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Fig. 1. A) The geographical location of the ancient site of Kahnek and the ways to reach it (taken from the road map file of
Iran, Mapping Organization of the country), B) Satellite image of the studied area in the vicinity of Kahnek village (taken
from Google Earth software).
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Fig. 2. Selected pottery samples for petrographic study.
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Table 1. Components of the Kahnek Site pottery paste and their frequency percent.

Sample Inclusions or Additive Minerals Porosity Matrix
Number
F RF Heavy Minerals Mica Grog
Qm | Qp | K | P | VRF | SRF | MRF | Opaque | Transparent | Mus | Bio
P-1 10 1 1 | 10| 40 3 1 1 0 3 0 0 12 18
P-2 7 1 1 |10 | 43 5 0 1 1 1 0 0 14 16
P-3 12 1 0] 2 4 10 2 1 0 1 0 2 10 45
P-4 15 1 [ <1]2 27 0 0 1 0 3 0 0 8 42
P-5 7 1 0]5 20 0 0 1 0 1 0 0 17 48
P-6 10 1 0] 2 35 4 0 3 1 2 2 0 10 30
P-7 12 1 |<1]5 18 1 0 1 0 1 2 0 10 45
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Fig. 3. Microscopic images of the potteries of Kahnek Site (XPL light) where the constituents of their paste, especially the
clay matrix, can be seen in different colors.
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Fig. 4. XRD pattern of three pottery clay matrixes of the ancient Kahnek Site.
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Fig. 5. SEM images of the studied ancient potteries that are shown microstructures of clay matrix, inclusions and voids.
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Fig. 6. Microscopic images (XPL) of the inclusion types that make up the studied potteries, A) Plutonic monocrystalline
quartz (Qm), B) Volcanic monocrystalline quartz (Qm), C) Metamorphic recrystallized polycrystalline quartz (Qp), D)
Orthoclase feldspar (Or), E) plagioclase feldspar (Pl), F) muscovite mica (Mu) and G) Biotite mica (Bi).
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Fig. 7. Microscopic images of the studied potteries inclusions (all images were photographed in XPL light except image F),
A) Sandstone sedimentary rock fragment (Sst), B) Siltstone sedimentary rock fragment (Silt), C) Carbonate sedimentary
rock fragment (Car), D) Phyllitic metamorphic rock fragment (MRF), E) Zircon heavy mineral (Zr), F) same image in PPL
light, G) Opaque heavy mineral (Op) and H) Grog or pottery shard (Gr).
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Fig. 8. Diversity and abundance of volcanic igneous rock fragments (intermediate and mafic) in the potteries of Kahnek site
(XPL light). Intermediate volcanic igneous fragments include andesite (A, B, C, D, E, I, J, M, N, O, Q) and basaltic andesite
(K, L, G, R) fragments and mafic volcanic fragments include basaltic fragments (H, F, P).
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Fig. 9. Microscopic images of the abundance and variety of pore spaces in the Kahnek site potteries (XPL light), A) Irregular
non-uniform vughs or pores with coarse to medium size, B) Irregular non-uniform pores or pores with coarse to medium
size, C) Irregular uniform vughs with medium-sized, D) Full and partial filling of pottery pores by calcite crystals, which
was probably done during the burial of the sample, E and F) High frequency percent of pore spaces in some studied samples.
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Fig. 10. Microscopic images (XPL light) of the surface soil samples constituents of Kahnek site. Monocrystalline quartz
(Qm), polycrystalline quartz (Qp), plagioclase (Pl), intermediate and mafic volcanic rock fragments (VRF), sandstone
sedimentary rock fragments (Sst) and carbonate micritic fragments (Mic) are identified in the images.
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Fig. 11. Microscopic images (XPL) of gravel fragments scattered around the site and the river channel wall adjacent to the
site. A) Altered volcanic rock (probably volcanic glass), B) Andesite, C) Sandy limestone with volcanic and metamorphic

rock fragments, D) Andesite.
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Fig. 12. Microscopic images (XPL) of gravel fragments scattered around the site and the river channel wall adjacent to the

site. A) Basaltic andesite, B) basalt, C) Pyroxene andesite with glomeroporphyry texture along with sieve-textured
plagioclase, D) Andesite with sieve-textured plagioclase, E) andesite.
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Fig. 13. Microscopic images (XPL) of the constituents of the river sediment samples near the Kahnek area, these particles
include monocrystalline quartz (Qm), polycrystalline quartz (Qp), plagioclase (Pl), orthoclase (Or), olivine fragments (Ol),
pyroxene (Py), volcanic (VRF) and serpentinized igneous rock fragments (Se), sedimentary sandstone (Sst), silt and
carbonate rock fragments (Car), biotite (Bi) and opaque heavy minerals (Op).
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Fig. 14. Geological map of the study area in the southern Sarbisheh (Goodarzi et al., 2015). Location of the study area

showing on a simple map of Lut block (Karimpour et al., 2011) with rectangular symbol. The location of Kahnek ancient
site is characterized by white square.
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Fig. 15. A) View metamorphed shale and sandstone in southeast of Sarbisheh, look toward northwest, B and C) Presence
of andesitic lavas on top of tuffs in southeast of Sarbisheh, look toward northeast, D) Lithic tuff with volcanic glass and band
shape in southeast of Sarbisheh, E) Outcrops of andesitic units in central and northeastern parts of Salm abad as domes
with massive and columnar structure, look toward northeast, F) View of lava and pyroclastics on top of shale and sandstone
in east of Kahnek village, view toward northeast (Goodarzi et al., 2015).
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Fig. 16. Photomicrographs of study area andesits (XPL light). A) Porphyric texture with microlitic groundmass, B:
Disequilibrium textures such as sieve in plagioclases and presence of euhedral to subhedral clinopyroxenes, C: Porphyric
texture with vitric microlitic groundmass, subhedral hornblendes and alteration of plagioclase to carbonate in central part,
D: Sieve texture in plagioclase and abundant pyroxene in pyroxene andesites, E: Plagioclase and pyroxene assemblages

and formation of glomeroporphyric texture in pyroxene andesites, F: Microcrystals of olivine with clinopyroxene in basaltic
andesites (Goodarzi et al., 2015).
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Abstract

As one of the branches of archaeometry, geoarchaeology deals with the application of earth sciences
(geomorphology, sedimentology, soil science and stratigraphy) in solving problems related to archaeology.
One of the applications of sedimentological science in archeological studies is the investigation of
sedimentary petrography of ancient ceramics thin sections. The Kahnek archaeosite is located 50 meters
away from Kahnek village and south of the Sarbisheh city (Southern Khorasan). In the petrographic study
of the ancient pottery thin sections of this area (7 pottery samples), the pottery paste has been separated into
three components: clay matrix, inclusions or additive materials, and voids. In order to determine the origin
of the materials that make up the pottery of this site, the petrographic composition of the additive materials
in the pottery body has been compared with soil samples of the surface of the site, gravel fragments scattered
around the site, fluvial sediments and gravels adjacent to the site and geological units of the study area. The
similarity of the petrographic composition of the above pottery clastic inclusions with the mentioned data
proves that these ancient artefacts are local or indigenous. In this study, investigating the sedimentary
petrography of Kahnek site potteries, in addition to determining the origin of pottery materials, has been
used in the interpretation of manufacturing technology and firing conditions.

Keywords: Sedimentary Petrography, Inclusion, Provenance Study, Ancient Ceramics, Kahnek Site.

Introduction

Geoarchaeology is the application of earth sciences in solving the problems of archaeological research.
Geomorphology, sedimentology, soil science and stratigraphy can be mentioned among the branches of
geology that are used in geo-archaeological studies (Pollard, 1999; Ghilardi, 2021). One of the applications
of sedimentology in archeological studies is mineralogical and petrographically investigations of the ancient
ceramic’s thin sections.

Ancient ceramics are clay-rich soil artifacts that were produced and used by ancient people. The widespread
use of pottery objects in many past societies and the relatively slow destruction of these objects in
archaeological sites have made them one of the most common ancient artifacts in many periods and
geographical regions. The detailed study of the clay materials from which ancient pottery is made is known
as "pottery compositional analysis" and is divided into geochemical and mineralogical methods. The
information that obtained from the compositional analyzes of ancient ceramics is usually used in the
interpretation of the place of manufacture or origin and provides evidence in the field of movement of
ceramics through processes such as trade and exchange, distribution and migration.

According to the surface data and the excavations, the site of Kahnek belongs to the 3rd and 4th centuries
of Ah (the Timurid period), and most of the obtained data include pottery and architectural structures related
to the Islamic Middle Ages. (Farjami and Mahmoudi Nasab, 2020). Kahnek village is located 70 km
southeast of Birjand city and 5 km south of Sarbisheh city in South Khorasan province and adjacent to
Salam Abad village, on the side of the Birjand-Zahedan Road. The ancient site of Kahnek, with an area of
about 14 hectares, is located 50 meters east of the village of Kahnek and at an altitude of 1780 meters above
sea level.



In the present research, the petrography of the surface ancient pottery of this area has been investigated. The
purpose of the study is to investigate the petrography and the nature of the body composition of the desired
pottery in order to know the main composition, the origin of the additive raw materials and their production
technology. The results of this study, in addition to being used in archeology, can be used as the result of an
interdisciplinary study (geoarchaeology).

Methods and Materials

In order to achieve the objectives of the study, in addition to the collection of earthenware scattered on the
surface of Kahnek site, from the surface soil, gravel pieces scattered in the study area, sediments of the
channel wall and gravel pieces of the seasonal river adjacent to the area were sampled. In the preparation of
microscopic thin sections of the collected pottery samples, the ones select that have no glaze and are visible
without any decoration. These samples with coarse to medium texture include the largest volume of pottery
of the surface of Kahnek site. These samples have been studied by Leitz Laborlux 11 Pol S polarizing
microscope in Geology Department of the University of Birjand. Flugel (2010) comparative charts were
used in order to estimate the abundance percentage of the studied pottery components. The measurement of
the diameter of inclusions and pore spaces is also based on Udden-Wentworth classification.

Discussion and Results

Petrography of ancient pottery thin sections deals with the materials which the pottery is made. The major
part of the ancient pottery pastes or fabric of Kahnek area in microscopic thin sections consists of three main
components: clay matrix, inclusions or additive materials and voids. The main composition of the studied
ancient pottery paste is clay. The size of these particles is less than 10 microns and includes fine inclusion
particles, usually quartz, mica, calcite and matte particles of clay minerals (unidentifiable). The abundance
of clay matrix in the studied samples varies from 16 to 48% (on average, 35.1%). The color of the matrix in
the above samples varies from red-orange to red-brown. The degree of homogeneity and uniformity of the
clay matrix is different, and in some samples, calcite crystals of different dimensions are observed in the
field. Examining the samples in XPL light shows the existence of optical behaviors and activities in the clay
matrix.

Additives or inclusions of the studied ancient pottery include monocrystalline and polycrystalline quartze,
plagioclase and orthoclase feldspars, rock fragments including intermediate igneous and volcanic igneous
rock fragments, sedimentary rock fragments (sandstone, siltstone and carbonate), metamorphic rock
fragments, mica (muscovite and biotite), transparent (zircon) and dark (probably magnetite) heavy minerals
and crushed pottery pieces or grog. The frequency of inclusions in the above samples varies between 35 and
76% and their size varies between 55 and 3850 microns. In the studied thin sections, pores were observed
with a frequency of 8 to 17% and they were classified according to the existing criteria in terms of shape
and size.

Petrographical and field studies of the geological units around the studied area confirm the abundance of
various types of volcanic and intermediate igneous rocks (especially andesite and basaltic andesite) and
sedimentary rocks (sandstone and shale) and to a lesser extent metamorphic rock in the area. Investigation
of the petrographic composition of these rocks (especially igneous rocks) and comparing their composition
and constituents with the pottery inclusions of the Kahnek site, proves the similarity of the nature of the
pottery-making materials with the geological units around the area. In addition, the correlation and
compatibility of the composition of the above pottery inclusions with the composition of soil samples, gravel
fragments and river sediments around the area, which are the result of weathering and erosion of the
geological units around the study area, confirms the derivation of these inclusions from the rock units of
this region. In other words, the above potteries were made in the place and were not transferred to this place
by cultural processes such as trade, migration, exchange, etc. According to the petrography of the studied
potteries, the initial clay soil of these artifacts was probably made by mixing two soils from the same place
with two different textures and under low temperature conditions and without changing the conditions of
the baking atmosphere (oxidation-reduction conditions) have been heated and cooked.



Conclusions

As one of the branches of archaeology, geoarchaeology deals with the application of earth sciences
(geomorphology, sedimentology, soil science and stratigraphy) in solving problems related to archaeology.
One of the applications of sedimentological science in archeological studies is the investigation of
sedimentary petrography of thin sections of ancient ceramics. The ancient site of Kahnek is located 50
meters away from Kahnek village and south of Sarbisheh city (Southern Khorasan). In the petrographic
study of the ancient pottery thin sections of this area (7 pottery samples), the pottery paste has been separated
into three components: clay matrix, inclusions or additive materials, and voids. In order to determine the
origin of the materials that make up the pottery of this site, the petrographic composition of the additive
materials in the pottery body has been compared with soil samples of the surface of the site, gravel fragments
scattered around the site, fluvial sediments and gravels adjacent to the site and geological units of the study
area. The similarity of the petrographic composition of the above pottery clastic inclusions with the
mentioned data proves that these ancient artefacts are local or indigenous. In this study, investigating the
sedimentary petrography of Kahnek site potteries, in addition to determining the origin of pottery materials,
has been used in the interpretation of manufacturing technology and firing conditions.



