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Mummy # description ~ C14 age Error
SM3 leather 2376 31
Human
SM5 skin 2286 28

delta delta Calibrated date BC/AD
13C 15N (95.4%)
-22.6 85 540 BC (92.8%) 380 BC
-20.2 15.1 300 BC (30.1%) 230 BC
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Na 12.65 15.82 13.51 19.74 23.17 23.35 12.15 15.75 36.49 49.90
Mg 13.40 19.77 3.86 5.33 10.77 15.65 9.70 11.90 4.09 5.29

Al 2.56 3.40 1.24 1.54 10.01 13.10 7.56 8.35 0.00 0.00
Si 14.22 10.26 5.25 4.88 14.55 18.30 37.73 40.04 6.24 6.98
P 13.34 15.45 0.00 0.00 0.00 0.00 1.37 1.31 2.37 2.41
S 12.45 13.93 2.30 1.27 2.27 2.50 8.34 7.75 25.73 17.01
Cl 14.14 7.30 63.47 60.12 15.48 10.85 4.06 3.42 8.28 7.30
K 2.51 2.30 2.06 1.77 2.47 2.23 2.56 1.95 3.87 3.11
Ca 8.36 7.48 2.47 2.07 2.62 2.31 2.31 1.72 2.57 2.01
Cr 2.65 1.83 1.32 0.85 5.46 3.71 5.31 3.05 3.95 2.39
Fe 3.83 2.46 3.27 1.96 8.66 5.48 8.90 4.75 6.41 3.01
Zr 0.00 0.00 1.25 0.46 3.99 1.55 0.00 0.00 0.00 0.00
total 100 100 100 100 100 100 100 100 100 100
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Abstract

Organic materials, due to their vulnerable structure, are considered as rare archeological materials.
Therefore, the number of research and literature about these materials is limited. In this project, four
leather artifacts found in Chehrabad Salt Mine of Zanjan belonging to Achaemenid period have been
studied in three sections: first, identifying the type of animal whose skin has been used in producing
these artifacts; second, identifying the tanning materials; and third, identifying the materials used in fat
liquor processing. For identifying the animal-species, cross section of leather samples were studied
using optical microscopy method. Results showed that sample no. 1 is of cow skin, sample no. 2 of
goat, and sample no. 3 and 4 are of sheep skin. These results can prove the hypotheses related to
animal species. For identifying tanning material, presence of plant tanning agents was studied using
ferric chemical test. The results revealed the absence of any tanning agents and this disproves the
hypotheses related to tanning matertal. For studying the existence of mineral tanning material, SEM-
EDS eclemental analysis technique was used and the results showed the absence of those mineral
material; concluding thatno tanning material used in the samples. For identifying the materials used in
lubricating process, GC-MS technique was used. Separating organic compounds in samples, this
technique also proved the absence of vegetable tanning materials in the process of manufacturing
these artifacts and this confirmed the results of ferric chemical test. Comparing the compounds
identified by GC with MS library, some fatty acids were recognized. Linoleic acid and stearic acid were
identified in sample 1 which shows the presence of sunflower oil. Oleic acid and capric acid (decanoic
acid) were identified in sample 2, but no material could be found with these two fatty acids. Probably
two materials have been used in lubricating process of this sample. In sample no. 3, only oleic acid
was found. For sample 4, no fatty acid could be found, proving the absence of oil and fat in this
artifact. Finally for ensuring the results of GC-MS, FT-IR technique was used. In this regard, two
important absorbance bands of fatty acids i.e. O-H and C=O bonds were considered. All samples,
except sample no. 4, showed absorption in mentioned areas. Thus FT-IR confirmed the result of GC-
MS analysis. These results support the hypotheses given about the materials used in lubricating
process of the samples.

Keywords: Salt men, Leather Technology, Chehrabad, FT-IR, SEM-EDS, GC-MS.
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