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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.
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(! &8 5550) llis 1> (oMl T s dnsle
Olwl 3 B3l yuus I bL3I dgg , S0 (g9 il g el
2 O oiagie (il opf o (Sowds S
Cou dzgguads bl cpl wd e LS ) Glsjes
ol 95 S oSl s () b g (5055

szu;o oD )5)4@ 99 Uﬁ"‘ﬁ aS ol

R IRACREREER A Y
oo wlbodly gy cladiiy 5 glgl 4 dngs b
P aasS oS dasly (b pde plagw ) & LS
o=l il S asledg HI 4 Jamidie iz sla yiou
by 5 gblf L B8 (el panss sleog,S
cdled A Bb S0 09,8 ol (gl i b
3 s wleMbl s g o ogas ) byl
C)—i‘ 8)S b dyles (sba oS 51 oolaul oles
5 ol Ul oyl ztls 1y leSlbl s 5 e
o e 0313 hignl ;505 fus 4y syl i
2 e O30 09,5 i jgbds ol 53 cand
03,8 o oyt il )3 g 0 0 031 qulai ywyle
J._J.:L dx & ¥ So)l 593 5l (Scribal Exercise) 4,55

R PN IR g g
Sl 5l )IS o (b 5> i (NS
o8 5a50 S o edlitul 6 5 (638 ¢ s> calise
Fe=d) S5 plaaliss jds cge j5S s gl

2 @l 9 (o) e 3 |y pae (> g ol om
SLET elnatsg IS (7] Canlodls oo by (o lozuls
sLoelS 8 5| llaws (oMl SETL pgd Al jo 05,155
Aoloael s iglS Jad i by calise
glos ) e ol oSl ST (sl Bl lsisay
(90 g (sl Jlivw ge )31 (5 slapgag e
g Sz Jliw «S5y9 Jlaw op &5 S sl Jlaw
Ol &5 slaatde JS 3y pb aisy )y ad (sl Jlaw
Vem g poye ¥em (Jobo # om bwgio jobay
Iasne g gye 0,5 JSi 4 o)l )l cuolses
Jold i &g (ol SLET (gte iy it
ol S8 By Dlus (5 sl bled
Cawl dzols 80 Sl Jade 5 5y g KaweS pld dlass
{710y Jss)
olis &5 (M) ST (claaisg IS ) asad o3,
L 6 o o 5)yd yisior Al i Ll o a5
o slaals g ale SV game Mg clagsge
Alas8 S8 d i ey SlaasS jd dS Ak
o dodil il Y5l claatiy IS ol o [25]
2B 55 35 9 (4 iz 93 2 jl S8 e
s Laardg S g95 ol (Slghd s Lol t
OSLS by <8l 5 yhalS (gt 4 Cons il
sladlis g Y bjleds yaal dlged el S
o )3 &by ]S ol Cl Byl g (S 5
Cads g (Cewly V JS5) (obod aile glitio (b las
loals (gladyw an bgnye 5 (o V JS3) (26
o=l 53 Aol 80 dddllas Slegdge g dlus sl il
2 by Nl S0 3929 Sy Syl dbgone

1799 Gl g lgsJgl ojlod i Jw | 5


http://dx.doi.org/10.29252/jra.6.1.33
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.1.5
http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.1.5
http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.1.5
https://jra-tabriziau.ir/article-1-151-en.html

[ Downloaded from jra-tabriziau.ir on 2028-08-17 ]

[ DOR: 20.1001.1.24764647.1399.6.1.1.5]

[ DOI: 10.29252/jra.6.1.33 ]

gk . .
\JMCJ[:UUL’ Ry liwl s g j swliliad g

—

5Cm

o S Glagis gyl oty U5 5y » o] JSal 5 OIS slaglh glyl il Y JSs
Fig. 2: Right: the kind of pins applied for writing, Middle and left different written in Mesopotamian.

C8l g W09 HI0ye5 1 (0L Culius | aaiigs
HBT caadllandjgo pdaw JS )3 Cpiomed g sl
A L] s oo odaliie 0ul S g 5 bglas
38 Asged > (ladlaie Ly (glabats olond oS 5
1 Philips XL 30 g5 jl (59, oSy Sue bawgs
35 0099y onl sl a3 Fplal T (505 oKl
Sligw) S 3 owimed 9 5T LS 5 9 b ls b
9 lwlid 350 5508 oI5 ool ()15 golaw o)
S5y = bt Sl 5 55,5 L5 C8)5 )8 ()
.Hiwag‘omw‘_ﬁabd}lépﬁ@aw
wSges S Ly Blys 531 51 51 S g
Jeol &8 b 5l (ol gy Sy e Apugey
JENCSRUYS ‘OL&JT O o8l y> Tosca™ 400
S B oLy n 2y aw (SS L8,
85 plog] fSottue
S0 yriges Jols By ¢ 5 2 5 ()b eiges
g col g9 (o 38 GLlas g Sligu, | (o
dCP-MS 4556 G Vo mg jlade 50 diged Bos
el pise 5l ages 93 b 5 5318 W 5l D ans
Al wgds oaline I edlatwl b ¢ 81T gllie llllas &S
Backscattered ) BSE b )5 S5 xSl Sy ySun
sla i) wi plodl cpdaw 90yl (g9 0 (Electron

(foY
PV 199 Gl g jlgseJgl o lod by Jluw

Sy oled sladlis yas cux >SS slagld
e 9 Sl GRS cer e Sy slagle
(o ¥ JS8) i oo odlatul gk o 5 (59 5

Slgo (DI 5 (abonsd LS5, £
bl Joos ol dlie ol 3 (olond sloay o5
3 Jmol 558 o 8 5 adgiSe (N 2y G (it
i 4 bl sLagssls 5 el
o DMC)]GA

e ooy e ()3 o o355 sla i,
JloS g anail cadlllaesjgo dlgo £95 9 o390
ol adbaie 3 Ul 3 OleS g diges oS Hlus
ol Slayosnl 5 coy39 5l (e do bl oS
o lie ool )3 0)5 (g5 Sgl (SWlas (slaaiges
by (3ioddyge Gladidy J5 oberd oSy
ICP-MS 4350 .o 8,5 pl>0l ICP-MS 4 j55
3 OlgSss 9 2300 (2RI ) (gl pdiged Cudgie
lolid 5 (olosd 428 g SeS i liab
5 ..))_5 ool uLJ.J 9 D) c&o‘ )th.c w.f).J
ged Jolore 9 35800 J> sl 53 diged (Shg)
=55 3)90 ppm B o) lee dix lade I adlllaes e
ICP ol&iwd jl ool wl Ly cdiges [11] 3,5 oo )48
o= 53 ily wldlas 35 ys 43 Spectro-ARCOS
J5 ol asil an aa g b e85 )18 g 30


http://dx.doi.org/10.29252/jra.6.1.33
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.1.5
http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.1.5
http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.1.5
https://jra-tabriziau.ir/article-1-151-en.html

[ Downloaded from jra-tabriziau.ir on 2028-08-17 ]

[ DOR: 20.1001.1.24764647.1399.6.1.1.5]

[ DOI: 10.29252/jra.6.1.33 ]

- weT s € s
- 5291581 gSawg jSao Gieltho yulwl g gllaw abgzo > ol jLET glasisgi S g / 5 ba> g olol - CJlI’le

i olpan 4 olis 45 51 e 3,50 IS ) F IS5
Ui » b.&.\:}&
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Fig. 3: The metallic pin excavated from Tappeh Sofalin.

Macroscopically and based on typical copper corrosion
patina is classified as bronze.
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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%.

439&3 SlOz CaO3 Fe203 A1203 NaZO MgO Kzo on_r, MnO TlOz
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

PPM ey IS slriang) 315 Bl 5 oo Sligusy 4l 53 5 ICP-MS 43555 j1 Jols e yolic e guls &Y Joas

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
Ba | 1#aa gl g lendsl oo s JLu
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Table 3: ICP-MS of trace components of the soil in ppm.

SiO; | ALO; | FexO3 | CaO | NaO | MgO | MnO | P;Os 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

[ Downloaded from jra-tabriziau.ir on 2028-08-17 ]

[ DOR: 20.1001.1.24764647.1399.6.1.1.5]

[ DOI: 10.29252/jra.6.1.33 ]

s S 3 09390 (Jlain] polie b duslds )8
JBSe plgsar 5 Cuns Jslone liz S5 Gp
My (P Slaeos (45 )3 Al 0 S ppxte
wxodLS 3935 3 kil yoolie b 55 ol Sl olde dgu

[23] 55l callas (ppm A+-Y0) S

U o2boms 9 g 8w Ol U5 .Y-0
955 Sy S

L oyl Lol Cinly S g Sao lalllas
o8 ol Sl glacend 3 35290 yolis S 08
diges phaiie JolS' o calasl) ol ) 05 plosl s 315
Cdl 53 (98I ogSg Sm dlugay adlllandge
ool y g 83 1, 8 saalie 550 Back Scattered
logylxial g (oSul) gy 0 oSl Cglise ol
Bb (wyp g Jbd B (o K0) Clascd 904
54 ) S)im eliie 3 gl Sl (Fa JS)
95 ol g e cedllandge dgel o
Sl i 48T il e SalS cyolic S8,
P S S Sae pgal poll g (glite
JS) el odnliio b8 diges jl Backscatered <l
Jold (355 (2] )3 sy p3)90 9 e polis (FD
395 3l Lims(od (i s & Canl (gpolis (S
ZEF RS- RO N NEDY PP AR
O, Si, Ca, ) el 48,5 )18 odlatuly yg0 diges (55
O e (3 Cgenl Bl 4285 [17] (Ph, Cl, Cu
L blo)l 2 o cunl (o980 Jlonsr sloglis ¢glias
S5 ol ol el g w0 spais lasylrial
Dy 359
o Sl e iges o plos (IS (g pais (Sl
olalejl 3,90 &iges g )3 (o2l (slo Sl de oo

OS5 Sy St > osibh gl ol

5 Sal OluS 5 wooliiuldyge o) 4 So5gllyue Sy
LY Kol oy ol S ol ksl 4
LY (o) p basee @l i) pudS” la e clale
e 3 (5 dsg) aSol vgm ol ] oo gy
gy Y )3 el oads 8 YU Kal clale |
s phce il (2 ) Sal wop (o (xaw
G;Ln:‘_b_lm oS Cawl "j géliﬁ'l L‘):’.] J.:J) 9 ol ALSIS
S99 S bl 5 U (slagyg dbj cdale L ]
s (oSl gl Jsbro JUB 5 0 o o 5 5
b plaisd Sluus dg J15] Ngus oo Yo pp oo
ang Doy cOY b duslie 1 ¢ 59,0 LY 3 yal
(-9 b e 4 S il g ool B L 395 (o
blys b LS)'??W-”’ Juds 4y asly 0dg SdS] e
ol (elaannST SYols ¢8> bl g SliwysS laxe
Gl 4l plosl g SB 3 5VL sacud )b o
CluaS dlgo (s paic &0 gl polde > glas [16]
oo 9 4Bl geod Clgu) plyicdr I 4o a3
= Slgie g Cosl ol Pl (S5 g
¥ gt (elal a8l s 0b p opgaly baoma b

$9) 32 09l bame l pasle)] g CLS ouedls a )b
by e Clasuin jl g 1ladl goss ()5 o
(e Py ged (Gl M e (90l
L bL)l )3 (ot e 35 0y 9SS oSt
o8 Sos il pd g oo jl on &S W) obeS yolie
Sl gl (5 g () e 9) p aily o
YU s o L5 oy Szl e ool cpmas
il g3l Aas Sl Sl pl g9y 55 (899 ppm) Cu

1199 Gl 9 jlgseJgl ojloids o Juw | Ko


http://dx.doi.org/10.29252/jra.6.1.33
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.1.5
http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.1.5
http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.1.5
https://jra-tabriziau.ir/article-1-151-en.html

[ Downloaded from jra-tabriziau.ir on 2028-08-17 ]

[ DOR: 20.1001.1.24764647.1399.6.1.1.5]

[ DOI: 10.29252/jra.6.1.33 ]

s . :
\—smu[:wb Ry liwl 0 jy swoliliad g

ol g s 3 GiIle L dyys Alaulga
s 59l dily polie Sl o g S oy
Ol ke )3 jrdey adgei yulipe 3 )5 jeis situn
oS ol 335 (olem 4o s b (Ml B LS
o ook slacuond (20,05 5 Jlgie ©j50a
P o ymaie Sewl ol p [19] Cuol a8 )5y 4>
s aiged > (5518 jae dg2g 4 d2gi L g diged
ol > Wyl Ojgody (S3)95 &5 08 (lyie
P i oy Cal 0S5 1 0 555 SlaCiond
Cogoty yag,Sen Toe g slosl U5 09y sloas¥
ot 4Ll el sadoanlie glY mezs b bl
o <8l gyglyd 3 5 Lo 2L Ca o
o15a8L3] 35 (S, sty 3yl b 3 0oy
120] 395 00 o0lizl o g 52 4s S5 ez ST 4
9o el Cond 59y 2 38 Slllas o]y

Slacglis g Lacald g 1 plodl j5 (5 o8
PoSwgySen ygai (A JSI) CudS d90ie (g B
9 e DA pgai ) iged (2l Ciond (g Sl
A ygual ) dgel paw baBd ST polis Sl
rmelS 9 assls (3] polis sl 0 et
s ol 30 oletl Cuand )3 S'gi Cuond Wiloay
STy S Gl S (pogmad ol )3 Ngd
aged ()5 barome pulipw > el sl (550
S99 ymaie (ml 6 g (B Cond 3 5
plie 3 ol (295 BB jlade joax ((Bib I 0l
9 e )05 (o0 il 4 ol S Ceond b gl
L oglim b a5 o gblie ol 3 mandS
2 st gazS g Jogil ga &Sz wlodgy J5 9
8 e 9 S oy 29d e 0> (JB (slacand
A ol xeod gl Dgd 0 0D A Clownd Wiiloay
o) 3 aS el ol 3 W8 A cuend b ()3 paie
500> Mool b g 398 g0 0433 o5 Jlons (318 320 o
(oLeS 35 SIS 3 503 g d90 (e il 9D 0
8 55)5 5 Cul 0bligy |y dged o (slaciound
Coomen 3l 58800y Gl pods Wigd Ceond (] 3 (s
o=l el ool ) Cuedl B &S5 .l diges Sy
S293 GLaaY 10 ) ealS geoS & Gl 390

B P99 gt g Jlasdgl ot et Jlus

S5 (s g BLS)I D) B 29 s
D9l G d diges lasls p yole SuSly
s ooy (Sl 31y BN 515 o]
LS 5 39y s ¢ Jlogsl ] amd o lis diges
S 2B 5 ol baus] O jgod ob (saS]
» i lar Sl ©ygoh o 5 5ol s |l
S 35 505 L oo 39500 0403 digos pulips
B 2 g | placand o b g2 LB
SOV VPRI SV P B W EPVRRE 1 SN BN SRV
255550 55 05 ol 5 3)b adgad )31y 35 50 By
Lo e a5lyS Ol 5 o dB 5550 0 (59 Se
o=l 4SSl Jlais ] donisyd g ol od0d §p20 (S50
pice Cal itg Al Jirod Laxs § gl 35505
S99 |y Ol (il iged 15 pe 53 mundS 39 505
5S35 b jleas sl Jolne LT &5 5l 0
w8 So5 30 pudS B8 e 58 00 Canw (BISUS
Copr P AS L S5 a0 4 dog b bl il oa
A_:]yu_w Lel O—i‘ ‘M d9l> (_gl.m‘_')% IHE prmno
O ygmod ol Jloin! dy pudS 5 bl o
Sl pedS (o8 0l Sl gy loCintics
B o) S o Slgi o anb opl [18] cunl osile
b ylis b dgg il 48 b b el ylojcie 5o
LoV S o (dS) aslyys Jls 57 S
9 u_f)> EA—*JSUM MolLs ;)_g])g Yoo L;:Louf)):
&y 45‘? Cowl d‘d\_,yl; C.L:_w l_> ool L))] u.uLo.»
So bl (Sen ol S glaasd 55,8
L poai p angodle 4S5 el gl plx]
Cow A us)> céu»b Coww yd )g]).gv"' L;’L“S))’
sl Gip i ey Sl o5 Alalgay iges (] 5 o
o= 30 =l BF peal (sYLccwly i Cuond jd
9 L)M cJ_nlf )9_194_: cd)tl&l_w Qri'f.é)ﬁ)é
Y09 oSl b Syt sladily ol  ololis B


http://dx.doi.org/10.29252/jra.6.1.33
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.1.5
http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.1.5
http://jra-tabriziau.ir/article-1-151-fa.html
http://dx.doi.org/10.29252/jra.6.1.33
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.1.5
https://jra-tabriziau.ir/article-1-151-en.html

[ Downloaded from jra-tabriziau.ir on 2028-08-17 ]

[ DOR: 20.1001.1.24764647.1399.6.1.1.5]

[ DOI: 10.29252/jra.6.1.33 ]

. & o T -l e < M
- 5291581 gSawg jSao Gieltho yulwl g gllaw abgzo > ol jLET glasisgi S g / 5 ba> g olol - CJ‘:LM[J

Cajl} ).) @Qw u;s)._ill g&»ﬁ)s\»o )J9.ax(b) 9 @5)..5\” u9$w9)$.~o )l b.)l.o.«.ml L L_S)lB plS L{y ‘_5)-\4.«.9 us.m] )Jya.’(a) I wa:
0O, Si, Ca, Pb, Cl, Cu yolis 245 g0l yal by Sl o yors 4 Backscatered

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
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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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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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