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Abstract
The Anahita Kangavar Temple is considered one of the most significant sites in the west of Received: 2024/5/12
Iran, and it has always attracted the attention of historians and geographers of the Islamic pe- Revised: 2025/5/1
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riod, as well as European travelers and archaeologists. At this site, there is a stone building from
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the historical period, where archaeological excavations have been carried out since 1968. There-
fore, the Islamic glazed pottery of the site has been less researched, and so far no petrographic
laboratory study has been conducted on the construction methods and mineralogical structure
of the Islamic pottery from this site. In this research, the main question is: what are the structure

and texture of the glazed pottery of the Islamic era at the Anahita Kangavar Temple, based on
Copyright: ©2025 by the Authors. This

petrographic results, and how much did their mineralogical structure change from the middle
article is an open access article distributed

to late Islamic period? This laboratory research is dedicated to the study of 12 pottery pieces

] ] ) ] ) ) ) under the terms and conditions of the Cre-
related to the middle to late Islamic period from the Anahita Temple in Kangavar, with the aim
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of identifying the construction methods and mineralogical components of these artifacts. The cial 4.0 International (CC BY-NC 4.0 li-
petrographic results of these 12 pieces of glazed pottery from the Islamic period revealed that, cense)

in terms of texture or petrofabric, the samples exhibit heterogeneous (porphyritic) and silty htths:/ /creativecommons.ore/li-
(fine-grained) textures, with some samples also displaying heterogeneous silty textures. Quartz censes/by-nc/4.0

minerals are abundant in all samples. This mineral is generally present in the form of phenocrysts

or single crystals, while its polycrystalline type is less common. Other components in the matrix,

such as iron compounds, plagioclase, and calcite, are found in the paste of some pottery. The

mineral biotite (mica) in the paste of some pottery has been completely burnt, and only a frame

of it has remained due to the high firing temperature. The mineral muscovite is also seen in

limited amounts in some samples.
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distinguished areas in the western part of Iran. Its importance has
always been in the attention of historians and geographers of the
Islamic era. Almost all the historians and geographers of the Is-
lamic period who passed from the western region of Iran have
Introduction mentioned and indicated this site and its stone building in their
Kangavar Anahita's temple site, located on the famous Khorasan- writings. So Iranian archacologists™ attention was directed to this

Bagdad highway, is considered one of the most prominent and site very soon, and archaeological excavations at the Kangavar
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area and its stone building started more than half a century ago
(Kambaksh fard 1971, 1972,1973,1975, 1996,2008; Kabiri
1990,1992, 1995; Mahyar&Kabiri 2005; Azaroush 1982, 2010).
The abundance of archaeological findings obtained along with a
vast stone building from the historical period has drawn the atten-
tion of all these historians and archaeologists to the historical pe-
riods of the site and its stone building. Therefore, the pottery find-
ings of the Islamic period, especially the painted glazed pottery on
the site, have received less attention and research. Therefore, the
petrographic study of the glazed pottery from the Islamic period
at the site can be provide new insights into the method of manu-
facture and mineralogical texture of the pottery and the degree of
its firing. Important questions are include: What is the structure
and texture of glazed potteries from the Islamic period in the
Anahita Temple site of Kangavar based on the results of petro-
graphic studies, and how much did their mineralogical structure

change during the Middle to Late Islamic period?

Materials and Methods

In terms of macroscopic characteristics, 12 Islamic glazed ceramic
sherds (single-color and painted) were selected for petrographic
analysis. The research method in this article is field and laboratory.
In terms of macroscopic features, these fragments belonged to the
Middle to Late Islamic period. Petrography was used to identify
mineral components, texture, inclusions, and estimate firing tem-
peratures. The thin section (30 microns thick) was prepared using
a James Swift polarizing binocular microscope and the magnifica-
tion used in this study was 4X. The sections were prepared in such
a way that the clay paste and the glaze layer could be studied sim-

ultaneously.

Results & Discussion

In terms of texture or petrofabric, the samples have a heterogene-
ous and silty (fine-grained) texture, and some samples also have a
heterogeneous silty texture. Quartz mineral is found abundantly
in all samples. This mineral has an abundance of 10% to 20% in
the samples and is generally in the form of phenocrysts or single
crystals and its polycrystalline type is less common. Other compo-
nents present in the field such as iron-bearing components, plagi-
oclase and calcite are found in the paste of some pottery. The bi-
otite mineral (mica) present in the paste of some pottery, due to
the high firing temperature, is completely burned and only its ma-
jority remains. Muscovite mineral is also seen in limited amounts
in some samples. The presence of calcite mineral in 4 pottery

pieces out of 12 samples indicates the significant use of this

mineral in the structure of the pottery samples studied. The glaz-
ing method in these samples was carried out in two ways: 1- Pot-
tery samples that had a glass glaze layer with a thickness of 100 to
200 microns, which was placed directly on the clay paste. This
glaze layer had a molten silicate composition and was free of any
inclusions. 2- Samples of pottery that had a layer of glaze on both
sides. On one side of the sample, a layer of glaze is visible, which
is directly on the clay paste. This layer of glaze consists of two
separate parts, with a glassy glaze layer on the outer surface and a
silicate melt with fine quartz particles on the lower surface, which
is thicker. On the other surface of the sample, only a thin layer of

glassy glaze is visible.

Conclusion

In all the samples studied, quartz mineral and iron com-
pounds are observed. Quartz is present in two forms: phenocryst
(single crystal) and polycrystalline. This mineral is seen with angu-
lar to semi-rounded edges in the clay of the pottery. Of course, as
stated in the report, phenocryst quartz is much more abundant
than polycrystalline quartz. Calcite mineral is seen in some samples
and is absent in others. The presence of calcite mineral in the pot-
tery indicates a firing temperature of less than 800 degrees Celsius,
and in pottery without calcite or carbonate minerals, the firing
temperature is more than 800 degrees Celsius. All samples contain
quartz and iron oxides; some include plagioclase, mica, and am-
phibole. Quartz was used both naturally and as temper to improve
durability and reduce shrinkage. Firing temperature estimates and
glaze structure analysis suggest a well-developed ceramic produc-
tion technique. The mineralogical similarity between temple
stones and ceramic pastes supports local production. No major
technological evolution observed between Middle and Late Is-

lamic ceramics in the site.
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Figure 2. Top row: Aerial photo of the area in the center of Kangavar
city, bottom row: Reconstructed plan of the area and photos of the
stone wall of the Anahita Temple area (Google Earth, Heydari, 2012: 85.
Alibeigi, 2017:11)
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Figure 4. Photograph and sketch of tested pottery samples
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Table 2. Typological table of tested pottery samples
Glazed Pottery Chronology
No. Type at Anahita Site: Anahita Temple, Kangavar Comparable Sites and Photo
Temple Source
Hamadan Region (Zarei & Shabani, 2019: 115);
-~
Late Islamic
. (10th to 13th
P y with Yell
acd U(:;Z? 1:;1:: Paintng €. AH / Sa-
& s favid period
onwards)
Kuwait Rajab Tariq Museum (Fahruri, 2009: 70. Photo No. 59, be-
longing to the 13th C. AH)
Pott ith Black Andajin (Rezaei & Mohammadi, 2020: 163, 155); Malin
oteery with Blac (Khodadoust et al.,, 2017: 164);
Motif and Green o
Splashed Glaz ; 6th to 8th C.
2 I;Z: lfranspaari:tn _ AH (12th to
14th C. CE
Glaze on a Tur- #h C. CE)
ise Back, d
uorse Packgroun (Wilson Allen, 2004: 37)
Andajin (Rezaei & Mohammadi, 2020: 155. Photo 6a); Malin
(Khodadoust et al., 2017: 164); Hamadan Region (Mohammadi &
Pottery known as Shabani, 2016: 116. Table 7); Zinoabad (Mohammadi & Shabani, Tlkhanid (7th -
Black Brushwork un- 2016: 145); Arzanfoud (Zarei et al., 2014: 78-79); Nachir Kha- 8th C. AH /
3&8 Turquoise Glaze nalegh Ray (Mahjoor et al., 2011: 187-188) 13th - 14th C.
(Qalam Siah) . V CE)
(Mohammadi & Shabani, 2016: Table 8)
Hamadan Region (Zatei & Shabani, 2019: 118, Table 10); Zinoabad
Site and Laodicea Temple, Nahavand (Mohammadi & Shabani,
2016: 140, 141, 147. Tables 4 & 12. Heydari, 2012: 200); Malin Site
Pottery with Green (Khodadoust et al., 2017: 164. Photo 3, No. 51); Andajin (Rezaei & 5th to 8th C.
5 Colored Underglaze Mohammadi, 2020: 155. Photo 6b) AH (11th to
Painting ' R 14th C. CE)
A
(Mohammadi & Shabani, 2016: Table 5)
Pottery with Painting . . . . . 5th to 8th C.
6 & 11 under Transparent Zinoabad Site in Hamadan Mfﬁz).mmadl & Shabani, 2016: 141— AH (1th to
Creamy/Milky Glaze 14th C. CE)
Andajin (Rezaei & Mohammadi, 2020: 153, 155); Malin
(Khodadoust et al., 2017: 164); Zinoabad (Mohammadi & Shabani,
Pottery with Poly- 2016: 146); Nachir Khanz;lcgh Ray (Mahjoor et al., 2011: 1806) 7th and 8th C.
7& 12 chrome Motifs Un- AH (13th and
detglaze 14th C. CE)
(Rezaei & Mohammadi, 2020: Figure 7)
Andajin (Rezaei & Mohammadi, 2020: 155. Photo 6b); Arzanfoud
(Zatei et al., 2014: 83. Table 5); Zinoabad (Mohammadi & Shabani,
) 2016: 144, Table 7); Laodicea, Nahavand (Heydari, 2012: 155)
Simple Monochrome .
Glazed Pottery (Tur { Seljuq and
9 qu’;i:c OrongS L:Z’ Ilkhanid (11th
- I 3
li Blue) - 2 ' to 14th C. CE)
(Mohammadi & Shabani, 2016: Table 7)
Arzanfoud (Zarei et al., 2014: 77. Table 1); Andajin (Rezaei & Mo-
Pottery with Poly- hammadi, 2020: 153. Table 2); Malin (Khodadoust et al., 2017: 164. Ikhanid (Sec-
chrome Motifs Photo 3 No. 63) ond half of
10 (Green and Black) the 7th C. AH
Underglaze on a / Mid-13th C.
White Background CE)
(Mahjoor et al., 2011: 189; Figure 11)
23 31 10 AWV () WY O ¢ o ol argy
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Table 3. Results of petrographic study of glazed pottery from the Islamic period in the Anahita Temple area of Kangavar

01;1;‘::1’;‘6 (Cﬁin) © 1(025 a) Plg | Fe-oxid | Am &Py Ce Mica M.R V.R Texture

1 * * - * - * - - - Silty (Fine-Grained)
2 * * - * tr - - - - Silty

3 * * * * #* * * - - Heterogeneous

4 * # - * tr * - - - Silty

5 * s #* * tr ] L - - Heterogeneous

6 * # # * tr - * - - Heterogeneous

7 * * * * # * * - - Heterogeneous

8 * # tr * # * * * Tr Heterogeneous

9 * * - * - * tr - - Silty

10 % - # - # - - - Silty

11 # ® # ® ® ® # # - Heterogeneous Silty
12 #* # #* # # # # - - Heterogeneous

Qz (Clean): Clear, monocrystalline quartz (phenocrysts). Qz (Cloudy): Cloudy, polycrystalline quartz. Plg: Plagioclase. Alkali-Feldspar: Feldspar. Am & Py: Amphibole and Pyroxene. Fe-oxid: Iron

oxides. Mica: Mica. Ce: Calcite. M.R: Metamorphic rock fragments. V.R: Volcanic rock fragments.
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Figure 5. Photomicrograph, sample 1, XPL light, field of view 2.7mm,
silty and fine-grained texture, homogeneous clay body and quartz min-
eral fragments are seen scattered and limited in the body. Photomicro-
graph, sample 2, XPL light, field of view 2.7mm, silty texture, calcite
mineral with quartz in the clay body.
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Figure 7. Photomicrograph, sample 5, XPL light, field of view 2.7mm,

heterogeneous texture. Calcite mineral in the center of the image. Photo-

micrograph, sample 6, XPL light, field of view 2.7mm, heterogeneous
texture. Glass glaze on the outer surface of the sample. Along with
quartz and plagioclase.
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Figure 8. Photomicrograph, sample 7, XPL light, field length 2.7mm,
fine-grained (silty) texture of fine quartz mineral with amphibole. Photo-
micrograph, sample 8, XPL light, field length 2.7mm, fine-grained tex-
ture. Limited void space in the clay. A thin glaze layer is visible at the
edge.
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Figure 6. Photomicrograph, sample 3, XPL light, field of view 2.7mm,
silty and fine-grained texture, homogeneous clay body and quartz min-
eral fragments are seen scattered and limited in the body. Photomicro-
graph, sample 4, XPL light, field of view 2.7mm, silty texture, calcite
mineral with quartz in the clay body.
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Figure 10. Photomicrograph, sample 11, XPL light, field of view
2.7mm, heterogencous texture, glaze layer at the bottom of the image.
Muscovite and quartz are visible in the background. Photomicrograph,

sample 12, XPL light, field of view 2.7mm, heterogencous texture. Mus-
covite (mica) with plagioclase and quartz
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Figure 11. Photomicrograph, sample 13, XPL light, field of view 2.7mm,
heterogeneous texture, burnt biotite mineral with quartz and plagioclase.
Photomicrograph, sample 14, XPL light, field of view 2.7mm, heteroge-

neous texture. Glaze consisting of two layers of silicate melt and a mix-
ture of melt with crushed quartz
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Figure 9. Photomicrograph, sample 9, PPL light, field of view 2.7mm,
heterogeneous texture, glaze layer at the top of the image which is two
layers of glass glaze with a layer consisting of quartz and molten silica
that is on the body. In this light the empty space is light in color. Photo-
micrograph, sample 10, XPL light, field of view 2.7mm, heterogencous
texture. The same as image 9 in cross-light.
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Figure 13. Photomicrograph, sample 17, XPL light, field of view
2.7mm, silty texture. Quartz and calcite minerals in the center of the im-
age. Glaze layer is visible at the bottom of the image. Photomicrograph,
sample 18, XPL light, field of view 2.7mm, silty texture. Quartz minerals

are seen in the image along with iron compounds and calcite.

Bl ) 5 oK il b Jiw Sy (V- 5ylors) aalllas 350 diges
9()&&0)#@5 20 d9>g0 ;|)>‘ o)l..\a‘é\fwl AJLu)f)».Cgb)a&BJL_w
OS5 )l SIS e 395 yrewkee <10 I yb 4 o cewd
sk (2 5 gk SO) S S 98 il 5oy ©jgo AoV Syl
ol sladS) b o 010 3,5 dew Ul agly anisls b Jliws S
Ol 9 CamlS Ll ast e o ymed )3 055 (gloged — 50,8 KUy 4 o2
4 dges ) (JB glad cawl opmad b S )i g dild 53y O oo 4 diged
B glad Gl (W JS) sl ¥ 6jlos aiges b arlii Loy oS 5
a3l g pcaaS b Jaw o w0 5 0,b ol 5l Gl g9 orizen
109_3).4 j))_) ul)_°> (\AA ¥ cul)&o&s 9 6)9)9’Lf>l>) D9 o
G 3 bl A lg oo B ptaie SS9 KBl Cp
)" ol LS“——?)% U__JB sl—alss J.__.ulyu.o — L55)|9—‘
)_JI Jel b)_a.o;> )2 d5—>90 u_ﬂ .)IH J—nls d_.:)xgya_.w
25 il S g ) So 5 S 5SSl y s A ol g
Ln sy Cpilo pid Sl oy 45 aias L) (I380g0 e
(VY avay

(s 8r92) ONenl <8l b Jlaw S5 (A 5)lad) aalllae 550 4550
caliseo glaojlul )5 5 (Kenl Jlow o ped sl G5l5)S yue g dild s
o pocsho Vo pad )0 dgn g0 sl il 65lil (LB sladiges Al .l
LS 5 g S Ko g (595 )55 Ko Dlabad S 35)l58 SIS
2oy 0 Slgld b 35,165 .l 6 ymed 13 dgnge ol (cla 055l s oyl
0433 045 3,5 dos U 1> 4yl andls b i 57y g yok SO j50 &
b &S ol o e 53 25550 0855l ,50 (555,50 Ko ilalad 0945 0
905 et dlisd 4y piomen D9 o 0000 bywed (D Lo Y-V lely8
opl 53 S SIS 09 o oamliie oped 55 p S S ©labad 53>
g oo oanlio Jliw opsad 55 olold b 5 sl g5 ) 50
Ui 0 e 33 045 (6l ogaB — 0,8 K5y 4w Jbal slaa S
(o0 01D 0uad 43 il (gl S & lgly8 dges jd 1B slad .l
O J5) 393

(Senl célb 2.7mm w3 lae Job XPLjg VO diges 81,5 Sengid VY S
1 gl Jsbo XPL 5 V5 digad B8 9,Sagib .y 35 po 53 (3] S aslad
b ol yan e bglses 5 5lSbs Clie Y 93 31 JStite Ol . yKanl b 2.7mm

2525 S o 3 CaplS G 9 (565,50 Siaw adkad 0l 3)5 5518

Figure 12. Photomicrograph, sample 15, XPL light, field of view
2.7mm, heterogencous texture, igneous rock fragment in the center of
the image. Photomicrograph, sample 16, XPL light, field of view 2.7mm,

heterogeneous texture. Glaze consisting of two layers of silicate melt and

a mixture of melts with crushed quartz. Fragment of metamorphic rock
and calcite mineral in the center of the image.
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Figure 15. Photomicrograph, sample 21, XPL light, field of view
2.7mm, heterogeneous silty texture. Quartz mineral, metamorphic rock
fragment and two-layer glaze are visible in the image. Photomicrograph,
sample 22, XPL light, field of view 2.7mm, heterogeneous silty texture.
Polycrystalline quartz and burnt biotite mineral in the center of the im-

age.
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Figure 16. Photomicrograph, sample 23, XPL light, field of view
2.7mm, heterogeneous texture. Minerals biotite and plagioclase in the
center of the image. Photomicrograph, sample 24, XPL light, field of

view 2.7mm, heterogeneous texture. Minerals muscovite and plagioclase
in the center of the image.
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Figure 14. Photomicrograph, sample 19, XPL light, field of view
2.7mm, silty texture. Large piece of rock consisting of quartz mineral in
number 20 with quartz mineral and iron oxide in number 19. Thin glaze

layer is visible at the top of the image. Photomicrograph, sample 20,
XPL light, field of view 2.7mm, silty texture. Polycrystalline quartz in the
center of the image.
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