
HAL Id: halshs-00797003
https://shs.hal.science/halshs-00797003v1

Submitted on 5 Mar 2013

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY-NC-ND 4.0 - Attribution - Non-commercial use - No
Derivative Works - International License

Second season of the Saudi-French mission in al-Yamāma,
al-Kharj area (11 November - 18 December 2012)

Jérémie Schiettecatte, Antoine Chabrol, David Gandreau, Bruno Gavazzi, Hervé
Monchot, Sébastien Moriset, Michel Mouton, Mathieu Niveleau, Pierre Simeon

To cite this version:
Jérémie Schiettecatte, Antoine Chabrol, David Gandreau, Bruno Gavazzi, Hervé Monchot, et al.. Second
season of the Saudi-Frenchmission in al-Yamāma, al-Kharj area (11 November - 18 December 2012). [Research
Report] CNRS, UMR8167 Orient & Méditerranée. 2012. ⟨halshs-00797003⟩

https://shs.hal.science/halshs-00797003v1
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


PRELIMINARY REPORT

Second season of the Saudi-French mission in 
al-Yamāma

- al-Kharj area -

11 November - 18 December 2012



Yamāma - Report on the 2nd season - 2012

2



3

1/ Preamble ....................................................................................................................................7

Team ...........................................................................................................................................7

Saudi Part ........................................................................................................................................................ 7

French Part ..................................................................................................................................................... 7

Support .......................................................................................................................................7

Acknowledgments .......................................................................................................................7

Ϯͬ GĞŽŐƌĂƉŚŝĐ ĂŶĚ ŚŝƐƚŽƌŝĐĂů ƐĞƫŶŐƐ ...............................................................................................8

GĞŽŐƌĂƉŚŝĐ ĂŶĚ ƉŚǇƐŝŽŐƌĂƉŚŝĐ ƐĞƫŶŐƐ ........................................................................................8

HŝƐƚŽƌŝĐĂů ƐĞƫŶŐ ..........................................................................................................................8

ϯͬ HŝƐƚŽƌŝŽŐƌĂƉŚǇ ŽĨ ƚŚĞ ĞǆƉůŽƌĂƟŽŶ ŽĨ ĂůͲKŚĂƌũ ĂƌĞĂ .......................................................................9

ϰͬ PƌĞƐĞŶƚ ŝƐƐƵĞƐ ĨŽƌ Ă ƐƚƵĚǇ ŽĨ ĂůͲKŚĂƌũ ĂƌĞĂ ................................................................................. 11

Prehistory .................................................................................................................................. 11

Bronze Age ................................................................................................................................ 11

IƌŽŶ AŐĞ ĂŶĚ ƚƵƌŶ ŽĨ ƚŚĞ CŚƌŝƐƟĂŶ ĞƌĂ ........................................................................................ 11

Late preislamic period and the advent of Islam .......................................................................... 11

5/ Purpose of the 2nd season, program, schedule ......................................................................... 12

ϭ͘ AƌĐŚĂĞŽůŽŐŝĐĂů ĞǆĐĂǀĂƟŽŶ Ăƚ ƚŚĞ ƐŝƚĞ ŽĨ ĂůͲYĂŵąŵĂ ............................................................... 13

Ϯ͘ SƵƌĨĂĐĞ ƐƚƵĚǇ͕ ƚŽƉŽŐƌĂƉŚǇ͕ ŐĞŽŵĂŐŶĞƟĐ ƐƵƌǀĞǇ ..................................................................... 13

ϯ͘ RĞƐƚŽƌĂƟŽŶ ............................................................................................................................ 13

4. Environmental studies ........................................................................................................... 14

Geomorphology ............................................................................................................................................ 14

Archaeozoology ............................................................................................................................................ 14

ϲͬ RĞŐŝƐƚƌĂƟŽŶ ƐǇƐƚĞŵ ................................................................................................................... 18

7/ Topography ............................................................................................................................... 22

Aͬ TŚĞ ĐŽŵƉůĞƟŽŶ ŽĨ ƚŚĞ ŵĂƉƉŝŶŐ ŽĨ ǀŝƐŝďůĞ ƐƚƌƵĐƚƵƌĞƐ ǁŝƚŚŝŶ ƚŚĞ ƉƌŽƚĞĐƚĞĚ ĂƌĞĂ .................... 22

B/ Mapping the remains outside the fenced area ...................................................................... 24

C/ Mapping the excavated structures ......................................................................................... 24

ϴͬ GĞŽŵĂŐŶĞƟĐ ƐƵƌǀĞǇ.................................................................................................................. 27

A/ Method ................................................................................................................................. 27

OďũĞĐƟǀĞƐ ŽĨ ƚŚĞ ŐĞŽŵĂŐŶĞƟĐ ŵĞĂƐƵƌĞŵĞŶƚƐ ............................................................................................ 27

DĞǀŝĐĞƐ .......................................................................................................................................................... 27

FĂƐŚŝŽŶ ŽĨ ŵĞĂƐƵƌĞŵĞŶƚ .............................................................................................................................. 28

DĂƚĂ ƉƌŽĐĞƐƐŝŶŐ ............................................................................................................................................ 28

B/ Results .................................................................................................................................. 29

Backpack ....................................................................................................................................................... 30

Sledge ........................................................................................................................................................... 32

ϵͬ AƌĐŚĂĞŽůŽŐŝĐĂů ĞǆƉůŽƌĂƟŽŶ ŽĨ ƚŚĞ ƐŝƚĞ ŽĨ ĂůͲYĂŵĈŵĂ ................................................................. 34

Building 1: the mosque (Area N6) .............................................................................................. 34

EǆƚĞŶƚ ŽĨ ƚŚĞ ǁŽƌŬŝŶŐ ĂƌĞĂ ........................................................................................................................... 34

CůĞĂŶŝŶŐ ƚŚĞ ƐƵŵŵŝƚ ŽĨ ƚŚĞ ǁĂůůƐ ĂƌŽƵŶĚ BƵŝůĚŝŶŐ ϭ .................................................................................... 34

PůĂŶ ŽĨ BƵŝůĚŝŶŐ ϭ .......................................................................................................................................... 35



Yamāma - Report on the 2nd season - 2012

4

SƚƌĂƟŐƌĂƉŚǇ ŽĨ BƵŝůĚŝŶŐ ϭ ............................................................................................................................. 36

AƌĐŚŝƚĞĐƚƵƌĂů ĚĞƐĐƌŝƉƟŽŶ ŽĨ BƵŝůĚŝŶŐ ϭ ......................................................................................................... 38

TŚĞ ƐƵƌƌŽƵŶĚŝŶŐƐ ŽĨ BƵŝůĚŝŶŐ ϭ ..................................................................................................................... 38

TŚĞ ĨƵŶĐƟŽŶ ŽĨ BƵŝůĚŝŶŐ ϭ ............................................................................................................................. 39

Sounding 1 (Area N6) ................................................................................................................. 41

Sounding 3 (Area G17) ............................................................................................................... 44

10/ Ceramic typology .................................................................................................................... 47

11/ Environmental studies ............................................................................................................. 66

PƌĞůŝŵŝŶĂƌǇ ƐƚƵĚǇ ŽĨ ƚŚĞ ĂŶŝŵĂů ďŽŶĞƐ Ăƚ ĂůͲYĂŵĈŵĂ ................................................................. 66

TŚĞ ŝĚĞŶƟĮĞĚ ƐƉĞĐŝĞƐ͗ SŽƵŶĚŝŶŐ ϭ ............................................................................................................... 66

TŚĞ ŝĚĞŶƟĮĞĚ ƐƉĞĐŝĞƐ͗ ƐŽƵŶĚŝŶŐ ϯ ............................................................................................................... 71

CŽŶĐůƵƐŝŽŶ .................................................................................................................................................... 71

GĞŽŵŽƌƉŚŽůŽŐŝĐĂů ƐƚƵĚǇ ŽĨ ĂůͲKŚĂƌũ ŽĂƐŝƐ .................................................................................. 73

1/ Geological and tectonic background ........................................................................................................ 73

2/ Topography ............................................................................................................................................... 74

ϯͬ MĞƚŚŽĚŽůŽŐǇ ŽĨ ƚŚĞ ŐĞŽŵŽƌƉŚŽůŽŐŝĐĂů ŵĂƉ ........................................................................................... 75

ϰͬ HŽůŽĐĞŶĞ ŐĞŽŵŽƌƉŚŽůŽŐŝĐĂů ĚǇŶĂŵŝĐƐ .................................................................................................... 78

ϱͬ DŝƐĐƵƐƐŝŽŶ ŽŶ ƚŚĞ ůŝŶŬƐ ďĞƚǁĞĞŶ ŐĞŽŵŽƌƉŚŽůŽŐŝĐĂů͕ ƉĂůĂĞŽĞŶǀŝƌŽŶŵĞŶƚĂů ĐŚĂŶŐĞƐ ĂŶĚ ŚƵŵĂŶ ŽĐĐƵƉĂƟŽŶ ϴϭ

ϲͬ CŽŶĐůƵƐŝŽŶ ................................................................................................................................................ 82

ϭϮͬ RĞƐƚŽƌĂƟŽŶ ............................................................................................................................. 83

ϭϯͬ PƌŽƐƉĞĐƟǀĞ ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ .............................................................................................. 104

IŵƉƌŽǀŝŶŐ ƚŽƵƌŝƐƟĐ ĚĞǀĞůŽƉŵĞŶƚ ďǇ ƉƌĞǀĞŶƟŶŐ ƐŝƚĞ ĚĞƐƚƌƵĐƟŽŶ .............................................. 104

PƌĞǀĞŶƟŶŐ ƚŚĞ ĚĞƐƚƌƵĐƟŽŶ ŽĨ ǀĂůƵĂďůĞ ƌĞŵĂŝŶƐ Ăƚ ĂůͲYĂŵĈŵĂ ďǇ ĞŶůĂƌŐŝŶŐ ƚŚĞ ĨĞŶĐĞ .............. 107

RĞƐƚŽƌŝŶŐ ƚŚĞ ŵŽƐƋƵĞ Ăƚ ĂůͲYĂŵĈŵĂ ........................................................................................ 107

References .................................................................................................................................. 108



5



Yamāma - Report on the 2nd season - 2012

6



7

1/ Preamble
The second season of the Saudi-French mission in al-YamƗma was carried out from November 11 to December 18, 
2012, under the supervision of Jérémie Schiettecatte (CNRS, Ivry sur Seine) & ՏAbd al-ՏAzƯz al-GhazzƯ (King Saud 
University, Riyadh).

Team

Saudi Part

•	 al-aklabƮ ՏAbdallah (Saudi Commission for Tourism and Antiquities, Bisha)
•	 AL-HamƖd ՏAbd al-ՏAzƯz (Saudi Commission for Tourism and Antiquities, Riyadh – archaeologist)
•	 AL-Ձinǋ ՏAbd al-ՏAzƯz (Saudi Commission for Tourism and Antiquities, Riyadh – archaeologist)
•	 al-QarnƮ ՏAwadh (Saudi Commission for Tourism and Antiquities, Riyadh – archaeologist)
•	 AL-dawaysH Sul԰Ɨn (Koweït – archaeologist)
•	 AL-ԱayrƮ ՁƗmid (Koweït – archaeologist)

French Part

•	 Dr Antoine CHABROL (École Française d’Athènes) – Geomorphologist
•	 Guillaume Fortin (Université Paris IV Paris-Sorbonne, Master Student) – Geomorphologist
•	 Prof. Eric FOUACHE (University Paris-Sorbonne, Abu Dhabi) – Geomorphologist
•	 David Gandreau (CRAterre, Grenoble) – Restorer
•	 Bruno Gavazzi (Université de Strasbourg, PhD student) – Geophisicist
•	 Dr Hervé moncHot (Université Paris-Sorbonne, postdoctoral fellow Labex ResMed) – Archaeozoologist
•	 Sébastien moriset (CRAterre, Grenoble) – Restorer
•	 Dr Michel mouton (CNRS, Nanterre) – Archaeologist
•	 Laetitia munduteGuy (Université Paris 1 Panthéon-Sorbonne, Master Student) – Archaeologist & drawer
•	 Mathieu niveleau – Surveyor
•	 Prof. Christian robin (CNRS, Ivry sur Seine – Académie des Inscriptions et Belles-Lettres) – Historian
•	 Thomas saGory – Photographer
•	 Dr Jérémie scHiettecatte (CNRS, Ivry sur Seine) – Archaeologist
•	 Dr Pierre simeon (postdoctoral fellow, CNRS, Ivry sur Seine) – Archaeologist

Support

The Saudi-French Mission beneited from the inancial and technical support from:
•	 Supreme Commission for Tourism and Antiquities, Riyadh
•	 King Saud University, Riyadh
•	 French Ministry of Foreign Affairs, Paris
•	 French Embassy, Riyadh
•	 Centre National de la Recherche Scientiique, Paris
•	 UMR 8167 « Orient et Méditerranée », Ivry sur Seine
•	 Agence Nationale pour la Recherche, Paris
•	 Université Paris IV Paris-Sorbonne
•	 Labex ResMed (Religion et Société en Méditerranée), Université Paris-Sorbonne
•	 École et Observatoire des Sciences de la Terre, Institut de Physique du Globe de Strasbourg

Acknowledgments

We would like to thank these institutions most warmly for their support. We are also most grateful to people who put 
their trust in our work and did their best to make ieldwork possible and easier in Riyadh and Paris: HRH Prince Sultan 
bin Salman bin Abdul Aziz (President of Supreme Commission for Tourism and Antiquities [SCTA] and Chairman of 
the Board of Directors of SCTA), Prof. Ali al-Ghabban (Vice-President of SCTA for Antiquities and Museums, Riyadh), 
Jamal Omar (Head of the Research and Excavation Centre, SCTA, Riyadh), Jean-Louis Laveille (Cultural advisor, 
French Embassy in Riyadh), Pierre Vincent (cooperation attaché, French Embassy in Riyadh), Marie-Véronique Dia-

mant (CNRS, Ivry), Magali Picone (Univ. Paris IV).
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2/ Geographic and historical settings

Al-Kharj area is one of the major oases of the Najd, in the very heart of the Kingdom of Saudi Arabia (Fig. 1). This oasis 
owes its fertility to its speciic geographic context: it is nested at the conluence of several wadis and beneits from one 
of the largest drainage basin in Arabia. Moreover, artesian wells provided water down to a recent time. They are now 
empty, due to active pumping of groundwater.
These environmental conditions made this area one of the most attractive regions of Central Arabia for settled com-

munities. As it is one of the rare fertile areas in Central Arabia, the region of al-Kharj appears as an obvious stopping 
point and as a main crossroad on the commercial roads that linked Yemen and the ՁijƗz to the Gulf and Mesopotamia.

Geographic and physiographic settings

The area of al-Kharj, in the eastern part of the Najd in East-Central Saudi Arabia, lies between latitude 23.8° and 24.4° 
N. and longitude 46.9° and 48° E. It is characterized by a variety of geological features that have attracted human popu-

lations since prehistoric times (Vaslet et al. 1991). Today it shelters one of the main cities in the Riyadh area, 70 km 
southwest of the capital.
A succession of northwest-trending cuestas of Late Jurassic to Cretaceous formations, with southwest-facing scarps, 
marks the northern part of the Riyadh area. Further south, the scarps are oriented towards the southwest. These are:
- Jabal Աuwayq, bordering al-Kharj area to the west; it crosses Central Arabia from north to south in a crescent-shaped 
arc;
- Jabal al-Jubayl, which bounds the city of Riyadh to the east;
- Jabal al-ՏUruma, further east, that runs parallel to the Jabal al-Jubayl.
At al-Kharj the north-south scarps are cut by the convergence of the Central Arabian graben system composed of the 
NisƗՂ, Awsa԰, BuՏayjƗՎ, RufƗՏ and Mughara grabens.
Fluvial structures in the region run from the Աuwayq escarpment across the Աuwayq plateau in a generally west-east 
course. Towards the centre of al-Kharj area, the wadi courses follow the graben structures, such as WƗdƯ NisƗՂ and 
WƗdƯ as-SahbƗՎ. Southeast of Riyadh, a series of parallel wadis drain southward into WƗdƯ as-SahbƗՎ and have brought 
considerable amounts of luvial deposits into the Kharj cluse.
Over the past millennia, the west-east axis of the dip from the ՁijƗz to the Central Arabian shield has caused the emer-
gence of subsurface waters in the form of springs and marshes in the Riyadh/Kharj area. The rupture of the Arabian 
shield by the tectonics that created the Central Arabian graben system has activated a series of natural artesian springs 
in the area. In addition, chemical dissolution of limestone by groundwater led to the formation of up to 150-metre-deep 
karst sinkholes south of al-Kharj. 

This speciic geomorphological coniguration around al-Kharj led to the convergence of subterranean and surface wa-

ters, to the activation of artesian springs and to the formation of karst sinkholes, which provided important perennial 
water sources. These features have been decisive in the sedentary occupation of this area.

Historical setting

The favourable environment made this oasis one of the main actors of the history of Arabian Peninsula. Many preislamic 
and Islamic sources mention the region and its main populated places: YamƗma, Jaww, al-Kharj.
According to the Arabic tradition, al-YamƗma was the centre of the kingdom of Tasim and Jadis. This tradition also men-

tions that this kingdom disappeared in the early 5th century, when the Ղimyarite king Hasan Tubba (HassƗn YuhaՎmin, 
son of AbƯkarib AsՏad) took control of the area and entrusted it to the tribe of Kinda. This event could be echoed by the 
South-Arabic inscription Ry 509 found in WƗdƯ MaՎsal (Najd).
It was probably at that time that the Banǌ Hanifa settled in this region. This tribe went down in history with the emer-
gence within it of the so-called False-Prophet Musaylima. Contemporary with Prophet MuՂammad, Musaylima feder-
ated the tribes from the Najd. Standing in the way of the irst Muslim community, they were inally defeated in the battle 
of ՏAqraba (633). The area fell into the hands of the Madina administration.
During the reign of the irst Umayyad caliph, MuՏawiya (661-680), thousands of families were brought from Syria to 
al-YamƗma so as to maintain farming areas. 
The area progressively became depopulated at the beginning of the Abbasid period (750-869) so that when the leeing 
army of the Banǌ al-Ukhaydir entered al- YamƗma, they found a region deprived of a governor. This tribe controlled the 
region for two centuries. From the 12th to the 15th century AD, the area is seldom mentioned and it is likely that it was 
depopulated.
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3/ Historiography of the exploration of al-Kharj area

Writing of his ventures into Central Arabia in 1917–1918, H. St J. Philby concluded his account by these words:
‘I trust that I have said enough to show that there is much in Southern Najd to encourage further investigation, 
and to show that in Kharj and the Alaj, in distant Jafura, in Wubar, and possibly other buried cities of the south-
ern sands, there lies open a fruitful ield for the archaeologist of the future.’ (Philby 1920: 185).

These promising words should have been all the more inviting since this area is a crossroad between the Arabian Gulf, 
the HijƗz and Yemen, and is therefore crucial for the understanding of circulation and contacts within the Arabian Pen-

insula.
In spite of this, archaeological remains in Central Arabia have rarely been particularly noticed. In 1945, Col. G. de Gaury 
reported the presence of tumulus ields (De Gaury 1945). A few years later, Philby completed the description of the oases 
of al-AlƗj and WƗdƯ DawƗsir (Philby 1949). In 1978, a comprehensive archaeological survey of the Kingdom of Saudi 
Arabia was carried out in Central Arabia and identiied sixteen sites in the oasis of al-Kharj alone (Zarins et al. 1979), 
conirming the potential of the area. Consequently, in the late 1980s and in the 2000s, A. al-Ghazzi initiated excavations 
at several sites in the oasis (al-Ghazzi 1996; 2009; 2010; 2011a; 2011b).

1917-18 – Travel of Philby in the Najd in 1917-18 ; two detailed accounts have been published:
Philby H. St J. B., 1919. Southern Nejd. Journey to Kharj, Alaj, Sulaiyyil and WƗdƯ Dawasir in 1918, Cairo, 

The Arab Bureau.
Philby H. St J. B., 1920. “Southern Najd”, The Geographical Journal, vol. 55 no. 3 (Mar. 1920), p. 161-185.

1940’s – Stay of Gerald de Gaury in al-Kharj area and description of a necropolis
De Gaury G., 1945. “A Burial Ground in Al-Kharj”, The Geographical Journal, vol. 106 no. 3/4 (Sep. - Oct. 

1945), p. 152-153.

Figure 1 - Location oF the oasis oF aL-Kharj and its environmentaL context [©French-saudi archaeoLogicaL mission in YamƖma]
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1948 – Travel of Philby in February 1948 in the AlƗj and WƗdƯ Dawasir areas:
Philby H. St J. B., 1949. “Two notes from Central Arabia”, The Geographical Journal, vol. 113 (Jan.-Jun. 

1949), p. 86-93.

1978 – Comprehensive Survey carried out by a Saudi-American team for the Department of Archaeology of the king-

dom of Saudi Arabia. Sixteen sites were identiied and few soundings realized on a preislamic site near ՏAyn al-ԵilaՏ 
(today destroyed) and in the nearby necropolis:

Zarins J., Ibrahim M., Potts D.T., Edens Ch., 1979. « Saudi Arabian archaeological Reconnaissance 1978. 
The preliminary Report on the third phase of the Comprehensive Archaeological Survey Program - 
The Central Province », Atlal 3, p. 9-42.

1988 – Sounding on the site of Ձazm ՏAqƯla (today destroyed):
Al-Ghazzi A., 1996. “A preliminary report of an excavation at Hazem Agila in al-Kharj oasis / central region 

of Saudi Arabia”, Atlal 14, p. 43-51, pl. 18-23.
Al-Ghazzi A., 2009. AwƗn fuπƗriyya min mawqaϐ ρazm ϐAqƯla (muςƗfaεat al-κarτ / Manαaqat al-RiyƗμ) 

[Pottery of the site of Ձazm ՏAqƯla (al-Kharj Gouvernorate / Riyadh Province)], Riyadh, DƗrat al-
malik ՏAbd al-ՏAzƯz.

2004-2005 – Excavation of several tombs in the necropolis of ՏAyn FarzƗn supervised by ‘Abd al-Aziz al-Ghazzi:
Al-Ghazzi A., 2011. Mašrǌϐ masaς w-tawξƯq al-ManšƗt al-ςajariyya fƯ maςƯα ϐAynƯ FarzƗn. Al-mujƗllad 

al-awal. DirƗsat maydƗniyya muqƗrna li-l-muqƗbarƗ al-rakƗmiyyat al-ςajariyya, Riyadh, DƗrat al-
malik ՏAbd al-ՏAzƯz (A.H. 1432-2011 AD) [Project of study and research on stone structures in ՏAynƯ 
FarzƗn area. Vol. 1. Comparative study of dry-stone funerary structures].

2004-2005 – Study of the qanat at ՏAyn FarzƗn supervised by ‘Abd al-Aziz al-Ghazzi:
Al-Ghazzi A., 2011. Mašrǌϐ masaς w-tawξƯq al-ManšƗt al-ςajariyya fƯ maςƯα ϐAynƯ FarzƗn. Al-mujƗllad 

al-ξƗnƯ. QanƗt al-rƯ fƯ FarzƗn “ϐAynƯ FarzƗn” wa-fuπƗr-ha (DirƗsat maydƗniyya tawξƯqiyya aξƗriyya 
muqƗrna), Riyadh, DƗrat al-malik ՏAbd al-ՏAzƯz (A.H. 1432-2011 AD) [Project of study and research 
on stone structures in ՏAynƯ FarzƗn area. Vol. 2. Irrigation qanƗt at FarzƗn “ՏAynƯ FarzƗn” and its pot-
tery (Documentary, archaeological and comparative studies)].
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4/ Present issues for a study of al-Kharj area
By its geographic, historical and archaeological context, this oasis offers many opportunities for the study of the peo-

pling and of the settlement process in central Arabia, from Prehistory down to the mediaeval period.

Prehistory

A debate now exists about trying to understand where the Arabian Neolithic comes from: Levantine inluence or local 
developments from autochthonous populations? Recent palaeoenvironmental and palaeoclimatic studies revealed a pos-

sible inluence of the wet phases in the development of a production economy. These studies, combined with the lithics 
analysis, help deining better and better the Neolithic of Arabia.
Beyond this period, understanding the dispersals of the irst Anatomically Modern Humans (AMH) in Arabia during 
Paleolithic is one of the main concern for the current Prehistoric researches in the Peninsula.

Bronze Age

Several necropolises showing hundreds of dry-stone turret graves or tumuli have been identiied in this area. The main 
issues are the date of their building, and the time span of their use. In Yemen, these tombs delivered artefacts from the 
3rd and 1st millennium BC. Is this indicative of long lasting funerary practices, or of the reuse of these tombs far later 
on?
Furthermore, in western and southern Arabia, these tombs were collective and are generally seen as nomad tombs; on the 
opposite, on the shore of the Persian Gulf (Bahrayn, Dharan area), they contained only a single body and were burials 
for sedentary people. Al-Kharj area is the buffer area between these two cultural spheres; the study of the burial practices 
in the area could be indicative of the very nature of people (origin, way of living).

Iron Age and turn of the Christian era

One of our main concerns is to ascribe a period of time to the sedentarization process in al-Kharj area. Has this process 
begun right from the 3rd millennium BC, as it can be observed in the Oman Peninsula (Hait / Umm an-Nar periods) 
or in Bahrayn area (Dilmun period)? Has it begun later on, at the end of the 2nd millennium BC, as in the Yemeni low-

lands? Or are we to observe in al-Kharj area an alternate and speciic model? Is the sedentarization process linked to the 
domestication of palm-tree, as in the Oman Peninsula? Is this model varying according to other criteria such as caravan 
trade?
A second issue is the very nature of the goods exchanged in the Arabian Peninsula. At the crossroads of the caravan 
tracks between frankincense-bearing kingdoms (in Yemen), the Oman Peninsula, the Gulf region and Mesopotamia, this 
area should throw a new light on these commercial activities.
A third issue concerns the 3rd-2nd centuries BC, a transitional period in the Arabian Peninsula. New populations ap-

peared in historical sources and settled in the Oman peninsula (e.g. Mleiha), in South Arabia (penetration of Arab groups 
in the Jawf valley), in North-West Arabia (Nabateans). They all shared common features, particularly in the funerary 
practices. And yet, the origin of these groups is still unknown. The study of a site in central Arabia could bring new 
evidence to the ile.

Late preislamic period and the advent of Islam

Issues regarding the Late Antiquity and the Islamic period are also numerous. A sharp decline of the settlement pattern 
can be observed in South Arabia, West Arabia and North Arabia from the 4th century onwards and accelerated during 
the 6th century. Is this process, partly linked to the evolution of the environmental context, to be seen in Central Arabia? 
Did Islam spread thanks to settlement vacuum? Was the YamƗma region able to compete with the new power of Medina?
Finally, the soundings already done on the site of al-YamƗma (Ghazzi, 2010) indicate a temporary abandonment of most 
of the site at the end of the 12th century. This makes one wonder about the reasons leading to such a situation.
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5/ Purpose of the 2nd season, programme, schedule

In order to add to the current archaeological record, a Saudi-French expedition started work in al-Kharj area in Septem-

ber 2011 at the invitation of the Saudi Commission for Tourism and Antiquities. This expedition aims to characterize the 
diverse prehistoric, protohistoric and Islamic archaeological remains as well as to illustrate the environmental context 
that made it possible for people to settle in such an arid region.
The irst ield season (2011) was devoted to establishing an archaeological map of the oasis, and to the study of two 
signiicant sites: AK-22 (Palaeolithic) and al-YamƗma (Late Pre-Islamic/Early Islamic).
The second season was devoted to the pursuing of the exploration of the site of al-YamƗma, also called al-Banna, close 
to the city of al-Kharj. It included:
- The pursuing of Deep sounding 1
- The pursuing of the uncovering of the mosque
- The pursuing of the topographic map
- The pursuing of the geomagnetic survey
- A geomorphological study of al-Kharj area
- The processing of a restoration project of the mosque at al-YamƗma
The second season of the Saudi-French mission in al-YamƗma has been carried out from November 11 to December 18, 
2012.
J. Schiettecatte arrived in Saudi Arabia on Sunday, November 11. He stayed in Riyadh three days in order to discuss 
the issue of the 2nd season with the cultural counsellor of the French Embassy, oficials at SCTA and Prof. al-Ghazzi at 
King Saud University.
On Wednesday, November 14, he drove to al-Kharj. He has been joined by three members of the French team (H. Mon-

chot, L. Munduteguy, P. Siméon). They met the members of the Saudi team already present in al-Kharj (A. al-AklabƯ, A. 
al-HamƗd, A.al-Ձinǌ, A. al-QarnƯ, S. al-Dawaysh and H. Al-TayrƯ).
On Friday, November 23, the French team increased its workforce by the arrival of B. Gavazzi, geophysicist, M.  Mou-

ton, archaeologist, M. Niveleau, surveyor, D. Gandreau and S. Moriset, restorers specialized in mudbrick architecture.
On Thursday, November 29, three geomorphologists joined the French team: E. Fouache, A. Chabrol and G. Fortin.
Finally, on Friday, December 7, T. Sagory, a photographer specialized in aerial picture (by kite and balloon) joined the 
team.

Resuming the excavation of Building 1 («Mosque») by removing the illing set at the end of the irst season
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ͳǤ Archaeological excavation at the site of alǦYamāma

Three areas were to be investigated during the second season:

1/ The deep sounding initiated during the irst season in Area N6 (North of Building 1 - the “mosque”) had to be ex-

tended and carried on so as to get a complete chronological sequence of the occupation of the site and of its material 
assemblage.
This operation has been conducted by Michel mouton from November 24 to December 6.

2/ The mosque partly unearthed during the irst season had to be excavated with several aims: clearing the main col-
umned hall for restoration; looking for previous buildings (most probably more ancient mosques) under the main build-

ing by local soundings.
This operation has been conducted by Jérémie scHiettecatte and Pierre siméon from November 19 to December 6. They 
were assisted by Laetitia munduteGuy.

3/ A sounding had to be carried out in the south-western part of the site, where most of the evidence of a pre-Islamic 
occupation had been discovered on surface last season.
It has been carried out by Michel mouton from December 8 to December 11.

The drawings of pottery and artifacts have been taken in charge by Laetitia munduteGuy during the whole duration of 
the ieldwork.

2. Surface study, topography, geomagnetic survey

Topography

The topographic map of structures visible on the ground started last season had been achieved. The detailed mapping of 
excavated areas has also been done.
Staff: Mathieu niveleau, surveyor, from November 24 to December 8.
Material: Total Station Leica, D-GPS Trimble R4.

Geomagnetic survey

The geomagnetic survey of the fenced area initiated last season has been continued in the southern half of the site. Some 
particular areas have been surveyed into further detail.
Staff: Bruno Gavazzi, from November 24 to December 8.
Material: Geomagnetic sensors, real-time laptop, HMD glasses, D-GPS.

Surface study

An aerial photo coverage of the archaeological sites of the oasis and more particularly of al-YamƗma (surface & exca-

vated areas) has been completed thanks to the use of a kite and an air balloon.
Staff: Thomas saGory from December 7 to 15.

3. Restoration

Due to the very good state of preservation of the ruins of the mosque at al-YamƗma, its unearthing has to be followed by 
a restoration of the remains (strengthening of the mudbrick walls and preservation against weathering).
Two specialists of mudbrick restoration (an archaeologist and an architect) from the High School of Architecture in 
Grenoble (France) joined us for a one-week stay so as to deine the best restoration procedure to be applied, taking into 
account the local environment and the very nature of the structures.
They subsequently submited a restoration project for the mosque and other remains of al-YamƗma that could be applied 
from 2013 onwards with the agreement and inancial support of the SCTA.
Staff: David Gandreau & Sébastien moriset, from November 23 to 30.

Moreover, consequently to this expertise, part of the restoration work has already started over the most sensitive part of 
Building 1 (“Mosque”) unearthed during this season by Laetitia munduteGuy.
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4. Environmental studies

Geomorphology

A team of three geomorphologists continued the geomorphological mapping of the oasis (identiication of geological, 
hydrographical, pedological areas) carried out last year. the aim was to come up with a tool that could help us to under-
stand how environment evolved through time and how it provided the water needed for agriculture. It will also be used 
as a predictive map to make the prehistoric survey easier.
Staff: Antoine CHABROL [Nov. 30 – Dec. 15], Guillaume Fortin [Nov. 30 – Dec. 15], and Eric FouacHe [Nov. 30 - Dec. 
4].

Archaeozoology

The study of faunal remains from the excavation had to be carried out so as to identify the different faunal species pres-

ent in the oasis in the past, be that domesticated ones or wild animals.
Staff: Hervé moncHot, from November 15 to December 19.
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Team on the ield - December 9, 2012
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6/ Registration system
A homogeneous registering system has been set up to meet the requirements of both the survey of al-Kharj area and the 
excavation of the site known as al-YamƗma. It has been done by J. Schiettecatte and G. Charloux.
It is constituted of several related databases designed with the FileMaker Pro 10 software:
- Database of the archaeological sites of al-Kharj area (Fig. 1);
- Database of the photographs taken during survey and excavation (Fig. 2);
- Database of stratigraphic units (Fig. 3);
- Database of archaeological structures (Fig. 4);
- Database of archaeological artefacts (Fig. 5);
- Database of pottery (Fig. 6);
- Database of samples (bones, charcoal, slags, etc.) (Fig. 7).

The database of the archaeological sites has been designed so as to be exported and used on a GIS (Geographic Informa-

tion System), the software being used is ArcGis Desktop 10.

Figure 1: Database of the archaeological sites of al-Kharj oasis
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Figure 2: Database of the photographs taken during survey and excavation

Figure 3: Database of stratigraphic units
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Figure 4: Database of archaeological structures

Figure 5: Database of archaeological artefacts
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Figure 6: Database of pottery

Figure 7: Database of samples
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7/ Topography
By Mathieu Niveleau, surveyor

The purpose of the topographical task during this second season was threefold:
- Firstly, to pursue the mapping of the remains that are visible on the ground, within the fenced area.
- Secondly, to draw as precisely as possible the archaeological remains excavated this season.
- Thirdly, to survey the neighbouring area outside of the fenced area so as to identify and to map the remains 
visible on the ground.

The devices used for the survey of the site were:
- A Total station Leica TCR 407 
- A Differential-GPS Trimble R4

A/ The completion of the mapping of visible structures within the protected area

The second week on the ield was devoted to completing the map of remains showing on the surface within the fenced 
area. It has been done with the Total Station, in collaboration with Laetitia Munduteguy, Hervé Monchot or Jérémie 
Schiettecatte.
The central and south-western part of the site have been mapped. The central area did not yield a dense pattern of visible 
walls. The relief of this area is uneven, covered by many dunes. The natural ground level is high, compared to the rest 
of the site. This could explain the apparent lack of structures on the ground. On the opposite, the southern area has only 
been slightly covered by sand and the walls showing on the surface are numerous. Long walls and square structures are 
visible.
The map of the remains showing on the ground within the fenced area has been achieved at the beginning of the 3rd 
week. During that period, our focus was on the southeastern and central-eastern areas. To the southeast, only few out-
cropping walls were visible, whereas a cluster of honeycomb shaped structures have been seen in the central-eastern part 
of the site (ig. 8), north of the former track.
To better understand these changes in the density of showing walls, a Digital Elevation Model of the site has been done 
by registering as much as altitudes as possible over the archaeological area. It allowed to map of the contour lines of the 
site (ig. 9).

Figure 8: Honeycomb-shaped structures in the central-eastern side of the site 
(Mathieu Niveleau - Saudi-French Archaeological Mission in al-YamƗma)
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Figure 9: Map of the site with contour lines (Mathieu Niveleau - Saudi-French Archaeological Mission in al-YamƗma)
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B/ Mapping the remains outside the fenced area

The mapping of the remains at al-YamƗma has been carried out outside of the fence as well (ig. 10).
It has been made possible by the use of a differential GPS, which can be manipulated by one operator alone. The tripod 
equiped with the base of the D-GPS was set over point S2, within the site. It was then possible to work within a range 
of 4 to 5 km around that reference point.

The recent structures around the site have been mapped so as to set the site within its context (roads, buildings, enclo-

sures).

West of the site, inside a walled area considered as a cemetery, an important concentration of tombs has been drawn. 
Tombs are characterized by the presence of a mudbrick at both their extremities. North of this area, a circular structure 
has been identiied. The presence of pebbles nearby made it possible to identify this structure with a well. No apparent 
wall has been recorded in this “cemetery”.
The geomagnetic survey carried out in this area conirmed the absence of major underground structures.

North of the site, the presence of camel enclosures made it dificult to map all the structures outcropping in this area. 
Nevertheless, walls circumscribing small square rooms or caissons are frequent around the camel enclosures, in the vi-
cinity of the fenced area. It could be seen as the continuity of the archaeological area.  In this northeastern area, a long 
wall oriented east-west is visible over more than 90 m and could be the continuation of a long wall also visible in the 
protected area.

700 m north of the fenced area, another cluster of apparent walls have been observed and mapped. Nevertheless, no 
continuity of the settlement has been seen between this small settlement and the main site of al-YamƗma to the south.
Several walls bordering small rooms have been mapped. A larger and more complex structure has also been recorded, 
circumscribed by several concentric walls.

East of the site, the ground has been badly damaged by modern building activity, still in progress. Identifying ancient 
structures in this area is therefore dificult. Several spots of melted mudbricks coming from collapsed structures can be 
seen but only few walls can be distinguished. In a trench dug within the frame of modern building activity, an ancient 
mudbrick structure is clearly visible. This pit and the walls have been mapped before their destruction.

The southwestern part of the area has been carefully studied since most of the pre-islamic material comes from this 
location. Nevertheless, recently abandoned palm-groves, traces of which are still visible, have badly damaged the area. 
Apparent walls are rare.

To inish, no walls have been seen southeast or south of the fenced area. This part has also been badly damaged by recent 
palm-groves.

C/ Mapping the excavated structures

Within the excavated area, the irst task has been to re-set the limits of the working area. A 18-by-30-m rectangle was 
established around Building 1.

Started last year, the realization of the plan of Building 1 has been resumed (ig. 11). Concerning the walls and columns 
whose bricks were visible, a drawing was made from zenithal photographs orthorectiied through the help of AutoCAD 
software. This technique was effective for walls W.043 and W.006, buttresses W.034 and W.035, niches, the western 
access of Building 1, as well as the columns unearthed this season. The accuracy of such a map is inferior to 1 to 2 cm.
The general map of Building 1 was also accompanied with the positionning of the peculiarities of its loor (traces of 
former columns, game boards incised on the loor, pits).
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Figure 10: General map of the site (Mathieu Niveleau - Saudi-French Archaeological Mission in al-YamƗma)



Yamāma - Report on the 2nd season - 2012

26

Figure 11: Plan of Building 1, «the mosque» (Mathieu Niveleau - Saudi-French Archaeological Mission in al-YamƗma)
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8/ Geomagnetic survey
By Bruno Gavazzi
Université de Strasbourg, Ecole et observatoire des sciences de la terre, Institut de Physique du Globe de Strasbourg 
(UDS-CNRS UMR 7516), Equipe Dynamique de la lithosphère et des bassins océaniques.

A/ Method

Objectives of the geomagnetic measurements
The cartography takes place as a part of the French/Saudi Arabian archaeological project directed by Jérémie Schiette-

catte on the site of al-YamƗma. The aim of the study is to reveal the human-made structures buried in the ground.

Devices
Two devices were used on the site: the “backpack” and the “sledge”. Both work on the same principle. The difference 
lies in the speed and precision of the measurements.

The Backpack (ig. 12) is built as follows:
- Four luxgate magnetometers from Bartington are ixed 50 cm apart from each other on an aluminium stick. 
Thus the magnetic ield can be measured simultaneously at a distance of 25 and 75 cm in both directions from 
the centre of the stick. The cadence of measurement is 30 per second, with a precision of 1nT. This combination 
is attached on a backpack in such a way that the stick stands in front of the operator, 1 meter above the ground.
- A GPS antenna Trimble 5800 is ixed at the top of the backpack. The position is measured every second.
- An electronic digitizer is attached on the backpack; it acquires the magnetic and GPS data and stores them on 
a SD card. It also has a controller to start and stop the measurements as well as to record points of importance 
(such as obstacles, metallic wastes, etc.).
- The digitizer is linked to a mini-PC, itself linked to a head mounted display (HMD). With such a coniguration 
the data can be seen in real time through the HMD goggles. A controller allows the operator to interact directly 
with the PC without removing the backpack.

Figure 12: The «Backpack» device
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The Sledge (ig. 13) uses most of the Backpack components with the following differences:
- The magnetometers are ixed at the front part of a sledge, a few centimetres from the ground, with a spacing 
of 10 cm. 
- The GPS is attached at the back, 90 cm away from the captors.
- The digitizer is ixed in the middle.
- We don’t use the mini-PC nor the HMD goggles.

In both cases the device is powered by a 12V, 7Ah lead sealed battery placed within or on top of the digitizer.

Figure 13: The «Sledge» device

Method of measurement

Once the Backpack is built and on the back of the operator, we proceed as follows:
- Calibration: the captors are calibrated above a set point in order to correct the differences of offset, sensibility 
and angle for each captor. The same calibration point is kept for the entire season.
- Static point: in order to correct the temporal variation (triggered mainly by the effects of temperature changes 
on the captors), the ield is measured above an identical point before and after each session of measurements 
(the “mapping”).
- Mapping: the operator follows parallel proiles set every 2 meters with the mini-PC and shown on the HMD. 
The start and end of each proile, as well as obstacles are recorded using the remote. Thus, with respect to the 
spacing of the captors, he obtains magnetic proiles every 50 cm. 
- In order to calculate the anomalies, measurements are made along transversal proiles perpendicular to the 
previous ones. 
- At the end of the process the static point is measured once again and the captors re-calibrated.

The Sledge requires 2 operators. The steps are the same as with the Backpack. The device is carefully dragged on the 
loor by the irst operator while the second one is responsible for marking the beginning and the end of each proile and 
push down the device if needed (to avoid it to fall in the slopes for example).

Data processing
After extraction, the data are processed using applimag, a software developed by the E.O.S.T in a matlab environment. 
The different steps can be summerized as follows:
1. First the data are calibrated: the differences of measurement between the magnetometers for the same magnetic 
ield are reduced. They are due to the fact that each captor is not perfectly identical to the others.
2. Then the time-related variations are removed, using the differences between the starting and ending static points, 
by considering a linear variation. 
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3. After that, data is checked and any incoherent result (due to obstacles, someone approaching too close to the 
operator, important vibrations of the device, etc.) is removed.
4. The following step is to calculate the anomalies, i.e. the differences between the regional ield and the measured 
one. They are calculated using the average at the intersecting points with the transversal proiles.
5. To display the data a grid of anomalies is calculated with a step of 0.25 m (0.05 m with the Sledge) and a sharp 
smooth (0.1). 
6. Often, differences of intensity between captors or proiles are visible, mostly due to the imprecisions of localiza-

tion and calibration. An elegant solution to reduce this effect is to recalculate the anomalies using a soft-grid. 
Further treatments are then to be done in the laboratory.

B/ Results

During the two weeks of measurements, over 85 kilometres have been covered with the Backpack. It corresponds to 
110 000 magnetic measurements over an area of about 170 000 m². Three zones were covered (ig. 14):

-1- The southeastern part of the site within the fence;
-2- A test in the necropolis out of the western wall;
-3- A test in the southwest of the site, close to a camel ield, where some fossilized agricultural patterns are still 
visible on the surface.

A fourth zone of 1875 m² was covered with the Sledge. It represents 18416 magnetic measurements (ig. 15). 

In the following igures the scale is in metres, the colour-bar in nT.

Figure 14: The four investigated zones on a satellite image from Google-earth
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Backpack

Zone 1
Even if the data will need some post treatments, some features are already visible: human made structures are character-
ised by high frequency anomalies, i.e. a strong contrast within a short distance. The lineaments pointed by black arrows 
are good examples: They are most probably linked to walls. Meanwhile, the low frequency anomalies (i.e. the large 

Figure 15: Map of the magnetic anomalies, zone 1
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uniformly coloured sheets) are very likely due to the geological features of the site.
Another important pattern for anthropogenic structures are geometrical shapes. In the studied zone different square/
rectangle forms can be identiied, the black circles show the most obvious ones.
Combining the map with the results of the previous year (Figure 16) shows the continuity of some structures. The arrows 
point the most evident ones.

Figure 16: Combination of the 2011 and 2012 data for the zone within the fence

Zone 2

On the second zone (ig. 17) one can observe low frequency anomalies. Those are likely linked to geological variation, 
but the geometrical shape in the south (circled) deserve further analyses before reaching a conclusion. The lineament 
pointed by the arrows might also be human-related. According to these facts, it is clear that the area is worth further 
investigations.
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Zone 3

On the third zone (ig. 18) the only noticeable element is an E-W lineament showing an anomaly of more than 1000nT. 
This can be linked easily to a metal waterpipe: its opening is visible a few hundreds of metres to the east. From an ar-
chaeological point of view the lack of other structures would indicate that further measurements do not seem relevant.

Figure 17: Map of the magnetic anomalies, zone 2

Sledge

The measurements with the Sledge (ig. 19) were carried above a zone where a strong concentration of misired ceramics 
(usually found close to ovens) is visible on the surface. Moreover, the magnetic mapping of the previous year revealed 
a strong anomaly which could be interpreted as the trace of the burning place of an oven (ig. 20).
Despite a bad calibration on the southwestern part of zone 4 (ig. 19), different structures can be seen. The lineaments 
are most likely due to walls (arrows). In fact, parts of them are still present on the surface (ig. 20). The anomalies reveal 
their continuity within the ground. The centre of the strong anomaly in the southwest could be the place of a pottery 
oven (circle).

Figure 18: Map of the magnetic anomalies, zone 3
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Figure 19: Map of the anomalies, zone 4

Figure 20: Zone 4, satellite image on the left, Backpack mapping in the middle and Sledge mapping on the right
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9/ Archaeological exploration of the site of al-YamƗma

Building 1: the mosque (Area N6)
By Jérémie Schiettecatte & Pierre Siméon

From November 19 to December 13, we concentrated our efforts on the excavation of Building 1, located in the north 
of the site, in area N6. It proved to be a mosque.
In 2011, south of Sounding 1, the northwest corner of a columned hall (R 013 of Building 1) had been excavated. In 
that area, we had uncovered two large mudbrick walls bordering a room with a plastered loor and two huge mudbrick 
columns standing over this loor. This season, it has been decided to extend the excavation of this building.

Extent of the working area
To enlarge the excavated area to the whole Building 1, the southern limit of Sounding 1 has been pushed 25 metres back 
southwards, so that it comes to the southern edge of Area N6.
It has been enlarged by 5 metres to the west and 7 metres to the east. A bench, oriented north-south, has been spared 
through the building, so as to keep a stratigraphic record of the illing of the building.
The excavated area was then 30 x 18 meters – that is to say ca. 540 sq m. (ig. 21).

Cleaning the summit of the walls around Building 1
Beyond the excavated area, many structures were partly visible on the ground and it was crucial to determine the way 
Building 1 was tied to these surrounding buildings. Therefore, in areas N6, N7, O6 and O7, the summits of the walls 
have been cleaned so as to plan the immediate vicinity of the mosque. More than 50 walls have been registered and 
described in this area (ig. 21).

Figure 21: Plan of Building 1 and location of the working area (in white) [Plan: Mathieu Niveleau - Saudi-French archaeological mission 
in al-YamƗma]
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Plan of Building 1

Building 1 is a monumental mudbrick structure comprising a large columned hall (R.013), 28 m in length (N-S) and 
12 m in width (W-E). The room is bordered by 3 thick mudbrick walls (W.002 to the north, W.006 to the west and W.043 
to the south). To the east, it is bordered by a row of two pillars and eight columns, opening onto a courtyard east of the 
building, ca. 27 x 25 m (ig. 21-22). The courtyard is circumscribed by mudbrick walls to the north and east. To the 
south, the picture is still unclear. Late occupation (such as Building 2, dated to the 17th-18th centuries) makes the plan 
confused.
R.013 is divided in 3 naves, oriented north-south, each being bordered by a row of 10 columns to the east (or 8 columns 
and 2 pillars for the eastern nave). Three buttresses are aligned with these rows of columns on wall W.002 to the north 
and on W.043 to the south.
Two small walls have been erected between buttress W.034 and column Co.023, and between buttress W.035 and col-
umn Co.024. These walls are not tied with the neighbouring structures but are abutting them. They did not reach the 
same height as the columns do and appear as a late addition. Their basis has not been reached yet. These two walls are 
dividing space into compartments in the southern part of R.013.
Between most of the pillars and columns of the eastern row, small mudbrick walls are closing the space between them. 
They are abutting the columns and pillars and have been built in a late phase of occupation of the building. It is all the 
more probable that they are founded at a higher altitude than the columns/pillars are.
The western wall W.006 comprises a large rectangular niche in its central part, turned toward the west. This niche has 
been partly disturbed by a pit dug after the building abandonment for mudbrick recycling. The western side of this niche 
has been disturbed in a secondary occupation of the building. It irst openeded onto the outside westards, and later on 
closed again by a thin mudbrick wall (W.044).
In the southern half of W.006, the wall comprises a second niche (N.050), rounded in shape, and cut off from the outside 
by a thin mudbrick wall (W.049).
South of W.006, in the southwestern corner of R.013, a passageway leading toward the outside, to the west, is visible. It 
has been closed by a small mudbrick structure.

Figure 22: Aerial view of the columned hall (R.013) of Building 1 [Photo: Thomas Sagory Saudi-French archaeological mission in al-
YamƗma]
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Stratigraphy of Building 1
Several phases have been highlighted during the excavation of Building 1 (ig. 23):
The late collapse mixed with sand deposits and surface erosion (UF. 022): at the top of the mound, we removed a 
layer of hardened sand with fragments of mudbricks alternating with layers of melted mudbrick. In close proximity to 
the central niche, some fragments of collapsed mudbrick were covered with mud coating and a thin white plaster.
This layer yielded very little pottery. Among it, a fragment of cup with an chocolate glaze outside cover (Y.022.4) com-

parable to sherd Y.102.3, a Chinese import found in 2011 in the occupation layer of Building 2 and dated to the late 17th-
early 18th centuries. The discovery of glass bangles and rifle bullets in this layer are also indicative of a late dating.

A late recycling of building material (UF 025): Within the central niche of W.006, a large pit (P.040) has been dug 
through W. 006 and through the several occupation layers mentioned hereunder (loors F.039, F.046, F.014 and F. 015). 
This pit has badly damaged this area. It is illed with loose yellow sand (30-40 cm) topped by sand and mudbrick frag-

ments, some of these being slightly burnt. This pit is a result of mudbrick recycling. Numerous imprints of a large tool 
(spade) on the northern side of the pit and at the bottom are visible.

An accumulation of aeolian sand above the 5th occupation level (UF 023 – UF 036 – UF 040): this thick layer of 
aeolian sand deposit has been removed under a layer of collapsed mudbrick. Floor F 039 was uncovered: a hardened 
ground made of grey sand with chaff imprints only partially preserved into the central niche of W.006 and in its vicinity. 
Immediately to the northeast of the niche, a small earthen step (5 cm high) is covered by a thin layer of plaster. This loor 
is abutting W. 044, at the rear of the niche and W.049, at the rear of N.050, the southern niche in W.006. This loor F.039 
testiies of the latest occupation of Building 1, at a time both niches were closed by a thin and rough wall.

The 4th occupation level (UF 026 – UF 037 – UF 042 – UF 043): After having removed a dense sandy layer, a hard-

ened loor made of grey sand (F 046) was uncovered. This loor is abutting several thin and rough walls built either to 
the rear of the western niches (in the middle of W.006 and N.050) or beween the columns and pillars of the eastern row. 
All these walls are founded directly on the sand, at an higher altitude than the walls/columns/pillars against which they 
are abutted. This period might have been a late reoccupation of the building following a period of abandonment and 
aeolian accumulation.
The discovery in the southern part of the building of an ottoman pipe lead us to date this occupation to the 17th century 
onwards.

The 3rd occupation level (UF 026): this level has only been excavated in the northwestern quarter of Building 1. Under 
a thick layer of sand, a thin layer of hardened grey sand has been cleared (F.014). Over this level, foot imprints were vis-

ible near column Co.017. Palm-leaf mattress imprints have already been seen during the irst season in the northwestern 
part of the columned hall (R.013). This loor was recovered by a layer of sand above which the small wall closing the 
central niche of W.006 to the west was founded. Therefore, this loor corresponds to a period during which the so-called 
“niche” was opened onto the west and onto the outside. It was used as a gate. The same is possible for niche W.050.

The 2nd occupation level (UF 030): this level has only been excavated in the northwestern quarter of Building 1. After 
the removing of a ca 20-cm-thick layer of dense orange sand under F 014, we uncovered loor F 015, a hard loor made 
of plaster. This loor corresponds to a major phase of restoration of the building during which a new plaster loor was 
poured and during which the mudbrick columns were erected over this loor. At that time, both niches N.050 and that in 
the middle of W.006 were closed to the west.
Over F.015, several imprints or engravings of game boards are visible in the plaster.

The 1st occupation level (UF 030): a careful study of F.015, at the base of stratigraphic unit UF 030, has yielded some 
evidence of a more ancient occupation. Traces of former buttresses and columns are visible on the ground; they have 
been levelled during the restoration phase of the so-called “2nd occupation level”. They testify of a former building 
already having a columned hall.

Previous occupation levels?
The excavation is still in progress and former occupation levels are to be expected beneath the layers investigated so far. 
Their study will be one of our aims during next ield season.
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Figure 23: Building 1: section of the illing of the columned hall (R.013) (top) and superimposition of the loors in the central niche of 
W.006 (bottom).
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Architectural description of Building 1

The walls are all built in rectangular mudbricks (ca. 36 x 20 x 12 cm), laid in horizontal courses. They vary in thickness. 
The northern wall W.002 and the northern part of the western wall W.006 have been damaged and repaired at least once. 
W.002 shows the trace of a collapse and repair with stone blocks and mudbricks. W.006 has been rebuilt in its northern 
part by building a thin wall over a larger base (vestige of the former wall).
The columns are all built in triangular mudbricks. They are laid directly over the plaster loor F.015. Their heavy weight 
occasionally caused the loor to crack. They are preserved over a height of 1.1 (Co.004) to 2.4 metres (Co.023). The 
columns of the central row have all been repaired at mid-height by a illing of stone and mud. This restoration dates 
back to one of the late reoccupations of Building 1 (4th or 5th occupation). The columns of the eastern row are badly 
preserved. They have been badly restored at several stages of the occupation of the building and the erosion gives them 
a mushroom proile.
The loors are usually simply made of hardened sand, be that by pouring water on the ground or by the repeated comings 
and goings. The loors are usually much more visible in the western nave. Only F.015 has been carefully built, by using 
a gypsum plaster over a preparation layer made up with gravels and plaster.
Architectural decors are rare. Only three small triangular niches have been found in W.006 (ig. 24). Some part of wall 
W.006 were covered with a white plaster.
The way the columned hall R.013 was roofed is still unclear. Only few blocks of mud with imprints of palm-leaves 
have been found, possibly being the remain of a mud coating recovering small branches laid over palm trunks. All this 
is hypothetical.

The surroundings of Building 1

To the south, the west and the north of Building 1, a thick layer of sand deposit has been removed so as to reveal the 
facing of the outer walls. Under this sand layer, the collapse of the western and northern wall of the building has been 
uncovered and removed. Several circulation levels have been cleared outside the building. Material sampled in these 
layers proved to be a mix of sherds from different periods (9th century white Abbasid glazed pottery together with white-
and-blue porcelain). They are of no help in dating the building. They only provide a terminus ante quem to the erection 
of Building 1 (9th cent. AD).

Figure 24: Building 1: Western row of olumns in R.013 and wall W.006 with its decorative niches.
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The function of Building 1

During the 1st and 2nd occupation levels, Building 1 was without doubt a mosque. This interpretation is supported by:
- the presence of a rectangular building comprising a square courtyard and a large columned hall;
- the absence of material inside the building at that time;
- the presence of two niches in its western wall, turned toward the Kaaba. These are miՂrƗbs and W.006 is the 
qibla wall.

During the 3rd occupation phase, the building probably lost its cultic function since miՂrabs were opened onto the out-
side.
The building possibly recovered its religious function during the 4th and 5th occupation levels, if we consider the clos-

ing of both the niches by small walls.
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Sounding 1 (Area N6)

By Michel Mouton

In order to explore the early layers of the hill, a 
deep sounding was carried out at the northern ex-

tremity of the trench, in the continuity of 2011 sea-

son’s work.
The area was irst extended to the west, reaching 
7.50 m from east to west, and 9 m from north to 
south.
Benches were left against the excavation walls to 
avoid the breaking of the sandy sediment, which 
reduced progressively the excavated area (ig. 25-
26).
The work was stopped at a depth of 6 m under the 
base of Wall W001 for security reasons. The deep-

est layers (UF 061) were reached in a small sound-

ing 1m square.
The virgin soil, probably a luvial Holocene terrace 
of the wadi looding at the south of the archaeological area, was not found. The base of the sounding is at 421.30 m in 
absolute hight, approximately at the same level than the archaeological deposits unearthed in the trench opened in the 
south-western farm.

The lowest excavated layer is a deposit of aeolian sand containing no material. The presence of earlier layers of occupa-

tion cannot be discarded.
A thin level of ash and earth in loose sand indicates an occupation, but not the presence of any construction (UF 061; 
altitude 421.70 m).
A 70-cm-thick accumulation of aeolian sand separates this deepest level from a second occupational deposit, much 
thicker, also directly lying on the loose sand (UF 059; altitude 422.85 / 422.40 m). A line of thin lime particles were 
visible at the base of the level, together with patches of mixed ash. In the 40 cm of deposit forming this layer, two ire-

places were found, concentrations of ash and charcoal which have been sampled. Nodules of clay and a few fragments of 
mudbricks attest the presence of some dwelling constructions nearby. Pottery sherds and faunal remains were collected.
Again, this second occupation level is covered by a thick layer of aeolian sand containing very few material: almost no 
pottery sherds and some badly preserved faunal remains.

A layer of mixed sand containing mudbrick fragments densely accumulated to the south seals this sand accumulation 
(UF 057; altitude 423.40 / 423.90 m at the base). It corresponds to the destruction of some structure probably lying 
southeast of the trench according to the density and thickness of the layer there (almost 85 cm) and its sloping north-

wards. It was the richest deposit, in terms of archaeological material, as it contained numerous faunal remains and pot-
tery sherds, together with a few fragments of chlorite containers and glass vessels.
A sand level mixed with a few mudbricks separated this level from a heavy destruction layer sloping towards the north-

west (UF 055; altitude 424.56 / 424.62 m at the base). This destruction layer includes part of a mudbrick wall fallen in 
the slope created by the accumulation of remains; four rows of mudbricks were visible on their side. Again, according to 
the slope and the density of the destruction layer, the construction must have been erected at short distance south of the 
southeastern corner of the trench.
Sand accumulates above this destruction layer, alternating with at least two thin layers of mud particles mixed with 
faunal remains (UF 051 - 053).

The occupational sequence explored in the sounding can be divided in two phases, on the base of the stratigraphical data, 
the structure of the remains and the characteristics of the pottery assemblage.
In stratigraphy, the upper layers UF 051-057 are separated from the lower ones UF 059-061 by a thick aeolian sand 
deposit, almost empty of material, representing a period of abandonment of the area.
The upper layers are the result of the erosion and destruction of nearby constructions, with a signiicant accumulation of 
mudbricks and the progressive formation of an anthropic hill. The lower layers are sloping very slightly, and represent 
successive occupations in the sand dune, at a distance of some constructions, which must not have been very dense in 
the site considering the very few remains of plaster and mudbricks collected.

Figure 25: Location of Sounding 1
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Figure 26 : Aerial picture of Sounding 1 (Thomas Sagory - Saudi-French Archaeological Mission in al-YamƗma)
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Finally, in the upper layers, the pottery assemblage includes a large number of productions, well represented in all the 
late occupation of the site, where they have been found associated with diagnostic material belonging to the Islamic 
periods. The absence of very signiicant pieces does not allow any chronology to be produced; a regional common pot-
tery sequence with precise chronological diagnostic markers is still to be deined as a reference frame. The two lower 
sandy occupation levels under the thick layer of aeolian sand UF 058, at the bottom of the sounding, contain a different 
assemblage. The collected sherds indicate a much more homogeneous assemblage, composed mainly of two or three 
fabrics, with a strong presence of Black and Red chaff tempered ware. The absence of greenish and yellowish wares 
characteristic of the Islamic industries must be underlined. The inding of carinated dishes of well levigated clinky buff 
fabric, together with a narrow neck of a very small green glazed lask, could indicate a pre-Islamic date for this early 
phase of occupation.

The counting of the pottery sherds found in this stratigraphical sounding allow some irst remarks on the evolution of 
the assemblage. A total of 416 sherds were collected, and distributed into the 42 different fabrics described on the base 
of the material gathered since the beginning of the project. A few categories present a signiicant evolution, forming two 
groups of fabrics:
- fabrics 1a,1b and 35 as the common, coarse and ine categories of a probable unique industry of yellow to greenish 
ware, the inest vessels been covered with a whitish buff slip;
- fabrics 15, Black and Red chaff tempered ware, and 32, Fine Cream clinky ware.
Their evolution across the stratigraphy of the northern trench can be fractioned in three levels, subdividing the upper 
phase in two levels:
- UF050 to UF055 :  fabrics1a, 1b and 35 = 33%  fabrics 15 and 32 = 3,7%
- UF056 to UF057 :  fabrics1a, 1b and 35 = 50,5%  fabrics 15 and 32 = 1,8%
- UF059 to UF061 :  fabrics1a, 1b and 35 = 8,8%  fabrics 15 and 32 = 67,7%

The group of 1a, 1b and 35 fabrics appears to be more represented in the upper phase, and mostly at the beginning of it. 
If the layers of the upper phase correspond to the Islamic period of occupation, as a irst hypothesis, this industry could 
be a marker of that period.
Fabrics 32 and 15 appear to be more represented in the lower layers, and mostly fabric 15, quasi-absent from the upper 
layers.

The Layla ware is poorly represented: only 8 fragments distributed in the layers of the upper phase (1,8% and 0,8% of 
the ceramics), none in the lower phase. It does not seem to be an industry diagnostic of the earliest occupations of the 
site.
 

Faunal remains were abundant, mainly in destruction level UF 057. Goat, cow and gazelles were identiied; the sieving 
of the sediments revealed small pieces corresponding to some lizard, dog and bird species. The dog vertebra showed 
cutting marks.
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Sounding 3 (Area G17)

By Michel Mouton
During the general survey of the site carried out since 
the 2011 season, pottery was collected in some places 
outside the fenced archaeological area. One of the most 
interesting areas identiied is an ancient farm bordering 
the southwestern side of the site, against the corner of 
the walled cemetery. The abundant pottery material on 
the ground includes signiicant criss-cross painted bowls 
which are not to be found elsewhere on the site (a frag-

ment found in a farm to the southeast of the archaeologi-
cal area) and Layla ware.
As the land was cultivated in recent past, and for that pur-
pose partially leveled, a sounding was needed to check if 
the archaeological deposits related to the material were 
still preserved, allowing future exploration (ig. 27).
A trench 10 m long and 1 m large was excavated 20 m 
from the northern fence of the farm (ig. 28), with the 
kind authorization of the owner of the land. 
The archaeological remains were found just a few centi-
metres under the surface. The sediment near the surface 
was densely compacted, and cemented by heavy salinity 
due to long term irrigation in modern times. For a matter 
of time, the deposits were only partially explored and the stratigraphical potentiality could not be evaluated. Never-
theless, the results are of great interest and justify the protection by the authorities of that piece of land left out of the 
archaeological area.

Figure 27: Location of Sounding 3

Figure 28: Aerial view of Sounding 3 (Thomas Sagory - Saudi-French Archaeological Mission in al-YamƗma)

In the western part of the trench, the remains of two kilns were found. Their function still cannot be clearly determined, 
but it could be related to potter activities. To the east, some badly preserved walls and undisturbed deposits were par-
tially uncovered.

The western kiln R.068 is the largest (ig. 29). Its chamber is trapezoidal in plan, 138 cm large, lined by a 4-5 cm thick 
plaster, built against a massive mud layer illing a pit previously dug into an anthropic rubble deposit. The plaster lining 
the chamber is heavily burnt, together with the mud (reddish) on the backside of it, almost 8 cm deep.
The chamber was illed in the upper part by loose sand, and down progressively with small irregular blocks of mud (frag-

ments of the vault?) forming a compact layer cemented by the salinity. Under this illing, a loor made of smooth yellow 
clay, nearly 10 cm thick, separates the upper chamber from the combustion chamber underneath. This was revealed by 
a pit in the loor which opens onto the empty space of the lower chamber, partially illed by loose sand progressively in-

iltrated after abandonment of the structure. The excavation was stopped before reaching the base of the lower chamber.

To the east, a second kiln, R.069, was excavated into the same anthropic sediment, a dense rubble deposit made of earth 
and fragments of mudbricks (?), and containing faunal remains, charcoal and pottery sherds. Smaller in size, and extend-

ing mostly out of the exploration trench, only a narrow strip of its southern extremity was reached.
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The chamber was lined by a 4-5 cm thick plaster, heavily burnt, as the mud layer on the back side of it, deeply reddish. 
Inside, it was illed by a very compacted layer of mud and plaster fragments, containing many pottery sherds, of differ-
ent fabrics, including an almost complete shape of a bowl. Along the eastern side of the inner chamber, a clay loor was 
preserved.
To the west, the limit is not clear, as the plaster is not preserved, but the deeply burnt sediment lines the structure.
The rubble sediment in which the kilns were installed contains to the west of R.068 numerous pottery sherds including 
many greenish wares and a few sherds showing irregular coloration of the clay, possibly belonging to misired vessels. 
If, as it appears from the irst observation of the stratigraphy in this very narrow exploratory trench, this sediment pre-
dates the construction of the kilns, the overired pottery fragments it contains could indicate a long term tradition of 
potter activities in the area. 

To the east of the kilns, room R.070 is bordered by walls W.072 to the north, W.073 to the east and W.074 to the west. To 
the west and the east, the limits of the inside walls appear, due to the difference of sediment. The two faces of north-south 
wall W.074 were clearly lined but no faces of plaster or bricks were found. The parallel wall to the east, W.073, has an 
internal regular face, but was it a wall or just the face of a pit excavated in anthropic deposits? In fact, its west face was 
clearly seen, lined by the difference of sediment of the so-called wall W.073 and the ashy illing of the room R.070, but 
no face was found to the east, nor any limit in the ground. To the north, W.072 was well lined near the corner but to the 
east its limit seems to correspond to a pit, the layer at the base forming a concavity.
The room was illed by a 40 cm thick layer of compacted ash layers, some very thin, some others including many char-
coals. With the ash were mixed large animal bones, although these were not burnt: this space has been illed with rubble 
from different origins, but mainly ash from heavy ire. Two ireplaces were lying on the rubble, against W.073 related 
with heavy burning traces on the wall, and at the southwestern corner. To the west, a layer of white plaster forms a cir-
cular area, coming up against walls W.072 and W.074.
The area to the west of R.070 has not been clearly delimited. It corresponds to a space between the western face of the 
so-called W.073 and a limit oriented NW-SE observed in the mud at the eastern extremity of the trench. But none of 
these limits were conirmed as no faces of walls could be found. The illing of the area is of hard dense sediment com-

parable to mudbrick, mixed with some white gypsum irregular blocks and very few material. It has been excavated to a 
depth of 40 cm.

The ceramics collected in the southwestern farm sounding are numerous (ig. 30): a total of 948 sherds, more than the 

Figure 29: Sounding 3 : Kiln (R 068) - toward south
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double of the material found in the northern trench, for ten times less volume of sediments. This pottery assemblage 
appears to be very homogeneous, as fabrics are concerned. If we refer to the same groups than in the northern trench:
fabrics1a, 1b and 35 = 68,7%  fabrics 15 and 32 = 1,2%
The remains unearthed in the southwestern farm are related to the middle stratigraphical level of northern trench. The 
diagnostic group of the earliest occupation is poorly represented. And the relatively strong presence of Layla ware (5%) 
conirms a late date for these contexts.
But these chronological indications are to be conirmed by a larger sampling of ceramics and the discovery of some 
diagnostic material.

Figure 30: Pottery sherds from Sounding 3 (top left: Y.206.1, category 1a; bottom left: Y.202.10, category 24; right: Y.202.1, 
category 1a)
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10/ Ceramic typology
By Michel Mouton & Pierre Siméon

A prelimibary pottery typology was established on the base of the fabrics during the irst season (2011). This year, this 
typology has been partly amended and largely completed on the basis of the numerous sherds uncovered in both Sound-

ings 1 & 3, and the excavavtion of Building 1 (“Mosque”). This new typology is displayed here below.

ͳa Common Greenish ware 
Medium greenish ware; medium to thick wall; fine to medium black or red grits, some with 

few chaff temper ; some with yellow exploded grits. Possible tournassage.  

Incised decoration: horizontal lines, wavy lines, hatched patterns 
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ͳb Coarse Greenish ware 
Medium greenish ware; medium to thick wall; medium to large black or red grits, some with 

few chaff temper ; some with yellow exploded grits. Possible tournassage.  

Incised decoration: horizontal lines, wavy lines, hatched patterns 

ʹ Coarse Reddish Buff ware Whitish slip 
Well fired buff to reddish ware; medium to thick wall; few medium black (red) grits; 

Plane or whitish to greenish surfaces; rare slip (black) 

Incised decoration, and combed decoration: horizontal lines, wavy lines, hatched patterns 

The common ware of this industry is the fabric 35. 

͵ Common Painted ware 
Well fired buff to reddish ware; medium to thin wall; few medium black (red) grits; 

Whitish to greenish surfaces 

Painted decoration in red to brown: criss-cross pattern (ca. Rumeilah) 
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Ͷ Common OrangeǦRed ware 
Well fired orange-red to buff ware; medium to thin wall; few thin black & red grits and thin 

sandy temper. Plane surfaces; the same ware with whitish slip = 35; same ware  with red 

brown black slip = 36  

ͷ Fine Whitish surface with Red Slipped ware 
Reddish ware (some with grey core); medium to thin wall; few medium black (red) grits; not 

clinky, medium fired 

Partially red slipped on a whitish external surface

Grooved wall; horizontal incisions 

Possibly same industry than = 13 (thicker and bicolor slip) and = 35 (without any red slip) 
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͸ Red ware with abundant white inclusions 
Well fired red ware; thin to thick wall; some with grey core; few medium black or red grits 

and very thin white inclusions very densely distributed; the thicker vessels have white lime 

medium grits on the surface; very abundant yellow exploded grits on the surfaces  

External surface plane or with whitish wash. 

Plane or external whitish surface. 

   

͹ Sandy Red ware 
Well fired dense red to light brown ware; medium thick wall; thin black sandy temper very 

abundant. 

Yellow buff to light brown surfaces 

Close to Sandy Red coarse ware = 8 
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ͺ Sandy Red coarse ware 
Well fired dense red ware; medium to thick wall; black and white sandy temper very 

abundant, thin and medium; yellow white inclusions and exploded grits 

Yellowish to whitish external surface (or plane);  

Rare incised decoration: lines and patterns filled with points 

Close to Sandy Red ware = 7 

    

ͻ Layla ware 
Very well fired clinky grey black ware, some with reddish core; medium wall, rarely thick; 

scratchy surfaces, some with deep purple stains 

Combed and incised decoration in a large diversity of patterns 

Same industry  = 10 

ͳͲ Layla ware overfired 
Very well fired clinky grey black ware, some with reddish core; medium wall, rarely thick; 

surfaces glossy or roughly vitrified, deep purple stains. 

Same industry = 9 
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ͳͳ Red Brown ware 
Medium to well fired brown, red or buff ware; slightly smoothy, not clinky; medium to thick 

wall; small red grits and few very thin whitish inclusions 

Reddish (black) slip 

Incised decoration of alternated strips of zig-zag and horizontal lines 

        

ͳʹ Medium Buff ware 
Well levigated buff brown ware; medium thick walls; well fired but not clinky; thin sandy 

temper, not visible, sections slightly scratchy, vegetal prints; wheel turned prints. 

        

ͳ͵ Black striped ware 
Medium fired buff to light brown ware; thin to medium thick walls; thin air cavities and few 

vegetal prints; very thin mineral temper red or black 
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Yellowish to white surfaces 

Red slip in the internal surface (rare external) with irregular strips in black (marble effect). 

No parallels found at the Islamic periods (A. Rougeulles / H. Renel). 

      

ͳͶ Grey temper ware 
Well levigated buff brown to reddish (with grey core) ware; medium thick walls; well fired 

but not clinky; grey temper given an ashy aspect around small cavities 

Incised decoration of alternated strips of zig-zag and horizontal lines (idem Red Brown ware) 

ͳͷ Black and Red ware 
Medium fired reddish ware with large grey black core; medium to thick wall; mineral and 

abundant chaff temper. 

Rough plane surfaces; low wheel turned ? 

Often with a cream wash outside. 
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ͳ͸ Coarse Grey ware 
Well fired grey ware; thin to thick wall; irregular plane rough surfaces, some partially reddish; 

abundant medium whitish inclusions and white exploded grits.  

Low wheel turned ? 

    

ͳ͹ Cooking ware 
Handmade, medium fired ware with abundant gritty temper, irregular sections, irregular 

coarse surface often hand water planed 

a - deep brown ware, very thick angular white grits

b - sandy black & white medium grits 

c - black to grey ware with white grits, exploded yellow inclusions 

    

          

ͳͺ  Red Cooking ware 
Handmade, medium fired red ware to grey core; medium thick wall; grey sandy temper and 

chaff temper; irregular covering streaks on the surface 

Light red slip or barbotine. 
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ͳͻ Coarse chaff Ƭ sandy temper 
Medium fired yellow greenish ware (light buff core); thick wall; the clay is stratified with thin 

empty spaces; sandy temper and vegetal prints 

Plane surfaces 

All fragments are from large size containers and some possibly from tanur walls.

   

ʹͲ Blue and Green Glazed ware 
Yellow to light buff well levigated ware; medium to thick wall 

Green to blue glazed surfaces 

Relief decorations: stepped horizontal lines 

ʹͳ Islamic Glazed wares 

      

Abbasid glazed
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Medieval glazed 

ʹʹ Eastern Porcelain and Stoneware 
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ʹ͵ Western Amphorae 

    
"It looks like a late Roman amphora, but I don't think it's the Gaza one which tends to be 

brown and fairly soft, quite porous.  If anything, it might be the one that is called Palestinian. 

That tends to be orange and sandy with some limestone (yours seems to have some limestone 

even in the break)" (R. Tomber) 

ʹͶ Others 

Hadrami? 
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ʹͷ Thick Black ware 
Medium to well fired red, deep grey or brown ware; thick wall; scratchy clay with many air 

inclusions, and a few medium red and black grits 

Grey external (and internal) surface 

Ondulated wall, thick incised decorations (horizontal lines, pressions) 

ʹ͸ Sandy Yellow ware 
Well fired yellow buff ware; medium thick wall; very dense sandy temper 

Plane surfaces or slightly clearer 

  

ʹ͹ Sandy orange torpedo jars 
Very well fired light orange to brown ware; medium thick wall; dense thin black sandy 

temper; slight finger pressions on the internal surface 
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Yellow whitish surface, not systematic; bitumen coated in the inside wall (Gulf ovoid 

transport jars / torpedo jars). 

    

    

ʹͺ Thin Greenish Ware 
Medium to thin ware, light green in color. Well levigated, well fired, fine regular surface. 

Fine mineral grey temper. 
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ʹͻ Dense Orange Red Ware 
Medium thick walls, well levigated, clinky, red orange ware. Very thin mineral sandy temper. 

Light whitish buff wash, covering partly the surfaces 

Incised comb decoration 

͵Ͳ Pale Grey Ware 
Medium thick walls, scratchy surfaces, light grey ware, wheel streaks inside. 

Fine sandy temper, rare exploded grits, some medium black grits 

Outside surface scratchy and more deep grey 

͵ͳ Grey slipped Pale Grey Ware  
Medium thick walls, scratchy section, light grey ware to pale buff and lightly pink. 

Fine sandy temper, rare exploded grits and some brown inclusions 

Light wheel streaks, well fired. 

Mat light grey wash inside and outside, or a mat reddish slip. 
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͵ʹ Fine Grey Ware  
Well levigated grey ware, no visible temper, medium thick walls. 

Grey-black slip partially burnished (some strip burnished) 

͵͵ Fine Cream Ware 
Medium to fine wall, light orange red to buff ware, well levigated, well fired, clinky. 

Thick white-cream slip, smoothy in surface, outside. Inside, thin wheel streaks. 

Very thin sandy temper abundant, sections slightly scratchy, possible few thin black and red 

mineral inclusions.  

Tournassage at the base in one case 
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͵Ͷ Fine White glazed Ȁ Porcelaine imitation 
Buff to orange fabric, thin walls, very well levigated, no visible temper 

White regular shiny glazed. 

͵ͷ Common Reddish Buff ware Whitish slip 
Well fired orange-red to buff ware; medium to thin wall; few thin black & red grits and thin 

sandy temper. 

Whitish slip with thin wheel streaks. 

Same ware coarse = 2; same ware plane = 4; same ware with red brown black slip = 36 

͵͸ Common OrangeǦRed ware Red Slip 
Well fired orange-red to buff ware; medium to thin wall; few thin black & red grits and thin 

sandy temper. 

Red brown black slip, plane horizontal strips 

Same ware plane = 4; same ware with white slip = 35
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͵͹ Buff Slipped Ware 
Medium fired buff ware, medium to thin walls, well levigated, wheel turned 

No visible temper. Mat black and red slip. 

͵ͺ Coarse Orange Clinky 
Orange to red ware, grey core. Angular white and black mineral medium to thick temper. 

Clinky; regular sections, with grits, medium thickness. 

Redto brown slip inside and outside 

͵ͻ Yellow Green Glazed 
Glazed ware very uniformely preserved, light yellow greenish in color, slightly goldy 

Yellow buff ware very well levigated, no temper visible 
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ͶͲ Whitish Slipped Coarse Grey Ware  
Medium to thick walls, well fired grey ware not dense. Scratchy section, sandy temper, black 

angular grits and very abundant thin white inclusions, some exploded grits. 

Pale greenish cream wash outside. 

Ͷͳ White glazed Ware 
Fine yellowish ware well levigated, medium fired no visible temper. 

White uniform glazed. 

  

UF 20 ? (au pied extérieur du mur de la mosquée au nord). Tin glazed bowls that can be dated 

from 835 AD onwards to about late 9th in this case (Kennet 2004, IBTIN of the Samarra 

horizon) 
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Ͷʹ Clinky Handmade 
Thin clinky grey to brown ware. Hand made or slow whell turned. Grey surfaces 

Thin sandy temper very abundant, and some exploded grits 

Whitish slip 

Inside surface with hand prints and wrinkled. 

Ͷ͵ Bahla Ware 

ͶͶ Monochrome Lustre Ware ȋAbbasidȌ 
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11/ Environmental studies

Preliminary study of the animal bones at alǦYamāma
By Hervé Monchot (Labex Resmed, PRES Sorbonne Université)

The zooarchaeological study is important not only to understand the environnment of the al-YamƗma oasis but also for 
a better understanding of the subsistance strategies of the inhabitants of the site and the sources of this diet. The fauna 
material was identiied on the ield by the author during the second season (2012). 

This campaign focused on the excavation of the Building 1 (“Mosque”) and its western surroundings (UF 022 to UF 
048), as well as on the excavation of a large deep sounding (Sounding 1), looking for the transition between pre-Islamic 
and Islamic periods, located in the northern third of the trench of the Sounding 1 (UF 050 to UF060).

For an exact location and a signiication of the different stratigraphic units, the reader may also refer to this report for 
further explanation. Generally the bones came from three types of context:

• Human circulation/occupation levels (loors, pathway, ire place) substantially in the mosque or around it;
• Sedimentary (sandy) aeolian illing (dump area): bones (carcasses) have been abandoned or thrown over some 
structures (walls) in places away from the pathway;
• The collapse of mudbrick structures (i.e., walls).

Finally some bones came from a small pit (Sounding 3) located in the South-East at 700 m from the main excavated area 
(see this report for more details).
All these archaeological levels are dated to Islamic periods.

The zooarchaeological analyses will aim to better understand the developing dynamics of the management and exploi-
tation of animal resources during each phase of occupation of each settlement and then evaluating the main diachronic 
changes registered. But the site is still under excavation and research, and therefore some of the conclusions presented 
here are preliminary hypotheses. The small sample size in each stratigraphic layers or location associated with an un-

certain chronological range (i.e., work in progress) must remain tentative. Consequently, the aim of this report is not 
to attempt a detailed analysis of diet in YamƗma during the Islamic times, nor of temporal changes during the different 
phases of occupations but to give an outline and indicate areas of potential that can be addressed in the future phases of 
excavations.

The identiϐied speciesǣ Sounding ͳ
The total of bone assemblage recovered in the 2012 ield season from Sounding 1 comprises 5771 faunal remains, with 
a total weight of nearly 24.5 kg. Table 1 shows that mammals largely dominate; birds and molluscs are very rare (re-

spectively NISP = 5 and 4). No ish bones were identiied. Only 1435 remains (24.87%) are determinable anatomically 
and speciically. The assemblage was recovered entirely by hand retrieval hand-collected except the sediment found in 
the northern trench which was systematically sieved (0.5 mm). 
In addition, 108 remains were recovered from Sounding 3.
 

Using a modern animal bone comparative collection, bone specimens were identiied to the lowest possible taxonomic 
category and the anatomical element, or portion thereof, represented. When necessary, published literature, including 
Barone’s (1986) anatomy atlas and Smuth and Steiger’s (Smuts and Bezuidenhout, 1987; Steiger, 1990) papers regard-

ing the camel, were consulted.

The faunal assemblage shows a state of preservation characteristic of the majority of the sets known in the desert. The 
bone fragmentation is intense, especially for the mammals that are represented by a large proportion of splinters (e.g., 
unidentiied fragments). So, with the exception of the small bones, short, strong and compact (i.e., carpal, tarsal and 
phalanxes), a few long bones (i.e., humerus, radio - ulna. femur and tibia), skull, vertebras or bone of belts bone were 
complete. This fragmentation is the result of several ante-depositionnal processes (e.g., butchery techniques) and post-
depositionnal (e.g., trampling, weathering and of course excavations technique).

Due to the high bone fragmentation, certain categories based on animal size were used to sort the unidentiied fragment:
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SM: Small-sized mammal, unidentiied ovicaprids-gazelle-dog size
MH: Medium-sized mammal, unidentiied veal-oryx-young camel size
LH: Large-sized mammal, unidentiied horse-cattle-camel size
IND: Indeterminate fragments

The dromedary (Arabian camel)
The dromedary (Camelus dromaderius) with sheep/goat is in number of identiied remains the species most represented 
in al-YamƗma (N=479). From Antiquity onwards, the dromedary has played an important role in human exploitation of 
desert region and it’s so not surprising to iund camel bones in almost all stratigraphic units (Tab. 1).
Apart from the third phalanx and some carpal bones all skeleton parts were identiied among the bone assemblage (i.e., 
head, trunk, forelimb, hindlimb and extremities) (Fig. 31). 

 

Figure 31. Percentage of bone survival for the camel (Minimum Number of Individuals=7) from the northern trench of the sounding 1 
(Monchot, 2011 data)

The teeth are very weathered and so rare among the bone assemblage that the estimation of the age of the slaughtered 
camels is delicate. Some unfused bones indicate the presence of some juvenile. As no age data for the development of 
the postcranial skeleton in camels are available in the literature, we have used the data for slowly maturing from the 19th 
and early 20th century cattle breeds (von den Driesch and Obermaier, 2007: Tab. 6).
Nevertheless the presence of old individuals suggests that they have been rejected as such after their death, such as at the 
base of some walls or in illing area (midden). The several uses of the camel are a dietary element, a beast of burden, a 
source of raw material for artefact manufacture and a cultural symbol (Studer and Schneider, 2008).
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The predominance of adult camels corresponds well to an age proile expected for pack animals. According to Horwitz 
and Rosen (2005), three different camel management strategies based on male-female ratio and age proile – one for 
milk, a second for meat and a third for transport/draught – could be expected. Furthermore, they noted that camel herd 
composition is expected to differ between an urban site, a camel caravan and herds kept by nomadic camel herders. 
These assumptions can be tested on al-YamƗma material, trying to identify the sex ratio by a modern statistical method, 
the mixture analysis (Monchot and Léchelle, 2002; Monchot, In press). This analysis is based on the premise that males 
are larger than females.

The camel consummation is attested by the presence of some ine cutmarks on bone made by a knife which relects skin-

ning, dismemberment, or illeting activities (ig. 32) or by the presence of chop marks (especially on vertebra) made by 
a cleaver which underline primary butchery of the carcass.

  

  Figure 32. Fine cutmarks (incisions) on a phalanx 2 of a young camel.

The ovicaprid (sheep/goat)
Ovicaprid (Capra hircus/Ovis aries) are represented by 485 remains. Sheep and goats have been distinguished using 
morphometrical criteria (Boessneck et al., 1964). When separation of the two species was not possible, their remains 
were placed in a combined sheep/goat category (i.e., ovicaprid). 
Bones and teeth of ovicaprids were found in almost all UF (Tab. 1), which is not surprising given the important role 
played by theses animals in the diet of the inhabitants of the desert: sheep and goats are the main source of food in meat, 
but also in milk for the inhabitants of al-YamƗma. This is conirmed by many butchery marks (cut and chop marks).
Ageable mandibles plus isolated teeth have been grouped according to the stages of Payne (1973), but as for the camel, 
the mandibles with teeth are rare and do not allow a reliable calculation of mortality proile.

The Arabian gazelle
The inhabitants of al-YamƗma, suggesting an important hunting activity, consumed a small gazelle, which are repre-

sented by 20 remains. The gazelle bones present characteristic osteomorphological features and a preliminary biometric 
study shows clearly that we are in presence of a smaller species (e.g., the Arabian gazelle, Gazella arabica also called 

to the Saudi gazelle, Gazella saudiya) than the mountain gazelle (Gazella gazella) (Peters, 1989; Thouless et al., 1991; 
Munro et al., 2011). The Saudi gazelle, in contrary to usual practice, is not regarded as a a subspecies of G. dorcas 
(Yom-Tov et al., 1995). It is important to note that the Arabian gazelle, the smallest one, was an elusive gazelle that was 
apparently hunted to extinction in its Middle-Eastern homeland, Saudi Arabia. 

Gazelle inventory: 
UF 041 (N=1): a complete distal metapodial;
UF 050 (N=4): two phalanx 1; one phalanx 2; one distal metapodial;
UF 055 (N=2): one phalanx 1; one fragment of a left mandible with M1M2 (old individual); 
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UF 056 (N=7): a phalanx 2; a distal metapodial unfused; a left distal tibia; a fragment of a proximal radius; a 
complete left metatarsal; a distal condyle unfused of a metapodial; a right proximal fragment of a tibia;
UF 057 (N=4): a right cubonavicular; a horncore fragment; a proximal scapula; XX
UF 059 (N=1): a complete left talus; 
UF 060 (N=1): a complete right talus.

The cattle
Suspected last year several elements (N=12) conirms the presence of cattle (Bos taurus) in the bone assemblage: 

UF 033 (N=1): a second complete phalanx;
UF 051 (N=2): a fragment of a proximal metatarsal; a distal fragment of a humerus;
UF 052 (N=2): fragment of a mandible; diaphysis fragment of a tibia;
UF053 (N=7): four teeth (a upper M3 right; a upper M2 right; a lower M2 right; a fragment of a upper molar); a 
fragment of a left cubonavicular; a fragment of a right cubonavicular; a proximal fragment of a right metatarsal.

Nevertheless, the presence of cattle remains is marginal compared to ovicaprids and camel and could be explained by its 
strong ecological requirements (e.g., water and pasture) and its easy replacement by the camel.

The Equid (Donkey/Horse)
In UF 041, the Equid is represented by three donkey (small sized) bones:  a complete right navicular, a distal extremity 
of a metapodial (BD= 28.0; DD= 22.8) and a medial fragment of a right distal tibia extremity. 
In UF 031, a complete distal extremity of a metapodial might belong to a large Equid (BD= 28.0; DD= 22.8). They can 
be attributed to the horse or even possibly to a hybrid (mule). Given the small size of the assemblage analysed to date, 
it may instead indicate that Equid meat was rarely consumed in this part of the site or so Equids are not very often used 
in al-YamƗma.
Equid (horse/donkey) meat and Islam: Eating the meat of all kinds of horses is permissible as recorded by the majority 
of Muslim scholars. The evidence is the Hadith reported from Jabir Bin Abdullah that “On the day of Khaibar, Allah’s 
Apostle [Muhammad] forbade the eating of donkey meat and allowed the eating of horse meat”.

The dog
Many dog (Canis lupus f. familiaris) remains were represented in the al-YamƗma illing (N= 36) and especially a right 
hand in connexion with 23 bones recovered from UF 055 context.
In UF 053, the atlas or irst cervical vertebra presents numerous disarticulation cut marks for the head removal (ig. 33). 
Theses traces are not rare and were described in the Mosque in Bahrein (Smith, 2005). They can be interpreted as a 
sign of meat consumption (Bettini, 1998). Some cutmarks on dog bones were found also in the zone 9 of Madâ’in Sâlih 
(Studer, 2011).

UF 023 (N=1): a left distal radius;
UF 034 (N=1): a metapodial diaphysis;
UF 035 (N=3): an atlas; a fragment of an axis;
a right distal of radius
UF 038 (N=1): a complete left mandible with-

out teeth;
UF 041(N=2): a right fragment of a maxillar; 
a canine;
UF 053 (N=3): an atlas; an axis; a diaphysis; 
UF 055 (N=25): 4 phalanx1; 4 phalanx 2; 4 
phalanx 3; 4 sesamoids;1 capitatum; 1 hama-

tum; 1 trapezoid; 4 metacarpals; a left distal 
of a femur; a left proximal of a femur.

It is worth noting the very low marks (i.e., pits, fur-
rows…) on bones made by dogs or other small car-
nivores (fox), which are generally rummage through 
the garbage or scavenge some abandoned herbivores 
carcasses.

Figure 33. Dog atlas with cut marks (UF 053). (Dog drawing, Michel Cou-
tureau & Vianney Forest, 1996, www.archaeozoo.org)
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The fox
In the UF 053, a proximal radius clearly shows the presence of a small-sized canid, certainly a fox (Vulpes sp.). The 
exact species will be determined (e.g., red fox, Ruppell’s fox or Blanford’s fox). A small canid is represented also in UF 
057 by a canine.

The desert hedgehog
A mandible of hedgehog, certainly belonging to the genus Paraechinus, which represents the  desert hedgehogs, was 
found in the UF 052. 
Desert hedgehogs (Paraechinus aethiopicus) primarily eat insects and other invertebrates, but will sometimes also con-

sume eggs, small vertebrates, and vegetation (ig. 34 & 35). It is widespread throughout arid desert and dry steppes. It 
tends to favour areas where food is more easily available, such as oasis and vegetated wadis (Hutterer, 2008). 

Figure 34. Desert Hedgehog (Photo Yazeed Alsahli; www.yazeedalsahli.net © 2012).

Figure 35. The desert hedgehog’s mandible of al-Yamâma 
(Hedgehog drawing, M. Coutureau, 1997, www.archaeozoo.
org)
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Birds
Five bird bones were identiied: 
• The ostrich (Struthio camelus) is represented by one fragment of eggshell found in the UF 102. The Middle 
Eastern Ostrich or Arabian Ostrich (Struthio camelus syriacus) is an extinct subspecies of the ostrich which once lived 
on the Arabian Peninsula and in the Near East. If the bones of ostriches are rare in prehistoric archaeological sites (with 
the possible exception of the Palaeolithic site of Umm El Tlel, Bonilauri et al., 1990), the fragments of eggs are more 
frequent, e.g., Dǌmat al-Jandal or MadƗ’in SƗlih (Studer, 2010; Monchot, In press).
• One fragment of a diaphysis of a tibiotarsus and one fragment of eggshell found in UF 059 represent the do-

mestic fowl (Gallus gallus f. domesticus). They can be interpreted as food refuse, although no butchery marks could be 
observed.
• In UF 057 a scapula and a carpometacarpus were found (identiication in progress).

Reptilia
Many bones belonging to lizards of the genus Urostamyx were discovered. The speciic identication is underway. The 
Uromastyx is a genus of lizard whose members are better-known as Spiny-tailed lizards, uromastyxes, mastigures, or 
dabb lizards. Uromastyx are primarily herbivorous, but occasionally eat insects, especially when young. They spend 
most of their waking hours basking in the sun, hiding in underground chambers at daytime or when danger appears. 
They tend to establish themselves in hilly, rocky areas with good shelter and accessible vegetation
While some individuals have been buried in a natural way during the collapse of some walls of Building 1, it must not 
be forgotten that these lizards is a popular food for the Bedouin Arab (Thesiger, 1978; Thigani Elmahi, 2002).
Concerning the consummation of lizards and other small animals by Muslims, Malik said that there is no harm in eating 
lizards, gerbils and snakes. It is permissible to eat snakes and vipers, large lizards, hedgehogs and frogs.

Mollusks
Four fragments of seashell were found, and the species determination is in progress. The presence of seashell is a solid 
indication of exchange with groups coming from the Persian Gulf or from the Red Sea. 

The identiϐied speciesǣ sounding ͵
Very few bones (n=108) were recovered from Sounding 3 (see this report for the exact location and more explanation). 
The material is badly preserved and very weathered; it belongs to ive stratigraphic units:

YM 201 - Surface layer - N=15: all are indeterminate fragments.
YM 202 - Destruction and agricultural land - N=61: 56 indeterminate fragments; two ovicaprids bones (a distal 
left humerus; a phalanx 2); two camel fragments belonging to a left mandible; and a body fragment of a vertebra 
of medium size. 
YM 203 - Rubble? - N=1: a distal right of an ovicaprid tibia.
YM 204 - Filling of kiln - N=6:  ive splinters and one fragment of a distal left femur of camel.
YM 205 - Ashy layer - N=25:  23 indeterminate fragments; a fragment of an unfused proximal humerus and one 
fragment of a body of a rib (Large sized individual). 

Conclusion

The preliminary zooarchaeological 2012 results are consistent with those of the previous year and clearly show a sus-

bistance economy largely based on the camel and sheep/goat (Tab. 2).  These animals are purveyors of meat, milk and 
wool. For the camel, it would be simplistic to see an animal only as sheep and goat for the human consummations. The 
camel, one of a the symbol of the Bedouin life, served as transportation during many trips into the desert from oasis to 
oasis.
Besides that, the share of wild animals, eaten or not, is relatively important. For the herbivores, the gazelle could be 
largely hunted by al-YamƗma’s inhabitants in the vicinity of the city or brought by different visitors as they pass in the 
oasis. 
Carnivores could be killed during hunting sessions, or simply killed within the walls of the city, attracted by food or 
garbage.
Finally nothing in pigs has been identiied, which seems quite consistent with the period, the natural environment and 
Muslim habits.
These results are comparable to the ethnographic description of Bedouin life in recent decades in the desert of Saudi 
Arabia. These results are very encouraging for the future. The continuation of these two seasons of excavations, and the 
extension to other areas in the city, should allow us to better understand the lifestyle and alimentary behaviour of the 
inhabitants of al-YamƗma and its evolution over the last two millennia.
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UF   Type of depositȀstructure W N  Number of identified specimens 
     DroǤ CapǤ GazǤ Bos Equid Dog Fox HedǤ Bird Micro LH MH SH IndǤ 
UF Ͳʹʹ  Sand depositǡ collapsed mudbricks ͳͷͲ ͻͷ ʹͶ ͳ            ͹Ͳ 
UF Ͳʹ͵  CollapseȀAccumulation post abandonment of aeolian sand ͷͳʹ ͺ͸ ͺ ͳ͵    ͳ    ͵Ͳ ͳ ͳ ͳ ͵ͳ 
UF ͲʹͶ  Pit filling ͳͲ Ͷ  Ͷ             
UF Ͳʹͷ  Pit filling ʹʹ ͹ ͳ ͸            ʹ 
UF Ͳʹ͸  Accumulation between two occupations ͺ ͷ  ͵             
UF Ͳʹ͹  Collapse filling a niche in the wall ͺ Ͷ              Ͷ 
UF Ͳʹͺ  Filling between two walls ͳͺ ʹ͵ ͳ ͳ            ʹͳ 
UF Ͳʹͻ  Aeolian sand deposit ͻ ͷ  ͳ            Ͷ 
UF Ͳ͵Ͳ  OccupationȀAccumulation ͷ ͵              ͵ 
UF Ͳ͵ͳ  Collapse over Aeolian deposit ͹͸͸ ͺ͹ ͳͲ ͻ   ͳ ȋHǫȌ      ͺ   ͷͻ 
UF Ͳ͵ʹ  Aeolian sand deposit ͳͶͶͶ Ͷͷ ʹ͵ ͳ            ʹͳ 
UF Ͳ͵͵  CirculationȀAccumulation ͳʹ͸ͺ ͳʹͶ ʹ͵ ʹͲ  ͳ       ͳͲ ͵ ʹ ͸ͷ 
UF Ͳ͵Ͷ  CollapseȀAccumulation post abandonment of aeolian sand ʹͶʹͶ ʹ͵ͳ Ͷͺ ʹͲ    ͳ     ͳͳ ͳ  ͳͷͲ 
UF Ͳ͵ͷ  Aeolian depositȀCollapsed walls ͹͸Ͷ ͻͺ ͻ ͳ͸    ͵     ͳͶ  ͹ Ͷͻ 
UF Ͳ͵͸  Accumulation above occupation Ȃ Aeolian sand deposit ͳͺ ͳ ͳ              
UF Ͳ͵͹  Accumulation above occupation Ȃ Aeolian sand deposit ͺ ʹ              ʹ 
UF Ͳ͵ͺ  Accumulation above occupation Ȃ Aeolian sand deposit ͳͺ͵ ͳͶ ͸ ͳ    ͳ        ͹ 
UF Ͳ͵ͻ  Aeolian sand deposit ͶͺͶ Ͷʹ ͹ ͹         Ͷ   ʹͶ 
UF ͲͶͳ  Accumulation in a gullying area  ͳͶͷͲ ͵ʹͲ ͵ͳ ͵Ͷ ͳ  ͵ ȋDȌ ʹ    ͸ ͳ͸  ͸ ʹʹͳ 
UF ͲͶ͵  Accumulation between two occupations ͳͲʹ ͷ ͳ ͵            ͳ 
UF ͲͶͶ  Collapse layer ȋupper part of wall ͲͲ͸Ȍ and circulation level ͵ͻͺ ͹ͺ ͺ ͷ        ʹ    ͸͵ 
UF ͲͶͷ  Collapse layer ȋW ͲͺͶȌ over circulation level ͵Ͳ ͷ              ͷ 
UF ͲͶ͸  Collapse mudbrick ȋNorth W ͲͺͶȌȀAccumulation ȋSouth W ͲͺͶȌ ͹ͶͶ ͵͸ ͳͲ ͻ         ʹ  ͳ ͳͶ 
UF ͲͶͺ  Accumulation mixed with fragment of mudbricks ͸Ͷͺ ͳ͹ ͳ Ͷ            ͳʹ 
UF ͲͷͲ  Aeolian sand accumulation ͵ͻͲ ͵͵ ͻ  Ͷ        ͳ  ͵ ͳ͸ 
UF Ͳͷͳ  Loose sandǡ with an irregular layer of mud fragments on the top ͳͳ͵Ͳ ͵Ͳ͸ ͵͹ ͸ͳ  ʹ       ͵Ͳ ͳ ͵ ͳ͹ʹ 
UF Ͳͷʹ  Occupation remains in secondary depositȀEroded destruction ʹͲͳͺ ͳ͸Ͳ ʹ͸ ͳͻ  ʹ    ͳ   ͸ ͸  ͳͲͲ 
UF Ͳͷ͵  Aeolian deposit and secondary deposits of occupation ʹ͸ͲͲ ͳͲͲ͹ ͵ͻ ͸ʹ  ͹  ͵ ͳ   ʹ Ͷͻ ʹ ͳͲ ͺ͵ʹ 
UF ͲͷͶ  Fire place ʹͳͲ ͹͹  ʹͷ         Ͷ ͸ ͳ Ͷͳ 
UF Ͳͷͷ  Sand and mudbricks fragmentsǤ Destructionǫ ʹ͸Ͷ ͹ʹ͸ ͹͸ ͵ʹ ʹ   ʹͷ    ʹ ʹͶ ͳ Ͷ ͷ͸Ͳ 
UF Ͳͷ͸  Aeolian sandȀOccupationǫ ͳͺͺͶ ͷͲͳ Ͷͻ ͵Ͷ ͹      ͳ ȋOȌ ͻ ͳͶ  ͳ͹ ͵͹Ͳ 
UF Ͳͷ͹  Occupation in a secondary context ʹͺͲͲ ͹ʹʹ ͳͻ ͸ͻ Ͷ    ͳ  ʹ ȋIȌ ͷ ͳ͹ ͸ ͳͻ ͷͺͲ 
UF Ͳͷͺ  Aeolian occupation ͳͷʹ ͹Ͷ ͳ ͺ        ʹ   ʹ ͸ͳ 
UF Ͳͷͻ  Aeolian sandȀOccupation ͸ͺʹ ʹ͸Ͷ ͸  ͳ      ʹ ȋCȌ  ͷ  ͵ ʹͶ͹ 
UF Ͳ͸Ͳ   Sand accumulationȀOccupation ͷ͹ʹ Ͷ͹Ͷ  ͳͶ ͳ        Ͷ  Ͷ Ͷͷͳ 
UF Ͳ͸ͳ  Sand accumulationȀOccupation ͵ͷ͸ ͻͲ ͸ ͵            ͺͳ 
  Total ʹͶͷ͵ͳ ͷ͹͹ͳ Ͷ͹ͻ Ͷͺͷ ʹͲ ͳʹ Ͷ ͵͸ ʹ ͳ ͷ ͷͺ ʹʹͲ ʹ͹ ͺ͵ Ͷ͵͵ͻ  TabǤ ͳǤ Number of animal remains from the various levels of the sounding ͳǦ Excavation ʹͲͳʹǤ W α weight in gramsǢ ȋDro α CamelȀDromedaryǢ Ovi α Ovicaprid ȋsheepȀgoatȌǢ GazǤ α GazelleǢ Bos α cattleǢ Equid αdonkey ȋDȌΪhorse ȋHȌǢ HedǤ α HedgehogǢ Bird α Eggshell of ostrich ȋOȌǢ Chicken ȋCȌǢ Indeterminate ȋIȌǢ Micro α microfauna ȋrodentȀreptiliaǣ AgamidaeȌǢ LM α LargeǦsized MammalǢ MM α MediumǦsized MammalǢ SM α SmallǦsized MammalǢ IndǤ α indeterminateǢȌǤ 

 ͳͳ

 
ALǦYAMAMA  BUILDING ͳ BUILDING ʹ TOTAL 

ʹͲͳͳ ʹͲͳʹ ʹͲͳͳ ʹͲͳͳΪʹͲͳʹ 
 NISP NISP NISP NISP Ψ NISP Herbivores      

Camelus dromedarius ͶͺͲ Ͷ͹ͻ ͳͶͻ ͳͳͲͺ Ͷ͹Ǥͺ 
Ovicaprid ȋsheepȀgoatȌ ͵ͳͲ ͶͺͶ ͺͷ ͺ͹ͻ ͵͹Ǥͻ 

Gazella spǤ Ͷͺ ʹͲ ʹ͸ ͻͶ ͶǤͲ 
Oryx leucoryx   ͳ ͳ ͲǤͳ 

Bovid ͵ͻ   ͵ͻ ͳǤ͹ 
Bos taurus  ͳʹ  ͳʹ ͲǤͷ 

Equus asinus ͸ ͵ ͳ ͳͲ ͲǤͶ Carnivores      
Canis lupus fǤ familiaris Ͷ ͵͸ ͷ Ͷͷ ͳǤͻ 

Vulpes spǤ ͵ ʹ  ͷ ͲǤʹ 
Felis silvestris fǤ familiaris   ʹ ʹ ͲǤͳ 

Mellivora capensis ͵  ͳ Ͷ ͲǤʹ Birds      
Gallus gallus fǤ domesticus  ʹ ʹ Ͷ ͲǤʹ 

Struthio camelus ͳ ͳ ͳ ͵ ͲǤͳ 
Pterocles spǤ   ͳ ͳ  

Bird indetǤ  ʹ ͳ ͵ ͲǤͳ Insectivora      
cfǤ Paraechinus  ͳ  ͳ ͲǤͳ Reptilia      

Urostamyx spǤ ͵͸ ͷͺ ͳͳ ͳͲͷ ͶǤͷ Molluscs  Ͷ  Ͷ ͲǤʹ 
      
Small mammal ͳʹͻ ʹʹͲ ͷͶ ͶͲ͵ ǦǦ 
Medium mammal Ͷ͵ ʹ͹ ͳͳ ͺͳ ǦǦ 
Large mammal ʹʹ ͺ͵ ʹͻ ͳ͵Ͷ ǦǦ 
Unidentified ͻͲ Ͷ͵͵ͻ ʹͳ͵ Ͷ͸Ͷʹ ǦǦ Total ͳʹͳʹ ͷ͹͹Ͳ ͷͻ͵ ͹ͷ͹ͷ ͳͲͲ  TabǤ ʹǤ Species list from alǦYamamaǡ ʹͲͳͳǦʹͲͳʹ excavationsǤ Sector N͸ΪO͹ ȋNISP α Number of identified SpecimensǢ ΨNISPǡ only for the identifiable elementȌ 
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Geomorphological study of al-Kharj oasis

By Eric Fouache (Université de Paris-Sorbonne, Institut Universitaire de France, Vice Chancelier de l’Université 
Paris-Sorbonne Abou Dhabi, UMR ENeC 8385.)
Guillaume Fortin (Université Paris-Sorbonne, Master Espaces, Dynamiques des Milieux et Risques)
Antoine Chabrol (Membre de l’Ecole Française d’Athènes, Université Paris 1)

Following the irst year of Master research work done by Guillaume Fortin, it was agreed with Jeremie Schiettecatte that 
a second mission would be devoted to the creation of a regional geomorphological map.
The achievement of this map has been retained as the subject of a M2 research paper by Guillaume Fortin, master stu-

dent in physical geography in La Sorbonne - Paris 4 University, Paris. Eric Fouache came for the implementation of the 
geomorphological team. 
The MEDEE program led by Eric Fouache, inanced the part of the airline tickets (round trip Athens / Riyadh of Antoine 
Chabrol and Adu Dhabi / Riyadh of Eric Fouache), while the al-Yamama archaeological mission funded Guillaume 
Fortin’s Paris / Riyadh ticket and living expenses of the team. 
The aim of this map is to delineate clearly areas of holocene geomorphological dynamics and assist the interpretation of 
survey results in terms of distribution of archaeological sites.  

1/ Geological and tectonic background

The site of al-YamƗma is located near al-Kharj, a major town in the central region of the Najd in Saudi Arabia, in the 
Arabian Peninsula. The Peninsula belongs to the Arabian Plate, and is divided into three major geologic parts (ig. 36):

- The coast along the Red Sea, called Tihama, is the eastern margin of the Red Sea rift. It is a sedimentary plain 
from the northwest of the Arabian coast to the south, and is bounded in the east by the Sarawat Mountains. This 
margin partly represents the opening graben of the Red Sea, 30 million years ago. 
- The Arabian Shield represents the uplift of the plate because of compressive and tectonic uplift events. Bound-

ed in the west by the Tihama coastal plain, the Precambrian crystalline rocks of the Shield are limited to the 
north, south and east by younger sedimentary rocks. Multiple evidence of volcanic activity (crater, lavas, etc.) is 
found within the Shield, until medieval times (lava lows near Medina during the 13th century).
- Last, the Arabian platform underlies the Arabian Shield from the center of the Peninsula to the plain of the 
Arabian Gulf, and consists of Phanerozoic sedimentary rocks. This is a plateau region (inherited from the uplift 
of the Arabian Shield) in the central part and a plain area near the Arabian Gulf. Sedimentary rocks (mostly 
limestone and sandstone) are the result of numerous cycles of marine trangression/regression, with a thickness 
increasing from the West to the East. 

Figure 36: Geological units of Saudi Arabia (Grainger, 2007)
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The location of the study area in the Arabian Platform explains the geological context of only sedimentary rocks. Large 
units of limestone and sandstone of Jurassic and Cretaceous form more or less eroded plateau, bordering valleys carved 
by a water system very low nowadays (wadis) but suficient in the past to incise several tens of meters. The major part 
of wadis within the oasis of al-YamƗma are inluenced by series of grabens originating from the opening of the Red Sea, 
marked by west-east direction faults. In the valleys, more recent sedimentary cover includes both luvial deposits (silt, 
clay, etc.) and eolian deposits, with barchan ields in numerous places. The current erosive context is mainly from wind, 
since very low rainfalls have minimal impact on the ground.

2/ Topography

The geological context, pretty simple, offers an easy explanation of the topographical context of the area of al-YamƗma. 
The oasis is a large funnel-shaped valley between sandstone and limestone plateaus incised by many wadis (ig. 37). 
The joint action of drainage and uplift of the crystalline basement in depth led to the formation of escarpments, the most 
important being faces of cuestas in the north, northwest and southwest of the oasis. 
The study area of the oasis is bounded in the west by a Jurassic mountain, the Jabal Tuwayq, through which lows the 
WƗdƯ NisƗՂ from west to east inside grabens. The WƗdƯ ՁanƯfa comes from Riyad in the northwest, along the cuesta of 
the Jabal al-Jubayl mountain. This escarpment then forms the northern boundary of the oasis. Southwest, the WƗdƯ al-
ՏAyn comes from Jabal Tuwayq slopes then follow the escarpment of the Jabal al-Armuh mountain south of the oasis. 
These three main wƗdƯs reach the center of the oasis to form the WƗdƯ Sahba, which crosses the whole oasis from west to 
east in the valley bounded by the Jabal Jubayl and Jabal al Armuh, then continue in the east in sands of ad-Dahna desert.

Figure 37: Simpliied landform map of Saudi Arabia (Grainger, 2007)

The three mountain massifs located in the oasis are almost parallel and bound in the north, west and south the study area. 
The conluence of the wadis within these mountains forms the al-Kharj cluse, cutting in two the Jabal Jubayl and Jabal 
al-Armuh (ig. 38). The Jabal Tuwayq’s highest elevations are around 1050 m in the study area, while the Jabal Jubayl 
and Jabal al-Armuh have average maximum altitudes around 550 m north of the oasis and 500 m south of the oasis. The 
central valley in which low the wadis has a gentle slope from west (470 - 480 m on average elevation) to east (380 m) 
at the eastern end of the oasis, the beginning of the al-Dahna desert.
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3/ Methodology of the geomorphological map

The geomorphological study and the general map is based on a cartographic analysis as well as exploration and ield 
surveys. All data were entered into one same Geographic Information System (ArcGis 10, UTM WGS 84 system). 
 

• Digital and cartographic sources available

Document Date Number of copies
Geological map 1/250 000e 1991 1
Saoudian topographical maps, 1/50 000e 1983 8
Russian topographical maps 1/200 000e 1979 1
Landsat imagery ETM+ 1983-89-2003-2011 4
SPOT imagery 2011 4
Quickbird imagery 2011 1
Corona imagery 1976 2

DEM ASTER (30m) 2010 1
DEM SRTM (90m) 2005 1
Couverture Google Earth 2003-2011

Figure 38: General overview and elevations of the Oasis of YamƗma
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The preparatory work was carried out from maps and satellite imagery. Depending of areas that seemed interesting or 
necessary for the understanding of dynamics, structures and soil implementation (lacustrine or stream deposits, faults, 
surface geology, etc.), ield explorations have been conducted. Each excursion was recorded with photographs, GPS 
coordinates and notes in association with indications of the geological map. 
When all necessary data have been collected, older and newer ones, the irst work consisted of a centralization using 
the GIS software ArcGIS 10.  Digital and cartographic sources mentioned above have been georeferenced if necessary, 
allowing overlays. Archaeological sites discovered during the previous campaign as well as newly discovered have been 
added, with their GPS coordinates. 
Secondly, the geological map was digitized using polygons (ig. 39). 

Once fully digitized, ArcGIS data was saved and exported in the Adobe Illustrator software. Starting from the polygon 
layer, the work consisted in targeting the study area and grouping into geological features polygons with similar values, 
then linking a corresponding illustration to the nature of the rock. We mainly focused on the quaternary dynamics related 
to our research topic (alluvial deposits, inherited terraces and paleolakes). Finally, illustrations indicating tectonic and 
structural elements have been added as well as known elevations. The inal map is intended to show the general geomor-
phological background in the oasis of al-YamƗma (Fig. 40).
 

Figure 39: Vectorization of the maps (ArcGis® 10)
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Figure 40: Geomorphological map of the studied area
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4/ Holocene geomorphological dynamics

The geomorphological study focused on ive different areas whose dynamics have structured the landscape of the oasis 
(Fig. 41). In this ield study, we can make an initial assessment of the holocene geomorphological dynamics. 

Figure 41: Location of the ield- surveyed areas

Slope dynamics
The slope dynamics are very low in the region. These slopes are mainly affected by the phenomena of thermal fractur-
ing. The ine particles (clay, silt, sand) are in turn subject to a sometimes intensive delation, especially in the north of 
the WƗdƯ NisƗՂ (many ields of Barkanes). South of the WƗdƯ NisƗՂ, we note the presence of a large “glacis”, which lies 
at the foot of a limestone plateau (zone 2). This “glacis”, whose slope is very low, is cut through by the WƗdƯ al-ՏAyn. 
Even the slopes that are affected by large-scale faults are not subject to intense erosion, as in the north of the WƗdƯ 
Sahba. Rivers often incise already fractured rocks (ig. 42) and their dynamics do not allow them to form large alluvial 
fans at the mouths of the valleys. The best clue to illustrate the weakness of these dynamics is archaeological. This is 
the cemetery located on the south side of Kharj: even the tombs on the line of the greatest slope are still in place and 
have not been affected by erosion.
Regionally, all the observations argue for a high slope stability, at least during the Holocene.

Wadi dynamics
Regionally, the three main wadis are the WƗdƯ al-ՏAyn to the south (zone 2), the WƗdƯ ՁanƯfa to the northwest (zone 
3-4), the WƗdƯ NisƗՂ to the west (zone 1) and the WƗdƯ al-RayhƗn to the east (zone 5).

Physiography

The WƗdƯ NisƗՂ lowing is a graben and is bordered by the slopes of limestone and sandstone. Its course is constrained. 
Its course stops fairly quickly and it does not reach the plain of al-YamƗma.
WƗdƯ al-ՏAyn, to the south, is larger and has a few tributaries. They have incised the limestone plateau to the west and 
the large “glacis”. The talwegs are more pronounced but the bed of the WƗdƯ al-ՏAyn remains narrow and shallow in the 
plain. Currently, its course stops at the town of al-Kharj.
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The WƗdƯ ՁanƯfa is more complex. Associated with several tributaries, it is probably the cause of most of the alluvial 
sedimentation in the plain of YamƗma. It stops around YamƗma. Several palaeo-channels found downstream of the site, 
in the valley of WƗdƯ Sahba, can however be attributed to him. This is a sign of more important past dynamics.
The WƗdƯ al-RayhƗn, southeastern part of the site, is the most active. The downstream part is still in water and is used 
for the irrigation of agricultural areas, particularly through a reservoir of approximately 200 meters in diameter. In the 
upper part, the WƗdƯ al-RayhƗn has incised its bed with well marked alluvial Pleistocene terraces. These terraces refer 
to past hydrological dynamics incommensurate with those currently underway and certainly back in the Pleistocene.

Terraces

The alluvial terraces are only present in the WƗdƯ al-RayhƗn. Several factors may explain their presence: it is a small 
stream and its slope is steeper than the other wadis. We can assume that it is most sensitive to past changes in climate 
and hydrology. The terraces are mainly located in the middle course as well as upstream. We found at least three differ-
ent levels of terraces (Fig. 43). All are made of pebbles and gravel, sometimes cemented for the highest terraces. These 
terraces are the only morphological indicators of regional Quaternary climatic luctuations.

Figure 42 : «In-situ» thermoclastic erosion and incision of the talwegs

Figure 43 : Alluvial terraces in the WƗdƯ al-RayhƗn
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The lower alluvial terrace in the plain of alǦYamāma
The thickness of the Holocene alluvium is quite low in the plain of al-YamƗma. The study of abandoned wells in vil-
lages around the site shows the existence of a low terrace consisting of pebbles and gravel (ig. 44). This terrace refers 
to much more powerful past alluvial dynamics. The study of six different wells allows us to situate this terrace between 
3 and 5 meters below the actual topographic surface. Without any absolute date, it is dificult to comment on the age of 
this lower terrace, but it is generally accepted in the Arabian Peninsula that these terraces were established during the 
Lateglacial or during the early Holocene. It can therefore be inferred a sedimentation of about 4 meters for the last 8000 
years at the middle of the plain.

Palaeo-lakes (Fig. 45)

Southwest of Kharj and north of the WƗdƯ NisƗՂ are two large lat areas. The irst is currently crossed by the WƗdƯ Al-
ՏAyn and the second is located at the foot of the graben,  near a paleo-course of the WƗdƯ ՁanƯfa (ig. 40).
These large tracts of former lakes were illed with water in favor of a rise of the water table, probably during periods of 
wetter climate. These lakes are conspicuous in topography. A survey conducted in the irst lake indicates the presence 
of a very hard brown clay layer, about 60 cm deep. This clay, encrusted with gypsum, witnesses the sedimentological 
setting of a shallow water area. It is dificult to precisely date the end of the existence of these lakes. However, a radio-

carbon date was made on a shell into the lake of the WƗdƯ ՁanƯfa. The resulting date is: 7000 + - 400 y.BP.

General dynamic of the rivers

Overall, the Holocene dynamics are low. Sedimentation is slightly marked and refers to past dynamics. Surface low is 
also very low. We can assume that most of the water resource is underground and is through groundwater underlow that 
could locally emerge and create lakes.

At this point of our study, we can conclude that the large surfaces of the YamƗma plain are today fossil surfaces, mainly 
affected by the phenomenon of delation and accumulation of sand.

Figure 44 : Low alluvial terrace in the wells
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5/ Discussion on the links between geomorphological, palaeoenvironmental changes and human occupa-
tion

The issue of the water resource
In desert environments, this issue is central in archeology. It is also dificult because it requires to take into account the 
dynamics of past environmental indices which are sometimes tenuous.
In the plain of al-YamƗma, the last major lows back to the surface seem Late glacial and early Holocene, as evidenced 
by the existence of the lower terrace with observed in the wells. There is no evidence of development of surface water 
courses. Lakes must not even have been a valuable resource: the amount of gypsum found at their surface indicates a 
brackish or salty taste, so probably unsafe. Thus, the main source of water is groundwater.
This groundwater is underlow. Several archaeological evidences inform us on the weakness of this groundwater: the 
qanat near the WƗdƯ NisƗՂ were dug several times (at least twice), which indicates a fast and important decrease of the 
water level, at least during the last 2000 years.
Today, irrigation is done by pumping fossil water about 300 meters below the surface.

The location of the archaeological sites
It is interesting to superimpose the archaeological map obtained during surveys and the geomorphological map drawn 
this year. All sites are located on stable areas and near formerly water areas. 
During palaeolithics ages, the location of lithic resources is very important for many occupations which were found near 
quartzite deposits, never far from the actual wadis.
During the Bronze Age, the vast necropolises are all located on the slopes overlooking old water areas: south of al-Kharj, 
it overlooks the paleo-lake. In the graben of the WƗdƯ NisƗՂ, they overlook the river and are located around the paleo-
lake. In the WƗdƯ al-RayhƗn, dozens of similar tombs were discovered during the geomorphological survey: they are all 
located on a slope overlooking the river.

Study prospects
To further understand the relationship between archaeological and geomorphological dynamics, environmental contexts 

Figure 45: Pictures of the palaeolakes. The low topography clearly indicates the palaeo-banks
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should be studied throughout the Holocene.
- A systematic study of the luvial terraces, combined with OSL dates should bring up a chronology of the hydrological 
dynamics throughout the late Quaternary.
- A drilling campaign in the plain of al-YamƗma, associated with radiocarbon dates should allow us to reconstruct the 
dynamics of the Holocene inilling.

The diachronic approach of the results, coupled with the results of archaeological surveys will make it possible to create 
maps of “predictive archaeology” that can answer archaeological questions as essential as the location of Neolithic sites.

6/ Conclusion

This irst regional geomorphological study has allowed the creation of a geomorphological map. This study was con-

ducted with several cartographic sources and an intensive ield survey.

Overall, it appears from this study that the Holocene dynamics are very low in the area, the slopes are stable and only 
affected by delation. The study of streams showed that their surface dynamics also are very low. The thickness of the 
Holocene alluvial plain conirms these low lows. Water resource is groundwater and through groundwater underlow, 
exceptionally on the surface.

The study of the past environmental dynamics is very important for the archaeological study of the area: it allows to 
understand the logic of implementation which eludes us today and helps to focus future archaeological surveys.
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12/ Restoration
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Mƌ͘ JĠƌĠŵŝĞ SĐŚŝĞƚƚĞĐĂƚƚĞ͕ ĂƌĐŚĂĞŽůŽŐŝƐƚ͕ CNRS Ͳ UMR ϴϭϲϳ ΗOƌŝĞŶƚ Ğƚ MĠĚŝƚĞƌƌĂŶĠĞΗ ƌĞƐĞĂƌĐŚ ƵŶŝƚ 
ALͲAKLABĪ ॖAďĚĂůůĂŚ͕ SĂƵĚŝ CŽŵŵŝƐƐŝŽŶ ĨŽƌ TŽƵƌŝƐŵ ĂŶĚ AŶƟƋƵŝƟĞƐ͕ BŝƐŚĂ 
ALͲGHAZZI ॖAďĚ ĂůͲॖAǌţǌ͕ KŝŶŐ SĂƵĚ UŶŝǀĞƌƐŝƚǇ͕ RŝǇĂĚŚ͕  CŽͲĚŝƌĞĐƚŽƌ ŽĨ ƚŚŝƐ ŵŝƐƐŝŽŶ 
ALͲHAMĀD ॖAďĚ ĂůͲॖAǌţǌ͕ SĂƵĚŝ CŽŵŵŝƐƐŝŽŶ ĨŽƌ TŽƵƌŝƐŵ ĂŶĚ AŶƚŝƋƵŝƚŝĞƐ͕ RŝǇĂĚŚ 
ALͲىINŪ ॖAďĚ ĂůͲॖAǌţǌ͕ SĂƵĚŝ CŽŵŵŝƐƐŝŽŶ ĨŽƌ TŽƵƌŝƐŵ ĂŶĚ AŶƚŝƋƵŝƚŝĞƐ͕ RŝǇĂĚŚ 
ALͲQARNĪ ॖAǁĂĚŚ͕ SĂƵĚŝ CŽŵŵŝƐƐŝŽŶ ĨŽƌ TŽƵƌŝƐŵ ĂŶĚ AŶƟƋƵŝƟĞƐ͕ RŝǇĂĚŚ 
Mƌ͘ MŝĐŚĞů MŽƵƚŽŶ͕ CNRS͕ NĂŶƚĞƌƌĞ͕ ĂƌĐŚĂĞŽůŽŐŝƐƚ 
MƐ͘ LĂĞƚŝƚŝĂ MƵŶĚƵƚĞŐƵǇ͕ UŶŝǀĞƌƐŝƚĠ PĂƌŝƐ I PĂŶƚŚĠŽŶͲSŽƌďŽŶŶĞ͕ MĂƐƚĞƌ SƚƵĚĞŶƚ 
Mƌ͘ PŝĞƌƌĞ SŝŵĠŽŶ͕ ƉŽƐƚĚŽĐƚŽƌĂů ƌĞƐĞĂƌĐŚĞƌ͕ PĂƌŝƐ 
Mƌ͘ HĞƌǀĠ MŽŶĐŚŽƚ͕ UŶŝǀĞƌƐŝƚĠ PĂƌŝƐͲSŽƌďŽŶŶĞ͕ ƉŽƐƚĚŽĐƚŽƌĂů ĨĞůůŽǁ 
Mƌ͘ BƌƵŶŽ GĂǀĂǌǌŝ͕ UŶŝǀĞƌƐŝƚĠ ĚĞ SƚƌĂƐďŽƵƌŐ͕ PŚD CĂŶĚŝĚĂƚĞ 
Mƌ͘ MĂƚŚŝĞƵ NŝǀĞůĞĂƵ͕ ƐƵƌǀĞǇŽƌ 
Mƌ͘ CŚƌŝƐƚŝĂŶ RŽďŝŶ͕ ĠƉŝŐƌĂƉŚŝƐƚĞ 
Mƌ͘ JĞĂŶͲLŽƵŝƐ LĂǀĞŝůůĞ͕ EŵďĂƐƐǇ ŽĨ FƌĂŶĐĞ ŝŶ RŝǇĂĚŚ͕ CŽƵŶƐĞůůŽƌ ĨŽƌ ĐŽŽƉĞƌĂƚŝŽŶ ĂŶĚ CƵůƚƵƌĂů AĨĨĂŝƌƐ 
 

 
FŽƌ ĨƵƌƚŚĞƌ ŝŶĨŽƌŵĂƚŝŽŶ͕ ĐŽŶƚĂĐƚ͗ 

 

 
 
 
 
 

CNRS Ͳ UMR ϴϭϲϳ ΗOƌŝĞŶƚ Ğƚ MĠĚŝƚĞƌƌĂŶĠĞΗ 
 

JĠƌĠŵŝĞ SĐŚŝĞƚƚĞĐĂƚƚĞ 
EŵĂŝů͗ ũĞƌĞŵŝĞ͘ƐĐŚŝĞƚƚĞĐĂƚƚĞΛŝǀƌǇ͘ĐŶƌƐ͘Ĩƌ  

  
Ϯϳ ƌƵĞ PĂƵů BĞƌƚ 

ϵϰϮϬϰ IǀƌǇͲƐƵƌͲSĞŝŶĞ CĞĚĞǆ 
нϯϯ ;ϬͿ ϭϰϵ ϲϬϰ ϭϮϵ 
нϯϯ ;ϬͿ ϯϮϬ ϱϭϳ ϭϰϳ 

 ǁǁǁ͘ŽƌŝĞŶƚͲŵĞĚŝƚĞƌƌĂŶĞĞ͘ĐŽŵ 

 
 
 
 
 

CRAƚĞƌƌĞͲENSAG 
 

SĠďĂƐƚŝĞŶ MORISET Ȼ DĂǀŝĚ GĂŶĚƌĞĂƵ 
EŵĂŝů͗ HUƐĞďĂƐƚŝĞŶ͘ŵŽƌŝƐĞƚΛŐƌĞŶŽďůĞ͘ĂƌĐŚŝ͘ĨƌU 

EŵĂŝů͗ HUŐĂŶĚƌĞĂƵĚĂǀŝĚΛŚŽƚŵĂŝů͘ĐŽŵ 
 

IŶƚĞƌŶĂƚŝŽŶĂů ĐĞŶƚƌĞ ĨŽƌ ĞĂƌƚŚ ĐŽŶƐƚƌƵĐƚŝŽŶ  
NĂƚŝŽŶĂů SĐŚŽŽů ŽĨ AƌĐŚŝƚĞĐƚƵƌĞ 

BP Ϯϲϯϲ   ϯϴϬϯϲ GRENOBLE CĞĚĞǆ Ϯ   FRANCE 
TĞů͗͘   нϯϯ ;ϬͿϰ ϳϲ ϲϵ ϴϯ ϯϱ  

 ǁǁǁ͘ĐƌĂƚĞƌƌĞ͘ĂƌĐŚŝ͘Ĩƌ 
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 Aů YĂŵĂŵĂ ŝŶ ϮϬϬϯ͕ ϮϬϬϱ ĂŶĚ ϮϬϭϭ ;GŽŽŐůĞ EĂƌƚŚ ŝŵĂŐĞƐͿ 
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ϭ͘ PƌĞůŝŵŝŶĂƌǇ ĂƐƐĞƐƐŵĞŶƚ 
 
 
ϭ͘ϭ͘ MĂŝŶ ĚĞƚĞƌŝŽƌĂƚŝŽŶ ƉƌŽĐĞƐƐĞƐ 
 
TŚĞ ŵŝƐƐŝŽŶ ǁĂƐ ƚŽŽ ƐŚŽƌƚ ƚŽ ƐƚƵĚǇ ƚŚĞ ĚĞŐƌĂĚĂƚŝŽŶ ƉƌŽĐĞƐƐĞƐ ŝŶ ĚĞƚĂŝů͕ ďƵƚ ďǇ ŽďƐĞƌǀŝŶŐ ĂŶĚ 
ĐŽŵƉĂƌŝŶŐ ǁŝƚŚ ŽƚŚĞƌ ƐŝƚĞƐ ŝŶ ƚŚĞ ƌĞŐŝŽŶ͕ ǁĞ ĐĂŶ ĂůƌĞĂĚǇ ƐĂǇ ƚŚĂƚ ƚŚĞ ƌƵŝŶƐ ŵĂŝŶůǇ ƐƵĨĨĞƌ ĨƌŽŵ ŶĂƚƵƌĂů 
ĨĂĐƚŽƌƐ͘ WŝƚŚ ƚŝŵĞ ĂŶĚ ǁŝƚŚ ƚŚĞ ŝŵƉůĞŵĞŶƚĂƚŝŽŶ ŽĨ Ă ŵŽŶŝƚŽƌŝŶŐ ƉƌŽƚŽĐŽů͕ ǁĞ ǁŝůů ďĞƚƚĞƌ ƵŶĚĞƌƐƚĂŶĚ 
ŚŽǁ ƚŚĞ ƐƚƌƵĐƚƵƌĞƐ ĚĞƚĞƌŝŽƌĂƚĞ ĂŶĚ ŚŽǁ ĨĂƐƚ ƚŚĞǇ ĐƌƵŵďůĞ͘ 
 
NĂƚƵƌĂů ĨĂĐƚŽƌƐ 
 

HƵŵŝĚŝƚǇ ŵŝŐƌĂƚŝŽŶ 
DĞƐƉŝƚĞ ƚŚĞ ĚĞƉƚŚ ŽĨ ƚŚĞ ǁĂƚĞƌ ƚĂďůĞ͕ ŵŽŝƐƚƵƌĞ ŵŽǀĞŵĞŶƚƐ ƚĂŬĞ ƉůĂĐĞ ĞǀĞƌǇ ĚĂǇ ŝŶ ƚŚĞ ƐĂŶĚ͘ 
TŚŝƐ ĐĂŶ ĐůĞĂƌůǇ ďĞ ǁŝƚŶĞƐƐĞĚ ĞĂƌůǇ ŝŶ ƚŚĞ ŵŽƌŶŝŶŐ͖ ƚŚĞ ƚŽƉ ŽĨ ǁĂůůƐ ĂŶĚ ĐŽůƵŵŶƐ ĂƌĞ ǀĞƌǇ ǁĞƚ 
ĂŶĚ ƚŚĞ ĐůĂǇ ƉĂƌƚŝĐůĞƐ ĂƌĞ ƐǁŽůůĞŶ͘ TŚŝƐ ŝƐ ƉĂƌƚŝĐƵůĂƌůǇ ǀŝƐŝďůĞ Ăƚ ƚŚĞ ƚŽƉ ŽĨ ƚŚĞ ĐŽůƵŵŶƐ͘ WĂƚĞƌ 
ĚƌŽƉƐ ĂƌĞ ĂůƐŽ ǀŝƐŝďůĞ ƵŶĚĞƌ ƚŚĞ ƉůĂƐƚŝĐ ƐŚĞĞƚƐ ůĂŝĚ ŽŶ ƚŚĞ ĨůŽŽƌ͘  
CĂƉŝůůĂƌǇ ĂĐƚŝŽŶ ƉĂƌƚŝĐƵůĂƌůǇ ĂĨĨĞĐƚƐ ƚŚĞ ĞǆƉŽƐĞĚ ƐƵƌĨĂĐĞƐ͕ ǁŚĞƌĞ ǁĂƚĞƌ ĞǀĂƉŽƌĂƚĞƐ͘ SƚĂŶĚŝŶŐ 
ǁĂůůƐ ďĞŝŶŐ ĞǆƉŽƐĞĚ ƚŽ ĚŝƌĞĐƚ ƐƵŶůŝŐŚƚ͕ ƚŚĞǇ ĚƌǇ ǀĞƌǇ ƋƵŝĐŬůǇ ĂŶĚ ƐƵĐŬ ŽƵƚ ƵŶĚĞƌŐƌŽƵŶĚ 
ŵŽŝƐƚƵƌĞ͘ TŚĞ ĐŽƌĞ ŽĨ ƚŚĞ ǁĂůůƐ ŝƐ ŶŽƚ ĂĨĨĞĐƚĞĚ ďǇ ƚŚŝƐ ƉƌŽĐĞƐƐ͘ 
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SĂůƚ ĞĨĨůŽƌĞƐĐĞŶĐĞ 
TŚĞ ƉƌĞƐĞŶĐĞ ŽĨ ƐĂůƚ ŶĞĞĚƐ ƚŽ ďĞ ĐŽŶĨŝƌŵĞĚ͘ BƵƚ ƚŚĞ ůĂŵĞůůĂƌ ƐƚƌƵĐƚƵƌĞ ŽĨ ƚŚĞ ǁĂůů ƐƵƌĨĂĐĞƐ 
ƐŚŽǁ ƚŚĂƚ ƚŚĞ ƐŽŝů ĚĞƚĞƌŝŽƌĂƚĞƐ ŝŶ ĨůĂŬĞƐ͘ TŚŝƐ ŝƐ ƚǇƉŝĐĂů ŽĨ ƐĂůƚ ĞĨĨůŽƌĞƐĐĞŶĐĞ͘ A ƐŽŝů ƐĂŵƉůĞ ŚĂƐ 
ďĞĞŶ ƚĂŬĞŶ Ăƚ ƚŚĞ ƐƵƌĨĂĐĞ ŽĨ Ă ǁĂůů ĂŶĚ ǁŝůů ďĞ ĂŶĂůǇƐĞĚ ŝŶ FƌĂŶĐĞ͘  
 

   
 

RĂŝŶ 
TŚĞ ŵŝƐƐŝŽŶ ƚĞĂŵ ǁĂƐ ůƵĐŬǇ ĞŶŽƵŐŚ ƚŽ ŽďƐĞƌǀĞ ƚŚĞ ƐŝƚĞ ƵŶĚĞƌ ƚŚĞ ƌĂŝŶ͕ ǁŚŝĐŚ ŝƐ ǀĞƌǇ ƌĂƌĞ ŝŶ 
ƚŚĞ ƌĞŐŝŽŶ͘ TŚŝƐ ƌĂŝŶ ǁĂƐ ĐŽŵŝŶŐ ĨƌŽŵ ƚŚĞ ƐŽƵƚŚǁĞƐƚ͘ OŶůǇ ƚŚĞ ƚŽƉ ƐƵƌĨĂĐĞƐ ĂŶĚ ƚŚĞ ǀĞƌƚŝĐĂů 
ƐƵƌĨĂĐĞƐ ĞǆƉŽƐĞĚ ƚŽ ƚŚĞ ƐŽƵƚŚǁĞƐƚ ǁĞƌĞ ǁĞƚ͘ 
 

   
 
WŝŶĚ 
TŚĞ ǁŝŶĚ ĐĂŶ ďůŽǁ ĐŽŶƚŝŶƵŽƵƐůǇ ĨŽƌ ĚĂǇƐ͕ ĂŶĚ ƐĂŶĚ ƐƚŽƌŵƐ ĂƌĞ ĨƌĞƋƵĞŶƚ͘ TŚĞ ƐĂŶĚ ŝƐ 
ĞƐƉĞĐŝĂůůǇ ĚĞƐƚƌƵĐƚŝǀĞ ƚŽ ƐƵƌĨĂĐĞƐ ŵŽŝƐƚĞŶĞĚ ďǇ ĐĂƉŝůůĂƌŝƚǇ Žƌ ŵŽƌĞ ƌĂƌĞůǇ ďǇ ƌĂŝŶƐ͘ TŚĞ ǁŝŶĚ 
ďĞĐŽŵĞƐ ĞǀĞŶ ŵŽƌĞ ĚĞƐƚƌƵĐƚŝǀĞ ǁŚĞŶ ŝƚ ĐĂƌƌŝĞƐ ƐĂŶĚ͘ 
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HƵŵĂŶ ĨĂĐƚŽƌƐ 
 
UŶĐŽŶƚƌŽůůĞĚ ĂĐƚŝǀŝƚŝĞƐ 
TŚĞ ƐŝƚĞ ŝƐ ƌĞůĂƚŝǀĞůǇ ǁĞůů ƉƌŽƚĞĐƚĞĚ Ăƚ ƚŚĞ ŵŽŵĞŶƚ͕ ďƵƚ ǇŽƵŶŐ ƉĞŽƉůĞ ĂĐƚƵĂůůǇ ũƵŵƉ ƚŚĞ ĨĞŶĐĞ 
ƚŽ ƐƚƌŽůů ŽŶ ƚŚĞ ƐŝƚĞ͘ WĞ ĐŽƵůĚ ƐĞĞ ƚŚŝƐ ǁŚĞŶ ǁĞ ǀŝƐŝƚĞĚ ƚŚĞ ƐŝƚĞ ŽŶ TƵĞƐĚĂǇ ĂĨƚĞƌŶŽŽŶ͘ TŚŝƐ ŝƐ 
ŶŽƚ Ă ƐĞƌŝŽƵƐ ƉƌŽďůĞŵ ĨŽƌ ƚŚĞ ŵŽŵĞŶƚ͕ ďƵƚ ŝƚ ĐŽƵůĚ ďĞĐŽŵĞ ŽŶĞ ŝĨ ƚŚĞǇ ĚĞĐŝĚĞ ƚŽ ƚƵƌŶ ƚŚĞ 
ƐŝƚĞ ŝŶƚŽ Ă ƉůĂǇŐƌŽƵŶĚ ĨŽƌ ƋƵĂĚ ďŝŬĞƐ͘  
 
AƌĐŚĂĞŽůŽŐŝĐĂů ĐĂŵƉĂŝŐŶƐ 
EǀĞŶ ŝĨ ĂƌĐŚĂĞŽůŽŐŝƐƚƐ ĂƌĞ ǀĞƌǇ ĐĂƌĞĨƵů͕ ĞǆĐĂǀĂƚŝŽŶ ĐĂŵƉĂŝŐŶƐ ďƌŝŶŐ ŵĂŶǇ ǁŽƌŬĞƌƐ ŽŶ ƐŝƚĞ͕ 
ĂŶĚ ƚŚĞ ŵŽǀĞŵĞŶƚ ŽĨ ǁŚĞĞůďĂƌƌŽǁƐ ĂŶĚ ƉĞŽƉůĞ ĐŽŶƚƌŝďƵƚĞ ƚŽ ƚŚĞ ĚĞƚĞƌŝŽƌĂƚŝŽŶ ŽĨ ĞǆƉŽƐĞĚ 
ƐƵƌĨĂĐĞƐ͘ WĂůůƐ ĂůƐŽ ƐƵĨĨĞƌ ĂďƌĂƐŝŽŶ ǁŚĞŶ ƐĂŶĚ ŝƐ ƌĞŵŽǀĞĚ ĨƌŽŵ ƚŚĞ ƌƵŝŶƐ͘ TŚĞ ĐůĞĂƌŝŶŐ ŽĨ 
ŚŽƵƐĞ NΣϮ ƐŚŽǁĞĚ ƚŚĂƚ ǁŽƌŬĞƌƐ ĞĂƐŝůǇ ƐĐƌĂƚĐŚ ƚŚĞ ǁĂůůƐ ǁŝƚŚ ƚŚĞŝƌ ƐŚŽǀĞůƐ ĂŶĚ ďƵĐŬĞƚƐ ǁŚĞŶ 
ƌĞŵŽǀŝŶŐ ƐĂŶĚ͘ 
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ϭ͘Ϯ͘ SWOT AŶĂůǇƐŝƐ 
 
 
SƚƌĞŶŐƚŚƐ 
Ͳ OƵƚƐƚĂŶĚŝŶŐ ŚĞƌŝƚĂŐĞ͘ 
Ͳ TŚĞ ĞǆĐĂǀĂƚĞĚ ĞůĞŵĞŶƚƐ ĂƌĞ ǁĞůů ĐŽŶƐĞƌǀĞĚ͘ 
Ͳ TŚĞ ƐŝƚĞ ŝƐ ĂƉƉĂƌĞŶƚůǇ ǁĞůů ĚƌĂŝŶĞĚ ;ƚŽƉŽŐƌĂƉŚǇ ĂŶĚ ƐĂŶĚǇ ŶĂƚƵƌĞ ŽĨ ƚŚĞ ŐƌŽƵŶĚ͕ ǀĞƌǇ ůŽǁ ǁĂƚĞƌ 

ƚĂďůĞͿ͘ 
Ͳ TŚĞ ƐŝƚĞ ŝƐ ůĞŐĂůůǇ ƉƌŽƚĞĐƚĞĚ ĂŶĚ ĞŶƚŝƌĞůǇ ĨĞŶĐĞĚ͘ 
Ͳ LŽĐĂů ŝŶŚĂďŝƚĂŶƚƐ ƐŚŽǁ ŝŶƚĞƌĞƐƚ ĨŽƌ ƚŚĞ ƐŝƚĞ͘ 
Ͳ SĐŝĞŶƚŝĨŝĐ ƌĞƐĞĂƌĐŚ ŝƐ ŽŶŐŽŝŶŐ͘ 
Ͳ VĂŶĚĂůŝƐŵ ŝƐ ŶŽƚ Ă ƉƌŽďůĞŵ͘ 
Ͳ TŚĞ SĂƵĚŝͲFƌĞŶĐŚ ƐĐŝĞŶƚŝĨŝĐ ƚĞĂŵ ŝƐ ĚǇŶĂŵŝĐ ĂŶĚ ǀĞƌǇ ŽƉĞŶ͘ TŚĞǇ ĐŽŶƐŝĚĞƌ ĐŽŶƐĞƌǀĂƚŝŽŶ Ă 

ŶĞĐĞƐƐŝƚǇ ĂŶĚ ǁĂŶƚ ƚŽ ƉůĂŶ ĐŽŶƐĞƌǀĂƚŝŽŶ ŵĞĂƐƵƌĞƐ͘ 
Ͳ TŚĞ ĞǆĐĂǀĂƚĞĚ ĞůĞŵĞŶƚƐ ĂƌĞ ƌĂƚŚĞƌ ƐƚĂďůĞ ;ůĂƌŐĞ ĚŝĂŵĞƚĞƌ ŽĨ ƚŚĞ ĐŽůƵŵŶƐ ŝŶ ƚŚĞ ŵŽƐƋƵĞͿ͘ 
 
WĞĂŬŶĞƐƐĞƐ 
Ͳ TŚĞ ƐŝƚĞ ŝƐ ƐƵƌƌŽƵŶĚĞĚ ďǇ ƚŚĞ ĐŝƚǇ͘ UƌďĂŶ ĚĞǀĞůŽƉŵĞŶƚ ƐĞĞŵƐ ƚŽ ďĞ ƵŶĐŽŶƚƌŽůůĞĚ͘ 
Ͳ RĞŵĂŝŶƐ ĂƌĞ ĞǆƉŽƐĞĚ ƚŽ ǁĞĂƚŚĞƌŝŶŐ ĂĨƚĞƌ ĞǆĐĂǀĂƚŝŽŶ͘ TŚĞ ƚŽƉ ŽĨ ƚŚĞ ĐŽůƵŵŶƐ ĨŽƌ ĞǆĂŵƉůĞ ƌĞƚĂŝŶ 

ǁĂƚĞƌ͘ 
Ͳ TŚĞƌĞ ĂƌĞ ǀŝƐŝďůĞ ƚƌĂĐĞƐ ŽĨ ĞĨĨůŽƌĞƐĐĞŶĐĞ ĂŶĚ ƌŝƐŝŶŐ ĚĂŵƉ͘ 
Ͳ EƌŽƐŝŽŶ ŽĨ ŚƵŵŝĚ ƐƵƌĨĂĐĞƐ ďǇ ǁŝŶĚ ĂŶĚ ƐĂŶĚ ŝƐ ĐŽŶƚŝŶƵŽƵƐ 
Ͳ PĂƚŚǁĂǇƐ ĚƵƌŝŶŐ ĞǆĐĂǀĂƚŝŽŶƐ ĞƌŽĚĞ ƚŚĞ ƌĞŵĂŝŶƐ͘ 
Ͳ NŽ ƉĞƌŵĂŶĞŶƚ ĐŽŶƐĞƌǀĂƚŝŽŶͬŵĂŝŶƚĞŶĂŶĐĞ ƚĞĂŵ͘ 
 
OƉƉŽƌƚƵŶŝƚŝĞƐ 
Ͳ TŚĞ ƵƌďĂŶ ĐŽŶƚĞǆƚ ĂŶĚ ƚŚĞ ƉƌĞƐĞŶĐĞ ŽĨ ĂŶ ĂŶƚŝƋƵŝƚŝĞƐ ŽĨĨŝĐĞ ŝƐ ĂŶ ŽƉƉŽƌƚƵŶŝƚǇ ƚŽ ŝŶƚĞŐƌĂƚĞ ƚŚĞ ƐŝƚĞ 

ŝŶ ƚŚĞ ĐŝƚǇ ĚĞǀĞůŽƉŵĞŶƚ ƉŽůŝĐǇ͘  
Ͳ LŽĐĂů ĂƵƚŚŽƌŝƚŝĞƐ ĐĂŶ ĞĂƐŝůǇ ďĞ ďƌŽƵŐŚƚ ƚŽ ƚŚĞ ƐŝƚĞ͘ 
Ͳ LŽĐĂů ĐĂƉĂĐŝƚŝĞƐ ƚŽ ŵĂŶĂŐĞ ĂŶĚ ĐŽŶƐĞƌǀĞ ĂƌĐŚĂĞŽůŽŐŝĐĂů ƐŝƚĞƐ ŵĂĚĞ ŽĨ ĞĂƌƚŚ ĐŽƵůĚ ďĞ ĚĞǀĞůŽƉĞĚ͘ 
Ͳ EǆĐĂǀĂƚŝŽŶ ĂŶĚ ĐŽŶƐĞƌǀĂƚŝŽŶ ǁŽƌŬƐ ĐĂŶ ďĞ ĐŽŽƌĚŝŶĂƚĞĚ͘ 
Ͳ MĂŶǇ ĐŽŶƐĞƌǀĂƚŝŽŶ ƚĞĐŚŶŝƋƵĞƐ ĐĂŶ ďĞ ŝŵƉůĞŵĞŶƚĞĚ ŝŶ ƚŚŝƐ ƵƌďĂŶ ĐŽŶƚĞǆƚ ;ƉƌĞǀĞŶƚŝǀĞ 

ĐŽŶƐĞƌǀĂƚŝŽŶ ƚĞĐŚŶŝƋƵĞƐ͕ ŵĂŝŶƚĞŶĂŶĐĞ ďĞƚǁĞĞŶ ĞǆĐĂǀĂƚŝŽŶ ĐĂŵƉĂŝŐŶ͕ ƚĞŵƉŽƌĂƌǇ ƐŚĞůƚĞƌƐ͕ 
ƌĞďƵƌŝĂů͕ ƉĞƌŵĂŶĞŶƚ ƐŚĞůƚĞƌŝŶŐ ͘͘͘Ϳ ďĞĐĂƵƐĞ ƚŚĞ ŵĂƚĞƌŝĂůƐ ĂŶĚ ƚĞĐŚŶŝĐĂů ĐĂƉĂĐŝƚŝĞƐ ĂƌĞ ĂǀĂŝůĂďůĞ ŽŶ 
ƐŝƚĞ͘ 

Ͳ LŽĐĂů ƉĞŽƉůĞ ĐĂŶ ďĞ ƚĂƌŐĞƚĞĚ ĂƐ ĚŝƌĞĐƚ ďĞŶĞĨŝĐŝĂƌŝĞƐ ŝĨ ƚŚĞ ƐŝƚĞ ŝƐ ŽƉĞŶĞĚ ƚŽ ƚŚĞ ƉƵďůŝĐ͘ 
Ͳ CŽŶƐĞƌǀĂƚŝŽŶ ƚĞĐŚŶŝƋƵĞƐ ĐĂŶ ďĞ ƚĞƐƚĞĚ ŽŶ ƐŵĂůů ƐƚƌƵĐƚƵƌĞƐ ďĞĨŽƌĞ ďĞŝŶŐ ĂƉƉůŝĞĚ ŽŶ ƚŚĞ ŵŽƐƋƵĞ͘ 
Ͳ TĞĐŚŶŝĐŝĂŶƐ ŽĨ ƚŚĞ AŶƚŝƋƵŝƚŝĞƐ ŽĨĨŝĐĞ ĐĂŶ ĞŶƐƵƌĞ ƌĞŐƵůĂƌ ŵŽŶŝƚŽƌŝŶŐ ŽĨ ƚŚĞ ƐŝƚĞ ;ŵŽŶŝƚŽƌŝŶŐͿ͘ 

RŝǇĂĚŚ ŝƐ ŶŽƚ ĨĂƌ͕ ĂƌĐŚĂĞŽůŽŐǇ ƐƚƵĚĞŶƚƐ ĐŽƵůĚ ďĞ ŝŶǀŝƚĞĚ ƚŽ ƉĂƌƚŝĐŝƉĂƚĞ ƚŽ ŽŶͲƐŝƚĞ ƚƌĂŝŶŝŶŐ ƐĞƐƐŝŽŶƐ͘ 
Ͳ TŚĞ AĚͲDŝƌǇĂŚ ĞǆƉĞƌŝĞŶĐĞ ŽĨĨĞƌƐ ŝŶƚĞƌĞƐƚŝŶŐ ĐŽŵƉĂƌŝƐŽŶ͘ 
 
TŚƌĞĂƚƐ 
Ͳ PĞƌŵĂŶĞŶƚ ƐŝůƚŝŶŐ͘ 
Ͳ SĂŶĚ ƐƚŽƌŵƐ͘ 
Ͳ FĂƐƚ ĂŶĚ ĞǆƚĞŶƐŝǀĞ ĞǆĐĂǀĂƚŝŽŶƐ͘ 
Ͳ TƌĂŵƉůŝŶŐ ŽĨ ǁĂůůƐ ĚƵƌŝŶŐ ĞǆĐĂǀĂƚŝŽŶ ĐĂŵƉĂŝŐŶƐ 
Ͳ LŝŵŝƚĞĚ ĨƵŶĚŝŶŐ͘ 
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Ϯ͘ FŝĞůĚ ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶƐ 
 
 
Ϯ͘ϭ͘ MŽƌƚĂƌ ƉƌĞƉĂƌĂƚŝŽŶ 
OŶ ƚŚĞ ĨŝƌƐƚ ĚĂǇ ŽĨ ƚŚĞ ŵŝƐƐŝŽŶ͕ ƚŚĞ ƐƵƌƌŽƵŶĚŝŶŐƐ ŽĨ ƚŚĞ ƐŝƚĞ ǁĞƌĞ ĞǆƉůŽƌĞĚ ƚŽ ƐŽƵƌĐĞ ƐŽŝů ƋƵĂƌƌŝĞƐ͕ ďƵƚ 
ŶŽŶĞ ĐŽƵůĚ ďĞ ĨŽƵŶĚ͘ Iƚ ƐĞĞŵƐ ƚŚĂƚ ƚŚĞ ƐŽŝů ǁĂƐ ƚĂŬĞŶ ĨƌŽŵ ƚŚĞ ƌŝǀĞƌ ďĞĚ ŽĨ ƚŚĞ WĂĚŝ͕ ŽŶ ƚŚĞ ǁĞƐƚĞƌŶ 
ƐŝĚĞ ŽĨ ƚŚĞ ƐŝƚĞ͘ BƵƚ ĚƵĞ ƚŽ ŝŵƉŽƌƚĂŶƚ ƐŝůƚŝŶŐ ŽĨ ƚŚĞ ĂƌĞĂ͕ ǁĞ ĐŽƵůĚ ŶŽƚ ĨŝŶĚ ĂŶǇ ƐŽŝů Ăƚ ƚŚĞ ƐƵƌĨĂĐĞ ŽĨ 
ƚŚĞ ŐƌŽƵŶĚ͘  
WĞ ƚŚĞƌĞĨŽƌĞ ĚĞĐŝĚĞĚ ƚŽ ĂĐƋƵŝƌĞ ƐŽŝů ĨƌŽŵ ƚŚĞ ƌƵŝŶƐ ŽĨ ŵƵĚ ďƵŝůĚŝŶŐƐ͕ ĂƉƉƌŽǆŝŵĂƚĞůǇ ϭ Ŭŵ ĂǁĂǇ ĨƌŽŵ 
ƚŚĞ ƐŝƚĞ͘ OŶůǇ ďƌŝĐŬƐ ĨƌŽŵ ĐŽůůĂƉƐĞĚ ǁĂůůƐ ǁĞƌĞ ƚĂŬĞŶ͘ SŝŵƉůĞ ĨŝĞůĚ ƚĞƐƚƐ ƐŚŽǁĞĚ ƚŚĂƚ ƚŚŝƐ ƐŽŝů ŝƐ ǀĞƌǇ 
ƐŝŵŝůĂƌ ƚŽ ƚŚĞ ƐŽŝů ƵƐĞĚ ĨŽƌ ƚŚĞ ǁĂůůƐ ŽĨ ƚŚĞ ŵŽƐƋƵĞ ŽŶ ƐŝƚĞ͘  
  
TŚĞ ŵŽƌƚĂƌ ǁĂƐ ƉƌĞƉĂƌĞĚ Ϯ ĚĂǇƐ ŝŶ ĂĚǀĂŶĐĞ͕ ǁŚŝĐŚ ŝƐ Ă ŵŝŶŝŵƵŵ͘ TŚĞ ŵŽƌƚĂƌ ǁĂƐ ƉƌĞƉĂƌĞĚ ĂƐ 
ĨŽůůŽǁƐ͗ 
 

DĂǇ ϭ 

ϭ͘ ƐƉƌĞĂĚŝŶŐ Ă ǁĂƚĞƌƉƌŽŽĨ ƚĂƌƉĂƵůŝŶ ŽŶ ƚŚĞ ŐƌŽƵŶĚ ƚŽ ŬĞĞƉ ƚŚĞ ŵŝǆƚƵƌĞ ǁĞƚ
Ϯ͘ ƐƉƌĞĂĚŝŶŐ ďƌŽŬĞŶ ďƌŝĐŬƐ ŽŶ ƚŚĞ ƚĂƌƉĂƵůŝŶ
ϯ͘ ƐƉƌŝŶŬůŝŶŐ ůĂƌŐĞ ƋƵĂŶƚŝƚŝĞƐ ŽĨ ǁĂƚĞƌ ŽŶ ƚŚĞ ďƌŝĐŬƐ 
ϰ͘ ƉƌĞŵŝǆŝŶŐ ƚŽ ĂůůŽǁ ƉĞŶĞƚƌĂƚŝŽŶ ŽĨ ǁĂƚĞƌ ŝŶ ƚŚĞ ŵŝǆƚƵƌĞ 
ϱ͘ AĚĚŝƚŝŽŶ ŽĨ ĐĂŵĞů ĚƵŶŐ͕ ƉƌĞǀŝŽƵƐůǇ ĐƌƵƐŚĞĚ 
ϲ͘ AĚĚŝƚŝŽŶ ŽĨ ƐƚƌĂǁ͕ ĐƵƚ ŝŶ ƐŚŽƌƚ ƐĞĐƚŝŽŶƐ ;ůĞƐƐ ƚŚĂŶ ϯ ĐŵͿ 
ϳ͘ SĞĐŽŶĚ ŵŝǆ ƚŽ ŝŶƚĞŐƌĂƚĞ ƚŚĞ ƐƚƌĂǁ ĂŶĚ ƚŚĞ ĚƵŶŐ ŝŶƚŽ ƚŚĞ ŵŝǆƚƵƌĞ 
ϴ͘ AĚĚŝƚŝŽŶ ŽĨ ǁĂƚĞƌ͘ TŚĞ ŵŝǆ ƐŚŽƵůĚ ďĞ ĂůŵŽƐƚ ůŝƋƵŝĚ 
ϵ͘ WĞƚ ĐƵƌŝŶŐ ŽǀĞƌŶŝŐŚƚ 
 
 

DĂǇ Ϯ 
 
ϭϬ͘ RĞŵŝǆŝŶŐ ĂŶĚ ĂĚĚŝƚŝŽŶ ŽĨ ǁĂƚĞƌ ŝĨ ŶĞĐĞƐƐĂƌǇ 
 
 

DĂǇ ϯ 
 
ϭϭ͘ RĞŵŝǆŝŶŐ ĂŶĚ ƵƐĞ 

 
 

QƵĂŶƚŝƚŝĞƐ ƵƐĞĚ ĨŽƌ ƚŚĞ ĨŝƌƐƚ ŵŽƌƚĂƌ ŵŝǆƚƵƌĞƐ 
 

 FŝƌƐƚ ŵŽƌƚĂƌ ŵŝǆ SĞĐŽŶĚ ŵŽƌƚĂƌ ŵŝǆ 
SŽŝů ϮϱϬ ůŝƚƌĞƐ ϱϬϬ ůŝƚƌĞƐ 
WĂƚĞƌΎ ϱϬ ůŝƚƌĞƐ ϵϬ ůŝƚƌĞƐ 
SƚƌĂǁ ;ƐƚƌĂǁ ŵĂŝŶůǇ ƐĞƌǀĞƐ ƚŽ ƌĞĚƵĐĞ ƐŚƌŝŶŬĂŐĞͿ Ϯϱ ůŝƚƌĞƐ ϰϬ ůŝƚƌĞƐ 
CĂŵĞů DƵŶŐ ;ƚŽ ƌĞŝŶĨŽƌĐĞ ƚŚĞ ƌĞƐŝƐƚĂŶĐĞ ƚŽ ĞƌŽƐŝŽŶͿ ϮϬ ůŝƚƌĞƐ ϱϬ ůŝƚƌĞƐ 

                                                 
* TŚĞ ƋƵĂŶƚŝƚǇ ŽĨ ǁĂƚĞƌ ŶĞĞĚĞĚ ǀĂƌŝĞƐ ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞ ĐůŝŵĂƚŝĐ ĐŽŶĚŝƚŝŽŶ ĂŶĚ ŚƵŵŝĚŝƚǇ ĐŽŶƚĞŶƚ ŝŶ ƚŚĞ ďƌŝĐŬƐ͘
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PŚŽƚŽƐ ŝůůƵƐƚƌĂƚŝŶŐ ƚŚĞ ŵŽƌƚĂƌ ƉƌĞƉĂƌĂƚŝŽŶ 
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Ϯ͘Ϯ͘ CŽŶƐĞƌǀĂƚŝŽŶ ƐĂŵƉůĞƐ 
 
 
SĂǀŝŶŐ AůͲYĂŵĂŵĂ ĂƌĐŚĂĞŽůŽŐŝĐĂů ƌĞŵĂŝŶƐ ŝƐ Ă ŐƌĞĂƚ ĐŚĂůůĞŶŐĞ͘ EĂƌƚŚ ŝƐ Ă ƌĂƚŚĞƌ ĨƌĂŐŝůĞ ŵĂƚĞƌŝĂů͕ ĂŶĚ 
ƐŽĨƚ ŝŶƚĞƌǀĞŶƚŝŽŶƐ ĂƌĞ ĐŽŵƉƵůƐŽƌǇ ƚŽ ĂǀŽŝĚ ƐĞƌŝŽƵƐ ĚŝƐƚƵƌďĂŶĐĞƐ͘ PĂƐƚ ĞǆƉĞƌŝĞŶĐĞƐ ŚĂǀĞ ƉƌŽǀĞĚ ƚŚĂƚ 
ǀŝŐŽƌŽƵƐ ĐŽŶƐĞƌǀĂƚŝŽŶ ŵĞƚŚŽĚƐ ĐŚĂŶŐŝŶŐ ƚŚĞ ƉŚǇƐŝĐĂů ƉƌŽƉĞƌƚŝĞƐ ŽĨ ƚŚĞ ŵĂƚĞƌŝĂů ;ƐĞĂůŝŶŐ ĞĂƌƚŚ 
ƐƵƌĨĂĐĞƐ ǁŝƚŚ ĐŚĞŵŝĐĂůƐ Žƌ ĂƉƉůǇŝŶŐ ǁĂƚĞƌƉƌŽŽĨ ůĂǇĞƌƐͿ Žƌ ŝŶƚƌŽĚƵĐŝŶŐ ŶĞǁ ŵĂƚĞƌŝĂůƐ͕ ĂƌĞ ŐĞŶĞƌĂůůǇ 
ŝŶĞĨĨĞĐƚŝǀĞ ĂŶĚ ŽĨƚĞŶ ŝƌƌĞǀĞƌƐŝďůĞ͘  
Iƚ ŝƐ ƚŚĞƌĞĨŽƌĞ ƉƌŽƉŽƐĞĚ ƚŽ ĨŽůůŽǁ Ă ƐůŽǁ ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ ƉƌŽĐĞƐƐ ƚŽ ĚĞǀĞůŽƉ ƐƉĞĐŝĨŝĐ ĐŽŶƐĞƌǀĂƚŝŽŶ 
ƚĞĐŚŶŝƋƵĞƐ͕ ĂĚĂƉƚĞĚ ďŽƚŚ ƚŽ ƚŚĞ ůŽĐĂů ĐŽŶƚĞǆƚ ĂŶĚ ƚŽ ŝŶƚĞƌŶĂƚŝŽŶĂů ĐŽŶƐĞƌǀĂƚŝŽŶ ŶŽƌŵƐ͘ LĂƌŐĞ ƐĐĂůĞ 
ĐŽŶƐĞƌǀĂƚŝŽŶ ƉƌŽŐƌĂŵŵĞƐ ǁŝůů ŽŶůǇ ďĞ ƉŽƐƐŝďůĞ ĂĨƚĞƌ ƚĞƐƚŝŶŐ ƉƌĞǀĞŶƚŝǀĞ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽƉƚŝŽŶƐ Ăƚ ĂŶ 
ĞǆƉĞƌŝŵĞŶƚĂů ƐĐĂůĞ ĚƵƌŝŶŐ Ă ϮͲϯ ǇĞĂƌƐ ƉĞƌŝŽĚ͘  
 
TŚĞ ƉƌŽƉŽƐĞĚ ŝŶƚĞƌǀĞŶƚŝŽŶƐ ŵĂŬĞ ƵƐĞ ŽĨ ƚŚĞ ƐĂŵĞ ƐŽŝů ĂƐ ƚŚĞ ŽƌŝŐŝŶĂů ŽŶĞ͘ TŚĞ ŽŶůǇ ĞǆĐĞƉƚŝŽŶ ŝƐ ƚŚĞ 
ƌŝĐĞ ďĂŐƐ ;ũƵƚĞ ĨĂďƌŝĐͿ͕ ǁŚŝĐŚ ŚĂƐ ďĞĞŶ ƵƐĞĚ ŝŶ ŽŶĞ ƐĂŵƉůĞ ƚŽ ƐĞƉĂƌĂƚĞ ƚŚĞ ŽƌŝŐŝŶĂů ĨĂďƌŝĐ ĨƌŽŵ ƚŚĞ 
ĐŽŶƐĞƌǀĞĚ ƉĂƌƚ͕ ďƵƚ ĂůƐŽ ƚŽ ƌĞŝŶĨŽƌĐĞ ƚŚĞ ŵŽƌƚĂƌ͘ 
 
 
SĂŵƉůĞ ϭ͗ ŵŝŶŝŵĂů ƐƵƌĨĂĐĞ ƌĞƉĂŝƌƐ  
TŚŝĐŬŶĞƐƐ ͗ ϬͲϯ ŵŵ͕ ŶŽƚ ĂƉƉůŝĞĚ ĞǀĞƌǇǁŚĞƌĞ 
 
SĂŵƉůĞ ϰ͗ PĂƌƚŝĂů ƌĞĐŽŶƐƚƌƵĐƚŝŽŶ ŽĨ ǀĞƌƚŝĐĂů ƐƵƌĨĂĐĞƐ 
TŚŝĐŬŶĞƐƐ ͗ ϭϬͲϭϬϬ ŵŵ͕ ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞ ƐŚĂƉĞ ŽĨ ƚŚĞ ĞƌŽĚĞĚ ƐƵƌĨĂĐĞ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SĂŵƉůĞ Ϯ͗ ƚŚŝŶ ƐĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ 
TŚŝĐŬŶĞƐƐ ͗ ϯͲϱ ŵŵ 
 
SĂŵƉůĞ ϯ͗ ƚŚŝĐŬ ƐĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ͕ ǁŝƚŚ Žƌ ǁŝƚŚŽƵƚ ƌĞŝŶĨŽƌĐĞŵĞŶƚ 
TŚŝĐŬŶĞƐƐ͗ ϮϬͲϯϬ ŵŵ 
 
 
 

    



93

  

SĂŵƉůĞ ϭ͗ ŵŝŶŝŵĂů ƐƵƌĨĂĐĞ ƌĞƉĂŝƌƐ  
 
LŽĐĂƚŝŽŶ͗ SŽƵƚŚĞƌŶ ĞůĞǀĂƚŝŽŶ ŽĨ ƚŚĞ ƚĞƐƚ ǁĂůů 
 

TŚŝĐŬŶĞƐƐ ͗ ϬͲϯ ŵŵ͕ ŶŽƚ ĂƉƉůŝĞĚ ĞǀĞƌǇǁŚĞƌĞ 
 

MĂƚĞƌŝĂůƐ ͗ ŵƵĚ ŵŽƌƚĂƌ ;ƐŽŝů͕ ǁĂƚĞƌ͕ ƐƚƌĂǁ ĂŶĚ ĐĂŵĞů ĚƵŶŐͿ 
 

QƵĂŶƚŝƚŝĞƐ ͗ AƉƉƌŽǆŝŵĂƚĞůǇ ϭ ůŝƚƌĞ ŽĨ ŵƵĚ ŵŽƌƚĂƌ ƉĞƌ ŵϸ 
  

IŵƉůĞŵĞŶƚĂƚŝŽŶ ƐƚĞƉƐ͗ 
Ͳ CůĞĂƌŝŶŐ ƚŚĞ ƐĂŶĚ ĂƌŽƵŶĚ ƚŚĞ ǁĂůů  
Ͳ CůĞĂŶŝŶŐ ƚŚĞ ǁĂůů ǁŝƚŚ Ă ďƌƵƐŚ ƚŽ ƌĞŵŽǀĞ ƚŚĞ ƐĂŶĚ ĂŶĚ ŽƚŚĞƌ ůŽŽƐĞ ĞůĞŵĞŶƚƐ  
Ͳ SƉƌŝŶŬůŝŶŐ ǁĂƚĞƌ ŽŶƚŽ ƚŚĞ ĐůĞĂŶ ǁĂůů ƐƵƌĨĂĐĞ 
Ͳ FŝůůŝŶŐ ŽĨ ĐƌĂĐŬƐ͕ ŐƵůůŝĞƐ͕ ǀŽŝĚƐ ĂŶĚ ĚĞƉƌĞƐƐŝŽŶƐ ǁŝƚŚ Ă ƚŚŝŶ ůĂǇĞƌ ŽĨ ŵŽƌƚĂƌ ĂƉƉůŝĞĚ ďǇ ŚĂŶĚ ĂŶĚ 

ǁŝƚŚ Ă ďƌƵƐŚ  
Ͳ  CƵƌŝŶŐ ŽǀĞƌŶŝŐŚƚ  
Ͳ CŚĞĐŬŝŶŐ ĂĨƚĞƌ Ϯϰ ŚŽƵƌƐ ƚŽ ĞǀĞŶƚƵĂůůǇ ĂĚĚ ŵŽƌƚĂƌ ǁŚĞƌĞ ŶĞĞĚĞĚ͘  
Ͳ GĞŶƚůĞ ďƌƵƐŚŝŶŐ ŽĨ ƚŚĞ ƐƵƌĨĂĐĞ ǁŝƚŚ Ă ŵƵĚ ƐůƵƌƌǇ ƚŽ Ĩŝůů ŝŶ ƚŚĞ ŚĂŝƌ ĐƌĂĐŬƐ ĂŶĚ ƐĞĂů ƚŚĞ ƐƵƌĨĂĐĞ  
 

OƵƚƉƵƚ ͗ ϮϬͲϰϬ ŵϸ ƉĞƌ ĚĂǇ ĨŽƌ Ϯ ǁŽƌŬĞƌƐ͕ ĞǆĐůƵĚŝŶŐ ƐŽŝů ƉƌĞƉĂƌĂƚŝŽŶ ƚŝŵĞ 
 

MŽďŝůŝǌĂƚŝŽŶ͗ OŶĞ ĚĂǇ н Ă ĨĞǁ ŚŽƵƌƐ 
 
 

  

  




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SĂŵƉůĞ Ϯ͗ ƚŚŝŶ ƐĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ 
 
LŽĐĂƚŝŽŶ͗ NŽƌƚŚĞƌŶ ĞůĞǀĂƚŝŽŶ ŽĨ ƚŚĞ ƚĞƐƚ ǁĂůů͕ ŝŶ ƚŚĞ ĐĞŶƚƌĂů ƉĂƌƚ 
 

TŚŝĐŬŶĞƐƐ ͗ ϯͲϱ ŵŵ 
 

MĂƚĞƌŝĂůƐ ͗ ŵƵĚ ŵŽƌƚĂƌ ;ƐŽŝů͕ ǁĂƚĞƌ͕ ƐƚƌĂǁ ĂŶĚ ĐĂŵĞů ĚƵŶŐͿ 
 

QƵĂŶƚŝƚŝĞƐ ͗ ϯͲϱ ůŝƚƌĞƐ ;ϭ ďƵĐŬĞƚͿ ŽĨ ŵƵĚ ŵŽƌƚĂƌ ƉĞƌ ŵϸ 
  

IŵƉůĞŵĞŶƚĂƚŝŽŶ ƐƚĞƉƐ͗ 
Ͳ CůĞĂƌŝŶŐ ƚŚĞ ƐĂŶĚ ĂƌŽƵŶĚ ƚŚĞ ǁĂůů  
Ͳ CůĞĂŶŝŶŐ ƚŚĞ ǁĂůů ǁŝƚŚ Ă ďƌƵƐŚ ƚŽ ƌĞŵŽǀĞ ƚŚĞ ƐĂŶĚ ĂŶĚ ŽƚŚĞƌ ůŽŽƐĞ ĞůĞŵĞŶƚƐ  
Ͳ SƉƌŝŶŬůŝŶŐ ǁĂƚĞƌ ŽŶƚŽ ƚŚĞ ĐůĞĂŶ ǁĂůů ƐƵƌĨĂĐĞ  
Ͳ FŝůůŝŶŐ ŽĨ ĐƌĂĐŬƐ͕ ŐƵůůŝĞƐ͕ ǀŽŝĚƐ ĂŶĚ ĚĞƉƌĞƐƐŝŽŶƐ ǁŝƚŚ Ă ƚŚŝŶ ůĂǇĞƌ ŽĨ ŵŽƌƚĂƌ ĂƉƉůŝĞĚ ǁŝƚŚ ƚŚĞ ŚĂŶĚ 

ĂŶĚ ŝĨ ŶĞĞĚĞĚ ǁŝƚŚ Ă ďƌƵƐŚ͘ WĂƚĞƌ ƐŚŽƵůĚ ŶŽƚ ďĞ ĂƉƉůŝĞĚ ŽŶ ƚŚĞ ŵŽƌƚĂƌ ƚŽ ƐŵŽŽƚŚĞŶ ŝƚ͘ Iƚ ǁŽƵůĚ 
ůĞĂĚ ƚŽ ĐƌĂĐŬƐ͘  

Ͳ  DƌǇŝŶŐ ;ϮͲϯ ŚŽƵƌƐͿ 
Ͳ AƉƉůŝĐĂƚŝŽŶ ŽĨ ƚŚĞ ƚŚŝŶ ŵƵĚ ůĂǇĞƌ ďǇ ŚĂŶĚ  
Ͳ  CƵƌŝŶŐ ŽǀĞƌŶŝŐŚƚ  
Ͳ GĞŶƚůĞ ďƌƵƐŚŝŶŐ ŽĨ ƚŚĞ ƐƵƌĨĂĐĞ ǁŝƚŚ Ă ŵƵĚ ƐůƵƌƌǇ ƚŽ Ĩŝůů ŝŶ ƚŚĞ ŚĂŝƌ ĐƌĂĐŬƐ ĂŶĚ ƐĞĂů ƚŚĞ ƐƵƌĨĂĐĞ  
 

OƵƚƉƵƚ ͗ ϭϬͲϭϱ ŵϸ ƉĞƌ ĚĂǇ ĨŽƌ Ϯ ǁŽƌŬĞƌƐ͕ ĞǆĐůƵĚŝŶŐ ƐŽŝů ƉƌĞƉĂƌĂƚŝŽŶ ƚŝŵĞ 
 

MŽďŝůŝǌĂƚŝŽŶ͗ ϭ ĚĂǇ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

 
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SĂŵƉůĞ ϯ͗ ƚŚŝĐŬ ƐĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ͕ ǁŝƚŚ Žƌ ǁŝƚŚŽƵƚ ƌĞŝŶĨŽƌĐĞŵĞŶƚ 
 
LŽĐĂƚŝŽŶ͗ NŽƌƚŚĞƌŶ ĞůĞǀĂƚŝŽŶ ŽĨ ƚŚĞ ƚĞƐƚ ǁĂůů͕ ŽŶ ƚŚĞ ƌŝŐŚƚ ŚĂŶĚ ƐŝĚĞ 
 

TŚŝĐŬŶĞƐƐ͗ ϮϬͲϯϬ ŵŵ 
 

MĂƚĞƌŝĂůƐ͗ ŵƵĚ ŵŽƌƚĂƌ ;ƐŽŝů͕ ǁĂƚĞƌ͕ ƐƚƌĂǁ͕ ĐĂŵĞů ĚƵŶŐͿ ƌŝĐĞ ďĂŐƐ  
 

QƵĂŶƚŝƚŝĞƐ͗ ϮϬͲϯϬ ůŝƚƌĞƐ ŽĨ ŵƵĚ ŵŽƌƚĂƌ ƉĞƌ ŵϸ 
  

IŵƉůĞŵĞŶƚĂƚŝŽŶ ƐƚĞƉƐ͗ 
Ͳ CůĞĂƌŝŶŐ ƚŚĞ ƐĂŶĚ ĂƌŽƵŶĚ ƚŚĞ ǁĂůů  
Ͳ CůĞĂŶŝŶŐ ƚŚĞ ǁĂůů ǁŝƚŚ Ă ďƌƵƐŚ ƚŽ ƌĞŵŽǀĞ ƚŚĞ ƐĂŶĚ ĂŶĚ ŽƚŚĞƌ ůŽŽƐĞ ĞůĞŵĞŶƚƐ  
Ͳ SƉƌŝŶŬůŝŶŐ ŽĨ ǁĂƚĞƌ ŽŶƚŽ ƚŚĞ ĐůĞĂŶ ǁĂůů ƐƵƌĨĂĐĞ  
Ͳ FŝůůŝŶŐ ĐƌĂĐŬƐ͕ ŐƵůůŝĞƐ͕ ǀŽŝĚƐ ĂŶĚ ĚĞƉƌĞƐƐŝŽŶƐ ǁŝƚŚ Ă ƚŚŝŶ ůĂǇĞƌ ŽĨ ŵŽƌƚĂƌ  
Ͳ  DƌǇŝŶŐ ;ϮͲϯ ŚŽƵƌƐͿ 
Ͳ AƉƉůŝĐĂƚŝŽŶ ŽĨ ĂŶ ĞǀĞŶ ŵƵĚ ůĂǇĞƌ ďǇ ŚĂŶĚ ;ϭϬͲϭϱ ŵŵ ƚŚŝĐŬͿ͕ ĨŽůůŽǁŝŶŐ ƚŚĞ ƐŚĂƉĞ ŽĨ ƚŚĞ ǁĂůů  
Ͳ  CƵƌŝŶŐ ŽǀĞƌŶŝŐŚƚ  

Ͳ OƉƚŝŽŶĂů ƌĞŝŶĨŽƌĐĞŵĞŶƚ͗ AƉƉůŝĐĂƚŝŽŶ ŽĨ Ă ŵƵĚ ƐůƵƌƌǇ ŽŶ ƚŚĞ ƐƵƌĨĂĐĞ 
Ͳ OƉƚŝŽŶĂů ƌĞŝŶĨŽƌĐĞŵĞŶƚ͗ PĂƐƚŝŶŐ ƌŝĐĞ ďĂŐƐ ŽŶƚŽ ƚŚĞ ƐƵƌĨĂĐĞ͕ ĂĨƚĞƌ ƐŽĂŬŝŶŐ ƚŚĞŵ ŝŶ ƚŚĞ ƐůƵƌƌǇ  

Ͳ  DƌǇŝŶŐ ;ϮͲϯ ŚŽƵƌƐͿ 
Ͳ AƉƉůŝĐĂƚŝŽŶ ŽĨ Ă ƐĞĐŽŶĚ ŵƵĚ ůĂǇĞƌ ďǇ ŚĂŶĚ ;ϭϬͲϭϱ ŵŵ ƚŚŝĐŬͿ  
Ͳ  CƵƌŝŶŐ ŽǀĞƌŶŝŐŚƚ  
Ͳ GĞŶƚůĞ ďƌƵƐŚŝŶŐ ŽĨ ƚŚĞ ƐƵƌĨĂĐĞ ǁŝƚŚ Ă ŵƵĚ ƐůƵƌƌǇ ƚŽ Ĩŝůů ŝŶ ƚŚĞ ŚĂŝƌ ĐƌĂĐŬƐ ĂŶĚ ƐĞĂů ƚŚĞ ƐƵƌĨĂĐĞ͘  
Ͳ CůĞĂŶŝŶŐ ŽĨ ƚŚĞ ƐŝƚĞ 
 

OƵƚƉƵƚ͗ ϰͲϲ ŵϸ ƉĞƌ ĚĂǇ ĨŽƌ Ϯ ǁŽƌŬĞƌƐ͕ ĞǆĐůƵĚŝŶŐ ƐŽŝů ƉƌĞƉĂƌĂƚŝŽŶ ƚŝŵĞ 
 

MŽďŝůŝǌĂƚŝŽŶ͗ ϯ ĚĂǇƐ н Ă ĨĞǁ ŚŽƵƌƐ 
 
 

   

 




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SĂŵƉůĞ ϰ͗ PĂƌƚŝĂů ƌĞĐŽŶƐƚƌƵĐƚŝŽŶ ŽĨ ǀĞƌƚŝĐĂů ƐƵƌĨĂĐĞƐ 
 
LŽĐĂƚŝŽŶ͗ NŽƌƚŚĞƌŶ ĞůĞǀĂƚŝŽŶ ŽĨ ƚŚĞ ƚĞƐƚ ǁĂůů͕ ŽŶ ƚŚĞ ůĞĨƚ ŚĂŶĚ ƐŝĚĞ 
  

TŚŝĐŬŶĞƐƐ ͗ ϭϬͲϭϬϬ ŵŵ͕ ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞ ƐŚĂƉĞ ŽĨ ƚŚĞ ǁĂůů 
 

MĂƚĞƌŝĂůƐ ͗ ŵƵĚ ŵŽƌƚĂƌ ;ƐŽŝů͕ ǁĂƚĞƌ͕ ƐƚƌĂǁ͕ ĚƵŶŐ ĂŶĚ ďƌŽŬĞŶ ďƌŝĐŬƐ 
 

QƵĂŶƚŝƚŝĞƐ ͗ ϱϬͲϭϬϬ ůŝƚƌĞƐ ŽĨ ŵƵĚ ŵŽƌƚĂƌ ƉĞƌ ŵϸ 
  

IŵƉůĞŵĞŶƚĂƚŝŽŶ ƐƚĞƉƐ ͗ 
Ͳ PƌĞƉĂƌĂƚŝŽŶ͕ ƐĞĞ ŽƉƚŝŽŶ ϭ  
Ͳ AƉƉůŝĐĂƚŝŽŶ ŽĨ ĂŶ ĞǀĞŶ ŵƵĚ ůĂǇĞƌ ďǇ ŚĂŶĚ ;ϭϬͲϭϱ ŵŵ ƚŚŝĐŬͿ͕ ĨŽůůŽǁŝŶŐ ƚŚĞ ƐŚĂƉĞ ŽĨ ƚŚĞ ǁĂůů  
Ͳ  CƵƌŝŶŐ ŽǀĞƌŶŝŐŚƚ  
Ͳ AƉƉůŝĐĂƚŝŽŶ ŽĨ Ă ƐĞĐŽŶĚ ŵƵĚ ůĂǇĞƌ ďǇ ŚĂŶĚ ;ϭϬͲϭϱ ŵŵ ƚŚŝĐŬͿ 
Ͳ PĂƐƚŝŶŐ ƉŝĞĐĞƐ ŽĨ ďƌŽŬĞŶ ďƌŝĐŬƐ ŝŶ ƚŚĞ ĨƌĞƐŚ ŵŽƌƚĂƌ ƚŽ ƌĞĐƌĞĂƚĞ ƚŚĞ ŵŝƐƐŝŶŐ ĞĂƌƚŚ ǀŽůƵŵĞ͘ IĨ ƚŚĞ 

ƵŶĚĞƌĐƵƚ ŝƐ ƚŽŽ ŚŝŐŚ͕ ƚŚĞ ŝŶĨŝůů ƐŚŽƵůĚ ďĞ ĚŽŶĞ ŝŶ ƐƚĞƉƐ͕ ĨŝůůŝŶŐ ϯϬ Đŵ ŵĂǆŝŵƵŵ ƉĞƌ ĚĂǇ   
Ͳ  CƵƌŝŶŐ ŽǀĞƌŶŝŐŚƚ 
Ͳ FŝůůŝŶŐ ƚŚĞ ŐĂƉƐ ďĞƚǁĞĞŶ ƚŚĞ ďƌŝĐŬ ƉŝĞĐĞƐ ǁŝƚŚ ŵƵĚ ŵŽƌƚĂƌ  
Ͳ  CƵƌŝŶŐ ŽǀĞƌŶŝŐŚƚ 
Ͳ CŚĞĐŬŝŶŐ ĂĨƚĞƌ Ϯϰ ŚŽƵƌƐ ƚŽ ĞǀĞŶƚƵĂůůǇ ĂĚĚ ŵŽƌƚĂƌ ǁŚĞƌĞ ŶĞĞĚĞĚ  
Ͳ AƉƉůŝĐĂƚŝŽŶ ŽĨ Ă ĨŝŶĂů ŵƵĚ ůĂǇĞƌ ƚŽ ůĞǀĞů ƚŚĞ ǁĂůů ;ϱ ŵŵ ƚŚŝĐŬͿ 
Ͳ  DƌǇŝŶŐ ;ϮͲϯ ŚŽƵƌƐͿ 
Ͳ GĞŶƚůĞ ďƌƵƐŚŝŶŐ ŽĨ ƚŚĞ ƐƵƌĨĂĐĞ ǁŝƚŚ Ă ŵƵĚ ƐůƵƌƌǇ ƚŽ Ĩŝůů ŝŶ ƚŚĞ ŚĂŝƌ ĐƌĂĐŬƐ ĂŶĚ ƐĞĂů ƚŚĞ ƐƵƌĨĂĐĞ  
Ͳ CůĞĂŶŝŶŐ ŽĨ ƚŚĞ ƐŝƚĞ 
 

OƵƚƉƵƚ ͗ ϭͲϯ ŵϸ ƉĞƌ ĚĂǇ ĨŽƌ Ϯ ǁŽƌŬĞƌƐ͕ ĞǆĐůƵĚŝŶŐ ƐŽŝů ƉƌĞƉĂƌĂƚŝŽŶ ƚŝŵĞ 
 

MŽďŝůŝǌĂƚŝŽŶ͗ ϰ ĚĂǇƐ͘ TŚŝƐ ƐĂŵƉůĞ ǁĂƐ ĂĐƚƵĂůůǇ ƉƌĞƉĂƌĞĚ ǁŝƚŚŝŶ Ϯ ĚĂǇƐ ďĞĐĂƵƐĞ ŽĨ ƚŚĞ ůŝƚƚůĞ ƚŝŵĞ 
ĂǀĂŝůĂďůĞ͘ TŚŝƐ ŝƐ ŶŽƚ ƌĞĐŽŵŵĞŶĚĞĚ͕ ďĞĐĂƵƐĞ ŝƚ ůĞĂĚƐ ƚŽ ĐƌĂĐŬŝŶŐ ĂŶĚ ĨůĂŬŝŶŐ͘ 
 
 
 
 

  

  
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ϯ͘ RĞĐŽŵŵĞŶĚĂƚŝŽŶƐ 
 
 
ϯ͘ϭ͘ PůĂŶŶŝŶŐ 
TŚĞ ĨƵƚƵƌĞ ƐŚŽƵůĚ ďĞ ƉůĂŶŶĞĚ ǁŝƚŚ ƚŚĞ ĂƵƚŚŽƌŝƚŝĞƐ ƚŽ ĚĞĨŝŶĞ Ă ƐŚĂƌĞĚ ǀŝƐŝŽŶ ĨŽƌ ƚŚŝƐ ƐŝƚĞ͘ Iƚ ŝƐ Ɛƚŝůů ƚŽŽ 
ƐŽŽŶ ƚŽ ƉƌŽĚƵĐĞ Ă ĚĞƚĂŝůĞĚ ƐŝƚĞ ƉƌĞƐĞŶƚĂƚŝŽŶ ƐƚƌĂƚĞŐǇ͕ ďƵƚ ŝƚ ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ƐŚĂƌĞ ŝŵƉŽƌƚĂŶƚ 
ƋƵĞƐƚŝŽŶƐ ǁŝƚŚ ƚŚĞ ĂƵƚŚŽƌŝƚŝĞƐ͕ ƐƵĐŚ ĂƐ͗ 
Ͳ WŚĂƚ ǁŝůů ŚĂƉƉĞŶ ƚŽ ƚŚĞ ƐŝƚĞ ŽŶĐĞ ŝƚ ŚĂƐ ďĞĞŶ ƐĞĂƌĐŚĞĚ͍ 
Ͳ WŚĂƚ ƌŽůĞ ǁŝůů ƚŚĞ ƐŝƚĞ ƉůĂǇ ŝŶ ƚŚĞ ĐŝƚǇ͍  

Ͳ ĞĚƵĐĂƚŝŽŶ͍  
Ͳ ƐĐŝĞŶĐĞ͍  
Ͳ ƌĞĐƌĞĂƚŝŽŶ͍ 

Ͳ SŚŽƵůĚ ŝƚ ďĞ ĚĞǀĞůŽƉĞĚ Žƌ ďĂĐŬĨŝůůĞĚ͍ CĂŶ ǁĞ ĂĨĨŽƌĚ ƚŽ ŵĂŝŶƚĂŝŶ ŝƚ͍ 
Ͳ WŚŝĐŚ ŬŝŶĚ ŽĨ ǀŝƐŝƚŽƌƐ ĚŽ ǁĞ ǁĂŶƚ͕ ĂŶĚ ǁŚĂƚ ĚŽ ǁĞ ƉƌŽǀŝĚĞ ƚŽ ŵĂŬĞ ƚŚĞŝƌ ƐƚĂǇ ĞŶũŽǇĂďůĞ͍ 
Ͳ WŚŽ ǁŝůů ƚĂŬĞ ĐĂƌĞ ŽĨ ƚŚĞ ƐŝƚĞ͕ ŐƵŝĚĞ ǀŝƐŝƚŽƌƐ ͍ 
Ͳ HŽǁ ĚŽ ǁĞ ĞŶƐƵƌĞ ƚŚĂƚ ĚĞǀĞůŽƉŵĞŶƚƐ ŝŶ ƚŚĞ ďƵĨĨĞƌ ǌŽŶĞ ĚŽ ŶŽƚ ĐŽŶĨůŝĐƚ ǁŝƚŚ ƚŚĞ ƐŝƚĞ ǀĂůƵĞƐ͍ 
Ͳ EƚĐ ͘͘͘ 
 
TŚĞ ŝƐƐƵĞ ŽĨ ƚŚĞ ďƵĨĨĞƌ ǌŽŶĞ ƐŚŽƵůĚ ĂůƐŽ ďĞ ĚŝƐĐƵƐƐĞĚ ǁŝƚŚ ƚŚĞ ĂƵƚŚŽƌŝƚŝĞƐ͘ TŚĞ ƐĂƚĞůůŝƚĞ ŝŵĂŐĞƐ ƌĞǀĞĂů 
ŚŽǁ ĨĂƐƚ ƚŚŝƐ ĂƌĞĂ ĚĞǀĞůŽƉƐ͘ TǁŽ ŚŽƵƐĞƐ ĂƌĞ ĐƵƌƌĞŶƚůǇ ƵŶĚĞƌ ĐŽŶƐƚƌƵĐƚŝŽŶ ŶĞĂƌ ƚŚĞ ƐŝƚĞ͕ ŽŶĞ ŽŶ ƚŚĞ 
ŶŽƌƚŚĞƌŶ ƐŝĚĞ ĂŶĚ ŽŶ ƚŚĞ ĞĂƐƚĞƌŶ ƐŝĚĞ͘ TŚĞ ĐŝƚǇ ĐŽƵŶĐŝů ŚĂƐ ƉƌŽďĂďůǇ ĚƌĂǁŶ ĚĞƚĂŝůĞĚ ƉůĂŶƐ ǁŚŝĐŚ 
ĐŽƵůĚ ďĞ ĞǆĂŵŝŶĞĚ ĂŶĚ ĚŝƐĐƵƐƐĞĚ ǁŝƚŚ ƚŚĞŵ͕ ƚŽ ŵĂŬĞ ƐƵƌĞ ƚŚĂƚ ŶĞǁ ĚĞǀĞůŽƉŵĞŶƚƐ ĚŽ ŶŽƚ ƚŚƌĞĂƚĞŶ 
ƚŚĞ ƐŝƚĞ͘ IĨ ƚŚĞǇ ĚŽ ƚŚƌĞĂƚĞŶ ƚŚĞ ƐŝƚĞ͕ ƐƉĞĐŝĨŝĐ ŵĞĂƐƵƌĞƐ ĐŽƵůĚ ďĞ ĚĞĨŝŶĞĚ ƚŽ ŵŝƚŝŐĂƚĞ ƚŚĞŝƌ ŝŵƉĂĐƚ͘ BǇͲ
ůĂǁƐ ĐŽƵůĚ ďĞ ƚĂŬĞŶ ĨŽƌ ŝŶƐƚĂŶĐĞ ƚŽ ůŝŵŝƚ ƚŚĞ ŚĞŝŐŚƚ ŽĨ ŶĞǁ ďƵŝůĚŝŶŐƐ ĞƌĞĐƚĞĚ ŝŶ ƚŚĞ ďƵĨĨĞƌ ǌŽŶĞ͘  
 
 
 
 
 
 
 
 
 
 
 
 
 

WŚĂƚ ǁŝůů ŚĂƉƉĞŶ ƚŽ ƚŚŝƐ ĂƌĞĂ ŝŶ ƚŚĞ ĨƵƚƵƌĞ͍ 
MŝƚŝŐĂƚŝŽŶ ŵĞĂƐƵƌĞƐ ƐŚŽƵůĚ ďĞ ƉůĂŶŶĞĚ ŶŽǁ ƚŽ ƌĞĚƵĐĞ ƚŚĞ ŝŵƉĂĐƚ ŽĨ ĚĞǀĞůŽƉŵĞŶƚ ŽŶ ƚŚĞ ĂƌĐŚĂĞŽůŽŐŝĐĂů ƐŝƚĞ͘ 

;ďĂƐĞĚ ŽŶ GŽŽŐůĞ EĂƌƚŚ ŝŵĂŐĞ ϮϬϭϭͿ 

 
 ϮϬϭϭ ϮϬϮϬ ͍ 

ϮϬϭϭ ϮϬϮϬ ͍ 
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ϯ͘Ϯ͘ CŽŶƐĞƌǀĂƚŝŽŶ 
 
 
CŽŶƐĞƌǀĂƚŝŽŶ ŽƉƚŝŽŶƐ ĨŽƌ ƚŚĞ ƌĞŵĂŝŶƐ 
 
TŽ ĐŽŶƐĞƌǀĞ Aů YĂŵĂŵĂ ĂƌĐŚĂĞŽůŽŐŝĐĂů ƌĞŵĂŝŶƐ͕ ǁĞ ƐƵŐŐĞƐƚ ĚŝĨĨĞƌĞŶƚ ƚĞĐŚŶŝĐĂů ŽƉƚŝŽŶƐ ĚĞƉĞŶĚŝŶŐ 
ŽŶ͗ 
Ͳ ƚŚĞ ƐŝŐŶŝĨŝĐĂŶĐĞ ŽĨ ƚŚĞ ĞůĞŵĞŶƚ͕  
Ͳ ƚŚĞ ƐŝǌĞ ŽĨ ƚŚĞ ĞůĞŵĞŶƚ͕ 
Ͳ ƚŚĞ ŽƌŝĞŶƚĂƚŝŽŶ ;ĞǆƉŽƐƵƌĞ Žƌ ŶŽƚ ƚŽ ŚĂƌƐŚ ĐůŝŵĂƚĞ ĐŽŶĚŝƚŝŽŶƐͿ͕  
Ͳ ƚŚĞ ƐĐĂƌĐŝƚǇ ŽĨ ƚŚŝƐ ƚǇƉĞ ŽĨ ĞůĞŵĞŶƚ ŽŶ ƐŝƚĞ͕  
Ͳ ƚŚĞ ĞĚƵĐĂƚŝŽŶĂů ǀĂůƵĞ͕ 
Ͳ ĞƚĐ͘͘͘  
 
TŚĞƌĞ ŝƐ ŶŽ ƐŝŶŐůĞ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽƉƚŝŽŶ ƚŚĂƚ ĐĂŶ ďĞ ĂƉƉůŝĞĚ ƚŽ ƚŚĞ ĞŶƚŝƌĞ ƐŝƚĞ͕ ďƵƚ ƌĂƚŚĞƌ Ă ƐĞƌŝĞƐ ŽĨ 
ĐŽŶƐĞƌǀĂƚŝŽŶ ƚĞĐŚŶŝƋƵĞƐ ƚŚĂƚ ǁŝůů ƐƵŝƚ ƐƉĞĐŝĨŝĐ ƐŝƚƵĂƚŝŽŶƐ͘ A ƐĐŝĞŶƚŝĨŝĐ ĐŽŵŵŝƚƚĞĞ ĐŽŵƉŽƐĞĚ ŽĨ 
ŵĞŵďĞƌƐ ŽĨ ƚŚĞ FƌĂŶĐŽͲSĂƵĚŝ ƚĞĂŵ ŚĂƐ ƚŽ ďĞ ƐĞƚͲƵƉ ƚŽ ĚĞĐŝĚĞ ŽŶ ƚŚĞ ďĞƐƚ ŽƉƚŝŽŶ ĨŽƌ ĞĂĐŚ ĞůĞŵĞŶƚ͘  
 
 
 
 
 
 
 
 
 
 
 
 

CŽŶƐĞƌǀĂƚŝŽŶ ŽƉƚŝŽŶƐ ĨŽƌ ĞĂĐŚ ĞůĞŵĞŶƚ ƐŚŽƵůĚ ďĞ ĚĞĐŝĚĞĚ ŝŶ ŐƌŽƵƉ ĚŝƐĐƵƐƐŝŽŶƐ 
 
 
OƉƚŝŽŶ ϭ͗ ďĂĐŬĨŝůůŝŶŐ ǁŝƚŚ ƐĂŶĚ 
TŚŝƐ ŽƉƚŝŽŶ ǁĂƐ ĂůƌĞĂĚǇ ƚĞƐƚĞĚ ŝŶ ϮϬϭϭ͘ Iƚ ŝƐ ĞĨĨĞĐƚŝǀĞ ďƵƚ ƚŝŵĞ ĐŽŶƐƵŵŝŶŐ͘ IŶ ƚŚĞ ĨƵƚƵƌĞ͕ ƚŚŝƐ ŽƉƚŝŽŶ 
ĐĂŶ ďĞ ƵƐĞĚ ƚŽ ƉƌŽƚĞĐƚ ƌĂƌĞ ĂŶĚ ǀĞƌǇ ĨƌĂŐŝůĞ ĞůĞŵĞŶƚƐ͕ ďƵƚ ǁŝƚŚŽƵƚ ŝŶƐĞƌƚŝŶŐ ƚŚĞ ǁĂƚĞƌƉƌŽŽĨ 
ŵĞŵďƌĂŶĞ ŝŶ ďĞƚǁĞĞŶ ƚŚĞ ƐŽŝů ĂŶĚ ƚŚĞ ƐĂŶĚ ;ƉůĂƐƚŝĐ ƐŚĞĞƚ Žƌ ƚĂƌƉĂƵůŝŶͿ͘ Iƚ ŵĂŬĞƐ ƐĞŶƐĞ ƚŽ ŝŶƐĞƌƚ Ă 
ƚŚŝŶ ŵĂƚĞƌŝĂů ƚŽ ŝŶĚŝĐĂƚĞ ƚŚĞ ĚŝĨĨĞƌĞŶĐĞ ďĞƚǁĞĞŶ ƚŚĞ ĞǆĐĂǀĂƚĞĚ ĂŶĚ ƵŶďƵƌŝĞĚ ůĞǀĞůƐ͕ ďƵƚ ƚŚŝƐ ŵĂƚĞƌŝĂů 
ƐŚŽƵůĚ ďƌĞĂƚŚĞ͘  A ƉŽƌŽƵƐ ŐĞŽƚĞǆƚŝůĞ Žƌ ƌŝĐĞ ďĂŐƐ ĐĂŶ ĚŽ ƚŚĞ ǁŽƌŬ͘ 
EǀĞŶ ŝĨ ďĂĐŬĨŝůůŝŶŐ ŽĨĨĞƌƐ ŐŽŽĚ ƉƌŽƚĞĐƚŝŽŶ ĂŐĂŝŶƐƚ ǁŝŶĚ ĞƌŽƐŝŽŶ ĂŶĚ ĞĨĨůŽƌĞƐĐĞŶĐĞ͕ ŝƚ ƐŚŽƵůĚ ďĞ ŶŽƚĞĚ 
ƚŚĂƚ ƚŚĞ ƉƌŽĐĞƐƐ ŽĨ ƌĞŵŽǀŝŶŐ ƐĂŶĚ ŚĂƐ ƉƌŽǀĞĚ ƚŽ ďĞ ƋƵŝƚĞ ĚĞƐƚƌƵĐƚŝǀĞ͕ ďĞĐĂƵƐĞ ŽĨ ƚŚĞ ǁŽƌŬĞƌƐ 
ŵŽǀĞŵĞŶƚƐ ĂƌŽƵŶĚ ƚŚĞ ƐƚƌƵĐƚƵƌĞƐ͘  
 
 
OƉƚŝŽŶ Ϯ͗ ƚŚŝŶ ƐĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ 
TŚŝƐ ŝƐ Ă ŵŝŶŝŵĂů ĂƉƉƌŽĂĐŚ ǁŚŝĐŚ ŚĂƐ ďĞĞŶ ƐŚŽǁŶ ĚƵƌŝŶŐ ƚŚĞ ŵŝƐƐŝŽŶ͘ TŚĞ ůĂǇĞƌ ŝƐ ĐĂůůĞĚ ͞ƐĂĐƌŝĨŝĐŝĂů͟ 
ďĞĐĂƵƐĞ ŝƚ ƐƵĨĨĞƌƐ ƚŚĞ ĞƌŽƐŝŽŶ ŝŶƐƚĞĂĚ ŽĨ ƚŚĞ ŽƌŝŐŝŶĂů ĨĂďƌŝĐ͘ 
AƉƉůǇŝŶŐ ƚŚŝƐ ƚŚŝŶ ůĂǇĞƌ ŽŶůǇ ŚĞůƉƐ ƚŽ ƌĞĐŽŶŶĞĐƚ ĨƌĂŐŝůĞ ĞůĞŵĞŶƚƐ ƚŽ ƚŚĞ ǁĂůů͕ ĂŶĚ ĂǀŽŝĚ ŐƵůůŝĞƐ ǁŚĞŶ ŝƚ 
ƌĂŝŶƐ͘ A ŶĞǁ ůĂǇĞƌ ƐŚŽƵůĚ ďĞ ĂƉƉůŝĞĚ ĞǀĞƌǇ ǇĞĂƌ͘ TŚĞ ƐĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ ŝƐ ĂƉƉůŝĞĚ ďǇ ŚĂŶĚ ŽŶ Ă ĐůĞĂŶ ĂŶĚ 
ŵŽŝƐƚĞŶĞĚ ǁĂůů͘  
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OƉƚŝŽŶ ϯ͗ ƚŚŝĐŬ ƐĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ ;ǁŝƚŚ Žƌ ǁŝƚŚŽƵƚ ƌĞŝŶĨŽƌĐĞŵĞŶƚͿ 
A ƚŚŝĐŬĞƌ ůĂǇĞƌ ĐĂŶ ĂůƐŽ ďĞ ĂƉƉůŝĞĚ ŽŶƚŽ ƚŚĞ ǁĂůůƐ͕ ĞƐƉĞĐŝĂůůǇ ŽŶ ƚŚĞ ƚŽƉ͘ PƌŽƉĞƌ ƉƌĞƉĂƌĂƚŝŽŶ ŽĨ ƚŚĞ 
ƐƵƌĨĂĐĞƐ ŝƐ ĞƐƐĞŶƚŝĂů ƚŽ ĂǀŽŝĚ ƉƌŽďůĞŵƐ ƐƵĐŚ ĂƐ ͗ ĐƌĂĐŬƐ͕ ŐůĂǌŝŶŐ Žƌ ůĂĐŬ ŽĨ ĂĚŚĞƌĞŶĐĞ͘ PƌĞƉĂƌĂƚŝŽŶ 
ĐŽŶƐŝƐƚƐ ŝŶ ĐŽĂƚŝŶŐ ƚŚĞ ǁĂůů ǁŝƚŚ ƚŚĞ ƚŚŝŶ ůĂǇĞƌ ĚĞƐĐƌŝďĞĚ ďĞĨŽƌĞ ;ŽƉƚŝŽŶ ϮͿ͕ ǁŚŝĐŚ ĂůůŽǁƐ ƚŚĞ ŵŽƌƚĂƌ 
ƚŽ ƐƚŝĐŬ ƚŽ ƚŚĞ ĨƌĂŐŝůĞ ƐƵƌĨĂĐĞƐ͘  
TŚĞ ƐŽŝů ƐŚŽƵůĚ ďĞ ĂƉƉůŝĞĚ ŝŶ ƚŚĞ ƐŚĂĚĞ ƉƌĞĨĞƌĂďůǇ͕ ƚŽ ĂǀŽŝĚ ĨĂƐƚ ĚƌǇŝŶŐ ĂŶĚ ĐƌĂĐŬŝŶŐ͘ IĨ ƚŚĞ ǁĂůů ŝƐ 
ĞǆƉŽƐĞĚ ƚŽ ƚŚĞ ƐƵŶ͕ ƚŚĞ ŵŽƌƚĂƌ ĐĂŶ ďĞ ĂƉƉůŝĞĚ Ăƚ ƚŚĞ ĞŶĚ ŽĨ ƚŚĞ ĂĨƚĞƌŶŽŽŶ͘ EĂĐŚ ůĂǇĞƌ ƐŚŽƵůĚ ďĞ ŶŽ 
ŵŽƌĞ ƚŚĂŶ ϭ͕ϱ Đŵ ƚŚŝĐŬ ƐŝŶĐĞ ĨƌĂŐŝůĞ ǁĂůůƐ ĐĂŶŶŽƚ ǁŝƚŚƐƚĂŶĚ ŚĞĂǀǇ ĐŽĂƚŝŶŐƐ͘ TŚŝƐ ŵĞĂŶƐ ƚŚĂƚ ϮͲϯ 
ůĂǇĞƌƐ ŽĨ ƐŽŝů ĂƌĞ ŶĞĐĞƐƐĂƌǇ͘ CŽŵƉůĞƚĞ ĚƌǇŝŶŐ ŝƐ ŶĞĐĞƐƐĂƌǇ ŝŶ ďĞƚǁĞĞŶ ĞĂĐŚ ŶĞǁ ůĂǇĞƌ͘ TŚĞ ĞŶƚŝƌĞ 
ƉƌŽĐĞƐƐ ĐĂŶ ůĂƐƚ ϯ ƚŽ ϱ ĚĂǇƐ͕ ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞ ĐƵƌŝŶŐ ƐƉĞĞĚ͘ 
 
 
OƉƚŝŽŶ ϰ͗ ƉĂƌƚŝĂů ƌĞĐŽŶƐƚƌƵĐƚŝŽŶ ;ŽĨ ƚŚĞ ƚŽƉ ĂŶĚ ǀĞƌƚŝĐĂů ƐƵƌĨĂĐĞƐͿ 
TŚŝƐ ŽƉƚŝŽŶ ŚĂƐ ŽŶůǇ ďĞĞŶ ĚĞŵŽŶƐƚƌĂƚĞĚ ŽŶ Ă ǀĞƌƚŝĐĂů ƐƵƌĨĂĐĞ ĚƵƌŝŶŐ ƚŚĞ ŵŝƐƐŝŽŶ͕ ďƵƚ ŝƚ ĐĂŶ ĂůƐŽ ďĞ 
ĂƉƉůŝĞĚ ŽŶ ŚŽƌŝǌŽŶƚĂů ƐƵƌĨĂĐĞƐ͕ ĂƐ ŝƚ ǁĂƐ ĚŽŶĞ ŝŶ FĂǇĂǌ TĞƉĂ͕ UǌďĞŬŝƐƚĂŶ ;ƐĞĞ ŝŵĂŐĞƐ ŝŶ ĂƉƉĞŶĚŝǆ ϭͿ͘ 
RĞĐŽŶƐƚƌƵĐƚŝŽŶ ŝƐ ƉĂƌƚŝĐƵůĂƌůǇ ŝŶƚĞƌĞƐƚŝŶŐ ƚŽ ƌĞǀĞĂů ǁĂůůƐ ƚŽ ǀŝƐŝƚŽƌƐ͕ ǁŚĞŶ ƚŚĞ ƌƵŝŶƐ ĚŽ ŶŽƚ ƉƌŽũĞĐƚ 
ďĞǇŽŶĚ ƚŚĞ ƐĂŶĚ ƐƵƌĨĂĐĞ͘ Iƚ ĂůƐŽ ƌĞĚƵĐĞƐ ƚŚĞ ĞĨĨĞĐƚ ŽĨ ĚĞƐƚƌƵĐƚŝŽŶ ďǇ ƚƌĂŵƉůŝŶŐ ďǇ ǀŝƐŝƚŽƌƐ͘ WŽƌŬĞƌƐ 
ŚĂƌĚůǇ ǁĂůŬ ŽŶ ƌĞĐŽŶƐƚƌƵĐƚĞĚ ǁĂůůƐ͖ ƚŚĞǇ ƌĂƚŚĞƌ ƵƐĞ ƚŚĞŵ ĂƐ ďĞŶĐŚĞƐ͕ ǁŚŝĐŚ ŝƐ ůĞƐƐ ĚĞƐƚƌƵĐƚŝǀĞ͘   
IŶ ƚŚĞ ĐĂƐĞ ŽĨ AůͲYĂŵĂŵĂ͕ ĂĚĚŝŶŐ Ϯ ƚŽ ϯ ůĂǇĞƌƐ ŽĨ ŵƵĚ ďƌŝĐŬƐ Ăƚ ƚŚĞ ƚŽƉ ŽĨ ƚŚĞ ǁĂůůƐ ǁŽƵůĚ ďĞ 
ƐƵĨĨŝĐŝĞŶƚ ƚŽ ƉƌŽƚĞĐƚ ƚŚĞ ǁĂůůƐ ĨŽƌ ƐĞǀĞƌĂů ǇĞĂƌƐ ĂŶĚ ŚĞůƉ ƚŚĞ ǀŝƐŝƚŽƌ ƵŶĚĞƌƐƚĂŶĚ ŚŽǁ ƚŚĞ ŚŽƵƐĞƐ ǁĞƌĞ 
ŽƌŐĂŶŝƐĞĚ͘   
 
OƉƚŝŽŶ ϱ͗ ƐŚĞůƚĞƌŝŶŐ 
TŽ ƉƌŽƚĞĐƚ ǁĂůůƐ ǁŚŝĐŚ ŚĂǀĞ ůŽƐƚ ƚŚĞ ƌŽŽĨ ƚŚĂƚ ŽƌŝŐŝŶĂůůǇ ƉƌŽƚĞĐƚĞĚ ƚŚĞŵ͕ ĐƌĞĂƚŝŶŐ Ă ŶĞǁ ƐŚĞůƚĞƌ ĐĂŶ 
ďĞ ĂŶ ŽƉƚŝŽŶ͘ BƵƚ ƐŚĞůƚĞƌŝŶŐ ŚĂƐ ƉƌŽǀĞĚ ƚŽ ďĞ Ă ǀĞƌǇ ĞǆƉĞŶƐŝǀĞ ĂŶĚ ƐĞŶƐŝƚŝǀĞ ŽƉƚŝŽŶ͕ ďĞĐĂƵƐĞ ŵĂŶǇ 
ƉĂƌĂŵĞƚĞƌƐ ŶĞĞĚ ƚŽ ďĞ ĐŽŶƐŝĚĞƌĞĚ͘ TŚĞ ĐŽƐƚ ŝƐ ŽŶĞ ŽĨ ƚŚĞŵ͘ A ƐŚĞůƚĞƌ ŝƐ ŶŽƚ ĂŶ ĞǀĞƌůĂƐƚŝŶŐ ƐŽůƵƚŝŽŶ͕ ŝƚ 
ƌĞƋƵŝƌĞƐ ƌĞŐƵůĂƌ ŵĂŝŶƚĞŶĂŶĐĞ ĂŶĚ ƌĞƉůĂĐĞŵĞŶƚ ĂĨƚĞƌ ƐŽŵĞ ƚŝŵĞƐ͘ TŚŝƐ ŽƉƚŝŽŶ ƐŚŽƵůĚ ďĞ ƌĞƐĞƌǀĞĚ ƚŽ 
ƚŚĞ ŵŽƐƚ ƐĞŶƐŝƚŝǀĞ ĞůĞŵĞŶƚƐ ƐƵĐŚ ĂƐ ƚŚĞ ŵŽƐƋƵĞ͕ ǁŚŝĐŚ ŝƐ ƵŶŝƋƵĞ͘ RĞŐĂƌĚůĞƐƐ ŽĨ ƚŚĞ ǀŝƐƵĂů ŝŵƉĂĐƚ͕ 
ƉƌŽƚĞĐƚŝŶŐ ƐŚĞůƚĞƌƐ ƌĞƋƵŝƌĞ ĐĂƌĞĨƵů ƐƚƵĚŝĞƐ ĨŝƌƐƚ͕ ĨŽƌ Ă ĚĞĞƉ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽĨ ƚŚĞ ĐŽŵƉůĞǆ ĚĞĐĂǇ 
ĨĂĐƚŽƌƐ͕ ĂŶĚ ƚŽ ĂǀŽŝĚ ĞŶĚĂŶŐĞƌŝŶŐ ƚŚĞ ƐƚƌƵĐƚƵƌĞƐ͘  
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SƉĞĐŝĨŝĐ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽƉƚŝŽŶƐ ĨŽƌ ƚŚĞ ĐŽůƵŵŶƐ ŽĨ ƚŚĞ ŵŽƐƋƵĞ 
 
 
 BĂĐŬĨŝůůŝŶŐ 

 
 
 
 
 

WƌĂƉƉŝŶŐ SĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ TĞŵƉŽƌĂƌǇ RŽŽĨ 

AĚ
ǀĂ

Ŷƚ
ĂŐ

ĞƐ
 Ͳ KŶŽǁŶ ƚŽ ďĞ ĞĨĨŝĐŝĞŶƚ 

Ͳ EĂƐǇ ƚŽŽ ŝŵƉůĞŵĞŶƚ 
Ͳ NŽ ƐŬŝůůƐ ƌĞƋƵŝƌĞĚ 
Ͳ CŚĞĂƉ 
Ͳ RĞǀĞƌƐŝďůĞ 
Ͳ TŚĞ ĐŽůƵŵŶƐ ĂƌĞ ƐĂĨĞ 

Ͳ EĂƐǇ ƚŽŽ ŝŵƉůĞŵĞŶƚ 
Ͳ FĂƐƚ 
Ͳ CŚĞĂƉ 
Ͳ RĞǀĞƌƐŝďůĞ 

Ͳ EĂƐǇ ƚŽŽ ŝŵƉůĞŵĞŶƚ 
Ͳ FĂƐƚ 
Ͳ CŚĞĂƉ 
Ͳ DŝƐĐƌĞƚĞ  
Ͳ RĞǀĞƌƐŝďůĞ  

Ͳ EĂƐǇ ƚŽŽ ďƵŝůĚ ǁŝƚŚ 
ƐĐĂĨĨŽůĚŝŶŐ ƚƵďĞƐ ĂŶĚ 
ƚĂƌƉĂƵůŝŶ 

Ͳ CĂŶ ďĞ ĚŝƐŵĂŶƚůĞĚ ĂŶĚ 
ƌĞͲĂƐƐĞŵďůĞĚ ĞǀĞƌǇ 
ǇĞĂƌ 

Ͳ NŽ ŵĂŝŶƚĞŶĂŶĐĞ 
Ͳ TŚĞ ĐŽůƵŵŶƐ ƌĞŵĂŝŶ 

ǀŝƐŝďůĞ ĨŽƌ ǀŝƐŝƚƐ Žƌ 
ŵŽŶŝƚŽƌŝŶŐ 

IŶ
ĐŽ

Ŷǀ
ĞŶ

ŝĞ
Ŷƚ

Ɛ Ͳ TŝŵĞ ĐŽŶƐƵŵŝŶŐ 
Ͳ WŚĞĞůďĂƌƌŽǁƐ͕ ƐŚŽǀĞůƐ 

ĂŶĚ ǁŽƌŬĞƌƐ ĚĂŵĂŐĞ 
ƚŚĞ ǁĂůůƐ 

Ͳ TŚĞ ĐŽůƵŵŶƐ ĂƌĞ ŶŽƚ 
ǀŝƐŝďůĞ 

Ͳ NŽƚ ǇĞƚ ĞǆƉĞƌŝŵĞŶƚĞĚ 
Ͳ TŚĞ ĐŽůƵŵŶƐ ĂƌĞ ŚŝĚĚĞŶ 
Ͳ UŶƐŝŐŚƚůǇ  
Ͳ VŝƐŝƚŽƌƐ ŵĂǇ ƚƌǇ ƚŽ ƚĞĂƌ 

ƚŚĞ ŵĂƚĞƌŝĂů ƚŽ ƐĞĞ 
ǁŚĂƚ ŝƐ ďĞŚŝŶĚ 

Ͳ RĞƋƵŝƌĞƐ ǇĞĂƌůǇ 
ŵĂŝŶƚĞŶĂŶĐĞ 

Ͳ RĞƋƵŝƌĞƐ ĂŶ 
ĞǆƉĞƌŝŵĞŶƚĂů ƉŚĂƐĞ ŽŶ 
ƚŚĞ ŵĂƚĞƌŝĂůƐ 

Ͳ RĞƋƵŝƌĞƐ ƚŽ Ěƌŝůů ŚŽůĞƐ ŝŶ 
ƚŚĞ ĂƌĐŚĂĞŽůŽŐŝĐĂů 
ůĂǇĞƌƐ 

Ͳ UŶƐŝŐŚƚůǇ  
Ͳ NŽ ƉŚǇƐŝĐĂů ƉƌŽƚĞĐƚŝŽŶ 
Ͳ PĞŽƉůĞ Žƌ ĂŶŝŵĂůƐ ŵĂǇ 

ƵƐĞ ƚŚĞ ƐŚĞůƚĞƌĞĚ ƐƉĂĐĞ 
ƚŽ ƌĞƐƚͬƉŝĐŶŝĐ ͗ ƌŝƐŬ ŽĨ 
ĚĞƚĞƌŝŽƌĂƚŝŽŶ 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

SĂŶĚ ďĂŐƐ 

SĐĂĨĨŽůĚŝŶŐ ƚƵďĞƐ TĂƌƉĂƵůŝŶƐ ǁŝƚŚ ĞǇĞůĞƚƐ 

SǁŝǀĞů ĐůĂŵƉƐ 

ĐŽůƵŵŶ 

ϲ͕ϴ ŵ 

ϭϬ ŵ 
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ϰ͘ PƌŽƉŽƐĂů ĨŽƌ CRAƚĞƌƌĞ ŝŶƚĞƌǀĞŶƚŝŽŶƐ ŝŶ ϮϬϭϯͲϮϬϭϰ 
 
 
 
ϰ͘ϭ͘ FƌĂŵĞǁŽƌŬ 
SĂƵĚŝ AƌĂďŝĂ ŚĂƐ Ă ƌŝĐŚ ĂŶĚ ĚŝǀĞƌƐĞ ĞĂƌƚŚĞŶ ŚĞƌŝƚĂŐĞ͕ ǁŚŝĐŚ ĚĞŵŽŶƐƚƌĂƚĞƐ ƚŚĞ ƚĂůĞŶƚ ŽĨ ŝƚƐ ĂƌƚŝƐĂŶƐ 
ĂŶĚ ƚŚĞ ƉĞƌĨŽƌŵĂŶĐĞ ŽĨ ĞĂƌƚŚ͕ ǁŚŝĐŚ ŚĂƐ ďĞĞŶ ƵƐĞĚ ĂƐ Ă ďƵŝůĚŝŶŐ ŵĂƚĞƌŝĂů ŝŶ ŵĂŶǇ ĂƌĞĂƐ͕ ƵŶƚŝů ƚŚĞ 
ĞŶĚ ŽĨ ƚŚĞ ϮϬƚŚ CĞŶƚƵƌǇ͘ TŚŝƐ ŵĂƚĞƌŝĂů ŝƐ ǀĞƌǇ ƉƌĞƐĞŶƚ ŝŶ ƚŚĞ ĂƌĐŚĂĞŽůŽŐŝĐĂů ĐŽŶƚĞǆƚ͕ ĂƐ ĐŽŶĨŝƌŵĞĚ ďǇ 
ƚŚĞ ĞǆĐĂǀĂƚŝŽŶƐ ƐƚĂƌƚĞĚ ŝŶ ϮϬϭϭ Ăƚ Aů YĂŵĂŵĂ ďǇ Ă FƌĂŶĐŽͲSĂƵĚŝ ƚĞĂŵ͘ TŚĞǇ ƌĞǀĞĂůĞĚ ƐĞǀĞƌĂů ŵƵĚ 
ƐƚƌƵĐƚƵƌĞƐ ŝŶĐůƵĚŝŶŐ Ă ŵŽƐƋƵĞ ďƵƌŝĞĚ ŝŶ ƚŚĞ ƐĂŶĚ͘ Aƚ ƚŚĞ ƌĞƋƵĞƐƚ ŽĨ Mƌ͘ JĞƌĞŵŝĞ SĐŚŝĞƚƚĞĐĂƚƚĞ͕ ĐŽͲ
ĚŝƌĞĐƚŽƌ ŽĨ ƚŚĞ ĞǆĐĂǀĂƚŝŽŶ͕ Ă ĨŝƌƐƚ ƚĞĐŚŶŝĐĂů ĞǆƉĞƌƚŝƐĞ ŵŝƐƐŝŽŶ ǁĂƐ ĐĂƌƌŝĞĚ ŽƵƚ ĨƌŽŵ ƚŚĞ ϮϰƚŚ ƚŽ ƚŚĞ ϯϬƚŚ 
NŽǀĞŵďĞƌ ϮϬϭϮ ďǇ ƚǁŽ CRAƚĞƌƌĞ ĞǆƉĞƌƚƐ ƚŽ ĂĚǀŝƐĞ ŽŶ ƚŚĞ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽĨ ƚŚĞ ƵŶĐŽǀĞƌĞĚ ƌĞŵĂŝŶƐ͘ 
AǀĞŶƵĞƐ ŽĨ ĐŽŽƉĞƌĂƚŝŽŶ ǁŝƚŚ ƚŚĞ SĂƵĚŝ ĂƵƚŚŽƌŝƚŝĞƐ ĨŽƌ ƚŚĞ ŵĂŶĂŐĞŵĞŶƚ ĂŶĚ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽĨ ĞĂƌƚŚĞŶ 
ŚĞƌŝƚĂŐĞ ŝŶ SĂƵĚŝ AƌĂďŝĂ ǁĞƌĞ ĂůƐŽ ĚŝƐĐƵƐƐĞĚ ǁŝƚŚ ƚŚĞ CŽƵŶƐĞůůŽƌ ĨŽƌ CŽŽƉĞƌĂƚŝŽŶ ĂŶĚ CƵůƚƵƌĂů ĂĐƚŝŽŶ 
Ăƚ ƚŚĞ EŵďĂƐƐǇ ŽĨ FƌĂŶĐĞ͕ Mƌ͘ JĞĂŶ LŽƵŝƐ LĂǀĞŝůůĞ ďĞĨŽƌĞ ĂŶĚ ĚƵƌŝŶŐ ƚŚĞ ŵŝƐƐŝŽŶ͘ 
 
 
ϰ͘Ϯ͘ OďũĞĐƚŝǀĞƐ 
DĞǀĞůŽƉ Ă ƉŝůŽƚ ƉƌŽũĞĐƚ ŽŶ AůͲYĂŵĂŵĂ ĨŽƌ ƚŚĞ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽĨ SĂƵĚŝ ĂƌĐŚĂĞŽůŽŐŝĐĂů ŚĞƌŝƚĂŐĞ ƚŽŐĞƚŚĞƌ 
ǁŝƚŚ ƚŚĞ SĂƵĚŝ FƌĞŶĐŚ ĂƌĐŚĂĞŽůŽŐŝĐĂů ŵŝƐƐŝŽŶ ƚŽ͗ 
 
 
 
 
• BƵŝůĚ CĂƉĂĐŝƚŝĞƐ ŝŶ ƚĞƌŵƐ ŽĨ ĞĂƌƚŚĞŶ 

ŚĞƌŝƚĂŐĞ ĐŽŶƐĞƌǀĂƚŝŽŶ 
 
 
 
 
 
 
• DĞĨŝŶĞ ĂŶĚ ŝŵƉůĞŵĞŶƚ ĐŽŶƐĞƌǀĂƚŝŽŶ 

ƚĞĐŚŶŝƋƵĞƐ ƚŚĂƚ ĐĂŶ ďĞ ĂƉƉůŝĞĚ ŝŶ ďĞƚǁĞĞŶ 
ĞǆĐĂǀĂƚŝŽŶ ĐĂŵƉĂŝŐŶƐ 

 
 
 
 
 
 
• PůĂŶ ƚŚĞ ƐŝƚĞ ĚĞǀĞůŽƉŵĞŶƚ 
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ϰ͘ϯ͘ AĐƚŝǀŝƚŝĞƐ 
 
 
 

ϮϬϭϯ 
ũĂŶƵĂƌǇ ĨĞďƌƵĂƌǇ ŵĂƌĐŚ ĂƉƌŝů ŵĂǇ ũƵŶĞ ũƵůǇ ĂƵŐƵƐƚ ƐĞƉƚĞŵ ŽĐƚŽďƌĞ ŶŽǀĞŵď ĚĞĐĞŵď 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ϮϬϭϰ 
ũĂŶƵĂƌǇ ĨĞďƌƵĂƌǇ ŵĂƌĐŚ ĂƉƌŝů ŵĂǇ ũƵŶĞ ũƵůǇ ĂƵŐƵƐƚ ƐĞƉƚĞŵ ŽĐƚŽďƌĞ ŶŽǀĞŵď ĚĞĐĞŵď 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ϰ͘ϰ͘ CŽƐƚ ĞƐƚŝŵĂƚĞ 
 
MŝƐƐŝŽŶƐ ;ϰ ŵŝƐƐŝŽŶƐ͕ ϴ ĨůŝŐŚƚƐ͕ ǀŝƐĂƐ͕ ƉĞƌ ĚŝĞŵƐͿ  ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘  Ϯϭ ϬϬϬ Φ 
FĞĞƐ ;ϭϮϬ ĚĂǇƐ ĨŽƌ ƉƌĞƉĂƌĂƚŝŽŶ͕ ŐƌĂƉŚŝĐ ǁŽƌŬ͕ ŵŝƐƐŝŽŶƐ ĂŶĚ ƌĞƉŽƌƚŝŶŐͿ ͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘  ϱϰ ϬϬϬ Φ 
 

 TOTAL  ͘͘͘͘͘͘͘͘͘͘͘͘͘͘  ϳϱ ϬϬϬ Φ 
 
TŚŝƐ ĐŽƐƚ ĞǆĐůƵĚĞƐ ƚŚĞ ĐŽƐƚ ŽĨ ƉƌĞƐĞŶƚĂƚŝŽŶ ŵĂƚĞƌŝĂůƐ ;ƉƌĞƐĞŶƚĂƚŝŽŶ ƉĂŶĞůƐ͕ ƐƚĂŶĚƐ͕ ĞƚĐ͙Ϳ  

FƵŶĚƌĂŝƐŝŶŐ 
PƌĞůŝŵŝŶĂƌǇ ƐƚƵĚŝĞƐ 
 
DĞĨŝŶŝƚŝŽŶ ŽĨ Ă ƐŝƚĞ ĚĞǀĞůŽƉŵĞŶƚ 
ƉůĂŶ ;ĐŽŶĐĞƉƚƐ ĂŶĚ ƐƚƌĂƚĞŐŝĞƐͿ 

MŝƐƐŝŽŶ ϭ 
 
• PƌĞƐĞŶƚĂƚŝŽŶ ŽĨ ƚŚĞ ƐƚƵĚǇ ƚŽ 

SĂƵĚŝ ĂŶĚ ĨŽƌĞŝŐŶ ƐƚĂŬĞŚŽůĚĞƌƐ 
• DŝƐĐƵƐƐŝŽŶ ĂŶĚ ĂĚũƵƐƚŵĞŶƚ ŽĨ ƚŚĞ 

ƉƌĞůŝŵŝŶĂƌǇ ƉƌŽũĞĐƚ ĂŶĚ 
ĚŝƐĐƵƐƐŝŽŶƐ ŽŶ ƚŚĞ ǀŝƐŝŽŶ 

• PƌĞƉĂƌĂƚŝŽŶ ŽĨ ŵŝƐƐŝŽŶ Ϯ 

MŝƐƐŝŽŶ Ϯ 
 
• EǆƉĞƌŝŵĞŶƚĂƚŝŽŶ 
• OŶͲƐŝƚĞ ƚƌĂŝŶŝŶŐ ŽŶ 

ĐŽŶƐĞƌǀĂƚŝŽŶ ĨŽƌ 
ƚĞĐŚŶŝĐŝĂŶƐ 

• DĂƚĂ ĐŽůůĞĐƚŝŽŶ ĨŽƌ ƚŚĞ 
ĐŽŶƐĞƌǀĂƚŝŽŶ ĂŶĚ ƐŝƚĞ 
ƉƌĞƐĞŶƚĂƚŝŽŶ ƉƌŽũĞĐƚ 
;ƉŚĂƐĞ ϭͿ 

GƌĂƉŚŝĐ ǁŽƌŬ 
 
AĚĚŝƚŝŽŶĂů ƐƚƵĚŝĞƐ ĨŽƌ 
ƚŚĞ ƐŝƚĞ ƉƌĞƐĞŶƚĂƚŝŽŶ 

MŝƐƐŝŽŶ ϯ 
 
• PƌĞƐĞŶƚĂƚŝŽŶ DĂƚĂ ĐŽůůĞĐƚŝŽŶ ĨŽƌ 

ƚŚĞ ĐŽŶƐĞƌǀĂƚŝŽŶ ĂŶĚ ƐŝƚĞ 
ƉƌĞƐĞŶƚĂƚŝŽŶ ƉƌŽũĞĐƚ ;ƉŚĂƐĞ ϮͿ 

• Ϯ ƚƌĂŝŶŝŶŐ ƐĞƐƐŝŽŶƐ ĨŽƌ ƚŚĞ 
AŶƚŝƋƵŝƚŝĞƐ ƐƚĂĨĨ 

MŝƐƐŝŽŶ ϰ 
 
• OŶͲƐŝƚĞ ƚƌĂŝŶŝŶŐ ŽŶ 

ĐŽŶƐĞƌǀĂƚŝŽŶ ĨŽƌ 
ƚĞĐŚŶŝĐŝĂŶƐ 

• IŵƉůĞŵĞŶƚĂƚŝŽŶ ŽĨ ƚŚĞ 
ƐŝƚĞ ƉƌĞƐĞŶƚĂƚŝŽŶ 
ƉƌŽũĞĐƚ ;ƉŚĂƐĞ ϭͿ 

• PůĂŶŶŝŶŐ ŽĨ ĨƵƌƚŚĞƌ 
ĂĐƚŝǀŝƚŝĞƐ 
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ϱ͘ AƉƉĞŶĚŝǆ 
 
 
ϱ͘ϭ͘ MŝƐƐŝŽŶ ĐŽŶƚĞŶƚ 
 
 
FƌŝĚĂǇ  Ϯϯ TƌŝƉ GƌĞŶŽďůĞ ї AůͲKŚĂƌũ 
SĂƚƵƌĚĂǇ  Ϯϰ SŝƚĞ ǀŝƐŝƚ 
  WŽƌŬ ŽŶ ƚŚĞ ƌĞƉŽƌƚ 
  PƌĞƉĂƌĂƚŝŽŶ ŽĨ Ă PŽǁĞƌPŽŝŶƚ ƉƌĞƐĞŶƚĂƚŝŽŶ ŽŶ ƚŚĞ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽƉƚŝŽŶƐ 
SƵŶĚĂǇ  Ϯϱ PƌĞƉĂƌĂƚŝŽŶ ŽĨ Ă ŵŽƌƚĂƌ ƐĂŵƉůĞ ǁŝƚŚ ŵĂƚĞƌŝĂůƐ ĐŽůůĞĐƚĞĚ ŝŶ ƚŚĞ ůĂŶĚƐĐĂƉĞ ;ŵƵĚ 

ďƌŝĐŬƐ ĨƌŽŵ ƌƵŝŶƐ͕ ƐƚƌĂǁ͕ ǁĂƚĞƌ ĂŶĚ ĐĂŵĞů ĚƵŶŐͿ 
  SĂŶĚ ƌĞŵŽǀĂů ŝŶ ƌŽŽŵ ϭϬϵ͕ ƐĞĐƚŽƌ ϳ ƚŽ ƉƌĞƉĂƌĞ ĨŽƌ ƚŚĞ ƚĞƐƚŝŶŐ ŽĨ ƐĂĐƌŝĨŝĐŝĂů 

ŵŽƌƚĂƌƐ 
  DŝƐĐƵƐƐŝŽŶ ŽĨ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽƉƚŝŽŶƐ ǁŝƚŚ ƚŚĞ FƌĞŶĐŚ ĂƌĐŚĂĞŽůŽŐŝĐĂů ƚĞĂŵ  
MŽŶĚĂǇ  Ϯϲ MĞĞƚŝŶŐ ǁŝƚŚ JĞĂŶͲLŽƵŝƐ LĂǀĞŝůůĞ͕ CŽƵŶƐĞůůŽƌ ĨŽƌ CŽŽƉĞƌĂƚŝŽŶ ĂŶĚ CƵůƚƵƌĂů ĂĨĨĂŝƌƐ  
  VŝƐŝƚ ŽĨ AůͲKŚĂƌũ ƉƌŝǀĂƚĞ ŵƵƐĞƵŵ 
  WŽƌŬ ŽŶ ƚŚĞ ƚĞŵƉŽƌĂƌǇ ƉƌŽƚĞĐƚŝŽŶ ŽƉƚŝŽŶƐ 
TƵĞƐĚĂǇ  Ϯϳ SĂĐƌŝĨŝĐŝĂů ŵŽƌƚĂƌ ƚĞƐƚŝŶŐ 
  DŝƐĐƵƐƐŝŽŶƐ ŽŶ ƚŚĞ ƉƌŽƚĞĐƚŝŽŶ ŽƉƚŝŽŶƐ 
  SŽƵƌĐŝŶŐ ƐŽŝů ƋƵĂƌƌŝĞƐ 
WĞĚŶĞƐĚĂǇ  Ϯϴ PƌĞƉĂƌŝŶŐ Ă ŶĞǁ ŵŽƌƚĂƌ ŵŝǆƚƵƌĞ 
  FŝůŝŶŐͲŝŶ ŚĂŝƌ ĐƌĂĐŬƐ ŝŶ ƚŚĞ ƐĂĐƌŝĨŝĐŝĂů ůĂǇĞƌ 
  VŝƐŝƚ ŽĨ AƚͲTƵƌĂŝĨ DŝƐƚƌŝĐƚ ŝŶ AĚͲDŝƌΖŝǇĂŚ͕ WŽƌůĚ HĞƌŝƚĂŐĞ SŝƚĞ 
TŚƵƌƐĚĂǇ  Ϯϵ VŝƐŝƚ ŽĨ ƚŚĞ ƐŝƚĞ ƵŶĚĞƌ ƚŚĞ ƌĂŝŶ 
  DŝƐĐƵƐƐŝŽŶ ǁŝƚŚ ƚŚĞ ƚĞĂŵ ŽŶ ƚŚĞ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽƉƚŝŽŶƐ 
  CŽƌƌĞĐƚŝŽŶ ŽĨ ƚŚĞ ƌĞƉŽƌƚ ǁŝƚŚ JĞƌĞŵŝĞ 
FƌŝĚĂǇ  ϯϬ WŽƌŬ ŽŶ ƚŚĞ ƌĞƉŽƌƚ 
  TƌŝƉ ďĂĐŬ AůͲKŚĂƌũ ї GƌĞŶŽďůĞ 
SƵŶĚĂǇ  ϭ AƌƌŝǀĂů ŝŶ FƌĂŶĐĞ 
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13/ Prospective recommendations

Improving touristic development by preventing site destruction

By its location in the vicinity of al-Riyadh, a touristic development of al-Kharj area is highly conceivable by the combi-
nation of its natural and archaeological potential.
An archaeological tour could be easily realized, going through the Bronze Age necropolises of ՏAyn al-ԵilaՏ and al-
ՏAfja, the sources of ՏAyn al-ԵilaՏ, the qanat of ՏAyn FarzƗn, the archaeological site of al-YamƗma and the ancient mud-

brick villages of Salmiyya and YamƗma.
Nevertheless, none of this could be done if these sites are not protected from the threat of an imminent destruction. Dur-
ing our survey of the oasis of al-Kharj, it appeared that some of the archaeological sites mentioned in the late 1970’s or 
in the 1990’s had been destroyed by the ongoing urbanization, industrialization and agricultural practices in the area.
Moreover, presently, two archaeological sites are under the immediate threat of this process:

- the qanat at Ayn Farzân (ig. 46) ;
- the Bronze-Age necropolis at al-Afja (ig. 47-48).

These two sites are unique, by their location, the scientiic information they hold and the touristic potential they have. 
Therefore, we urge the Saudi Commission for Tourism and Antiquities to make their best to:
- acquire the plot of land where these sites are located (ig. 49-50).
- fence these areas in order to prevent destruction, looting, or damaging by rubbish deposit.

Figure 46: the ongoing process of damaging and destruction of the qanat at ՌAyn FarzƗn
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Figure 47: Al-ՌAfja: uniqueness of the bronze age necropolis in the area

Figure 48: Al-ՌAfja: the threat of mountain quarrying over the necropolis
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Figure 49: al-ՌAfja: area to protect (red: in priority - purple: in a second time).

Figure 50: ՌAyn FarzƗn: area to protect in priority
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Preventing the destruction of valuable remains at alǦYamāma by enlarging the fence
Outside the fenced area of the archaeolological site at al-YamƗma, two areas yielded evidence of remains of outmost 
importance (ig. 51):

- to the northwest of the site, under modern camel enclosures, the remains of a huge building, possibly being a 
former palace or an elite residential building, are visible on the ground. They have been mapped during the 2nd 
ield season. They would deserve to be protected and excavated.
- to the southwest of the site, near modern camel enclosures, a small trench has been done this season, show-

ing the presence of islamic pottery workshops of uttermost importance. They attest a large scale pre-industrial 
production of pottery in Central Arabia that might have looded the market in the Peninsula during the Abbasid 
period. To protect this area and to excavate the remains would provide us with valuable information regarding 
the economic practices during the early Islamic period and regarding the commercial network within the Pen-

insula at that time.
Therefore, we urge the SCTA on purchasing and protecting these areas so as to prevent the destruction of unique ar-
chaeological features in Central Arabia and to enable their exploration in the immediate future.

Restoring the mosque at alǦYamāma
A restoration project for the mosque excavated at al-YamƗma has been proposed (pages 101-102) of the present report. 
It would be the irst step toward touristic development on the site of al-YamƗma. It includes the formation of specialists 
in Saudi Arabia. We call upon the SCTA’s authorities to consider it and to inform us about eventual remarks and about 
the acceptance of the SCTA to inance this project.

Figure 51: Areas to be fenced around the archaeological site of al-YamƗma
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