On the Potential of Painted Pigment Analysis in the Study of Late Bronze Age Painted Canaanite Ceramics: An Example from Tel Esur	Comment by Irina Oryshkevich: Better to eliminate this 'painted' so it doesn't appear twice in the title.

Highlights
· We present the first detailed compositional analysis of LBA painted Canaanite pottery. 
· The aAnalysis of painted pigment provides data on technology and cultural issues.
· In Canaanite workshops, Manganese manganese black technique was utilized used for black decoration in Canaanite workshops. 
· Manganese ore was brought from an outside ore source, possibly by through maritime trade. 
· The technology of the painted decoration technology was affected by interaction and trade with Cyprus.

Abstract
The Late Bronze Age (LBA) pPainted Canaanite ceramics of the Late Bronze Age (LBA)are  are typified by cally decoration decorated with black, red or bicolored geometric patterns. In the current this study, we focused on the study of the black decoration on these vessels and we present the first detailed analyses of pre-Iron Age painted Canaanite ceramics using with the help of pXRF, LA-ICP-MS, EPMA and FT-IR methods. The Our observation examination of ferromanganese-based pigment reveals the that utilization Canaanite workshops of therelied on 'manganese "manganese black technique' technique" for the black decoration in the Canaanite workshops. The use of this technique exposes shows technological progress with respect to the earlier methods of employed the earlier in the Middle Bronze Age. It allows simultaneous black and red decorations to be applied simultaneously of ceramics throughin a single firing in an oxidizing atmosphere. The use of the manganese black technique in the LBA Canaanite workshops requires required an available source of manganese ore source, which is scarce in the region of Canaan region and absence absent in the Canaaniteits coastal plain region. The resultsOur study demonstratess that the comparative manganese ores of Timna and Faynan were not used for this propose. A similarity with between the composition of Cypriot umber ore and with that of the black paints on used in Cypriot White Slip II ware imports at Tel Esur may indicate Cypriot trade in manganese pigment ore with Canaan via the seamaritime circulation.

Keywords: Black black decoration; EPMA microprobe; Ferromanganeseferromanganese, Ferruginousferruginous; FT-IR; LA-ICP-MS; Manganese manganese black technique; Pigment pigment ore; Potterypottery; PXRF.	Comment by Irina Oryshkevich: Keywords are limited to 3-7



1. Introduction

1.1. Tel Esur and its Late Bronze Age Pottery

Tel Esur (Arabic Tell el-Assawir) is located on the Mediterranean coastal plain of Israel (Bar, 2016: Shalvi, 2016; Shalvi et al., in press; Zertal and Mirkam, 2016). Tel EsurIt is a small, five five-acres site, and of which less fewer than two acres were inhabited during the LBA. It seems to have been a rural LBA settlement on at the the western entrance to the Nahal ʻIron (Wadi ʻAra) pass, which formed constituted part of the historical Via Maris leading from Egypt to Mesopotamia. The most significant LBA remains of the LBA were excavated in Area B1, on in the northern part of the tell, where, in Stratum 2, the LBA is represented by an unusually well-preserved domestic courtyard house that had been unusually well-preserved. By Judging from its pottery, the house must have functioned been functional during in late LB IB and early LB IIA, circa 1400–1350 BCE. The ceramic assemblage found in the structure (studied in detail in Shalvi, 2016) was is very well preserved, lay mostly in primary deposition deposits and is restorable. It comprises consistsmainly  of objects primarily of local Canaanite shapesform,,  some Egyptianizing vessels, and several pieces of standard imported Late Cypriot II pottery– with White white Slipslip, Base base Ringring, and othersetc.  (Shalvi et al., in press). The Canaanite pottery includes plain and painted vessels for household use vessels and manyas well as many large ones for storage ones.	Comment by Irina Oryshkevich: 
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Fig. 1: Location mMap of Tel Esur and relevant sites.

1.2 Analyzing Analysis of decorated ceramics 
Studies of painted ceramics on of the Bronze and Iron Age of in the Eastern Mediterranean are still very few rare (Aloupi et al., 2001a, 2001b; Aloupi-Siotis and Lekka, 2017; Diebold et al., 2005; Kaplan et al., 2014; Noll, 1981; Porter and Speakman, 2008). Studies of painted ceramics on Bronze and Iron Age of the East Mediterranean are still rarely very few (Aloupi et al., 2001a, 2001b; Aloupi-Siotis and Lekka, 2017; Diebold et al., 2005; Kaplan et al., 2014; Noll, 1981; Porter and Speakman, 2008). The pPainted decoration on Cypriot pottery, however, was has been the subject of a recently studied article by Aloupi-Siotis and Lekka (2017). ). In Drawing on a series of pXRF-based studies that focusing focused mainly on the black decoration on Cypriot pottery, Aloupi-Siotis and Lekka they showclaimed that a clear technological transformation can be observed inthat during the Bronze ageAge a clear technological transformation could be observed. While an iron-reduction technique was used for black decoration in On eearlier pottery groups (till aboutprior to the early 17th century BCE)  the black decoration was achieved through the use of the iron-reduction technique (see also Aloupi  et al., 2001b; Jones, 1986). ), by  Subsequently in Cyprus, between ca. 1625–1050 BCE, this the technology gives had given way to a combined one, in which iron oxides were still used for the red decoration is still achieved by using iron oxides, but manganese ores (Cyprus umbrae)while  were now used for the black decorations are produced of manganese ores (Cyprus umbrae). The latter technique becomes became preferable from ca. 1050 BCE (the end of the LBA in Cyprus) onwards. As summarized by Aloupi et al. (2001b), the combined combination of Fe-red and Mn-black on two-bicolored vessels was became widespread in the second millennium BCE in in several Mediterranean sites/regions, such as Philakopi on Melos (Middle Cycladic), ) and Akrotiri (Middle Cycladic III to Late Cycladic I), but not necessarily everywhere (not one.g. Crete, for example; see also Pappalardo et al., 2010). 

Aloupi et al., (2001b) also claimmaintained that the technology existed in the Levant as well, but this their claim is based was only basedsolely on the visual examination of a few small number of examples. Regarding With regard to Cyprus, these authors convincingly also argued convincingly that in the apparently few cases/sites where this technological shift does did not take place, such as with on the Proto-White Painted pottery in early Iron Age Alaas (in on the island’s northeast end of the island), this such ‘"conservatism"’ may be due to cultural factors. In Alaas, for example, it may relate to Aegean traditions, since this the technique is also typifies typical of Mycenaean pottery. (For On all these issues, see  mainly Aloupi et al., 2000; 2001a, 2001b; for on pigment ores in Cyprus, see Shoval and Gilboa, 2016).

Recently, wWe have recently started to building a compositional data-base for painted pigments in of the Bronze and Iron Age Levant, to be used byfor our own and others' ourselves useand by others (cf.. for example Hochleitner et al., 2003). At present we are particularly interested in the way in which painted pigments and pigment technology may reflect shed light on on Cypro-Levantine interconnections. Like Aloupi et al., 2000, 2001a, 2001b, we focused on the black decoration. Earlier studies that investigated Iron Age vessels of Cypro-Geometric style at in Tel Dor, Israel,, confirming their Cypriot origin (Shoval and Gilboa, 2016). Focusing on early Iron Age Phoenician Bichrome ware from the same site, Shoval (2017) has showed shown that vessels of in this group, which were mostly produced mostly on the Carmel coast and which reveal several Cypriot stylistic traits in their decoration (Gilboa 1999), were also adorned in with the Fe-red/Mn-black technique. Questions regarding the possible source(s) of the manganese- bearing ores exploited for the Levantine vessels, however, have not, however, been addressed.

1.3 Aims of the current this study	Comment by Irina Oryshkevich: 
In the current present study we examine for the first time assemblages of pre-Iron Age painted Canaanite ceramics assemblage. We choose painted pottery from the Canaanite site of Tel Esur, which has recently produced yielded a well-preserved LBA assemblage, dating to ca. 1400–1350 BC, a period when in which trade between the Levant and Cyprus was established. We examined the potential of detailed archaeometric analyses of painted pigments for for studyingquestions of  Canaanite technology and socio-cultural issues. We generally expect that painted pigments and the technology and know-/how of employing them may reveal hitherto unknown facets of Canaanite-Cypriot interactions in the LBA. Finally, we investigated similarities/dissimilarities between the black decoration of theon Canaanite ceramics and that on contemporary Cypriot ceramics and concomitantly possibly to be able to assess whether the black pigment might originated from at a similar ore source. 

2. Experimental Design and Methods

2.1 The analyzed analysed painted Canaanite ceramics 
In all, sixteen documented LBA painted Canaanite ceramics from Tel Esur were analysed (Table 1). They These consistedcomprise mainly of of jars and 'Biconical' "biconical: Jugsjugs. The pPhotographs of the studied pottery sherds from Tel Esur that we studied are givenappear in Fig. 2. Some tTypological illustrations of the vessels are given provided in Fig. 3.

Comparative Comparable manganese pigment ores: In order to start to determineing the source of the pigment ore utilized for in the preparation of the black decoration, we also analyzsed examples samples of some several comparative comparable manganese pigment ores, as potential in preparation of black decoration. The These analyzed comparative consistedmanganese pigment ores are: of manganese ores of from Timna and Faynan from in southern Israel and Jordan, localized manganese occurrences of manganese in Israel (Data data from in Ilani et al., 1990) and Cypriot manganese umber ore from the Skouriotissa region (Data data from Shalvi et al., submitted). 	Comment by Irina Oryshkevich: Unclear — do you mean “that may have been used for black decoration”

Table 1: List and excavation details of the studied analysed painted Canaanite ceramics at Tel Esur.
	Sample No.
	Vessel type
	Locus
	Basket
	Context 
	Decoration type

	Esur-5
	Biconical Jug
	62229
	622517/2
	Area 300
	Black and red

	Esur-6
	Jar
	62283
	622639/10
	Yard 3
	Black

	Esur-8
	Bowl
	62271
	622529/3
	Yard 3?
	Black and red

	Esur-10
	Biconical Jug? Jar?
	62245
	622663
	Area 46
	Black and red

	Esur-14
	Biconical Jug? Jar?
	62255
	622380/2/9
	Area 55
	Black and red

	Esur-21
	Jar
	62233
	622629
	Room 33
	Black and red

	Esur-22
	Jar
	52222
	522186
	Room 22
	Black and red

	Esur-25
	Biconical Jug? Jar?
	42210
	422356
	Yard 1
	Black and red

	Esur-26
	Jar
	62229
	622556/1
	Area 300
	Black and red

	Esur-52 
	Biconical Jug
	42219
	422283
	Yard 1
	Black and red

	Esur-78 
	Jar
	42225
	422134
	Room 25
	Black and red

	Esur-103
	Jar
	42223
	422353
	Room 22
	Black and red

	Esur-106
	Jar
	62233
	622629
	Room 33
	Black and red

	Esur-115 
	Jar
	62246
	622514- 622361
	Area 46
	Black and red, ibex motif 

	Esur-126 
	Jug
	52221
	522142
	Yard 3
	Black and red

	Esur-210
	Jar
	42219
	422280
	Yard 1
	Black and red 
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Fig. 2: The pPhotographs of examined the LBA pottery sherds from Tel Esur that we studied. 
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Fig. 3: Typological illustrations of selected LBA Canaanite ceramics from Tel Esur.

2.2 Methods of analysis
PXRF (portable X-ray fluorescence spectroscopy) analysis was performed using with a portable Bruker Tracer III–V handheld XRF spectrometer (Shoval and Gilboa, 2016). LA-ICP-MS (laser-ablation inductively coupled plasma mass spectrometry) analysis was conducted using with an ICP-MS AGILENT Technologies 7500 CX series ORS quadrupole mass spectrometer for to obtain high-precision measurements of elemental concentration (Shoval, 2017). EPMA (electron probe micro-analyzer) analysis was performed using with a high-resolution JEOL SuperProbe JXA- 8230 EPMA apparatus equipped with SEM and four WDS spectrometers for microanalyses microanalysis (Shoval, 2017). Polarized light microscopy (ceramic petrography) was conducted using with a BX51-P Olympus polarizing microscope equipped with a camera by examiningthrough which thin sections of the pottery could be examined (Fabbri et al., 2014; Shoval et al., 2006). FT-IR (fourier-transform infrared spectroscopy) was employed using with a Jasco FT-IR spectrometer Series 4000 (Shoval, 2016). The dDetailed experimental protocols in for using these methods are given provided in our pervious previous works (see the above aforementioned references). 


3. Results
The pXRF results are presented for all the examined Canaanite ceramics from Tel Esur. The EPMA (SEM, WDS and EDS), polarized light microscopy and FT-IR results are demonstrate offered for selected a select group of samples that are founddeemed to beas representative. 

3.1 PXRF analysis
PXRF analysis providesoffers a chemical analysis of pottery (Frahm and Doonan, 2013; Goren et al., 2011; Hein et al., 2004; Holmqvist, 2016; Hunt and Speakman, 2015; Maritan et al., 2013; Speakman et al., 2011) and of painted pottery (Aloupi et al., 2000, 2001a, 2001b; Aloupi-Siotis and Lekka, 2017; Shoval and Gilboa, 2016). This The method enables makes it possible to identifying identify the concentrations of most of the major elements and part ofsome trace elements in a direct analysis of the pottery specimens. It enable an iInexpensive, rapid, and non-destructive, method, which can beit can be used on a large scale (Ferguson et al., 2015; Goren et al., 2011). Table 2 presents the pXRF analysis of the black decorations and the ceramic body bodies in of all the examined the painted Canaanite ceramics items from Tel Esur. Because As there is significant overlapping between in the Al and Si peaks in the XRF spectra of ceramics, we present in Table 2 the sum of the concentrations of Al2O3 + SiO2 in Table 2. AdditionallyFurthermore, Due due to some analytical limitations of the pXRF method (Hunt and Speakman, 2015; Liritzis and Zacharias, 2011), we present the sum of the trace elements concentrations (rather than each one individually) in the table the sum of the trace elements concentrations (rather than presenting them individually). Larger concentrations of Fe2O3 are detected by the pXRF analyses with respect to thethan by the other two analysed analytical methods. The results (Table 2) demonstrates that the black decoration consists of pronounced concentrations of Fe2O3 and MnO. The red decoration, on the other hand, is rich in Fe2O3 and poor in MnO. In contrast, the ceramic body is rich in SiO2 and Al2O3, with lesser concentrations of iron and traces of manganese.  	Comment by Irina Oryshkevich: 	Comment by Irina Oryshkevich: do you mean “both unpainted and painted pottery”


Table 2: PXRF analysis of the black decoration (B), the red decoration (R) and the ceramic body bodies (C) in the Canaanite ceramics from Tel Esur (major elements in wt% oxides; T= the sum of the trace -elements concentrations in wt%).
	
	Esur-5B
	Esur-6B
	Esur-8B
	Esur-10B
	Esur-14B
	Esur-21B
	Esur-22B
	Esur-25B
	Esur-26B
	Esur-52B
	Esur-78B
	Esur-103B
	Esur-106B
	Esur-115B
	Esur-126B
	Esur-210B

	Al2O3 % + SiO2 %
	49.2
	53.8
	66.6
	56.4
	52.6
	59.7
	62.2
	60.6
	60.1
	58.4
	59.3
	56.4
	58.8
	57.6
	60.3
	66.4

	P2O5 %
	0.2
	0.2
	0.2
	0.3
	0.2
	0.4
	0.3
	0.2
	0.4
	0.3
	0.3
	0.3
	0.2
	0.3
	0.2
	0.2

	SO3 %
	2.4
	2.0
	1.8
	2.4
	2.4
	2.8
	2.3
	2.3
	3.0
	2.2
	2.4
	2.6
	3.1
	1.9
	2.2
	1.8

	K2O %
	1.9
	2.0
	2.4
	1.9
	2.1
	2.2
	2.6
	1.6
	1.7
	2.0
	2.2
	1.4
	2.7
	2.7
	2.4
	1.9

	CaO %
	27.1
	14.9
	8.5
	17.4
	25.7
	8.1
	11.1
	9.1
	15.2
	7.5
	7.6
	8.6
	12.9
	13.8
	16.6
	7.2

	TiO2 %
	0.9
	0.8
	0.9
	0.8
	0.9
	0.7
	0.9
	1.0
	0.8
	0.9
	0.9
	0.8
	0.8
	0.8
	0.8
	0.8

	MnO %
	2.7
	6.8
	2.1
	3.9
	1.7
	7.2
	3.8
	1.9
	1.8
	0.8
	8.1
	10.5
	1.8
	4.4
	2.3
	1.3

	Fe2O3 %
	15.1
	18.9
	17.1
	16.4
	14.1
	18.3
	16.4
	22.7
	16.4
	27.3
	18.5
	19.0
	19.2
	17.9
	14.9
	20.1

	T (sum, %)
	0.5
	0.6
	0.4
	0.5
	0.3
	0.6
	0.4
	0.6
	0.6
	0.6
	0.7
	0.4
	0.5
	0.6
	0.3
	0.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Esur-5R
	
	
	
	
	Esur-21R
	Esur-22R
	
	Esur-26R
	
	Esur-78R
	Esur-103R
	Esur-106R
	Esur-115R
	
	Esur-210R

	Al2O3 % + SiO2 %
	62.3
	
	
	
	
	53.7
	62.4
	
	55.4
	
	63.1
	62.0
	55.7
	53.6
	
	54.3

	P2O5 %
	0.3
	
	
	
	
	0.2
	0.3
	
	0.2
	
	0.4
	0.4
	0.2
	0.3
	
	0.3

	SO3 %
	2.3
	
	
	
	
	2.7
	2.3
	
	2.5
	
	2.7
	3.1
	3.0
	2.2
	
	2.6

	K2O %
	2.8
	
	
	
	
	2.7
	2.8
	
	1.8
	
	2.4
	2.0
	3.3
	3.2
	
	2.1

	CaO %
	12.7
	
	
	
	
	16.3
	12.7
	
	18.6
	
	8.9
	11.2
	14.9
	14.0
	
	7.6

	TiO2 %
	0.9
	
	
	
	
	0.7
	0.9
	
	1.0
	
	1.0
	0.9
	0.8
	0.7
	
	0.9

	MnO %
	0.5
	
	
	
	
	0.4
	0.5
	
	0.4
	
	0.6
	0.5
	0.4
	0.4
	
	0.4

	Fe2O3 %
	17.6
	
	
	
	
	22.9
	17.6
	
	19.6
	
	20.4
	19.5
	21.3
	25.1
	
	31.2

	T (sum, %)
	0.6
	
	
	
	
	0.4
	0.5
	
	0.5
	
	0.5
	0.4
	0.4
	0.5
	
	0.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Esur-5C
	Esur-6C
	Esur-8C
	Esur-10C
	Esur-14C
	Esur-21C
	Esur-22C
	Esur-25C
	Esur-26C
	Esur-52C
	Esur-78C
	Esur-103C
	Esur-106C
	Esur-115C
	Esur-126C
	Esur-210C

	Al2O3 % + SiO2 %
	55.0
	64.7
	67.7
	60.2
	57.2
	71.4
	59.7
	59.7
	56.2
	70.7
	52.0
	60.5
	48.8
	67.5
	58.1
	65.2

	P2O5 %
	0.1
	0.4
	0.4
	0.3
	0.2
	0.3
	0.2
	0.2
	0.2
	0.3
	0.0
	0.2
	0.2
	0.3
	0.2
	0.7

	SO3 %
	2.0
	1.8
	1.8
	2.0
	2.6
	1.7
	2.2
	2.5
	2.5
	1.7
	2.2
	2.0
	2.4
	2.4
	2.2
	2.6

	K2O %
	1.2
	1.7
	1.8
	1.5
	1.3
	2.4
	1.3
	1.8
	1.5
	1.6
	1.4
	1.3
	2.1
	2.0
	1.6
	1.8

	CaO %
	34.8
	21.6
	15.9
	26.7
	31.4
	11.3
	29.9
	22.6
	25.9
	8.6
	37.5
	29.9
	37.1
	14.7
	29.1
	21.9

	TiO2 %
	0.5
	0.6
	0.9
	0.6
	0.5
	0.8
	0.5
	0.9
	0.8
	0.9
	0.5
	0.5
	0.6
	0.9
	0.6
	0.7

	MnO %
	0.0
	0.0
	0.1
	0.1
	0.0
	0.1
	0.0
	0.1
	0.2
	0.1
	0.0
	0.0
	0.0
	0.1
	0.1
	0.0

	Fe2O3 %
	5.9
	8.8
	10.9
	8.2
	6.5
	11.6
	5.8
	11.7
	12.3
	15.6
	6.1
	5.2
	8.4
	11.6
	7.7
	6.8

	T (sum, %)
	0.5
	0.4
	0.5
	0.4
	0.3
	0.4
	0.4
	0.5
	0.4
	0.5
	0.3
	0.4
	0.4
	0.5
	0.4
	0.3




3.2 LA-ICP-MS analysis
An LA-ICP-MS analysis was conducted in on selected Canaanite ceramics from Tel Esur in order to confirm the pXRF results. The LA-ICP-MS provides a high-resolution and high-accuracy quantitative chemical analysis of ancient ceramics (Golitko and Dussubieux, 2016; Giussani et al., 2009; Resano et al., 2010;  Robertson et al., 2002; Wallis and Kamenov, 2013.) and of painted pottery (Neff, 2003; Porter and Speakman, 2008; Shoval, 2017; Speakman and Neff, 2002). The combining combination of ICP with LA enables make it possible to identifying the concentrations of all the major elements and the detectable trace elements (Porat et al., 1991) in through a direct analysis of the pottery specimens (Neff, 2012; Speakman and Neff, 2005). Table 3 presents the LA-ICP-MS analysis of black and red decorations in selected Canaanite ceramics from Tel Esur. The black pigment is characterised bytypically contains pronounced concentrations of Fe2O3 and MnO. Significant concentrations (in ppm) of the trace elements Cu, Zn, Ni, Co and V are have likewise been detecteddetected.

Table 3: LA-ICP-MS analyses of black (B) and red (R) decorations in selected Canaanite ceramics from Tel Esur (major elements in wt% oxides, trace elements in ppm; LA = line analysis; SA = spot analysis).

	Sample No.
	Esur-6B
	Esur-25B
	Esur-52B
	Esur-103B
	Esur-106B
	Esur-115B
	Esur-210B
	Esur-210R

	Operation
	LA
	SA
	LA
	SA
	LA
	SA
	LA
	SA
	LA
	SA
	LA
	SA
	LA
	SA
	LA
	SA

	SiO2%
	57.5
	51.1
	42.3
	43.0
	61.5
	60.2
	48.2
	44.3
	42.3
	77.3
	47.2
	44.8
	63.4
	58.6
	44.6
	45.9

	TiO2%
	0.5
	1.3
	1.0
	1.0
	0.8
	0.8
	0.3
	0.9
	0.9
	0.2
	0.9
	0.8
	1.0
	1.0
	0/9
	0.6

	Al2O3%
	7.1
	8.8
	10.5
	10.9
	16.5
	16.2
	7.3
	12.6
	13.0
	4.8
	11.8
	11.1
	8.4
	8.9
	16.9
	11.4

	Fe2O3%
	9.6
	15.4
	14.5
	15.1
	11.6
	10.7
	11.3
	13.5
	18.8
	8.0
	12.6
	16.4
	16.8
	19.9
	22.6
	25.8

	MnO%
	2.9
	12.4
	11.8
	12.6
	0.7
	1.0
	5.7
	8.0
	10.5
	3.4
	6.3
	7.5
	4.1
	4.4
	0.3
	0.4

	MgO%
	1.3
	1.3
	2.1
	2.4
	2.4
	4.2
	1.1
	1.3
	1.8
	1.3
	1.4
	1.6
	1.1
	1.5
	2.7
	2.9

	CaO%
	12.4
	7.1
	11.7
	10.5
	<3.7
	<4.3
	9.2
	10.7
	9.6
	<9.2
	16.9
	15.0
	3.5
	3.2
	5.4
	4.1

	Na2O%
	<0.9
	0.5
	0.5
	0.
	<02
	<0.3
	1.1
	1.0
	0.6
	<0.8
	0.7
	0.6
	<0.4
	0.4
	2.6
	2.2

	K2O%
	1.1
	0.7
	0.9
	1.0
	1.0
	1.1
	1.7
	0.8
	1.0
	0.5
	0.4
	0.3
	0.6
	0.7
	2.1
	1.9

	P2O5%
	7.3
	1.5
	4.6
	3.2
	3.4
	1.4
	14.1
	7.1
	1.6
	<1.9
	1.8
	1.9
	0.9
	1.3
	1.8
	4.8

	SO3 %
	2.6
	0.3
	<0.6
	0.04
	1.4
	<1.1
	0.6
	0.8
	0.3
	<2.7
	0.2
	<0.3
	0.6
	0.3
	0.3
	0.4

	V ppm
	378.4
	638.7
	527.3
	550.6
	388.9
	370.2
	583.6
	561.4
	772.0
	135.8
	421.8
	479.5
	1096.9
	858.1
	189.7
	167.3

	Cr ppm
	<193.4
	259.6
	230.5
	229.0
	395.5
	331.1
	335.9
	182.1
	173.0
	283.4
	184.8
	227.0
	257.5
	457.3
	113.1
	115.0

	Co ppm
	997.4
	2202.8
	2167.7
	2049.6
	120.6
	215.2
	1713.6
	1942.3
	2116.2
	660.3
	1091.2
	1246.5
	538.3
	598.3
	29.3
	51.8

	Ni ppm
	664.1
	1064.7
	1271.5
	1131.7
	314.5
	279.5
	837.4
	867.2
	903.1
	300.6
	698.8
	887.7
	482.7
	599.5
	99.4
	112.6

	Cu ppm
	<602.6
	103.9
	254.3
	312.4
	<172.6
	255.2
	<464.9
	<132.5
	121.3
	<458.2
	329.4
	410.9
	<222.9
	<127.8
	54.8
	150.5

	Zn ppm
	1709.4
	1258.1
	4695.0
	4294.1
	801.5
	1303.5
	1849.7
	2375.3
	1068.9
	1189.4
	1838.9
	2952.7
	1557.0
	2119.5
	385.8
	1756.6

	Ga ppm
	122.1
	82.0
	174.6
	165.0
	90.4
	104.1
	267.4
	188.0
	108.1
	57.7
	76.2
	70.0
	59.2
	46.8
	47.7
	49.1

	Rb ppm
	268.2
	39.5
	72.4
	76.2
	242.9
	297.4
	161.6
	53.0
	75.4
	<79.8
	47.1
	57.4
	79.8
	105.7
	62.1
	82.4

	Sr ppm
	996.2
	320.4
	572.8
	558.7
	<239.7
	5538
	765.6
	693.7
	518.2
	559.4
	390.9
	326.9
	261.5
	235.0
	498.0
	508.0

	Y ppm
	17.4
	37.6
	66.8
	68.1
	16.5
	35.5
	44.7
	73.7
	99.4
	12.1
	52.7
	55.8
	49.6
	34.1
	47.9
	53.1

	Zr ppm
	46.7
	126.2
	124.4
	120.3
	51.6
	77.7
	32.4
	146.1
	179.6
	18.7
	146.6
	112.3
	154.1
	139.9
	186.8
	116.2

	Nb ppm
	<11.7
	39.1
	25.7
	22.4
	15.8
	28.4
	13.1
	20.7
	28.8
	32.5
	23.0
	23.6
	74.6
	64.6
	25.3
	20.9

	Ba ppm
	7356.2
	6202.0
	19688.6
	22784.6
	5240.1
	14406.3
	24981.5
	14934.7
	10461.3
	5878.9
	6836.9
	7204.2
	5707.5
	6389.0
	464.9
	668.9

	Pb ppm
	91.3
	66.0
	204.7
	197.7
	140.5
	115.7
	126.9
	58.6
	114.5
	125.2
	81.4
	109.0
	199.7
	294.7
	33.5
	75.2

	U ppm
	<5.4
	3.4
	5.7
	4.6
	<2.5
	3.0
	<7.2
	10.1
	5.7
	5.4
	5.3
	7.5
	13.8
	19.2
	3.0
	3.3




3.3 Microprobe analyses
The EPMA analyses provides microprobe analyses of ancient ceramics (Ionescu et al., 2011; Ionescu and Hoeck, 2016; Panighello et al., 2012) and of painted pottery (Shoval, 2017). This method was applied here for SEM imaging, WDS elemental mapping and EDS detection in during the direct analysis of the pottery specimens.

3.3.1 EPMA-SEM images
The EPMA-SEM method gives generates microstructural images of the pottery fabric (Tschegg et al., 2008, 2009) and of painted pigments (Shoval, 2017). Fig. 4 illustrates the EPMA-SEM images scanned from the black decoration of on sample Esur-106B. Two types of SEM images are presented here: secondary electron (SEI) and backscattered (COMPO) images. The former shows the microstructures of the scanned pottery specimen (Fig. 4a), while the latter contrasts between components composed consisting of light metals and against those consisting composed of heavier metals (Fig. 4b). In the backscattered images, the areas assigned by a darker shade of grey shade represent materials composed of light metals while the lighter areas with the whiter tint represent materials composed of heavier metals. The black decoration of sample Esur-106B (Fig. 4) illustrates reveals a granular microstructure of small pigment particles (<10 µm) coated on the ceramic body. The whiter lighter patches of the black pigment particles observed in the backscattered images of the black decoration (Fig. 4b) represent a composition of heavier metals (Fe and Mn; see below).


	a [image: ]
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Fig. 4: EPMA-SEM images scanned on specimens of the black decoration of in sample Esur-106B: (a) secondary electron image; (b) backscattered image.

3.3.2 EPMA-WDS elemental maps
The EPMA-WDS elemental maps provide a visual presentation of the distribution pattern of the detected elements and their degree of homogeneity in the scanned pottery specimens (Panighello et al., 2012). Fig. 5 illustrates the EPMA-WDS elemental maps scanned from the black decoration of sample Esur-106B. The colour tones in each map represent the concentration range of the detected elements as determined byaccording the to a colour scale. The elemental maps of the black decoration illustrate reveal prominent concentrations of Fe2O3 and MnO, attesting to the ferromanganese composition of the paint. The non-homogeneous distribution patterns of the detected elements reflect the granular microstructure of the pigment grains (Fig. 4). The dDetection is also affected by the presences of fragmented and porous microstructures. 
	SiO2[image: ]
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Fig. 5: EPMA-WDS elemental maps (oxides) scanned from the black decoration of on sample Esur-106B: (a) SiO2; (b) Al2O3; (c) Fe2O3; (d) MnO; (e) CaO; (f) MgO.


3.3.3 EPMA-EDS analysis
The EPMA-EDS method provides chemical analysis of pottery (Ionescu and Hoeck, 2016; ) and of painted pigments (Shalvi et al., submitted). This method enables mainlyidentifies the identifying the concentrations of the major elements (Shalvi et al., submitted). Table 4 presents the an EPMA-EDS analysis of black and red decorations in on selected Canaanite ceramics from Tel Esur. The EPMA-EDS analysis of the black decoration confirms confirms high concentrations of SiO2 and Al2O3 and pronounced concentrations of Fe2O3 and MnO. The concentrations of CaO reflect content of calcite (Fabbri et al., 2014).	Comment by Irina Oryshkevich: unclear:  “reflect CaO particles” OR “reflect traces of CaO”?

Table 4: EPMA-EDS analysis (major elements in wt% oxides) of black (B) and red (R) decorations in on selected Canaanite ceramics from Tel Esur.

	
	Esur-25B
	Esur-106B
	Esur-115B
	Esur-210B
	Esur-210R

	Na2O%
	0.6
	0.0
	0.9
	0.4
	0.1

	MgO%
	1.8
	4.1
	2.2
	1.3
	2.0

	Al2O3%
	9.7
	17.2
	12.2
	8.6
	10.0

	SiO2%
	34.9
	56.2
	43.6
	58.6
	41.5

	P2O5%
	11.6
	1.8
	5.0
	1.0
	3.0

	SO3%
	0.6
	2.0
	0.8
	0.5
	0.6

	K2O%
	1.0
	0.0
	2.3
	0.6
	2.0

	CaO%
	18.9
	8.1
	16.0
	3.5
	8.5

	TiO2%
	1.4
	0.0
	1.1
	1.0
	0.9

	MnO%
	4.6
	4.0
	5.0
	4.5
	0.4

	Fe2O3%
	14.9
	6.6
	10.9
	20.0
	31.0




3.4 Polarized light microscopy analysis
PPolarized olarized light microscopy method (ceramic petrography) is based on an optical examining examination of thin sections of pottery under a polarized microscope (Maggetti, 1982, 1994; Hein et al., 2004; Maritan et al., 2005, 2013; Porat et al., 1991; Shoval et al., 2006). However, the painted decoration is usually too thin for such analysis. Fig. 7 illustrates thin section photomicrographs of thin sections of the ceramic body of selected Canaanite ceramics from Tel Esur. The Polarized light microscopy demonstrates reveals that most of the painted Canaanite ceramics at Tel Esur was were manufactured in at different various locations along the Mediterranean coastal plain of Canaan. The sample Esur-103C is typified consists ofby a light reddish-brown calcareous ceramic matrix rich in coarse grains of quartz sand. The combination of calcareous ceramic and quartz sand indicates production from alluvial raw materials of drawn from river beds in the Sharon coastal plain region. The sample Esur-106C is typified byconsists of a light reddish-brown calcareous ceramic matrix poor in coarse grains of quartz sand which and contains containing kurkar (aeolianite) pebbles typical to of the kurkar ridges in the North coastal plain region. The combination of calcareous ceramic, quartz sand and kurkar pebbles indicates production from alluvial raw materials of drawn from river beds western west of to the kurkar ridges in of the western coastal plain region.

	A
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Fig. 7: Photomicrographs of thin sections of the ceramic body in of selected Canaanite ceramics from Tel Esur: (cross-polarized light): (a) sample Esur-103; (b) sample Esur-106.

3.5 FT-IR spectroscopy analysis
FT-IR spectroscopy provides mineralogical fingerprints of ancient ceramics (Akyuz et al., 2008; Shoval, 2003, 2016; Maritan et al., 2005, 2006; Weiner, 2010) and of painted pottery (Akyuz et al., 2007, Centeno et al., 2012; Maritan et al., 2013; Sabbatini et al., 2000; van der Weerd et al., 2004). FT-IR spectral analysis by second derivatives improves the identification of different minerals and minor phases in the ceramic (De Benedetto et al., 2002; Shoval and Paz, 2015). Fig. 6 illustrates FT-IR spectra and spectral analysis by second derivatives of black and red decorations and ceramic body bodies in selected Canaanite ceramics from Tel Esur. The spectrum of Cypriot manganese umber ore is also addedincluded as well. Band components of ferromanganese mineral (FM; Elderfield and Glasby, 1973; Shoval, 2016), fired clay (FC; Shoval, 2017) and opaline silica (OS; Shoval et al., 1991) are can be observed in the black decoration (sample Esur 25, Fig. 6a). Band components of iron oxide mineral (IO; Shoval, 2016) are can  be observed in the red decoration (sample Esur 210, Fig. 6b). Band components of fired-clay (FC), crystalline quartz (CQ) and calcite (C; Shoval, 2017) are can be observed in the ceramic body (sample Esur 103; , Fig. 6c). The location of the fired clay band around 1041 cm-1 is characteristic of fired smectite. Fired clay is formed by bythe firing of the clay of the raw material into ceramics; ; fired smectite – is made by firing of smectitic clay (Shoval et al., 2011; Shoval and Paz, 2015). The spectra of the black (Fig. 6a) pigment contain fired clay which that is not observed evident in the spectra of the fired umber ore (Fig. 6d). This is an indicationindicates that the clay was mixed with the raw manganese pigment. 
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 Fig. 6: FT-IR spectra (SP) and spectral analysis by second derivatives (SD) of: (a) black decoration; , (b) red decorations and (c) ceramic body in selected Canaanite ceramics from Tel Esur. (d) The spectrum of Cypriot manganese umber ore (d) is also addedincluded as well. The assigned bands are fired-clay (FC), crystalline quartz (CQ), opaline silica (OS), ferromanganese mineral (FM) and calcite (C).


4. Discussion 

4.1 The composition of the painted pottery
The compositions of select ed elements obtained by the pXRF analysis inof the black decoration and the ceramic body of the painted Canaanite ceramics as obtained by the pXRF analysis are is illustrated in Fig. 8. The pXRF diagrams demonstrate that the black decoration composes composed of ferromanganese-based pigment consists of pronounced concentrations of Fe2O3 and MnO. The red decoration is composes composed of iron-based pigments rich in Fe2O3 and poor in MnO. In contrast, the ceramic body is composes composed of fired clay ceramic rich in SiO2 and Al2O3, with lesser lower concentrations of iron and traces of MnO. Therefore, a The contribution of MnO from the ceramic-body substrate to the analysis of the black decoration is therefore excluded.	Comment by Irina Oryshkevich: Unclear — do you mean: “Therefore, the contribution of the MnO in the ceramic-body substrate is excluded from the analysis of the black decoration.
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Fig. 8: Diagrams illustrate the compositions of selected elements as obtained by the pXRF analysis in from the black decoration and the ceramic body in of the Canaanite ceramics from Tel Esur: (data from Table 2).

Both The the black and the red decorations contain pronounced concentrations of SiO2+Al2O3 from fired clay (Fig. 8b). The detection of SiO2+Al2O3 in the painted pigments also by the LA-ICP-MS, the EPMA-EDS and the EPMA-WDS confirms corroborates this observation. Moreover, the presence of fired clay in the painted pigments is confirmed by the characteristic band component in the FT-IR spectra (Esur 25 and Esur 210; , Fig. 6a,  and b). This is an indication that some clay was mixed with the raw pigment ores in order to stabilize the paints on the pottery's surface by through the sintering process during the firing. The adding addition of clay reduces the concentrations of the manganese and/or iron in the painted pigments. The painted pigments contain some CaO from calcite (Fig. 8b). This is an indication that in the Canaanite workshops, the raw pigment ores were mixed with local clay consists of some calcite. 	Comment by Irina Oryshkevich: Unclear:  Do you mean  “This is an indication that in Canaanite workshops



4.2. Sourcing the raw material used for the black decoration
The use of the manganese black technique in the LBA Canaanite workshops requires required an available source of manganese ore source. In general, globally, mManganese ores are generally not widespread, and but within the eastern Mediterranean they appear can be found in several specific locationsthe East Mediterranean in several specific locations, such asincluding in Timna and Faynan at in southern Israel and as well as in Jordan and in Cyprus (on amber ore; , Shalvi et al., submitted). Manganese ore are is scarce within the area of Canaan area and absence int from the Canaanite coastal plain region (Ilani et al., 1990). Therefore, the manganese pigment for used for the black painting of in Canaanite pottery the manganese pigment must have been brought from an outside ore source. The On the other hand, iron ores available needed for red decoration, on the other hand, are common in the Canaan region (e.g. Ilani et al., 1985).

In order to start to determineing the source of the pigment ore utilized for in the preparation of the black decoration, we analysed some comparative comparable manganese pigment ores. It isWe expected that the chemical signature of the painted pigments will would be similar to that of the distinct manganese and iron ore sources that were used to produce them. Table 5 presents the compositional patterns of the elements in the analysed comparative comparable manganese pigment ores that we analysed: manganese ores of from Timna and Faynan from in southern Israel and Jordan (data of in this workarticle), localized manganese occurrences in Israel (Data from Ilani et al., 1990) and Cypriot manganese umber ore from the Skouriotissa region (Data from Shalvi et al., submitted). 





Table 5: Analysis of the comparative comparable manganese pigment ores (major elements in wt% oxides; trace elements in ppm). (LA = line analysis and SA = spot analysis). 
	
	Manganese ores of from Timna and Faynan
	Localized manganese occurrences in Israel (Ilani et al. 1990)
	Cypriot manganese umber ore (Shalvi et al., submitted)

	
	Timna Mn-ore

	Timna Mn-ore (concretion)

	Faynan Mn-ore
(concretion)
	ʽOfer
	Samra
	Nahal 
Holit
	Ramon
	CU-1
	CU-1

	Operation
	LA
	SA
	LA
	SA
	LA
	SA
	
	
	
	
	LA
	SA

	SiO2%
	31.4
	31.4
	31.8
	19.3
	7.4
	5.3
	 
	 
	 
	 
	55.4
	53.3

	TiO2%
	0.7
	0.7
	0.5
	1.1
	0.3
	0.2
	 
	 
	 
	 
	0.2
	0.1

	Al2O3%
	17.4
	17.8
	12.9
	10.3
	4.4
	4.4
	 
	 
	 
	 
	5.1
	3.9

	Fe2O3%
	15.4
	15.5
	4.8
	5.8
	1.9
	2.2
	4
	7
	8
	25.1
	22.5
	23.8

	MnO%
	24.7
	24.4
	43.8
	59.1
	72.5
	79.8
	4.3
	1.3
	8
	4
	12.8
	15.1

	MgO%
	
	
	1.1
	0.6
	0.9
	1.0
	 
	 
	 
	 
	1.3
	1.1

	CaO%
	0.7
	0.7
	0.8
	0.6
	1.7
	1.7
	 
	 
	 
	 
	0.8
	0.8

	Na2O%
	
	
	0.2
	0.2
	9.3
	3.6
	 
	 
	 
	 
	0.5
	0.7

	K2O%
	7.2
	7.1
	3.8
	2.8
	1.5
	1.7
	 
	 
	 
	 
	0.6
	0.7

	P2O5%
	0.8
	0.8
	0.3
	0.3
	0.1
	0.1
	 
	 
	 
	 
	0.4
	0.5

	SO3%
	0.8
	0.8
	0.3
	<0.4
	0.2
	0.2
	 
	 
	 
	 
	0.4
	<0.20

	V ppm
	313.3
	498.2
	233.3
	270.8
	154.5
	170.3
	800
	
	800
	600
	1083.0
	1155.4

	Cr ppm
	235.6
	284.9
	34.5
	22.6
	62.3
	68.0
	 
	 
	 
	 
	22.2
	24.7

	Co ppm
	25.9
	26.0
	269.7
	331.8
	1007.8
	1061.8
	1100
	440
	160
	1800
	169.1
	166.0

	Ni ppm
	20.5
	22.8
	95.8
	122.7
	108.2
	135.0
	450
	540
	1100
	1100
	443.9
	547.3

	Cu ppm
	3901.4
	4246.5
	68966
	69466
	20614
	23323
	
	330
	300
	250
	2024.5
	2430.7

	Zn ppm
	2906.5
	3162.1
	3172.6
	4291.7
	1013.4
	1283.6
	 
	 
	1000
	5000
	681.3
	1049.2

	Ga ppm
	66.3
	68.0
	984.1
	1556.0
	1510.2
	1755.4
	 
	 
	 
	 
	88.2
	75.1

	Rb ppm
	160.2
	159.1
	112.7
	60.9
	34.5
	45.0
	 
	 
	 
	 
	31.8
	47.7

	Sr ppm
	166.7
	181.4
	1850.1
	2724.4
	3747.3
	3727.8
	 
	 
	 
	 
	3266.0
	2478.4

	Y ppm
	27.4
	27.8
	67.4
	117.4
	42.1
	45.6
	 
	 
	 
	 
	72.7
	51.0

	Zr ppm
	311.9
	314.9
	129.3
	187.7
	46.4
	52.9
	 
	 
	 
	 
	94.3
	71.5

	Nb ppm
	22.1
	22.3
	29.6
	61.1
	5.4
	5.8
	 
	 
	 
	 
	5.2
	5.1

	Ba ppm
	1293.4
	1272.2
	72677
	108463
	105641
	120247
	 
	 
	 
	 
	2974.4
	2785.6

	Pb ppm
	230.2
	227.4
	37518
	43380
	39395
	50936
	 
	600
	 160
	 
	326.2
	388.4

	U ppm
	21.8
	21.9
	62.3
	66.0
	34.3
	36.0
	 
	
	
	 
	2.3
	2.9



Fig. 9 illustrate  diagrams Diagrams comparing the LA-ICP-MS analyses of selected elements in the black decoration of the Canaanite ceramics at Tel Esur (data from Table 3) with to those in the comparative comparable manganese pigment ores (data from Table 5) are illustrated in Fig. 9.
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Fig. 9: Diagrams comparing the LA-ICP-MS analyses of selected elements in the black decoration of the Canaanite ceramics at Tel Esur (data from Table 3) with to those in the comparative comparable manganese pigment ores (data from Table 5): (a) MnO versus Fe2O3 (wt%); (b) CaO versus MnO (wt%); (c) Zn versus Cu (ppm); (d) U versus Pb (ppm).
	
The manganese ores of Timna and Faynan:  comprises large manganese ores (Segev et al., 1992). These ores appear s in associated association with the copper ores and the ancient copper mining of Timna and Faynan at in South southern Israel and Jordan (e.g. Ben-Yosef et al., 2012; Hauptmann, 2007; Yahalom-Mack et al., 2014). However, these ores are located hundreds of kilometers kilometres away from the northern Sharon area in which Tel Esur is located, and they attested very little human activity is attested in the 15th and 14th centuries (Finkelstein, 1995). The results demonstrate prove that the manganese ores of Timna and Faynan were not used as a source for the pigment ore source. As Fig. 9 shows, that these ores has have elemental signatures different than that differ from that those found in of the pigments used for the black decoration of the Canaanite ceramics. The ores of from Timna and Faynan are characterized bycontain higher concentrations of manganese than they do of iron, whereas the black decoration on the Canaanite ceramics consistently contains reveals higher concentrations of iron than of manganese (Fig. 9a). In addition, The the manganese ores from Timna and Faynan are characterized by contain significant concentrations of the trace elements Cu, U and Pb, whereas while the black decoration contains low concentrations of these elements (Fig. 9 c, d).	Comment by Irina Oryshkevich: Unclear: do you mean “The manganese ores of Timna and Faynan consist of  large deposits”?
	Comment by Irina Oryshkevich: Unclear: “in the ancient copper mines of Timna ….”?	Comment by Irina Oryshkevich: mines?	Comment by Irina Oryshkevich: is attested in the mines?

The lLocalized manganese occurrences: Some small manganese occurrences are can be found within the Cretaceous carbonate strata of in Israel (Ilani et al., 1990). This Such mineralization is restricted to fault zones that are related to the Dead Sea Rift, and as well as to contact zone of exposed intrusive magmatic bodies. The compositions of these ores from several such locations are presented in Table 5. Although there is some similarity in the composition of these ores with theand that of the black decorations of the on Canaanite ceramics (Fig. 9), these manganese occurrences, particularly in ʽOfer and Samra, are very small and episodic occurrences, which and seem to have been too limited to have served as sustainable sources for mining pigments, ; and indeed they there is show no field evidence for their ancient miningthat they were mined in ancient times.	Comment by Irina Oryshkevich: Unclear: do you mean: “…as well as to zones in contact with exposed intrusive magmatic bodies” OR simply “to zones exposed  to intrusive magmatic bodies”?

The cComparativeble Cypriot Cyprus manganese umber ore: . The current study raised raises the possibility that the source of the black pigment was the Cyprus umber ore. In Cyprus, the manganese umber ore was utilized used for the black decoration of on Cypriot pottery (Aloupi et al., 2000, 2001b; Aloupi-Siotis and Lekka, 2017; Shoval and Gilboa, 2016). The Cypriot Cyprus umber ore consists ofcontains ferromanganese mineral and opaline silica of pelagic origin (Ravizza et al., 2001; Robertson and Hudson, 1974; Robertson, 1975). This oreIt is found in pelagic sediments above the pillow basalts of the Troodos, found in association with the copper deposits (Constantinou and Govett, 1972; Robertson and Hudson, 1973). Here For this study, we examined the compositions of the Cyprus umber ore from the Skouriotissa region (Keith et al., 2016; Table 5; data from Shalvi et al., submitted). The Skouriotissa region, an area was settled during the Bronze Age (Georgiou, 2014). Fig. 10 illustrates some similarity in the compositional patterns between of the black decorations on the Canaanite ceramics and these of the Cyprus umber ore. 

The fact that the Cypriot White Slip 'Milk 'milk Bowls' bowls' were imported to the Canaanite sites at on the coastal plain of Israel, such as Tel-Esur (Shalvi et al., submitted), made makes it possible that Cyprus umber ore was also imported to the Canaanite workshops for the black decoration of local vessels. Therefore, tThe compositional patterns of the black decoration on this ware are have therefore been compared to these those of the painted Canaanite ceramics. Diagrams comparing the LA-ICP-MS analyses of selected elements in the black decoration of the Canaanite ceramics from Tel Esur (data from Table 3) with to those in LBA Cypriot White Slip ware at Tel Esur (data from Shalvi et al., accepted) are illustrated in Fig. 10. The figure demonstrates that the concentrations of elements concentrations in the black decoration of the Canaanite ceramics fall generally fall close to the compositional ranges of those in LBA Cypriot White Slip ware at Tel Esur. 

The results (Fig. 10) made show thatit possible that that Cyprus umber was may have been imported to the Canaanite workshops for use in the black decoration of local ceramics. Thus This may indicate Cypriot trade with in manganese pigment ore by through maritime circulation with Canaan. Some differences between the composition of the black paints on the Canaanite pottery and of the black paints on Cypriot White Slip II ware imports at Tel Esur and with that of the Cypriot umber ore (Fig. 10) may arise from the mixing of the raw Cyprus amber ore with clays (see paragraph 4.1) from Cyprus or from Canaan, respectively.	Comment by Irina Oryshkevich: 
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Fig. 10: Diagrams comparing the LA-ICP-MS analyses of selected elements in of the black decoration of theon Canaanite ceramics from Tel Esur (data from Table 3) with to those in on LBA Cypriot White Slip ware at Tel Esur (data from Shalvi et al., accepted): (a) MnO versus Fe2O3 (wt%); (b) CaO versus MgO (wt%); (c) Zn versus Cu (ppm); (d) U versus Pb (ppm).

The FT-IR spectral analysis by second derivatives of the black decoration (sample Esur 25; , Fig. 6a) shows reveals some similarity with between it that of theand Cyprus umber ore (Fig. 6c). Band components of ferromanganese minerals (Elderfield and Glasby, 1973) and opaline silica minerals (Shoval et al., 1991) are can be observed in both samples. The presence of some fired clay (Shoval, 2017) in the black decoration (FC in Fig. 6a) confirms that that some clay was mixed with into the umber ore for in the painting. The This similarity in the composition supports a our claim utilization of the that Cyprus umber was used for the black decoration of the Canaanite ceramics. 


4.3 LBA Canaanite technology and cultural issues
The The analysis of the paintedthe pigment used for this paint provides information on both LBA Canaanite technology and onnd socio-cultural issues. 

4.3.1 Technological choices for thein black decoration
Three main principal techniques were utilized used for black decoration on ancient vessels (Akyuz et al., 2007; Maggetti and Schwab, 1982): the carbon black technique (Sabbatini  et al., 2000; Speakman and Neff, 2002; van der Weerd et al., 2004), the ferrous iron black technique (Akyuz et al., 2008; Pérez and Esteve-Tébar, 2004; and the manganese black technique (Aloupi-Siotis and Lekka, 2017; Shoval and Gilboa, 2016; Shoval, 2017). The rRed decoration was obtained with made with ferric red iron mineral, which requires required that the vessels to be fired in an oxidizing atmosphere (Centeno et al., 2012; Maritan et al., 2013).

The observation detection of ferromanganese-based pigment in the Canaanite ceramics (Figs. 8a, 10a) reveals the utilization use of  the manganese black technique for the black decoration. This technique facilitates the simultaneous application of simultaneous black and red decoration of on bicolored pottery through through a single firing in an oxidizing atmosphere (Aloupi et al., 2000, 2001b; Shoval and Gilboa, 2016; Shoval, 2017). The bicolored, black-and-red effect is difficult to achieve Whereas, iwithn the alternative iron reduction technique, the bicolored black and red effect had difficulties in , which applying requires two stages of firings: the black decoration is fired in a reduction atmosphere and the red decoration in an oxidizing atmosphere (Aloupi et al., 2000, 2001b; Daniel et al., 2007; Schweizer and Rinuy, 1982; Uda et al., 1999).

The dTecoration by the use of manganese black technique for decoration becomes became preferable in the LBA Canaanite workshops, as is made clear by the an examine examination of their ceramics were decorated by this technique. It seems that this method brought led to a sharp increase in bicolored decoration on Canaanite ceramics during in the LBA (Bonfil, 2003; Choi, 2016; Panitz-Cohen, 2006). The use of this technique exposes reveals technological progress with respect to the methods of those common in the earlier Middle Bronze Age, in whichwhen the major principal method utilize for black painting was the carbon black technique through with reduction firing. 

4.3.2 Influence of Cypriot painting technology
The LBA specialization in the manganese black technique took placeoccurred simultaneously in Canaan and in Cyprus. In both regions fFerromanganese-based pigment was utilized used for black decoration in both regions (Fig. 10a). In the Cypriot workshops, the the manganese-based technique becomes became preferable from at the end of the LBA and in Cyprus onwards (1050–325 BC; ) (Aloupi et al., 2001a, 2001b; Aloupi-Siotis and Lekka, 2017). Whereas, the black decoration on Cypriot pottery Before that, from from the Neolithic to the Middle Bronze Age (5000–1625 BC), the black decoration on Cypriot was pottery was based onmade from an the use of iron-rich pigment. TThe he time period between 1625-1050 BC was a transition stagewas a transitional one, in which the two both techniques were utilized used for black decoration. According to Aloupi et al. (2001), the change from Fe-black, on Cypriot White Slip I ware, to Mn-black, on WS II was introduced through with the production of bichrome Cypriot White Slip I ware. Aloupi et al. (2001) Aloupi et al. (2001) also suggestproposeed that this the technique arrives arrived to on the Syro-Palestinian coast between 1200-1000 BC due through to cultural influence.

The LBA Canaanite assemblage of at Tel Esur, which is dated ca. 1400–1350 BC, accords with the period when trade between the Levant and Cyprus was at its peak (Panitz-Cohen, 2014; Steel, 2002, 2014; Sherratt, 2014). Several studies have demonstrated that pottery was exported from Cyprus to ancient eastern and southern Mediterranean markets (Gittlen, 1981; Gomez et al., 2002; Grave et al., 2014; Maguire, 1995; Tschegg et al., 2008). The presence of imported LBA Cypriot pottery in at Canaanite sites reflects the Canaanite-Cypriot interactions at that time. Indeed, the Cypriot White Slip II ware import atexported to Tel Esur was decorated by thewith a manganese-based technique, although despite the fact that these vessels were decorated solely with black paints only (Shalvi et al., submitted). It seems that the LBA progress in the the black decoration technology in theused in Canaanite workshops was affected by the interaction and trade with Cyprus and by the importationing of painted Cypriot ware. Thus This reveals the influence of the Cypriot material culture of Cyprus on Canaan. 

Beyond this Cypriot influence of the material culture of Cyprus on that of Canaan, the currentour study raised raises the possibility that Cyprus umber was brought to the Canaanite workshops and distributed as a commercial commodity for painting black decoration of theon local ceramics. Since the maritime distribution of dozens of archaeologically invisible commodities, including minerals, is a well-known phenomenon in the Bronze Age Mediterranean (e.g. Altenmüller and Moussa, 1991; Knapp, 1991; Marcus, 2007), such trade in ores for used in black pigments should come as no surprise – ; it probably piggy piggy-backed on ships carrying the primary commodities. 

4.3.3 Available mManganese ores available from copper production
It seems that the manganese ore become became available for the black decoration on ceramics following once it came to beits  used as advanced flux material in copper production. The Late Bronze Age was a period of Cypriot copper production and its trade (Kassianidou (, 2013). Indeed, in a comprehensive study of production, exchange and politico-economic change in Late Bronze Age Cyprus, Knapp and Cherry (1994) suggested that a fundamental change transformation in metal technology effect onaffected pottery production. According to EEriksson (2007) claims that there might be a a connection may exist between the copper industry and the utilizing use of manganese ores for the black decoration on ceramics. As He he wrote writes, that "it is unlikely that the pottery of Cyprus would have developed to such a sophisticated level–without the technological developments made necessary by the copper industry.". Possibly tThe manganese-based technique was may have been transferred transmitted together with the developed trade in copper and pottery and which cases caused the transition of in the technique and the distribution of the Cypriot pigment ores from Cyprus.	Comment by Irina Oryshkevich: 	Comment by Irina Oryshkevich: One of the words in this sentence seems to have been misspelled (‘cases’ for ‘causes’) — however, perhaps I guessed incorrectly, so please confirm meaning.

5. Summary
1. The observation detection of ferromanganese-based pigment in the Canaanite ceramics reveals the utilization use of the manganese black technique for painted the black decoration. This technique facilitates the simultaneous application of black and red decoration of on bicolored pottery through a single firing in an oxidizing atmosphere. 

2. The dDecoration by done with the manganese black technique clearly becomes became preferable in the LBA Canaanite workshops, as the the examine ceramics we examined were decorated by with this technique. This method may brought inhave led to a sharp increase in bicolored Canaanite ceramics during the LBA. The use of this technique exposes reveals technological progress with respect to the methods of the used in the earlier Middle Bronze Age, in whichwhen nearly all the major method utilize for black painting decoration was made the with the carbon black technique through reduction firing.

3. The use of the manganese black technique in the LBA Canaanite workshops requires required an available source of manganese ore source, which is scarce rare within the Canaan area and absence absentin from the Canaanite coastal plain region. Therefore, the manganese pigment for used in the black painting decoration of Canaanite pottery the manganese pigment broughtmust have come from an outside ore source. The results of our study demonstrate indicate that the large comparabletive manganese ores of Timna and Faynan were not used as athe source of the pigment ore source. 

4. The results of our study made show it possible that Cyprus umber was may have been imported exported to tothe Canaanite workshops for use in the black decoration of local ceramics. Thus This may indicate Cypriot trade with in manganese pigment ore by through maritime circulation with Canaan. Some differences between between the composition of the black paints on both the Canaanite pottery with that with thatand  of the black paints on Cypriot White Slip II ware imports at Tel Esur and withand that ofthe composition of the Cypriot umber ore may arise from the mixing of the raw Cyprus amber ore with clays from Cyprus or from Canaan, respectively.

5. The LBA specialization in the manganese black technique took placeoccurred simultaneously in Canaan and in Cyprus. In both regions, a ferromanganese-based pigment was utilized used for in black decoration. It seems that the the LBA progress in the black decoration technology evident in the Canaanite workshops was affected by the interaction and trade with Cyprus and by the importing importation of painted Cypriot ware. Thus This reveals the influence of the Cypriot material culture of Cyprus on Canaan. It seems too that the manganese ore become available for the black decoration on ceramics following once it its began being used as an advanced flux material in copper production. 
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