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Table 1. NIB mudbrick sample showing internal fabric characteristics from the Eatly Elamite period
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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

1,15 5, lowd S5/36 o st lomd Jgo,8 S dos 294 ek
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 () PhIOgOpit:; 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 KAIS1,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 Fe, Mg O, 22 -

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)
. . SN SR (15 - : 2y 2 o
)5 8 jlowd SB/36 pU slows Jgo 8 P 2945
46-1045 () Quartz, syn SiO, 28.7 Hexagonal
43-0085 (I) Illite-2 ITM RG2 KALSi,AO, (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-8i,0, -O 4.2 -
19-0926 () Microcline, ordered KAISi,O, 3.7 Triclinic
06-0221 (D) Kaolinite 1Md ALSi, O (OH), 2.2 Monoclinic
02-0028 (D) Chlorite (Mg,Fe), (ALS1),O, (OH), 2.1 Monoclinic
13-0135 (N) Montmorillonite-15A Ca,,(ALMg),Si,0, (OH),-4H,0 1.0 Hexagonal
03-0251 (D) Gocthite FeO(OH) 1.5 -
(NIT) )55 o )25 aiges ¥ Jga>
Table 4. Sample from the wall of a tannur oven (NIT)
@, 0 ko /56 pU 2l Jgo 8 Moy 29
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,AO, 3.5 Monoclinic
15-0603 (D) Illite K(AlFe),AlSi,O, (OH),"H,O 2.1 -
02-0028 (D) Chlorite (Mg,Fe)_(ALSi),O, (OH), 1.6 Monoclinic
10-0403 (D) Talc beta-Mg Si,0, (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 4.1 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
K,0 1.9 13 1.9 As,O, <0.1 <0.1 <0.1
CaO 12.9 13.6 13.6 StO <0.1 <0.1 <0.1
e, O, 4.4 34 5.5 Zx0O, <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 Gypsum, quartz, phlogopite, calcite, illite, dolomite, palygorskyte, clinochlore, anorthite
Sofalin 2 Quartz, calcite, gypsum, anorthite, palygorskite, illite, phlogopite, clinochlore
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The Sofalin Mound is located
north of the city of Pishva, on
natural hills formed by eatly
Holocene  deposits  (alluvial
sediments older than 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
recovered from the Sofalin
Mound in the north-central
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  cobblestone  floors,
mudbrick platforms, and
rectilinear architectural layouts.
Based on ceramic assemblages
(plain and painted), clay sealings,
and fragmented clay tablets,
occupation  during  different
phases of the FEarly Elamite
cultural period was identified.
This  research  focuses on
the technical and laboratory
investigation of FEarly Elamite
mudbrick architectural remains

from the Sofalin Mound using
X-ray diffraction (XRD) analysis,
complemented by  chemical
studies aimed at proposing
appropriate
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.

conservation

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

Introduction

The Proto-Elamite period
represents a critical juncture in
the development of complex
societies in ancient Iran, marked
by the emergence of writing
systems, administrative practices,
and sophisticated architectural
traditions. North-central Iran,
particularly the Varamin-
Pishva Plain, serves as a key
region for investigating cultural
developments from the Neolithic
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through Islamic periods. Tepe Sofalin, situated on
early Holocene terraces in northern Pishva, has yielded
significant Proto-Elamite architectural remains that
illuminate construction technologies and settlement
patterns of  this The mud-brick architecture
recovered from Trench 20

era.
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
comprised

primarily sandy-gypseous

with calcite and minor clay content. While overall

composition

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
(N1T) 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.
[llite predominated in brick interior and mortar samples
(N1B, N1M), 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,
particulatly 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 Irams
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. Field observations confirmed progressive
and particle

structural  disaggregation

consistent with dispersive soil behavior. Effective

separation

conservation of Tepe Sofalims mud-brick walls and
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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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