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Background and Objectives

In order to complete and compile the cultural heritage atlas, one of the branches are architectural
ornaments. Gypsum-based stucco ornaments are one of the important parts of Iran’s architectural
ornaments. The gypsum-based stucco ornaments of Shadiakh of Nishapur area are among the
ornaments belonging to the early centuries of Islam in Iran. In the present study, an attempt has been
made to obtain information on the structural and technical aspects of the gypsum-based ornaments of
Shadiakh Nishapur area.

In the following research, three fragments of mentioned ornaments of Shadiakh, which were found
in the fourth season of excavations, were technically examined. Visual observations have also been
made using a digital microscope. The structural analysis of these fragments has been done using
X-ray diffraction (examination of the phases in gypsum samples) and scanning electron microscopy
(observation of the crystal microstructure of the samples).

The archaeological site of Nishapur is located in the east of the current Nishapur, in the vicinity
of the tombs of Attar and Khayyam (Haddon 2016). Shadiakh has been excavated during seven
seasons (Labbaf khaniki, 2022). This area consists of various sections such as grape extraction
workshop, blacksmith workshop, pottery and glass workshop, dungeon, stable, kitchen, warehouse,
etc. According to the reports of the fourth season of the excavation (Labbaf Khaniki and Bakhtiari
Shahri, 2003), one of the most important sections known as Bar-e ‘Am Hall. This hall consists of four
porches overlooking an octagonal space in the middle, which leads to the adjacent spaces through
four corners and through four doors. The porches are built in different geographical directions. In
the later periods, the northwest porch underwent changes with the use of a blade wall and the stucco
ornaments. The northeast porch is the same as the northwest, with the difference in the floor height
and in front of it, stucco ornaments and inscriptions are represented.

Methods

Imaging and observing the grain size of samples was done using a Dinolite portable microscope with
a maximum magnification of 250 times. Images were taken at 60x magnification. For XRD analysis,
the EXPLORER model device made by GNR, Italy, DECTRIS detector, with copper x-ray producing
tube (Cu K alpha = 1.54 A), maximum potential difference 40 Kv and current intensity 30 mA under
20 angle and angle 60-60-degree radiation was used. The analysis was done qualitatively and the
required analysis was done with Xpert software.

In order to image the crystalline microstructure of the samples, SEM device model LEO1450VP made
by Zeiss, Germany with maximum voltage Kv 35 equipped with EDS analysis made by OXFORD
England model 7353 and with resolution of 133eV was used. The samples were coated using SC
7620 gold-palladium coating machine for 180 seconds. Imaging was done in different magnifications
and under 20 Kv voltage.
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Findings

XRD results: The samples have quartz, cristobalite, anhydrite, gypsum, calcite and goethite. The main
phases identified in sample SH.1-U are: quartz, anhydrite and gypsum, and secondary phases include
cristobalite and calcite. By examining the graphs of this sample and sample SH.2 the coexistence
of anhydrite and gypsum is observed. Gypsum and anhydrite were identified as the main phase in
sample SH.1-U, and gypsum as the main phase and anhydrite as secondary phase in sample SH.2. It
seems that the placement conditions of these two samples after digging and exploration were not the
same. In the third sample, only gypsum was detected. Quartz, which left a long peak in the sample
SH.1-U and SH.2, is present as an impurity in gypsum compounds. In SH.3-U sample, quartz has been
identified as a secondary phase. This impurity is mainly added to the gypsum mortar purposefully.
Calcite is the other identified phase in all three fragments.

SEM results: It can be said that the accumulation of crystals in samples SH.1-U, SH.1-S, SH.2 is
high and the crystals are densely placed next to each other. Samples SH.3-U and SH.3-S have less
density and empty spaces like holes can be seen in it (compared to the previous two samples). Fewer
gypsum crystals can be seen in SH.1-U and SH.1-S samples. In other samples, due to humidity and
temperature fluctuations, gypsum microcrystals are formed on the main crystals. It seems that in
SH.1-U and SH.1-S samples, some gypsum crystals have turned into anhydrite over time due to hot
and dry environmental conditions. In the SH.1 and SH.2 samples, crystals have grown in the form of
sheets (mostly in two directions) and some of them are placed on top of each other, which can be one
of the reasons of slow pace of setting process.

Conclusion

Regarding the constituent materials of the studied mortar samples, it can be said: their constituent
compounds are not much different from each other. Part of the small difference in the elements and
compositions can be related to the conditions of the exposure of the work in the long term and in the
post-exploration period. Part of it is also related to the processing time of gypsum mortar. Part of the
difference in the materials can be related to the impurity of the gypsum stone, which was baked in the
same way and used after crushing and sieving. The main phases of the studied mortars are gypsum,
calcite and quartz. Regarding the changes and erosion of the mortar, it seems that some gypsum
crystals have turned into anhydrite over time, and in some samples, due to humidity and temperature
fluctuations, part of the gypsum crystal has dissolved in water and then from the evaporation of water,
gypsum microcrystals are formed on the main crystals.
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