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Figure 1. Map of Israel showing the locations of Bethsaida, Kfar Hananya, Yodfat, and Shikhin in the Galilee Region. Google Earth (2015).

Figure 5. Using the Niton XRF in the Yigal Alon Museum. Figure 6. Simple diagram showing the principles of X-Ray fluorescence. Modified from Watts (2013).
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Figure 7. X-Y plots of several elements found in in the pottery samples. Figure 8. X-Y plot of Zr against Sr concentrations of the pottery samples.

Table 1. Summary of the pottery, number of pottery samples analyzed and their respective origins of discovery. Color codes on table

correlate to those found on the graphs in figures 7 and 8.
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Figure 3. Common ware from Bethsaida.Figure 2. Bethsaida dig site in June 2014. Figure 4. Nozzle of a Herodian oil lamp from Bethsaida, Israel .

Bethsaida was an ancient city in Israel’s Galilee region (Figures 1 and

2). Archeological excavations at Bethsaida began in 1988 and continue

to provide valuable information about the site and region. As a city,

Bethsaida existed from the 10th century BCE until its destruction in the

8th century BCE (Arav and Freund, 2009). In the 3rd century BCE

Bethsaida was reestablished until its abandonment 4th century CE

(Savage, 2011). Bethsaida is mentioned numerous times in both the Old

and New Testaments of the Bible and is thought to be the home of

several of Jesus’ apostles, including Simon, Andrew, and Phillip

(Strickert, 1998). Although the archaeological site of Bethsaida currently

lies about 2 km from the Sea of Galilee, evidence, such as fishing hooks

and net weights, suggests that Bethsaida was once a fishing village

located much closer to the lake than it is today (Arav and Freund, 1995).

Elemental analysis was conducted on thirty-three clay pottery samples

(sherds) using a Niton XL3t 900S GOLDD handheld X-Ray fluorimeter

(Table 1; Figures 3, 4, and 5). Such an analysis can assist in determining

whether the clay used to make pottery had a common provenance

which can help to better understand patterns of trade. At Bethsaida, it is

thought that common pottery, such as jugs and dishes, were produced

locally at one of three known pottery manufacturing centers in the

Galilee region: Kfar Hananya, Yodfat, or Shikhin (Table 1; Figures 1 and 3;

Savage, 2011). In contrast, it is hypothesized that Herodian oil lamps

found at Bethsaida were imported to the city from outside of the

Galilee region, for example, Jerusalem (Table 1; Figure 4; Savage, 2013).

The following study is a continuation of a project in which thirty-two

Herodian oil lamps found at Bethsaida, eighteen of which are

reexamined in the current project, were analyzed using inductively

coupled plasma-optical emission spectrometry (Savage, 2013; Table 1).

Introduction

Methods
Energy dispersive X-Ray fluorescence (EDXRF) technology, like the kind

employed by the Niton XL3t 900S GOLDD handheld X-Ray fluorimeter

(XRF), is a fast, nondestructive way to analyze unglazed pottery samples

(Figures 3, 4, and 5).

EDXRF works by irradiating a pottery sample with nondestructive X-

Rays in order to facilitate inner-orbital electron excitation within a target

element (Figure 6A). Once the electron within the target element is

sufficiently aroused, it is ejected from the inner-orbital, causing atomic

instability within the target element (Figure 6B). In order to regain

atomic stability, an electron from a higher orbital will replace the one

that was lost due to X-Ray bombardment (Figure 6C). The replacement

of the ejected electron by an electron from a higher orbital results in

the creation of a secondary X-Ray, i.e. fluorescent X-Ray, which is

detected by sensors on the Niton fluorimeter (Shackley, 2011; Figure

6D).

Each sherd was analyzed using the Mining Cu/Zn mode for three

approximately 120 second cycles (360 seconds total), with four distinct

30 second filters being used per 1 cycle period. Each filter screened for

elements as follows (Z=atomic number): High filter: Z=45-51,56-58;

Light filter: Z=12-17; Low filter: 19-20, 22-24; and Main filter: Z=22-30,

33-34, 37-38, 40-42, 45-48, 50-51, 74,78, 82.

Elemental concentrations, in parts per million (ppm), for each sample

were organized into Microsoft Excel. In Excel, the concentrations of

different elements were plotted against one another (Figure 7). For

example, strontium (Sr) was plotted against niobium (Nb; Figure 7A),

calcium (Ca) against potassium (K; Figure 7B), titanium (Ti) against Ca

(Figure 7C), Sr/zirconium (Zr) against Ca/K (Figure 6D), and Zr against Sr

(Figure 8).

Results
The concentrations of pottery samples that were plotted in Figure 7 (A-

D) yielded no discernable data clusters that were useful in determining

provenance. For example, data in the Sr versus Nb plot (Figure 7A) were

grouped close to one another as were the data in the Ca versus K graph

(Figure 7B) and in the Ti versus Ca graph (Figure 7C). The data in the

Sr/Zr versus Ca/K graph (Figure 7D) bunched in a vertical line with one

sherd plotting in each the upper and middle sections X and Y axes of the

graph.

Plotting the Zr concentrations of the sherds against their Sr

concentrations (Figure 8), resulted in three distinctive clusters that are

constrained as follows:

Cluster A. Zr: 374-590 ppm/Sr: 447-958 ppm

Cluster B. Zr: 86-285 ppm/Sr: 2295-3217 ppm

Cluster C. Zr: 82-185 ppm/Sr: 569-1245 ppm

Six of the common ware from Bethsaida bunched in cluster A (Figure 8)

along with samples from Kfar Hananya and Yodfat (Table 1; Figure 1).

One common ware along with two Herodian oil lamp samples found at

Bethsaida grouped with the five Shikhin samples in cluster B (Figure 8).

Fifteen of the Herodian oil lamps from Bethsaida formed cluster C

(Figure 8). In addition, two samples, one representing a Herodian oil

lamp found at Bethsaida and a sample found at Shikhin, were not

constrained within clusters A, B, or C (Figure 8).

Conclusions
Based on the results of the elemental analysis, all seven of the

common ware and two Herodian oil lamps found at Bethsaida were

composed of clays that originated in the Galilee region, i.e. at Kfar

Hananya, Yodfat, or Shikhin (Table 1; Figures 1 and 8). The study also

showed that the majority of the Herodian oil lamps found at

Bethsaida (15) were manufactured at a common location, probably

outside of Israel’s Galilee region (Figure 8, Cluster C).

In order to determine the provenance of the Herodian oil lamps

found at Bethsaida future studies will need to be conducted. For

instance, the dataset of pottery samples available for elemental

analysis with the handheld XRF will need to include more samples.

Such an expansion of the dataset will allow elemental concentrations

in currently available Herodian oil lamps found at Bethsaida to be

compared with those of samples known to have been manufactured

in locations outside the Galilee region.

Future Research
Currently, students in the Materials Science program at the University

of Wisconsin-Eau Claire (UWEC) are working on developing a

comprehensive database of pottery samples from Israel and their

respective elemental compositions in a partnership with Carl Savage,

Drew University. The students are also comparing the results of

elemental analysis on pottery sherds using the Niton handheld XRF

with other methods including inductively coupled plasma mass

spectrometry and wavelength dispersive X-Ray fluorescence. Such

comparisons of analytical methods can help to determine whether or

not handheld XRFs are viable for determining the provenance of

artifacts, like pottery samples.
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