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Figure 1. The geographical location of the Ceramic Mound in
Pishva City

Jls o298 o ol Bpao g )y & bl 5l g Wgd oo Bl sl
B e da ] )3 Ol g ) e 4SS (lacKind )
03l &5 (Sm b BT ol J) Sy LIS g nF i 5 42
Ll

€9 dwlio 5 o)y Jhu (wlddiS Guld o awlie IS
65590 dbgze s b pllaw a5l sselcuda slacuis
b g oad @ly (opelyg cubd) adllas 3y90 (Sun 6 (sLilpan ) oS
Slgi oo WAV () Ko g (5 las) WIS wiune wlid il gy p
0,90, (Homologous Similarity) jlues calus parbe sluo y
SBLdbe) Sy pogad ol 3305 Dyl 090 I L
Gl g lnd Sl pagie 52 gy 5505 5 i ks allas
sl (6ygh5 (bl 3,509y 3 4295 3)90 padlie Sl & (lueals
(Lyman and O'Brien, 1998) 34 ,2lx10

3945 g0 488 i locuss le bealis jl atwd ol 4 lues cals
lacals 945, Ciw SO o ddyy g 0d9 (Su,l slabls)l ol a8
2550wl slrogud Juols &S ol s jl awwd o)) Jold luonls
Evolutionary) (gysks olSen olea b alis byl 4 alic
0y oyl slcdis wdllas jl absye oyl jd .cuwl (Convergence
(XRD) oS3l 5550 (3 5T gy bawgs a5 SB 1 oladigas
lolyy sdn dloye 3 b B 15 ) 3y90 (alesd LT
ol sladises s cblis (SeSs 4 dacuis o )ldls cals
23,5 S8 ol (o] ST (Kim b 0)9d (5 lans

(Roustaei, 2004) cusl o368 pB5 3l )iy 50 olpl 635 0 M
Sgo sle Jdsas olpl M wolids il slaadl o wnlgs wlol y
23,5 o e bl ()8 iz )3 (65)9lo oo slmolSsls |yl
ol glp &S cuwl (6318 gl Yieas] e (Pigott, 2004, p. 28)
oo 3,8 gl .l 48,5 )18 oolil 590 calisee e gias g a3l
S5 5l 50 i o e Ve dgas &y adal 13l lgie a odlazwl (4l y
OioskiS” (Oudbashi et al., 2012) 53,5 o5l oyl <&Mo 6354 4
s Ade b Fevrdgin— oIyl Cye  Siwg 0y90 ) aliwgy Sle
ol sl g wssls plate (glodle e |y Lalls o —3Mo 51 L3
Pigott, 2004, p. 28; Hole,) 15,8 6)9]@? sy Glaal gl |,
SIS cdlo gl uo jl odlatwl anlads oy Scdg 20 g (piwss (1987
by )3 8 Canl allS (o 000 aslad Sy 4 bguye (lnl 3 5y
ol o 8l 4l oy sy 3 g )l E CP ) oS e (Sws
wian o)l ol /i o)lia Slol 4 1,81 o (Pigott, 2004, p. 28)
(Thornton, 2009; Hole, 2000) sl oads (5,135 70,5 5N 5l L8
o)l a2l Cgix )3 M fer 45 ) wlidlinl 3l slabgls
0)93 Jl (BB g )3 38 ol e gk o g A BT & i
LYY snle) s 8 Jlo jlia 4 250 Codd b Siuwgs

=54 OlogliS” e Sl 5 w2y o)lje )0 (St o )95 )0 L
(Pigott, 2004, p.28) il lalus o axe S jl o gd i p
O K Cgd 4 LalB el edlatul 5 gd 5l IS Als e
(Thornton et al., 2002) 1 ploxl sMes 51 L8 w3 0)l52 ;5 o
o g Aiud pho jlaw 2B e 3 As 5 Cu (ggls  Siee dlge
Oudbashi et al.,) ws ((Ssbas 5U1) (Siw)] o M5 el yal
3 g od 9> (ame Sleguas gl 3 Saiw)] oplplu (2012
ord 8l (Bolad alBb b (GSWT jate lgie a Al e <l
3 (eodp A o (gdas o~ Syl 5UT (Thornton, 2009) cul
oyl ol 0395 o —gld LT 51 onlizul 4 oad (¢ Sz o 5l I35


http://dx.doi.org/10.66224/kcr.8.4.79
https://journal.richt.ir/kcr/article-1-390-en.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.79 ]

MY VEF Gliaej | V8 oo ojled | ¥ojles [ A Jlo | Crogo g Cblin yil5 gy — sods dolibad

el b 5 slaylidle cass gy s)luw sladsoly 58
ooly o 31 Sogn Jy o oy gl s i,
s yoogl dilaie | ladises 13 sl ol dLuild (ol ey o alab
St S )8 T 5)00 XRD g ol Gl slojlUT b oS
Tolaw (iSuplSotiul 3590 13 € Mew WSl (608 e a8 0s
o il dlas S5 2,8 9 5 odle cpl sl 039y jelcadbge (S
(Sramek and Loses, 1999) &) o o2 35 1) (5003585 5 3 o3

Jo¥ge 09 oo el ]y iw )y cnl ol 5l o)l & Ggmli oy
Sy las I o ol €8s aS S5l 0 S)p ol |y ol
R ACRPPN S I

ool 0ad aB)S e 3j90 cpl 2> &5 glapegie I K> S
3550 33 355 oo pauly LS s Js 0 dliwgdy a8 Canl € Slis fiso®
osmdsel 65 K4y sl U1 3 M oos JSito beSuly ST 5
) (g ped s Sgis plim 13wy 40 D95 g0 el Ol 45 dlge ol
G Cuighypetise I (8 ) » pogada dlue (pl 29l
da JSW 69,3 5l sl IMs (655,54 4, cpl il (Warren, 1999) 5l
S 5l 03,5 i |y (IS Cunye 2255 35 5 oS DS
5 85> bolos nln 0 () Coglie 4 (il B> 1L gy o
39 Jlosl 005 suiplSoxinl s age Lyl

gracs piio? ile Mo 5 loigSilow 095 5l g ) 51,500 (S
€M g 51,55 5 5 5 € M g 555 5D & Mo g
D rSol s s IS 0,5y ke cilond oozl 5,90 ol 3 &S
2 0 Moy WO B Y «SSY » ((Warren, 1999) b)la 1y diay yuais
5 ol padlol L Aile (6050 558"l by ISy SB isuplSocil
o JousS 1L dncDy Slio Lies o My ST Liss oMy ST o
Sl 3 58 M Stie g b o bl dezg b (S sza
YU cel glawl gt > ISl gy el (g590la o5 4yl
D9 50

Kbyl g0 ylsiol ;5w . cuwvlonds sl ik g s laclluwg ol g,
1 €blowg il g ylin s 350 ol 0% 5 €llowg 33l 63 ko Juid go»
e 3237 52) €IS L8 99 sadenlinel o K> ks 05,5 5
by e 1y SB (SO Cunglio () cnl wcal (gd)8 b
oslatwl o (gadilleyd sla oy, 5l (Houben and Guilud, 1994)
loaisS’ Lsly guls €asillo s Joid» it oaiSOls iy 45 ord
Spese YU |y S Conglio Sts s 5 w5lle b yede sl 2l
Houben and Guilud,) 3,4l oo oyl doyd 8+ b 5 b, Ll
(1994

K55 o Jo s Pl e b o5 lay 390 53 K00 S
S8 Gloj S )l 2929 puid JSi5 JSkie )90 cnl > &Sl
ole jl e aY SO L aslsplotu] cams 4Y S &S 0,5 o
WY 9> (Ssb) g (alod CLAS 0,5 o0 )5 o SIS ) (AuplSodl
Ul e g9 s ol (o el g 5 jye S g Cunl glite o L
Mled JSiie sl o tisoplSotal 4Y cuty 5yl oSl 15 Ol by
cisuplSotinl (655,54 )l ) laa (glod ‘u.wz:,n‘&qu syl 09
€0yl ks ol Jho Jlw 350 ()3 I g5 5 S 2o
b )3 jeim Lol el ooy opsl by slaces) om 2 1) @ G

QR 5 iy Y

plosl Jad ¥ > B WAD o 5l opllis 45 (slaypglS 4l
ol adllao polaioa oS Jab V ) (sloaibly (g ioen 1l 0235
Jles 53 lgutin = cyuolyg s> )3 (b iy U o 51ET als o 1) oD L]
ol ST 090 5l (Sim (sladbl w8 ploxl lpl M6 5S4
oiin g b b 5> (Dahl et al, 20125 VY45 (g las) sl
o o158 )3 (ol ol b S it agls Jab (i) glS
GS el &S (Y JS3) 5003, Ao g il (ylone (clalas Y-
S algSuwly glose g9 | (S (558w 5 (V) ISS) (Siwogls
(¥ Jsa) 639

Y. b)‘.o.w DK)K d)l.o&o dl.aaﬁ Y ‘JS\:)
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Figure 7. Mortar sample between mudbricks, Trench 20
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Figure 5. Architectural remains uncovered in Trench 20
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Table 1. NIB mudbrick sample showing internal fabric characteristics from the Early Elamite period

Figure 6. Mudbrick sample from the wall of Trench 20
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Table 1. NIB mudbrick sample showing internal fabric characteristics from the Early Elamite period
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Table 2. Mudbrick sample collected from the adobe wall (NID)

M)b

@, )l SE/56 U s bound Jgo i des 2P e
46-1045 () Quartz, syn SiO, 26.5 Hexagonal
39-1425 () Cristobalite, syn SiO, 21.5 Tetragonal
05-0586 () Calcite, syn CaCO, 13.5 Hexagonal (Rh)
26-0920 (D) Sylvite, sodian, syn K, Na Cl 8.6 Cubic
16-0352 (1) Phlog‘)pit:; ITTRG, KMg,(Si,AIO, )F, 7.4 Hexagonal
19-1184 (I) Albite, ordered NaAlSi,O, 4.5 Triclinic
36-0432 (D) Gypsum CaSO,-2H,0 5.1 Monoclinic
19-0926 () Microcline, ordered KAISi,O, 4.5 Triclinic
34-0166 (D) [ Vermiculite2- ITM RG | (Mg,Al),(Si,Al) O, (OH),-4H,O 3.4 Monoclinic
02-0009 (D) Montmorillonite Si, Al JFe Mg O, 2.2 -
02-0028 (D) Chlorite (Mg,Fe),(ALS), O, (OH), 2 Monoclinic
33-0664 () Hematite, syn Fe O, 0.8 Hexagonal (Rh)
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Table 3. Earthen (mud) mortar sample (NIM)
@, 5 8 lows SB/58 b 2 bonnd Jgo . 29
(555 dord
46-1045 () Quartz, syn SiO, 28.7 Hexagonal
43-0685 (I) Illite-2 ITM RG2 KAL(Si,ANO, (OH), 17.9 Monoclinic
36-0432 (D) Gypsum CaSO,-2H,0 15.7 Monoclinic
05-0586 () Calcite, syn CaCO, 12.6 Hexagonal (Rh)
41-1480 (I) Albite, calcian, ordered (Na,Ca)Al(Si,Al) O, 9.9 Triclinic
07-0027 (D) | Montmorillonite-chlorite Na-Ca-Al-§i,0, -O 42 -
19-0926 () Microcline, ordered KAISi, O, 3.7 Triclinic
06-0221 (D) Kaolinite 1Md ALS1, O (OH), 2.2 Monoclinic
02-0028 (D) Chlorite (Mg,Fe), (ALSi),O, (OH), 2.1 Monoclinic
13-0135 (N) Montmorillonite-15A Ca,(ALLMg),5i,0O, (OH),4H,0O 1.6 Hexagonal
03-0251 (D) Gocthite FeO(OH) 1.5 -
(NIT) )55 o5 aiges ¥ Jsu
Table 4. Sample from the wall of a tannur oven (NIT)
@8 0, Lo SB/56 pU stbonsd Jgo,8 oy 29 s
555 dord
06-0046 (D) Gypsum CaSO,-2H,0 34.7 Monoclinic
41-1486 () Anorthite, ordered CaALSi, O, 19.5 Triclinic
46-1045 () Quartz, syn SiO, 16.8 Hexagonal
05-0586 () Calcite, syn CaCO, 16.3 Hexagonal (Rh)
39-1425 () Cristobalite, syn SiO, 3.6 Tetragonal
25-0618 () Sanidine, disordered K(Si,A)O, 3.5 Monoclinic
15-0603 (D) Illite K(AlFe),AlS1,0, (OH),-H,O 2.1 -
02-0028 (D) Chlorite (Mg,Fe) (ALS). O, (OH), 1.6 Monoclinic
10-0403 (D) Talc beta-Mg,Si O, (OH), 1 -
13-0534 (D) Hematite, syn Fe O, 1 Rhombohedral
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Table 5. Physical and compositional characteristics of seven soil samples collected from Trenches 1 and 2 at the Sofalin Mound
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Table 6. Physical and compositional characteristics of seven soil samples collected from Trenches 1 and 2 at the Sofalin Mound
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Table 7. Present-day properties of the regional soil
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Table 8. Elemental analysis results (weight percent) and mineralogical composition of surface soil samples collected from the
Moeinabad and Sofalin mounds

Element/Sample | Moiin Abad | Sofalin 1 Sofalin 2 | Element/Sample | Moiin Abad | Sofalin1 | Sofalin 2
Na,O 0.5 0.4 0.1 V.0, <0.1 <0.1 <0.1
MgO 41 5.3 4.4 Cl <0.1 <0.1 0.2
ALO, 10 7.7 11 NiO <0.1 <0.1 <0.1
SiO, 45.9 32.7 44.2 CuO <0.1 <0.1 <0.1
PO, 0.1 <0.1 <0.1 ZnO <0.1 <0.1 <0.1
K0 1.9 1.3 1.9 As,O, <0.1 <0.1 <0.1
CaO 12.9 13.6 13.6 SrO <0.1 <0.1 <0.1
Fe,O, 4.4 3.4 5.5 710, <0.1 <0.1 <0.1
MnO, 0.1 <0.1 <0.1 BaO 0.1 <0.1 <0.1
TiO, 0.5 0.4 0.6 PbO <0.1 <0.1 <0.1
SO, 5.4 20.6 3.5 LOI 14.1 14.6 14.1
Moiin Abad Quartz, calcite, gypsum, anorthite, phlogopite, palygorskyte, illite, clinochlore, dolomite

Sofalin 1
Sofalin 2
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Gypsum, quartz, phlogopite, calcite, illite, dolomite, palygorskyte, clinochlore, anorthite
Quartz, calcite, gypsum, anorthite, palygorskite, illite, phlogopite, clinochlore
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floors requires soil stabilization through appropriate
additive incorporation to enhance resistance against
environmental degradation, particularly moisture-related
damage. Stabilization objectives include increasing soil
strength, improving particle cohesion, reducing moisture
migration, and enhancing water resistance. Common
stabilizing additives include sand and clay, straw, Portland
cement, and lime. Based on experimental results, lime
addition at varying percentages is recommended for
manufacturing conservation-compatible mud bricks.
Post-production bricks should undergo standard testing
following ASTM protocols, including compressive
strength, water absorption (capillarity), water immersion
resistance, and abrasion resistance assessments.
Soil mechanics studies will further inform quality
specifications for repair mortars and plasters. Future
research should incorporate petrographic analysis and
microanalysis to refine compositional understanding and
manufacturing technique reconstruction. This integrated
approach will enhance conservation strategies for Tepe
Sofalin and comparable Proto-Elamite mud-brick sites,
ensuring long-term preservation of these irreplaceable
archaeological resources representing early Iranian
architectural traditions.
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through Islamic periods. Tepe Sofalin, situated on
carly Holocene terraces in northern Pishva, has yielded
significant Proto-Elamite architectural remains that
illuminate construction technologies and settlement
patterns of this era. The mud-brick architecture
recovered from Trench 20 includes rectilinear
structures with cobblestone foundations, representing
advanced construction techniques employed during
the Proto-Elamite period. Understanding the technical
characteristics and compositional properties of these
ancient building materials is essential for developing
appropriate conservation strategies and comprehending
pastconstruction practices. Despite numerous excavations
of Proto-Elamite sites across Iran, systematic technical
analyses of mud-brick composition remain limited.
This study addresses this gap through mineralogical and
chemical characterization of mud bricks and associated
materials from Tepe Sofalin using X-ray Diffraction
(XRD) analysis. The research examines four samples
representing different architectural contexts to identify
raw material sources, manufacturing techniques, and
deterioration mechanisms. These findings provide crucial
baseline data for conservation planning and contribute to
broader understanding of Proto-Elamite technological
practices.

Materials and Methods

Four samples were collected from sixth and seventh
season excavations at Trench 20, Tepe Sofalin: interior
brick section (N1B), brick surface (N1D), mortar (N1M),
and oven wall (N1T). Brick dimensions measured
approximately 10X30 cm and 10X35 cm, representing
rectilinear construction techniques. Radiocarbon dating
(sample Poz103643-) established occupation between
3102-3335 BCE, with a median date of 3234 BCE.
Mineralogical analysis employed X-ray Diffraction
(XRD) using a Bruker AXS D-8Advance diffractometer
at Tehran University>s Mining Engineering Department.
Additional soil samples from Trenches 1 and 2, plus
comparative samples from Tepe Sofalin surface and Tepe
Moinabad, underwent chemical and pedological analysis
at the Research Institute for Cultural Heritage and
Tourism. Two further soil samples were analyzed using
XRD and XRF at Razi Applied Sciences Foundation,
Tehran. Semi-quantitative phase identification followed
standard protocols, though precise clay mineral, mica,
alkali feldspar, and plagioclase identification remained
limited by analytical constraints.

Results and Discussion

XRD analysis revealed that mud-brick raw materials
primarily  comprised sandy-gypseous  composition
with calcite and minor clay content. While overall
mineralogical compositions showed similarities across
all four samples, notable differences emerged. Sylvite

(halite) appeared only in two brick samples (N1B, N1D)
but not in mortar or oven wall samples, suggesting
intentional salt addition to brick-manufacturing materials
for improved properties. Cristobalite, a high-temperature
silica polymorph naturally occurring in volcanic rocks,
was detected in brick surface (N1D) and oven wall
(NTT) samples but absent from brick interior (N1B).
This distribution suggests either differential raw material
sources for surface versus interior components, or surface
exposure to thermal conditions. However, cristobalite
formation typically requires temperatures between -1050
°1350C, while calcite remains stable only to °850C. The
coexistence of both minerals likely indicates cristobalite
presence in original soil rather than post-firing formation,
consistent with volcanic and pyroclastic rocks identified
in Tehran geological maps surrounding Pishva. Gypsum
(and bassanite) constituted major components in brick
and oven wall samples, while mortar and brick surface
samples contained lower proportions. Clay minerals
varied across samples, reaching maximum %28 in mortar.
Illite predominated in brick interior and mortar samples
(N1B, NI1M), with montmorillonite, chlorite, and
kaolinite present in minor amounts. Total clay mineral
content in brick surface and oven samples (N1D, N1T)
remained below %05.

Comparative soil analysis from Tepe Sofalin and Tepe
Moinabad surfaces showed intriguing compositional
similarities, suggesting local raw material sourcing
However, significant mineralogical differences emerged,
particularly in clay minerals. Palygorskite, identified in
both site soils, was absent from architectural samples,
while montmorillonite and kaolinite detected in bricks
were not reported from site soils. These discrepancies
indicate raw material mixing from multiple sources
beyond immediate site contexts.

The substantial gypsum content in brick samples proves
particularly noteworthy. While gypsum and lime use in
architectural materials dates to the 8th millennium BCE
in western Asia, gypsum-containing mud bricks from
Proto-Elamite period contexts within modern Irans
borders remain previously unreported, representing a
significant finding for understanding ancient Iranian
construction technologies.

Conclusion

XRD analysis conclusively demonstrates that Tepe
Sofalin Proto-Elamite mud bricks utilized dispersive
soils (clays) characterized by montmorillonite and related
expandable clay minerals. These materials exhibit poor
cohesion and high susceptibility to wet-dry cycling
deterioration through physical and chemical weathering
processes. TField observations confirmed progressive
structural and particle separation
consistent with dispersive soil behavior. Effective
conservation of Tepe Sofalims mud-brick walls and

disaggregation
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The Sofalin Mound is located
north of the city of Pishva, on
natural hills formed by eatly
Holocene  deposits

sediments older than

(alluvial

4,000
years). Systematic and continuous
excavations at the Sofalin Mound
have been carried out over the
past several years in seven seasons
as part of broader archaeological
investigations in the Varamin—
Pishva Plain. Cultural materials
Sofalin
north-central

recovered from  the
Mound in the
Iranian Plateau have significantly
enhanced our understanding of
the proto-literate period, dated
between 3500 and 2800 BCE,
within the cultural sphere of the
north-central plateau of Iran.
During the sixth and seventh
excavation seasons at the Sofalin
site, architectural spaces were
uncovered in Trench 20. These
spaces were documented as
featuring
mudbrick
rectilinear architectural layouts.
Based on ceramic assemblages

cobblestone  floors,

platforms, and

(plain and painted), clay sealings,
tablets,
occupation  during  different
phases of the Farly Elamite

and fragmented clay

cultural period was identified.
This  research
the technical and

focuses on
laboratory
investigation of Farly Elamite
mudbrick architectural remains

from the Sofalin Mound using
X-ray diffraction (XRD) analysis,

complemented by  chemical
studies aimed at proposing
appropriate conservation

strategies. The primary objective
of this study is to achieve a
semi-quantitative structural
characterization of mudbricks
from this period in order to
enhance our understanding of
their mineralogical composition.
Such knowledge contributes to
the development of effective
conservation approaches for the
Sofalin Mound as well as other
contemporaneous mudbrick

archaeological sites.

Keywords: Archacometry; Object
Conservation; X-ray Diffraction
Analysis (XRD); Mudbrick; Farly
Elamite; Sofalin Mound; Central
Iranian Plateau

Introduction

The  Proto-Elamite
represents a critical juncture in
the development of complex

period

societies in ancient Iran, marked
by the emergence of writing
systems, administrative practices,
and sophisticated architectural
North-central Iran,
Varamin-

traditions.
particularly the
Pishva Plain, serves as a key

region for investigating cultural
developments from the Neolithic
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