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Abstract

Archaeologically, Southeastern Iran has been hypothesized as one of the most important centers
for the production and export of marble artifacts during the Bronze Age Near East. The
characterization of the marbles from this region is necessary for identifying and rethinking the
source of craft products and trade in the prehistoric societies of the cultural areas of Sindh and
Mesopotamia, On the other hand, accurate knowledge of the type of stone with the recorded
scientific words to introduce them is an important step in investigating the relationship between
marble artifacts and geological tectonics and also the origin, in order to study morphology and
preparation process of raw material and production of marble containers in Jiroft Plain, field and
morphological studies using petrography, XRPD and SEM-EDX methods have been conducted
to study samples of South Konar Sandal Hill and confiscated works. The question of this article
is about the structure of raw materials for the production of marble artifacts in Jiroft Plain and
its relation with the tectonic domain of the field. In this regard, seven ancient samples, two
samples of Galoumaran Marble Mine and Qom Limestone Formation, and twelve samples of
scattered rough rocks along the Halil River and Shur River near the mentioned ancient hills
have been studied. After examining the results of petrography and the similarity of ancient
samples, studied examples obtained from the cultural layers of South Konar Sandal Hill for
further study using the XRPD analysis and the confiscated samples - regarding the different
characteristics of the other ancient samples in this paper - were selected for further study using
the SEM-EDX analysis. The result of this research is the classification of marble species being
commonly referred to archaeological studies and the introduction of the aragonite structure of
marble containers in the southeast of Iran - extracted from sedimentary formations of springs.
Moreover, due to the agreement between the results of this research and the geological map of
Jiroft Plain and the presence of homogeneous rocks that can be generalized to ancient samples,
localization of the preparation process of raw material is suggested.
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1. Introduction

The Types of marble artifacts in prehistoric cultures of Indus valley and Mesopotamia often
have comparable shapes and technical similarities that can be the result of commercial
exchanges or cultural relationships and interactions. In the meantime, southeast of Iran and
especially the Jiroft plain, which is located in the middle of Indus valley to Mesopotamian
civilizations, due to the discovery of valuable and sometimes unique industries such as stone,
metal, clay, and clay tablets, has a role more than the bridge between those cultures and
according to the results of archaeological studies of that region can be one of the most important
production centers; including marble (Chubak 2004; Madjidzadeh, 2008)

Few studies have been conducted to investigate the marble works of southeastern Iran, including
structural identification of samples of marble containers resulting from the discovery of
archaeological excavations at Konrsandal B in Jiroft (Mohamadi, Razani 2015 b, Derakhshan
2014). Moreover, the marble artifacts are recorded from Shahr-e Sokhteh ( Akbarifars,2017;
Bikmadah 2016) as well as the structural comparison of marble containers in Jiroft and Shahr-e-
Sokhteh (Emami,2015). It is noted that all the above studies have pointed to the calcium
carbonate structure of artifacts. But what are clear is the place of further studies and the
introduction of structural and petrography of marble artifacts as important prehistoric objects of
Iran.

Laboratory analyses including preparation and petrographic tests of the thin cross-section were
performed for 7 ancient samples related to hill surface data, 2 samples of international base
(Jiroft), and 5 samples from the south side of the sandal area. In addition, 12 samples of natural
raw rocks from the surface of the tepe and around the adjacent rivers of Konarsandal hill were
examined for word study (Table.1, Photo. 1). According to the similarity of the results of the
study of petrography sections of ancient samples, the samples were selected from the scientific
excavations of the south hillside (sample No. 7) to investigate the XRD device, and the sample
seized from the site (sample No. 3) were selected for study by SEM-EDX because of being
located in a plethora of specific bowls in the region (in terms of large dimensions and type of
erosion). XRD (diffract meters pw18000 XRD (40kV-20mA), PHILIPS Netherland, 2.6= 5-65
software: Expert high score plus and SEM- EDX -VEGA\TESCAN-LMU.

Petrographic analyses of archaeological data indicate the combination of aragonite with needle
shape and layer with limited empty space, which is sometimes filled with organic materials in
the collision section of the layers. Sections of 12 samples of natural rocks scattered on the
surface of the south coast area and adjacent river indicate aragonite marbles and metamorphic
marbles with secondary minerals of calcite, quartz, and iron oxide. Aragonite samples are
similar to ancient ones. The sample of thin sections of Glomaran mine and Qom Formation (the
closest active and well-known mine to Konarsandal) is a fossilized limestone rock with
bioparticles and biomicrite that is completely different from the samples examined from the
Konarsandal area. (Table2). The archaeological sample no. 7 in complementary studies with
XRPD indicates that the dominant mineral of calcite (CaCO3 calcium carbonate) with high
purity (Diagram. 1). Sample number 3 of ancient data is also specified in images and elemental
decomposition presented by SEM-EDX multidimensional structure of aragonite marble column
and dominant calcite mineral. According to the results of this study and other similar studies in
order to scientifically introduce carbonate artifacts in the southeast of Iran, calcite species with
aragonite structure can be suggested.

The analysis of surface natural rocks in the area next to Konarsandal and its waterways revealed
the existence of sedimentary marbles matching ancient data and metamorphic marbles around
the archaeological site next to Konarsandal. It shows that there are sedimentary marbles such as
aragonite in the surrounding mountains and Halil branches and it can be considered as the origin
of raw material in the local Jiroft basin by considering the adaptation of surface rocks with
ancient data. In figure 7, based on the geological map of 1.100,000 Jiroft plain, limestone source
limestones are seen from quaternary sediments and distribution of calcium carbonate rocks
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(yellow) and their distances with the archaeological site next to the Konarsandals (in red). In
this map, the Qom formation and its outcrops composed of fossilized calcium carbonate, due to
the lack of discovery of fossilized limestone rocks in the construction of marble containers, have
been avoided.
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