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Abstract

This paper aims at an archaeological descriptive study of a collection of glazed and painted Ayyubid/ Mamluk pottery sherds. The samples were excavated from Al-Rabbah in southern Jordan. The pottery vessels were divided into four groups according to the glazing color and manufacture method, as follows: yellow glazed, brown glazed, green glazed, and painted cream pottery. Chemical analysis examination of four samples was carried out for the first time to identify and characterize their chemical composition, in addition to comparing them with the Ayyubid/ Mamluk pottery, which was found in some of the archaeological sites in Jordan. The study concludes, based on persuasive evidence provided by the results of the chemical analysis, that Al Rabbah pottery sherds have at least two different geographical sources. The first was external, indicating that the pottery vessels were imported from Egypt or Syria. The second was extracted from the surrounding area of Al Rabbah, which confirms that it was the product of the local industry.
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التحلِيلُ الكيميائِيُّ للفخَّارِ الأيوبيَّ المملوكِيَّ مِنَ الربَّةِ، جنوبَيَّ الأردُنَ: دراسةُ أَولِيَّةُ

مسلم رشد الرواحنة

ملخص
يهدف هذا البحث إلى دراسة أثرية وصفية لمجموعة من الكِسرة الفخارية الأيوبية المملوكية المزججة والمدهونة المكتشفة خلال التنقيبات الاثرية لموقع الربة جنوبي الأردن. حيث تم تقسيم الأواني الفخارية اعتماداً على لون التزجيج واسلوب الصناعة إلى أربع مجاميع فخارية هي: الفخار المزجج ذو اللون الأصفر، والفخار المزجج ذو اللون البني، والفخار المزجج ذو اللون الأخضر، إضافة إلى الفخار الكريمي المدهون، لقد تم إجراء فحص مخبري كيميائي ولأول مرة لأربع عينات منها لتحديد التركيب الكيميائي لها؛ بالإضافة إلى مقارنتها مع الفخار الايوبي المملوكي المكتشف في بعض المواقع الأثرية في الأردن. وعليه فقد خلصت الدراسة إلى أن نتائج التحليل الكيميائي قدمت دليلاً مقنعاً على أن الكِسر الفخارية من الربة جاء مصدرها الجغرافي على نوعين: الأول منهما من مصدر خارجي يشير إلى أنها مستوردة، والنوع الثاني تم استخراجه من المنطقة المحيطة بالموقع الأثري؛ الأمر الذي يؤكد أنها محلية الصنع.
الكلمات الدالة: الربة، الفترة الأيوبية/ المملوكية، الفخار المزجج، الفخار المطلي، التحليل الكيميائي.
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1. Introduction

1.1 The Site and its Historical Background

Al Rabbah is located within the limits of Al-Qasr district, a sub-division of Karak Governorate, between the coordinates of 31.2704 North and 35.7375 East, 900 m. above sea level. It lies 110 km, to the south of Amman, passing through Madaba Governorate and across the Ancient King's highway (Trajan). The town is situated near the Faculty of Agriculture, Mutah University (Figs. 1a, and1b). The town was mentioned by Yaqut Al-Hamawi 1179- 1229 A.D. and Abu-Al Fida’ 1273- 1331 A.D. They described the site as “A heap of Ruins in Moab" (Al- Maani, 1994). It was also mentioned by numerous travelers such as Seetzen 1767- 1811 A.D, Burkhardt 1784- 1817 A.D and Musil 1868- 1944 A.D, as well as many others (Miller, 1979; Miller, 1991). 
The site has witnessed human settlement since the beginnings of the Bronze Age (Miller, 1991; Calzini, 2004), and it prospered during the Iron Age. It used to be one of the most important Moabite cities, after Dhiban/ Dībōn (Routledge, 2004; Cordova and Nowell, 2005; Al-Salameen, and Al-Rawahneh, 2017), at the time it was known by the name of Al Rabbah, as for the Arabic origin of the name, it is derived from the Canaanite Language Rabbat Mo'āb, meaning the main city or the Capital of Moab (Shiyab, 2013). It also goes by the Aramaean name of Rabbetā, whereas the Old Testament has given it the name of Ar-Moab (Ar of Moab)(Num 21:15, 28;  Deu 2:18;  Isa 15: 1), in the Greek Language it was referred to as Paββd Mawb in reference to the Al Rabah itself (Al- Maani, 1994; Calzini, J.G, 2002; [image: image6.png]


Shdaifat and Al-Btoush, 2011). During the Roman period, it went by the name of Αρεόπολης Areopolis meaning the city of the Greek God of War Ἄρης Ares.
During later periods it went by the name of Rabath-Moab (Calzini, 2004; Parker and John, 2006). Several archaeological finds have been discovered there that date back to the Classical period during the Nabataean period (Miller, 1991; Parker and John, 2006; Shiyab, 2012). It was an important site as well as an important commercial caravans-station. After the Romans have Annexed Nabataean Kingdom, it became an important part of the New Arabian Province Provincia Arabia in 106 A. D (Josephus 1926 XIV. 1, 4; Al-Rawahneh, 2001). "Flavius Josephus" the Romano-Jewish historian mentioned it as Ἀράβαθα Arabath, as having been one of the Cities conquered by "Alexander Janneus"-The Maccabean- in his struggle against the Nabataean King "Aretas III" 62-87 B. C; and who re-took them back around the year 63 B. C (Josephus 1926. XIV.1.18; Al-Rawahneh, 2001; Al-Salameen, 2017). Al Rabbah became the seat of Government for the Provincial Roman Governor in the year of 127 A.D. as confirmed by the scrolls discovered in Wadi-Habra, west of the dead sea (Polotsky, 1962; Al-Sualeh, 1992; Shiyab 2005). Al-Rabbah minted its own coin during the period of 193- 222 A. D. and on which the picture of the God "Areopolis" appeared (Parker and John, 2006).  
During the Byzantine period 324- 634 A. D. it became a Suffragan of Petra's Metropolitan Archbishoprics, as confirmed by official records that mention that "Saint John" has re-constructed the site after the devastating earthquake that hit the area in the year 492 A. D (Richard and Michael, 2005; Shiyab, 2013). Many Churches were built during that period; Also, many Byzantine inscriptions were. The " Tabula Peutingeriana" - an ancient illustrated road map dated back to the third century (Finkelstein, 1979), - has mentioned Al Rabbah under the name of Rababatora. The fact that Al Rabbah was a significant town during the Byzantine period becomes apparent when we see its name mentioned in the Madaba map of St. George Church (Parker and John, 2006; Al – Shorman and Shiyab, 2015), in 634 A.D/13 Hijri "Abu-Ubaida A'Amer Bin Al-Jarrah" conquered the city by peaceful means, it went by the name- of Maab, or Rabbat Maab, during the Islamic period (Al- Maani, 1994). Inscriptions and ruins have been found that attest to the occurrence of an earthquake had taken place during the "Umayyad Rule-Period"(Al-Sualeh, 1992). Some ruins and archaeological finds have been found there that date back to the Abbasid and Fatimid periods. Also, archaeological excavations have revealed an apparent Ayyubid and Mamluk occupation of the site (Aldrabee et al., 2015; Millwright, 2008). Al Rabbah remained an important town, even during the "Ottoman period" where and when it served as an important pilgrimage stop-over station, the Islamic Darb Al-Haj pilgrimage road-ran through Al Rabbah during the 16th century on its way to Mecca (Petersen, 2013).
1.2 Excavation and Field Work
In 2004, the Directorate of Al-Karak Antiquities was commissioned by the Department of Antiquities of Jordan to carry out excavation work at Al Rabbah Archaeological Site (Figs. 1a, 1b). The purpose of the excavation work was to find out if the Paved Roman Road (Trajan Road); ('Via Nova' Traiana) that had been extended into the archaeological site, and a salvage excavation (Petersen, 2013; Shdaifat, 2015). The work on the project financed by the Ministry of Planning, began on the fourth of August to the twentieth of September 2004 (Khuraisha, 2004). During this period, the archaeological expedition carried out the excavation work in two main areas, Area A and B, where three squares were opened up in Area A south-east of the site, whereas one Square was opened up in area B in the north-east side of the site (Figs. 1b, 2a, b, c). The archaeological strata, which had formed in Square 1, Area A (Fig. 2b), are composed of two layers: the first layer is a black-soil layer; it has rather recently been formed, three modern tombs have been found in it. The second layer is composed of white soil layer; painted and glazed pottery sherds have been found in it dating back to the Middle Islamic Periods Ayyubid and Mamluk 1174- 1516 A.D. In the second square two walls made up of six untrimmed stones have been discovered; in addition to these finds the remains of knives, rings, and bracelets have been found, moreover some pottery sherds, some of which are glazed with varied painted geometrical designs, and one lamp, dated to the Byzantine period. In the third square, a rectangular stone has been found with a cross-shape motif engraved on it; the stone has been re-used to cover a modern tomb, and some coins were also found. As for square 1 Area B (Fig. 2c), excavation work there has revealed numerous archaeological layers, the first layer of which is characterized by light brown soil layer, followed by a dark brown soil layer both layers were devoid of any archaeological finds followed by a third black soil layer. This layer was rich with pottery sherds and lamps painted with varied geometrical designs, in addition to animal bones. The following comprises the most important conclusions mentioned in the unpublished excavation report: 
1. Existence many layers of Settlement throughout different historical epochs. It has been noted that the different layers have intermingled owing to seismic activities and earthquakes, which have frequently occurred in the Al Rabbah area. 

2. The non-existence of the Paved Roman Road inside the archaeological site, probably because, throughout successive periods, the Roman Road's blocks have been re-used. Meanwhile, the researcher believes that there is no trace or evidence of any Paved Roman Road inside Al Rabbah Archaeological Site. The Roman Road that has been mentioned in different sources probably passed by the site on the eastern side of the site, which is to say that, the present main road of Al Rabbah has been built on top of the remains of the Ancient Trajan Road, as is the case with other big stretches of this long archaeological road.

3. The exposure of several modern tombs for which their builders re-used ancient stones from the Archaeological Site.
4. Excavation work has revealed evidence of extensive occupation and settlement have taken place during the Roman-Byzantine Periods, as evidenced by the presence of temples and churches, followed by the Nabataean and Islamic occupation periods.

5. There is a clear resemblance between Byzantine pottery vessels at the site with pottery vessels found at Gharandal- Tafilah, dated to the Byzantine period (Alan, and Anthony, 2001), Darwish (2004).
2 . Ayyubid/Mamluk Pottery

Throughout successive historical epochs up to Islamic term, pottery production technique has certainly developed, so that in addition to its local artistic imprint, pottery vessels began to show foreign influences, Chinese, Persian, and Seljuk, on the exterior of their vessels body (Marzouk, 1965). During the Ayyubid/Mamluk periods pottery production process went through different stages whereby some improvements were incorporated into the production techniques which enabled the potter to produce the vessels according to their types and functions through the employment of the potter's wheel or through manual means, or a combination of both techniques or by using molds, the improvements also, benefitted the firing process, which was an indication of how proficient the potter really was. An important improvement in the production techniques was "fine coating and glazing"; glazing first appeared on pottery vessels, in the ancient near east region in the 16th century B.C (Rice, 1987). 
The Muslim potter-artist began to fine-coat and glaze the vessels of various types to serve different functions, such as the prevention of loss of water through percolation and this is a production technique employed to conceal some production defects. The glazing of pottery greatly enhances and hardens the Vessel. A glaze is a glassy coating that seals and adorns the surface of the Vessel whereby the Vessel Surface becomes opaque and glossy and this is made possible when firing the mineral-clay mixture in a kiln at high-temperature degrees (Abo-Dalo and Al-Shorman, 2016). There is a noticeable resemblance between Egyptian and Syrian Shami/ š-Šāmi pottery, this is owed to factors such as the employment of the same raw materials and because of a likeness of production and decoration techniques. The Muslim potter also excelled at Golden Luster Pottery production style, which was one of his grand innovations, which he has arrived at in the eighth and ninth century (Dimand, 1930; Bataina, 2003; Abo-Dalo and Al-Shorman, 2016). This production of Golden Luster Pottery remained in use in Syria during the Ayyubid and Mamluk periods but disappeared in Egypt. A new Ayyubid/ Mamluk type of pottery appeared in Syria and Egypt made of a multi-colored 
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green, blue turquoise (Dimand, 1930). The Ayyubid/Mamluk ceramics were characterized by purity of their ware, mature firing and varied decorations underneath the dark glazed layer. Multi-plant and geometrical ornaments plant ornaments also characterized them. They also made use of varied script styles: Thuluth Writing Style, Naskh Writing Style and Kufic Writing Style (Rice, 1987; Abo-Dalo and Al-Shorman, 2016).

3 . Materials and Methods
During the archaeological excavation work for 2004, it was noted that the majority of the discovered Ayyubid/Mamluk pottery sherds concentrated in Area A Square 2 Locus 11, followed by - in terms of the number of discovered pottery sherds - in area B Square 1 Locus 6 and out of the discovered pottery sherds, 50 glazed, and painted pottery sherds dated to the Middle Islamic period Ayyubid/Mamluk, were selected for the purpose of conducting Lab-tests on them (Figs. 3, 4). The overall number of these Middle Islamic pottery sherds were a little over 200 sherds. The selected pottery sherds were classified according to their form, function, and manufacturing style and production techniques, as follows: nine pottery sherds served as bowls, there were twenty pottery sherds that served as kraters, four that served as jugs, and six that served as juglet jars. Generally speaking, the pottery sherds were composed of handles, rims, bases, and parts of body shards, the latter represented the highest percentage of the pottery sherds overall. Therefore, based on the aforementioned findings, the pottery vessels were divided according to the glazing color manufacture method, and style into four groups in order to identify and characterize their chemical composition. According to this classification, a chemical analysis was carried out on one sample from each group to get information about the nature of the raw materials that were used in the manufacture of the glaze and the bodies of the vessels, in addition, to verify the similarity among the groups. 

The measurements were performed at the chemical and mineralogical laboratory of the Ministry of Energy and Mineral Resources, Amman, using   X-ray fluorescence XRF. The following oxides were measured: MnO, P2O5, Na2O, MgO, TiO2, K2O, Fe2O3, PbO, CaO, Al2O3, and SiO2, in addition to and the loss of ignition L.O.I. This technique is widely used for elemental and chemical analysis, particularly in the investigation of metals, glass, ceramics, building materials and for research work in Geochemistry, Forensic Science, 
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Archaeology and Art objects such as painting and murals (Vincze, 2005; Anal, 2009). Several works showing the advent of technique based on XRF can be found in the literature during the past (El-Hasan et al, 2011). This technique can be claimed as an instrumental key that has revolutionized the analytical scene in Archaeometry, as in other fields (Strub et al, 2008; Shqiarat et al., 2011; Aldrabee et al, 2015). 
4. Chemical Analysis: Results and Discussion

The first three groups of glazed wares are wheel-made, and the fourth group of Geometrically – Painted (HMGP) Ware is handmade and unglazed, the results of the chemical analysis of the analyzed samples are shown in table 1. They can be classified into four different groups as follows:
	Table (1) The chemical composition of the analyzed samples as measured in Wt. % by XRF.

	Sample No.
	SiO2
	Al2O3
	TiO2
	CaO
	MgO
	K2O
	Na2O
	Fe2O3
	PbO
	MnO
	P2O5
	L.O. I

	Ra 1
	53.70
	16.40
	1.41
	11.00
	0.74
	1.49
	0.08
	1.96
	6.10
	0.016
	0.21
	6.40

	Ra 12
	66.50
	20.60
	1.71
	1.73
	0.43
	0.89
	0.10
	2.57
	1.36
	0.023
	0.14
	3.30

	Ra 15
	55.30
	15.50
	1.25
	9.16
	0.16
	1.55
	2.38
	2.80
	4.61
	0.026
	0.26
	5.40

	Ra 27
	37.20
	12.30
	0.69
	24.00
	1.73
	2.33
	0.54
	4.40
	0.02
	0.093
	0.39
	16.40


The First Group: Yellow-Glazed Pottery (Glazed Relief Ware)

Pale-yellow pottery sherds and strong yellow ones amounted to 11 pieces 1 – 11 (Fig. 3a), came out glazed professionally inside out. They are body-sherds of the rim with the exception of sherd 1, which represented only a part of the body of the pottery. The chemical results indicate that Iron is responsible for the formation of the color of the glaze layer Fe2O3 = 1.96 on oxidizing firing, which gives the pale-yellow, whereas the dark yellow color is produced when the amount of iron oxide increases. It seems that Lead PbO = 6.10% was used as the principle modifier to produce a heavy and brilliant product (Franken and Kalsbeek, 1975). The yellow glaze was applied on the creamy color body, which was intentionally produced using calcareous clay CaO = 11.0% (Fig. 5), this pointed that the Ayyubid/Mamluk potters were aware to prepare bodies concordant in color with the glaze to be applied. However, Abo Dalo and Al-Shorman (2016), and Al-Shorman (2005) found that Ayyubid/Mamluk potters at Yaseleh and Ya'mon north Jordan 
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  Fig. 5: Ternary diagram showing alkalis+alkali earth – CaO+MgO – SiO2 compositional   

              distribution of the samples (by Author)



manufactured their yellow glazed pottery using lead as a modifier, which was applied on creamy calcareous clay-based bodies. Some of these pottery sherds came with varied paintings and decorations. The sherd 1 displayed geometric decorations; while sherds 5 and 6 were of a yellowish color intersected by dark brownish lines sherd 8 displayed plant decorations, this sherd also carries a roundel, in the center of which is wither part of a vegetal decoration or, more likely, a heraldic blazon, which is typical of this ware. If this is a blazon, then this is a very significant find, as it could reflect site function in the Mamluk period. As for sherds 2, 3, 4, 7, 9, 10, and 11, they displayed no decorations at all. Finally, this group of glazed pottery could be classified as lead-glazed pottery.
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The Second Group: Brownish-Glazed pottery (Glazed Relief Ware)
These two pieces of pottery vessels 12 and 13 are of the pale and dark-brownish glaze colors (Fig. 3b). The two pieces were a rim of the pottery vessel. The brown color of the glaze in this group was formed due to the presence of iron in oxidizing firing Fe2O3 = 2.57% on non-calcareous clay bodies brown colors CaO = 1.73% (Fig. 5), thus again compatible with the glaze layer. Samples of this group could be classified as low-lead glazed pottery, as the lead was used as a modifier PbO = 1.36, these results are coherent with what was found by Al-Shorman (2005), and Abo Dalo and Al-Shorman (2016). These pottery vessels were devoid of decorations. Sherd 13 was the thickest among the glazed pottery sherds of the study samples.
The Third Group: Green-Glazed Pottery (Glazed Relief Ware)
These pottery vessels were of light and dark green glaze colors (Fig. 3b). They are a total of 11, 14 -24 body sherds representing rims, with the exception of pieces numbers 20-24 which represented the body of the vessel. The light and dark green color of the glaze was produced either by using CuO (Al-Shorman, 2005) undetermined here with lead oxide as a modifier in oxidizing firing PbO = 4.61% or using iron-on reducing firing Fe2O3 = 2.80%. This layer was applied on calcareous clay bodies CaO = 9.16 % (Fig. 5), which colors are compatible with the glaze. The lead was used as a modifier in the manufacture of this glaze; therefore, the samples of these groups could be classified as lead glaze pottery. Pottery sherds numbers 16-17 carried geometric decorations in the shape of a network bold rhombus design. As for pottery sherd number 24, it is characterized by multi-colorization, which ranged between green and yellowish brown. The upper part is decorated with green color; in the middle part, there are circular shapes inter-connected by a brown line, while the lower part came with a light-yellow coloring.
The Fourth Group: Painted Creamy Pottery (Handmade Gematrically-Painted Ware)

The pottery vessels of this group have differed from the other first three groups in that they are not glazed. They are the most numerous and were the most widely spread out at the archaeological site; they are a total of 25 pieces 25 – 50. Pottery sherds under study were divided as follows (Fig. 4): three sherds representing handles of vessels, three sherds representing a rim and nineteen sherds representing the body of a pottery vessel. The Ayyubid/Mamluk potter has skillfully made the slip of the pottery vessels using highly calcareous clay CaO = 33% (Fig. 5) to prepare a creamy surface and then painted on them numerous geometric and plant motif designs like triangular, rhombus, rectangular, snail shapes. There were, also, straight lines as well as crooked thin and wide lines. These decorations and designs were directly influenced by the peculiar local environment they came in colors that ranged from pale-orange, dark-red, pale and bold-red, tile-colorings, light-brown, ending in varying degrees of black colorings, the potter has succeeded in mixing the different colors to arrive at the desired right color. This is a testimony to the dexterity of the Muslim Ceramist and his strong ability in mastering his instruments whereby he could, through the use of Iron-Oxide Fe2O3 = 4.4% produce the red, pale and strong-brown colorings with the ability to manipulate the degree of concentration of it for the benefit of the black color. The Lab-tests for the four group-samples were as follows: the chemical composition of the paints, the glazes, and the slips (fig. 6).

Sample. 1 (Ra1) (Glazed Relief Ware): characterized by a high percentage of Lead-Oxide Pbo reaching the level of 6.10%. The percentage of Iron FeO3 was lower reaching the level of 1.96%, followed by Sodium Na2O 0.08%, followed by Manganese MnO 0.016%.

Sample. 2 (Ra12) (Monochrome Glazed Ware): characterized by a high Aluminum-Oxide AI2O3 percentage reaching the level of 20.60%, followed by Titanium TiO2 1.71%; whereas, the lowest percentage of Phosphor R2O5 in it reached 0.14%, followed by Potassium K2O 0.89%, then Calcium CaO 1.73%.
Sample. 3 (Ra15) (Monochrome Glazed Ware): characterized by a high Sodium-Oxide Na2O reaching the level of 2.38%, while chlorine element percentage in it was as low as 0.034%, followed by Magnesium MgO 0.16%. 
Sample. 4 (Ra27) (HMGP) Ware: characterized by a high percentage of Calcium-Oxide CaO reaching 24.00%, followed by Iron Fe2O3 content 4.40%, then Potassium K2O 2.33%, followed by Magnesium MgO 1.73%, then Phosphor R2O5 0.39%, then Chlorine CI 0.301%, then Magnesium MnO 0.093%. The lowest elemental percentage in it went for Lead PbO 0.02%, followed by Titanium TiO2 0.69%, then Aluminum AI2O3 12.30%, then Silica SiO2 37.20%. 

Based on these Lab-tests for the pottery vessels of the numbers Ra1, Ra12, and Ra15, it became clear to us that the percentage of Silicon-Oxide SiO2 was high indeed in them, a fact which confirms the conviction that these first samples were glazed for the percentage of Silicon-Oxide in the sample Ra12 of the brown color, which reached 66.50%. This makes for the highest percentage among the three samples, followed by sample Ra15 of the green color where the percentage of Silicon-Oxide in it 55.30%. Finally, the sample Ra1 of the yellow color the percentage of Silicon-Oxide in it 53.70%. On the other hand, the lowest percentage of Silicon-Oxide content went for painted pottery Ra27, where it reached 37.20%, and this is so because this sample was not glazed. The element constitutes a basic raw-material constituent that goes into the preparation and manufacture of clay ware, plus the element is essential for the formation of colors that go into coating the sample. The colors that went into the coating of the sample were red and dark-brown colors, which were produced by Iron-Oxide Fe2O3. Also, we have a black color which is produced by a mixture of Iron-Oxide Fe2O3 and Manganese-Oxide MnO. The highest percentage of Iron-Oxide existed in the sample Ra27 reached the level of 4.40%, it is the highest percentage relative to the rest of the samples. On the other hand, the percentage of Calcium-Oxide CaO went up so high to the level of 24.00%, in comparison to the first three samples in which the percentage of Calcium-Oxide CaO didn't exceed 11.00%. Based on this variance, the classification of pottery vessels has been based on the chemical elements and the raw materials from which they were made. So, the basic raw material that went into the manufacture of pottery (clay) was of two kinds:

The First, which represents the glazed pottery of the first three samples numbers Ra1, Ra12, and Ra15: The Raw-Material is composed of a mixture of Quartz, a high percentage compared to painted pottery, and Feldspar+ Quartzite+ Mica+ Plagioclase.

The Second, which represents the painted pottery of the fourth sample number Ra27: The used material was a mixture of Quartz + Basalt+ total Alkalis + Crushed pottery Sherds (Grog). 

Similar examples of both kinds were found at Dohaleh site (Al- Tawalbah, 1996; Al-Saa'd; and Roussan, 1999). As for the glazing style used at Al Rabbah site, particularly for the first glazed pottery samples, it was Lead-Coating PbO + Sodium-Oxide Na2O or a mixture of both. It is the same glazing style used in glazing the discovered pottery vessels at the sites of Yasileh, and Dohaleh" northern of Jordan (Al- Tawalbah, 1996; Al-Saa'd, 2002; Al-Shorman, 2005).

Acidic Oxides (RO2), were composed of Silica SiO2 and Silica inversions, especially in the samples of Ra1, Ra12, and Ra15 which represent glazed pottery.

Basic-Oxides (RO.R2O), considered modifying components for the (Monovalent) R+ glazing net. These Oxides are of two kinds -Alkalis-Soil + Basic Soil. Alkalis have been formed by Sodium-Oxide Na2O, especially in the sample Ra27, which represents painted pottery, -and the other is Lead-Oxides PbO, especially in the samples Ra1, Ra12, and Ra15, which represent glazed pottery.
Amphoteric-Oxides (R2O3), which have resulted from Aluminum Oxide A12O3 and Boric-Oxide B2O3, which appeared in all the four pottery samples.
As for the percentage of loss due to heat L.O.I. Volatile Substances +H2O+ CO2, it ranged between 16.3- 3.30%. The percentage of L.O.I. in the brown glazed pottery sample Ra12 was the lowest at the level of 3.30%, followed by green glazed pottery sample Ra15 5.40%, then the yellow glazed pottery sample Ra1 6.40%; whereas the percentage in the painted non-glazed pottery sample Ra27 was the highest reaching the level of 16.3%. A fact that confirms that the glazed pottery was subjected to a very high degree of heat while it was fired, where and when the potter was resorted to "Double-Burning”, a process technically known as re-firing techniques to arrive at a heating degree more than 10000 (Al-Saa’d; and Roussan, 1999). What confirms this theory is that the basic raw material which went into the making of the pottery contained a percentage of Aluminum-Oxide Al2O3 by an average of 17.5%, which forms at temperature 10500; whereas the painted pottery of the fourth sample Ra27 was subjected to an average median temperature of between 6000- 7000. As for  the glazing style, all pottery vessels were made through the use of "Mild-Lead glazing Style"  in which the average added Lead-Oxide PbO reached the level of 3.02%, and was usually added as a modifier to the basic glazing constituent which is Silicon-Oxide SiO2, which reached the average level of 53.20%, where the potter would add a percentage of Lead-Oxide to equalize the glazed layer temperature and to reduce the visible defects and protrusions which accrue to the vessels body exterior, and would bolster the color-values of the coloring-Oxides.

5. Conclusions
This study has managed to connect and correlate between the different archaeological strata in the three squares which the archaeological expedition excavated during the 2004 season, and to date them to the Ayyubid/ Mamluk periods. Therefore, the research-work can positively confirm an Ayyubid/ Mamluk settlement of the site of Al Rabbah. A comparison was conducted between the pottery vessels discovered at Al Rabbah with those discovered at other sites in Jordan, in order to identify similarities and differences between them for the purpose of giving a clearer image of Ayyubid/Mamluk pottery in Jordan in general, and those discovered at Al Rabbah site in particular. The comparison procedures pertaining to the vessels body-exterior, making-style, production techniques the basic constituents of the clay ware used in the manufacturing process, the glazing material, the firing method, and the Lab-tests. This study concludes that the pottery vessels discovered at Al Rabbah site can be divided into two main categories:

A. The Imported pottery: Represented by the glazed pottery vessels of the first three groups 1-24. Maybe because of the non-availability of the glazing raw materials for pottery at Al Rabbah site and the surrounding area, especially lead ores, and the scarce amount of this type of pottery found in the site it can be assumed to be imported from Egypt or Syria.  The potter used the suitable clay type to be glazed by a proper glaze type. Lead-glazed pottery is common in this period Ayyubid/Mamluk with a variety of colors. This is seen as an indicator of how good he was as an artist and that he had complete mastery over his instruments. As pertains to the manufacturing style, the potter's wheel was involved because of the visible marks of the wheel on the vessels body. This type of pottery is similar to the imported pottery that found at Karak Castle (Aldrabee et al, 2015), Udhruh (AbuSaleem  et al, 2017), Yasileh (Al-Shorman, 2005), Khirbat Faris (Abu-Jaber and Al-Saa'd, 2000; Aldrabee and Wrieket, 2011) and Ya'mun (Abo-Dalo and Al-Shorman, 2016).

B.  The Locally Made pottery: Represented by the painted pottery vessels of the fourth group 25-50, the basic constituents of the raw-material for pottery is calcareous clay which basically is available at Al Rabbah and its surrounding area, the geology there is characterized by the sedimentary rocks of the upper Cretaceous such as limestone, marl, chalk, mudstone, chert and phosphates and less common the Pleistocene basalt (Moh'd, 1988). In addition, most of the decorative paintings that appeared on the bodies of pottery were directly affected by the local environment. Finally, compared with glazed pottery, painted pottery vessels were the most numerous and the most prevalent at Al Rabbah site.

The raw materials which went into its making were a mixture of a high percentage of Quartz, Basalt, and crushed, pottery vessels (Grog). However, some of these impurities can be seen by the naked eye; the pottery vessels contained some raw material like straw or hay. Therefore, they are of a less perfect state than the glazed pottery. The manufacture-style was done by manual means as we note marks of fingerprints and fabric on the bodies of pottery vessels, which are thicker than glazed pottery, this category similar to those found at other sites in Jordan such as Al-Badiyah, Hayyan Al-Mushref and Rujum El-Kursi (Al-Hayasat, 1987; Al-Rashdan, 2001; Bataina, 2003: Al- Bataina, 2005).
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Fig. 1:  a: Map of Jordan and the Karak plateau showing the Al Rabbah site. (by Author). 


                   b: Aerial view showing the excavation of 2004. (Google Maps).
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Fig.2: a: General View of the Site. b:  Area (A) Squares (1,2,3). c: Area (B) Square (1)    (Photographed by Author)
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Fig. 3: a: Yellow glazed group samples photos (left) and drawings (right). b: Green and


brown glazed groups photos (left) and drawings (right) (by Author)
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    Fig. 4: Painted pottery group photos and drawings (by Author)
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    Fig. 6: Relative abundance of X-Ray Spectrometric and LOI Analysis for the samples. 
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