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Reference: Characteristic X-ray Energies in keV

Element Symbol | Atomic | K-alpha K-beta L-alpha L-beta

number |line line line line
Hydrogen H 1 0 0 0 0
Carbon C 6 0.282 0 0 0
Neon Ne 10 0.851 0.86 0 0
Sodium Na 11 1.04 1.07 0 0
Magnesium Mg 12 1.25 1.30 0 0
Silicon Si 14 1.74 1.83 0 0
Calcium Ca 20 3.69 4.01 0.34 0
Copper Cu 29 8.04 8.9 0.93 0.95
Zinc Zn 30 8.63 9.57 1.01 1.03
Molybdenum Mo 42 17.48 19.63 2.29 24
Tin Sb 50 25.27 28.5 3.44 3.66
Gadolinium Gd 64 42.6 49.3 6.06 6.71
Tungsten w 74 59.31 67.23 8.39 9.67
Bismuth Bi 83 771 87.34 10.84 13.02
Uranium U 92 98.43 111.29 13.61 17.22
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Sample -Nr Abbreviation  Si0 , Tio, Al,0; Fe,0; MnO MgO Ca0 K,0 P,0;
Z-5TF-LO2-N54 N54 41.21 0.55 B8.98 5.29 0.12 213 12.83 2.99 0.25
Z-STC-LO2-N3 N2 54.07 0.58 10.57 5.41 0.07 2.12 3.72 2.78 0.12
2-STC-LO2-N13 N13 45.16 0.59 11.00 6.49 0.15 269 12,58 298 0.31
2-STC-LO2-N10 N10 36.88 0.53 6.87 551 0.12 0.58 9.97 3.44 0.05
Z-STC-LO2-N6 N& 51.93 0.63 10.06 5.94 0.08 1.96 253 3.30 0.39
Z-5TC-LO2-N5 NS 41.07 0.57 8.34 5.58 0.13 1.71 12.79 3.06 0.18
Z-5TC-LO2-N7 N7 51.60 0.69 12.59 5.53 0.13 2.35 14.55 3.44 0.20
Z-5TF-LO3-N1 LO3-N1 53.53 0.70 14.43 6.50 0.12 5.44 12.44 3.62 0.20
Z-5TC-LO2-N1 LO2-N1 48.76 0.63 10.72 6.67 0.11 1.75 8.67 3.30 0.30
Z-5TE-MB MB 42.23 0.56 9.30 6.38 0.12 1.99 7.83 3.42 0.09
Z-5TF-LO2-BOB BOB 50.63 0.79 13.98 7.25 0.15 319 11.99 351 0.15
Z-5TC-LO2-N8 N8 55.50 0.68 15.09 7.39 0.13 3.86 10.63 3.26 0.15
Z-5TC-LO2-N9 N9 52.16 0.67 13.89 6.44 0.09 3.34 10.36 5.08 0.29
Z-5TC-LO2-N4 N4 45.11 0.63 881 5.14 0.05 1.42 3.92 292 0.18
Z-5TC-LO2-N2 N2 41.11 0.57 841 6.34 0.09 1.82 11.28 3.86 0.49
Z-5TC-LO2-N11 N1l 51.01 0.57 12.71 6.93 0.12 3.25 11.53 351 0.15
Z-5TC-LO2-N12 N12 45.15 0.45 11.49 7.46 0.12 2.30 9.17 3.26 0.13

& 01 ST PPN & jg.0 golis -y 3 Sl dlogma (gl Sl digai Slob (gl a8 jolis Jgiz ¥ g2
i In As Se Rb Sr Y ZIr Nb Mo Ba La Ce W Au

Proben-Nr. s T VvV C Co N Cu Hg Pb Th U
STANDARD B 372 2026 119 145 119 98 35 80 8 1 120 193 34 297 15 1 501 154 42 13 4 4 39 19 8
Z-STF-LO2-N54 886 0 161 132 43 54 45 107 47 1 74 987 24 147 14 0 436 273 203 -1 10 7 31 14 9
Z-5TC-LO2-N3 323 0 135 149 64 52 30 85 19 2 85 515 25 220 17 1 362 206 46 4 4 3 36 16 8
Z-5TC-L02-N13 1087 228 216 133 21 62 41 119 89 2 92 806 28 171 16 1 363 188 26 3 4 11 25 14 B
Z-5TC-LO2-N10 185 0 103 122 26 43 35 107 19 1 76 542 22 146 14 3 547 168 6 -7 6 2 32 12 7
Z-STC-LO2-N6 36 0 184 120 21 51 38 98 70 0 B2 623 25 233 17 0 38 180 43 2 6 8 37 1B 8
Z-5TC-LO2-N5 985 0 174 147 54 47 43 111 62 1 77 805 25 149 16 1 428 277 1M1 4 5 7 33 13 8
Z-5TC-L02-N7 #2224 141 183 92 61 38 108 18 1 83 537 25 160 16 O 389 249 116 20 7 5 41 12 6
Z-5TF-L03-N1 606 148 155 189 47 62 45 101 18 2 90 676 25 172 16 0 566 18 2 15 6 5 53 15 7
Z-5TC-L02-N1 408 0 184 128 28 53 40 100 92 2 94 1108 27 201 17 0O 270 147 68 -7 5 6 30 14 8
Z-5TE-MB 0 0 110 13 3 56 42 117 16 1 76 627 25 162 15 0 520 140 63 -5 5 7 41 15 5
Z-5TF-L02-BOB 115 0 171 226 70 85 48 115 8 2 100 379 290 161 16 1 477 15% -26 11 5 6 29 & 7
Z-5TC-LO2-N8 5% 91 155 152 48 24 67 1290 10 1 85 339 20 163 13 2 184 42 281 7 3 2 12 1 8
Z-5TC-LO2-N9 7620 210 132 165 22 31 43 137 11 2 123 642 23 150 12 2 125 0 -33 7 4 3 38 9 5
Z-5TC-L02-N4 75 0 188 162 49 47 36 90 44 2 65 463 21 187 16 0 619 247 151 1 6 9 28 13 8
Z-5TC-L02-N2 1901 0 202 128 -2 47 38 116 139 2 79 1459 27 191 16 -1 540 156 62 1 4 17 39 16 1
Z-5TC-L02-N11 196 237 123 132 38 42 38 107 15 1 114 600 27 159 15 1 25 117 86 3 5 4 20 12 8
Z-5TC-L02-N12 22 0 101 154 13 50 40 114 26 1 101 663 25 172 16 2 423 166 6 9 5 2 39 14 5
90+
Z-5TF-LOZ-B0)
j []
80 1
70
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Abstract

tudy of cultural and historical materials excavated from the archaeological excavation is one of the

most important goals of Archacometry, in order to answer a lot of questions in archeology. In this
regard, elemental analysis is important factors in the realization of this aim. Numerous analytical
methods have been used for this purpose traditionally. Among them, X-ray fluorescence spectroscopy
(XRF) methods, inductively coupled plasma spectroscopy (ICP-MS) or neutron activation analysis
(INAA) can be noted. In recent years, the use of portable X-ray fluorescence instrument is one of the
ways that has been received a lot of attention and is expanding andimproving continuously. The good
accuracy as well as fieldwork possibility of this non-destructive method has led it to increasingly
attains more popularity. In particular, this method has been used more and more in classification and
provenance study of pottery and stone artifacts. Although very few institutions in Iran, including
Tehran Art University, have access to this tool but due to the unique features of this device, it seems
that its use will be expanded in next years. This paper attempts to give a general idea about this
technique to the researchers and students, and reviewits advantages, limitations and application in
cultural heritage purposes. There is almost fio any other portable analytical tool, which is become so
familiar and user-friendly like portable XRE. As this technique is actually a surface analysis and
penetration x-ray is limited to some millimeter, the target surface must be free of likely
contaminations. However it would help researchers in different fields studies like museum studies,
Archaeometry, archacology, geoarchaeology or conservation of artifact. In theory, all elements except
H & He could be identified with this technique. However, identification of light elements with low
atomic numbers is very hard. With using a new generation of silicon drift detectors, it is possible that
elements from Mg (Z=12) to U (Z=92) be detected. Besides qualitative studies, this instrument has
been used widely for quantitative analysis. Classification and provenance studies are the main
application of this tooliin archacology. With appropriate calibration and statistical methods reliable
results would be ‘acquired. Some examples of ancient potteries from Zanjan are given in this issue.
Clustering test (CA) and principle component analysis (PCA) are the two most used statistical
methods in interpretation of quantitative results of XRF.
Keywords: XRF, Portable System, Cultural Heritage, Provenance study, Categorize
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