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Abstract

The study of cultural heritage artifacts and the research of a protection and restoration intervention
create with - and are often limited to - a complete characterization of their surface. This is not only
factual for museum objects, but also for archaeological artifacts, because the object as it was
discovered may contain precious unknown information that could be lost by too much aggressive
interposition. Clayey tablets and metallic pins from the protohistoric site of Tappeh Sofalin have
been studied by means of mineralogical and chemical characterizations. The main part of the
research is done in order to get representative interpretation concerning the relationship between
these two tools, as the first technological features in writing in this period. Muli-analytical methods
were applied for these devotions. ICP-MS carried out in order to have the chemical compositions
of trace elements and ESEM was applied for discriminating the distribution of the elements on the
surface of the pin and the tablets. The elemental distributions getting a modeling of clustering with
respect to the similarities between the elements concentrated on the surface of the pin as well as on
the tablets. The clustering of the chemical, mineralogical results from this site is supported by
means of surface characterization via AFM microscopy that dedicated information on the use of
the pin as equipment appreciated for engraving the surface of tablets. The surface feature of the
objects was observed and controlled by the use of AFM. This microscope enables the study of the
electrically conductive or insulating specimen without precise coating or preparation; the AFM
involves of a microscale cantilever with a sharp angle (probe) at its end which is used to scan the
specimen surface. Thanks to very sensitive displacement controls of the specimen and of the tip by
piezoelectric tubes, the equipment allows a measurement of the surface topography with a precision
of less than one nanometer in height and a few nanometers in lateral position. The AFM is the only
method among these that provides the ability to quantify the majority of material types and also the
roughness of a surface characteristic and unrivaled three-dimensional spatial resolution. The AFM
offers total 3D surface measurement by imaging topography (height), where they can be
investigated to determine areal surface roughness parameters; for example statistics on the domain
and grain size or their hardness. Comparison of tools for surface characterization can provide the
information about materials properties beyond topography. For instance, AFMs can measure a
mechanical (e.g., elastic modulus), and functional properties (e.g., piezoelectric response). The
surface roughness of archaeological clay based materials altered due to different environmental
parameters, but the effect of graving in nanoscale on their surface can be investigated by atomic
force microscopy in order to identify the traces of elements which were remained as the residue
during the manufacturing process. On the other hand, this investigations help to trace the effects of
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the originality on the surface of an objects. Quantitative values of the roughness, the lateral
correlation length, and the roughness exponent are extracted from the measurement. The results
suggest some residual signs of originalities from the clay tablets during the manufacturing
processes.

Keywords: Proto-Elamite, Scanning Electrone Microscopy, Atomic Force Microscopy, Tappeh
Sofalin
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Map 1. Location of tappeh Sofalin in central Iranian plateau
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Fig. 1: Neo-Ilamite tablets excavated from Tappeh Sofalin

(e 38 55,0) (i > a3h) ST pm sl
ul_w])b- 33‘.5- yaharo )l ]ol.u)‘ .)3>9 )i!.) Sgw )l 9 o]
2 Ui oigin o=l o G ot S
Ceou d>gaibdy ‘]ol,.';)l O‘i] A2 0 uL.u |) UL"“")?
o 3 S oSl o 6 55 5 50 5

oaddie wdbodld gy cbdiig 5 glgl 4 an g b
P paasS glrog,S drsls (D ple i jD &S A
o=l (S5 asledgs )8 4 Jemide calisee (sla yico
abg S Wl L QBN (Jels panss glaeg)S
cdled &y Bb K50 09,8 pl gl it L
o=l ed s el o bhled slassS l eolatul e
5 oioled SUlg ol s 1) leMbl s 5 cud
odb o 033 higal 5505 Jus 4y syl s
2 e O30 095 el jobds sl 53 cand
53,8 e oy il )3 g B0 o 031 qulai Ly yle
Gbe dy Bgpno slaai g S polul  Casdly (]
J._ub A & ¥ S'oyl 590 3l (Scribal Exercise) i,

5,155 ol ¥
Sl 5l ()5 Gl ploj (b 5> i (BN
p_];é )‘ .A_Sb)fu_a odlazwl o g Lg)‘l.é (29> i
o) gladlis jis> cgr j5S5 55 sl

Pl g e g 1) pan (g o dlom
)l_c] le_hcm..:y‘_)f 17] C;wd]b.)‘.)‘_;o e u»)ls@_B
sLool S8 ) llaw (oMl SETL pod Al jo 05,55
Al el iglS” Jad i by calise
elos 3 e onlliw oSl SET Lasls BT lgiea,
s g sln Sl 2o 31 (5 (slapsos
5 SOy Jlhw «S5)s0 Jlaw o &5 S sla Jlaw
Olliw &5 slaaidg JS 5 pb aly 4 by Jlaw
Yem g yoyc¥em(JobFom b wgio jo bd
ot ine g xpe 0,5 S dn bl 5 cals
Cuwl drols 850 ol)b Hlade 5 1 9 MidwsS pld slaws
1710 Jss)
odliw &5 oM el claanig 5 5l ashad o3jL
L oolomidym 8)Loyd piidy Uleadca S Tl o oS
DB b 3 9 () i 92 2 5l (oS8 ke
Ao leaiidg 5 o0 ol Slolyd o Lol il
OISO 8y by 9 (Al ygie 4 s (llas
claalis gy Y 8jleds yigal dSged ol S
o 53 A5 S oyl Wl Ay iy g S
Cends g (M‘) ) Ji.u) u.;‘b’o) J5le L_Jal.o.uo tsu))lé.u)
slaals gladyw an bonye 5 (oo V JS3) (26
2 iy iy e S deg Sl suwcSS jl cbgzs

11999 lissls g JlgaeJgl ol s Jw | 5

y . A _— 1@ a
9 S gSang jSuo Slallho bl g e sbgo 4> Golal IET (sldediigi JS w2 /7 53La> g ol \sw_u,ub_‘,l,


http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33

[ DOI: 10.29252/jra.6.1.33 ]

Downloaded from jra-tabriziau.ir at 14:24 +0330 on Saturday March 13th 2021

kR ] :
wuwb R lwl 6 g ju doliiad g3

—

5Cm

ORIl (58 e glgl i il IS (g5, L"“OT JBal 5 S slagls glgl :call Y s
Fig. 2: Right: the kind of pins applied for writing, Middle and left different written in Mesopotamian.
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crops (N2-Q1).
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Table 1: ICP-MS of major and minor components from the inner part and outer accumulation of the tablet in W%.

digod SiO; CaO; | Fe;O3 | ALO3; | Na2O | MgO KO P20s MnO TiO;
Accumulation | 49.00 14.00 5.60 6.00 3.60 4.00 3.00 0.70 0.10 0.00
Rock 50.50 12.10 3.50 9.50 1.50 4.10 2.60 0.30 0.20 0.50

PPN e 3 S elodong) J515 il g oxdaws Sligusy 4l g I ICP-MS 43550 5l ol laS polis e ol ¥ Jois

Table 2: ICP-MS of trace components from the inner part and outer accumulation of the tablet in ppm.

Sample As Ba Cd Co Cr Cu Ge Ni Pb Sc

Surface 110 433 25 90 749 899 nd 292 394 123
Contamination

Rock 91 nd nd nd 25 102 nd 53 111 66
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Table 3: ICP-MS of trace components of the soil in ppm.

SiO; | ALO; | FeO3 | CaO | NaO | MgO | MnO | P05 | KO TiO2 | Cu | Co | Ni | Sc
w% w% w% w% w% w% w% w% w% w% ppm ppm ppm ppm
27.22 17.2 4.98 37.68 1.22 5.06 0.98 0.44 1.11 0.77 | 323 | 120 | 315 | 111
Pb Ba Cr Cd Ge As Ni
ppm ppm ppm ppm ppm ppm ppm
303 224 12 nd nd 98 178
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Fig. 6: A) Scanning electron microscope image of the pin. B) Scanning electron microscope image in backscattered mode
with map pf elements such as Cu, Cl, Pb, Ca, Si, O

L Y

mag O | mode vac mode - 00 ym
V| 1000 x |Z Cont| BSED | Low vacuum Bau- und Werkstoffchemie

Wi gy Sl Y wSaio ol b slaaily L (5595 Ai\/)ij)a%.lflidﬂé@aob‘mqawéy:vﬁ

Fig. 7: Top of the pin with accumulation of calcite under the corrosion layer. Fragments with high reflection are lead.
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Fig. 8: A) Scanning electron image of the bottom of pin. B) Scanning electron image of the surface with the trace of such
elements as Cu, Cl, Pb, Ca, Si, O.
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Tappeh Sofalin-Iran@8000_Topography
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Fig. 9: AFM image of the surface and topography of the tablets, with trace of scratch effect. Scratching is shown with the
sign of wavy lines around the scratch, based on mechanical properties of the surface of tablets.
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