
to the west of Thamugadi, and it is represented by two 
separate sites: the quarries located at the top of Djeb-
el Afia (Fig. 6A), with metric beds, dated to the Upper 
Cenomanian; the ancient exploitations of Ain Drinn 
(Fig. 6B) and Haute Lambèse (Fig. 6C), belonging to the 
Middle-Upper Turonian, located 2.5 km south-west of 
the Roman military camp of Lambaesis.

Fig. 7. 
Photomicrographs of thin sections of 
building materials from Thamugadi: 
A: Bioclastic limestone C1, full of 
bryozoans and echinoderms (PPL, x2); 
B: Fossil-rich limestone C2 with rounded 
elements (NPL, x2);
C: Elongated and rounded elements, 
and calcite spots in the C3 limestone 
lithotype (NPL, x2);
D: Dolomitic microcrystalline limestone 
C4, with isometric crystals (NPL, x2);
E: The marmoreal blue limestone C5, 
with rhombohedral crystals (NPL, x2); 
F: Sandstone lithotype G1, with 
heterogeneous quartz (PPL, x2); 
G: Sandstone lithotype G2, with 
homogeneous quartz (NPL, x2); 
H: Laminated sedimentary structures, 
alternating fine and relatively coarse 
grains of quartz in the G3 lithotype 
(NPL, x2)
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The second group is located 23 km to the North 
of Timgad, and includes the quarries of Taouint Abder-
ahman (Fig. 6D) and extraction sites of the same locality 
(Fig. 6E). Opened in the Marly limestone outcrops be-
longing to the Upper Cenomanian, this is also character-
ized by metric beds.

The third is situated 7-10 km south of the city, 
and includes the Medjeba opencast quarries (Fig. 6F) 
and Berbaga outcrops (Fig. 6G). These strata are not in-
dicated on the geological map of Tazoult, since that is a 
small-scale map on which it is difficult to register all the 
small details. These are probably of Upper Coniacian age.

The fourth group concerns the open cast quarries 
of Lerdham (Fig. 6I) and Elghar Nithviren (Fig. 6J), in 
addition to the outcrop of Ain Cherchar (Fig. 6H). Ac-
cording to the geological map of Tazoult, it appears that 
this group belongs also to the Cretaceous, and is iden-
tified as crystalline massif limestone aged to the Upper 
Maestrichtian (VILA 1977). 

In most cases here, the limestone beds are crossed 
by vertical and horizontal cracks, giving a lot of facilities 
for extracting blocks, particularly in the Lardham open 
cast quarries, where the natural polygonal blocks only 
need to be dressed to be ready for use (Fig. 6I). 

Macroscopy and petrography

The different types of samples of building stone 
samples were inspected with the aid of a magnifying 
glass on fresh breaks. This method allows 5 to 15 times 
magnification,  which helps in the identification of some 
textural details, the selection and making a primary ty-
pology classification of samples (COUTELAS 2003).

The thin sections prepared from these samples 
were analyzed systematically under a polarizing micro-
scope. The thin sections of the samples collected in the 
monuments of Thamugadi were compared with those 
prepared from the stone samples that come from the 
ancient quarries. This method was already applied by 
other scholars to the study of ancient stones and tesserae 
(BUGINI, FOLLI 2009; LAPUENTE, TURI et al. 2009)

Results and discussion

The mineralogical approach through the petrog-
raphy of the thin sections prepared from the building 
materials sampled in the monuments of Thamugadi led 
to the identification of three sandstone lithotypes (G1-
3) (Fig. 7F-G) and five limestone lithotypes (C1-5) (Fig. 
7A-E). These lithotypes are discussed in more detail here. 
The samples collected in the ancient quarries and out-
crops allowed the identification of two sandstone litho-
types (T1) for Djelfaoune (Fig. 4B1-B2), and (T2) for 
Mechta Rebaa (Fig 5B1-B2), each lithotype being paired 

with the appropriate one identified in the building mate-
rials of Thamugadi.  The nine limestone lithotypes (Q1-
Q9) that were identified in the quarries and outcrops are 
summarized at the end of this paper (Fig. 8).

Lithotype G1, named light yellowish sandstone on 
the basis of visual examination, shows a joined middle 
to coarse grain size quartz under the microscope. The 
grains are heterogeneous but generally subrounded, al-
though unusual angular grains were also observed. The 
presence of some glauconite grains and traces of iron 
oxides were also detected (Fig. 7F). This lithotype is 
represented essentially by the dressed stone used in the 
squared-stone masonry of the Capitol and the Theatre. 
We observe it also in the vertical lacing dressed stones 
and rubble stones of walls in opus africanum of the 
southern great baths, library, eastern small baths, insula 
72, Theatre and Capitol. The petrographic comparisons 
of the samples collected in the Citadel extraction site 
and Djelfaoune quarries, show a great resemblance in 
their structure and mineralogical composition with this 
lithotype. There is no doubt that G1 sandstone, which 
constitutes the stone most used as building material in 
the studied monuments, was extracted from the further 
quarries, situated near the site. Indeed, this lithotype 
corresponds perfectly to the first sandstone lithotype T1, 
identified in the samples collected from the Djelfaoune 
and Citadel extraction site, as both have the same struc-
ture and compounds (Fig. 4B1-B2). As in G1, the grains 
are also subrounded and heterogeneous, with iron oxides 
traces and glauconite.

Lithotype G2, or the dark yellowish sandstone, is 
slightly different in its color from G1, but it is difficult to 
differentiate them. However, petrographic examination 
shows homogeneous grains of quartz and scattered glau-
conite. The elements are fine grain size and subrounded 
torounded (Fig. 7G). Iron oxides are present as traces 
as in G1. The G2 lithotype is found in the vertical slab 
stones used for the separation between the upper and 
lower stands of the theatre, and in the building of some 
external parts of walls in opus mixtum in the insulae 11 
and 12. The samples of squared rubble used in the con-
struction of the primitive wall of the colony also show 
the same material. As in the case with lithotypes G1 and 
T1, the concordance between G2 and T2 recognized in 
the samples of Mechta Rebaa quarries is clear (Fig. 5). 
The T2 lithotype shows the same size and subrounded to 
rounded homogeneous quartz, with scattered glauconite 
and iron oxide traces (Fig. 5B1-B2).

Geologically, the inclination of the strata on the 
outcrops is an advantage for extracting great slabs, and 
probably such detail would not have been be ignored by 
Roman architects (Fig. 5A). 

The third lithotype, G3, is a brown sandstone, 
characterized by laminated sedimentary structures, 
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alternating fine and relatively coarse grains of quartz 
(Fig. 7H). The iron oxides are more important than in 
the two previous types, explaining the brown color of 
this stone.

This type of stone is attested in some blocks used 
in insula 01, Curia and foundations of the external wall 
of the Capitol. Unfortunately, no extraction site for the 
G3 lithotype can be proposed as no matching lithotypes 
were found. 

Five limestone lithotypes (C1-5) were identified 
among the samples of building materials collected in 
Thamugadi.

The first one, C1, is the bluish limestone including 
fossils (Fig. 7A). It is a bioclastic limestone, full of bryo-
zoans, echinoderms, gastropods, sea urchin spines and 
lot of rolled oolithic elements. It was used as pavement 
slabs for the two main streets (Cardo maximus and De-
cumanus maximus) and as rubble stones for the small 
masonry in the library. These bioclasts are comparable 
to those observed in the bioclastic limestone sample of 
Berbaga Q6, but the rounded elements are not compa-
rable (Fig. 8). This means that no final conclusion can 
be drawn based on the current data. Further thorough 
surveys in these outcrops and, if possible, in the north-
ern upstream of Djebel Bouarif, could lead to a positive 
conclusion about the origin of this lithotype. 

The second lithotype, C2, is a bluish gray lime-
stone. It is also a bioclastic stone, and - like C1 - is rich 
with fossils, but the other elements here are more or less 
rounded than in C1 (Fig. 7B). The samples of this type 
come either from the pavement slabs of the Forum, or 
from some rubble stones of the southern great baths and 
insula 72. This lithotype shows similarities with the fossil 
contents of lithotype Q8, belonging to Aghrout Lerdham 
open cast quarries (Fig. 8). Based on these results, we 
think that Aghrout Lerdham produced the stone slabs 
used for paving the Forum.

The third lithotype C3, is a whitish beige colored 
bioclastic limestone. It is represented essentially by rub-
ble stones sampled from the external wall of the Capitol, 
from small masonry walls in insulae 12 and 72, the li-
brary, and in the eastern small baths. These rubble-stones 
are fragmentary parts of architectonic elements, such as 
capitals or columns, reused here for building purpose. 
Under the microscope, this type is characterized by elon-
gated and rounded elements, and calcite spots (Fig. 7C).
The comparison of this type with the thin sections of 
stones collected in the ancient quarries and limestone 
outcrops, shows that it looks like the bioclastic lime-
stones of  Elghar Nithviren Q9 ( Fig. 8).

The C4 lithotype was identified in samples of the 
red marmoreal limestone, which was used as pavement 
slabs in the courtyard of the Capitol. The microscopic ex-
amination shows a dolomitic microcrystalline limestone, 

with automorphic and isometric crystals. It contains mi-
crofissures filled out with calcite and iron oxides. No fau-
na or bioclastic elements can be observed here (Fig. 7D).

The marmoreal blue limestone sampled from 
fragments of columns, reused as small blocks in the 
Capitol, offers another lithotype C5, which is a bioclastic 
limestone including very coarse elongated shell debris. 
Impregnated with few iron oxides and contains rhombo-
hedral crystals, it is probably a dolomite (Fig. 7E).

Unfortunately none of the nine lithotypes found 
in the ancient quarries and limestone outcrops corre-
spond to these two last types.

Conclusion 

The sampling done in the selected monuments of 
Thamugadi did not provide definitive results about all the 
different varieties of stones used for building in this Ro-
man colony. However, it did allow for the identification 
of the two main stone varieties used either for building 
or paving. The sandstone was frequently used as building 
material (dressed stones, slabs, blocks and rubble) and 
as pavements of secondary street, while the limestone 
was widely used for paving the two main streets, also the 
Forum, and in rare case as rubble.

The historians and archaeologists think that the 
choice of this site for a colony was dictated by military 
considerations, such as the strategic features of the site 
and the abundance of water resources. Considering the 
important use of the sandstone in the buildings, the 
abundance of those materials extracted in nearby quar-
ries and the extraction facilities offered by the outcrops, 
we conclude that the geology also influenced that choice

The fieldwork surveying conducted in the ancient 
quarries of Thamugadi revealed sites that were previous-
ly unknown. The petrographic and laboratory studies led 
to the identification of the Djelfaoune and Mechta Rebaa 
sandstone quarries that provided the city with two differ-
ent varieties of rocks.

Among the ancient limestone quarries identified, 
only Aghrout Lerdham and Elghar Nithviren seem to 
have furnished limestones to the city. As the identified 
building materials that belong to Elghar Nithviren litho-
type are represented by reused fragments of architectonic 
elements, we think that this quarry was exploited for this 
reason (architectonic elements). The limestone variety of 
the Berbaga outcrops shows some similarities with the 
bluish limestone used for the pavement slabs of the Car-
do and Decumanus maximus. 

Further geochemical investigations (chemical 
analysis, stable isotops, etc) and mineralogical ones (X-
RD) will complete the present study and bring new ele-
ments for the ancient stones database of the region.
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