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Abstract

This study aims to recognize and characterize pottery production at the Hormangan
site, a Neolithic settlement in the northeast of Fars province, Iran. An examination and
analytical study of the potteries on this site was conducted to determine the manufacturing
techniques of the Neolithic potteries, understand the raw materials and inclusions, the
level of progress and knowledge of the potters from the final products, and the location
of the production site. Excavating this site, ceramics and a heated structure, probably
an open kiln, were found, belonging to the Mushki phase (6400-6000 BC). Thirty-six
ceramic shreds were selected for thin-section petrography analysis according to their
macroscopic features. After that, 18 of them were analysed using X-Ray Fluorescence
(XRF) and X-Ray Diffraction methods. According to the mineralogical studies and
the XRD and XRF analyses, while three different clay types were used to produce
these Neolithic ceramics, they were all local productions. These vessels were fired in
an open and unsophisticated kiln at an uncontrolled temperature, probably not over
800 degrees. Although the combination of these archaeometrical techniques indicates
that there are various sub-angular inclusions in each type of clay, most of the pots are
vegetally tempered (chaff-tempered). The existence of the heated structure separately
from residential construction, a variety of designs and decorations on the ceramics, and
various clay sources all determine that the Neolithic community of the Hormangan site
has gone beyond a primitive rural society and as semiprofessional individuals had a
surplus of more than their demands.
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Introduction

Hormangan site is a Neolithic site located on the border of the Bavanat River basin,
in Jeshnian village, in the northeast of Fars province, Iran. This site was excavated
in 2016, revealing two phases dated back to 6373 to 6000 BCE. The earlier phase
indicates no traces of architectural structures, and the later phase contributed to the
settlements. Moreover, a heated structure was discovered simultaneously with the
later phase, surrounded by potteries and divided spaces. Pottery vessels which were
discovered from these two phases are similar to the ceramics of Tall-e Mushki, Tall-e
Jari B, Kushk-e-Hazar, Tall-e Bashi, and Rahmat Abad. As these types of potteries were
first discovered from the Tall-e Mushki, they are known as Mushki phase potteries.
The heated structure discovered in the Hormangan site is a unique structure related to
producing pottery during the Mushki phase, which was probably an open fire kiln. Since
there are no similar structures have been found in the Neolithic sites in the Fars region,
this study aims to understand pottery manufacturing technology with multi-analytical
approaches. Moreover, considering the two phases of the Hormangan site occupied by
different settlers for almost 300 years, it is attempted to differentiate potteries of these

two phases from a technological point of view.

Geological Setting

A portion of the Bavanat plain lies in the Sanandaj-Sirejan zone, as well as the Shahreza-
Abade- Hambast orogenic belt, characterised by high-quality clay deposits and Devonian
sandstones (Houshmandzadeh and Soheili, 1990). Several types of rocks can be found in
the Bavanat region (Emami and Yaghmai, 2008), spanning three tectonic-stratigraphic
units: Late Permian and Middle Triassic rocks, Late Triassic and Cretaceous rocks, and
Tertiary rocks (Ghazi and Moazzen, 2015; Ghorbani, 2011). From the mineralogical
point of view, this area includes kaolinite, illite, quartz, and chlorite, and secondary
minerals are goethite, paragonite, and gypsum. Also, sandstones and shales have been
eroded in most cases, creating debris slides. There is a large hydrographic network
density in Tutat Mountain (formed by internal and metamorphic formation). However,
there is a lower density of hydrographic network in the Kitaban, Khaleisht, and Khatban
Mountains. The clays in this region are therefore expected to contain high levels of lime
and quartz minerals, but it is also likely to contain metamorphic minerals (Khademi and
Hashemi Nasab, 2011).

Materials and Methods

Hormangan ceramics were primarily divided into six groups based on surface treatment,
colour, and decoration style. In further classification, the Hormangan potteries were
categorised based on their form, size, place of motifs and ceramic fashioning techniques.
After initial macroscopic studies of these ceramic vessels, 36 pottery sherds were

selected for thin-section petrographic analysis. For choosing these samples, not only
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the former classifications were considered, but also it was attempted to select potteries
from different phases and various contexts and trenches. The earlier phase includes 14
samples, the later phase 12 samples, and the heated structure 10 samples were selected
for this analysis.

For getting inside into the primary and secondary mineralisation phases, determining
firing conditions and maximum temperature, and environmental burial conditions, 18
samples (from those 36 samples) have been selected for the X-Ray Diffraction analysis
(XRD) in order to determine the crystalline phase constituents. This methods is necessary
as a complementary method to petrography. Moreover, X-Ray Fluorescence analysis as
a semi-quantitative analysis has been applied to these 18 samples to detect the chemical
characterisation of their main and trace elements and to identify whether the earlier and

later phases’ samples become clustered into two different groups or not.

Discussion

The thin-section microscopic analysis indicated a very porous matrix with angular and
semi-angular inclusions, which are mainly quartz, and with traces of vegetal tempers.
Moreover, the vessels were fired under the oxidation condition. The inclusions were
distributed randomly in the matrix, which suggested that they were not homogeneous
and consisted of quartz, limestone, calcite, plagioclase (albite and sanidine), and
igneous rock fragments, including muscovite, iron oxide, granite, magnetite, hematite,
apatite, and feldspars. In most sherds, secondary calcite was formed, resulting in burial
in a humid condition. The XRD analysis enabled us to observe some high-temperature
minerals, such as gehlenite and diopside, in some samples. These minerals are usually
presented in ceramics when fired at more than 800 degrees. On the other hand, the
presence of the main elements MgO+CaO, Al203, and SiO2, detected by the XRF
analysis and diagramed by the Noll system, indicated a very similar final product
in terms of raw materials and inclusions. In addition, Cl, MnO, and SrO have been
identified in these samples as trace elements, indicating the environmental conditions of

the vessels after abandonment.

Conclusion

In light of the microscopical observations and the phase and chemical analyses, it was
determined that the Hormangan potteries could be divided into three main groups. The
potteries of the earlier and later phases could not be distinguished from one another.
These three groups are comparable to the region’s geological map, meaning all potteries
are locally made. Except for four samples that were fired above 800 degrees, the others
were fired at temperatures around 750 degrees. Samples from the earlier and later phases
were distributed randomly among these clusters, comprising the Calcareous, Iron-rich,
and Calcium-rich matrixes. The clay minerals were all extracted in the vicinity of the

site, despite the fact that there were three different types of clay materials. Therefore, the
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potter(s) at the Hormangan site have chosen diverse clay sources but employed different
techniques each time to produce similar results. It has also been noted that samples
obtained from the heated structure have very similar characteristics to the ceramics
produced in the later phase. According to the absolute dating results, the heated structure
and the later phase are contemporaneous. However, in terms of potters’ technological
behaviours, this could point to some standardization of ceramic production during this
time.

Another question we have attempted to answer is whether the potter(s) added any
aplastic materials, such as quartz, to their clay in order to increase its workability. Based
upon an ethnoarchaeological study of the current pottery production in ShahReza (Pincé
et al., 2019), approximately 230 kilometers away from the Hormangan site, it has been
found that additional tempering does not need to be applied to the clay for the production
of ceramics, owing to the rich clay sources in the ShahReza-Abade-Hambast orogenic
belt (located in the Sanandaj-Sirjan zone). There is a possibility that the richness of clay
sources in this region allowed potters to avoid tempering their raw materials during

different periods, which will be investigated in more detail in future studies.
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Table 1. General characterization of the potteries from the region
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Fig. 6. Thin-section of the potteries and their classification. I) calcareous pottery fired in an
oxidation atmosphere (N323, N503), II) iron rich pottery (XVI, N722) with high amount
of plasticity constituents, IIT) Clayey pottery matrix fired due to high temperature (N730).

Sample XII contains a bit calcite as a low temperature reaction.
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Table 2. Crystalline phase composition of the investigated potteries
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Fig. 7. Dendogram and clustering of the investigated potteries based on XRD pattern
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Fig. 8. Mineralogical phase composition in all potteries
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Table 3. Chemical composition of the potteries in w%

b Na20 MgO ARO3 02 P205 803 a K20 CalO T2 MnO Fe203 S0 LA
718 037 29 1.5 408 02 0014 001 037 20.2 054 0.02 a5 0.04 17.28
727 036 32 137 486 024 045 1386 061 0028 62 0028 1264
728 03 ar 154 502 034 oon 047 127 065 0.024 68 0.024 92
ir-:] 04 a5 14 49.7 026 0.012 045 136 062 0.025 63 0.026 1093
730 033 33 13 405 039 032 24.7 052 0.016 ah 0.045 13.06
407 062 43 152 543 042 0046 048 19 065 0024 68 0018 52
409 035 ar 19 432 03 0015 042 194 054 0026 49 0035 1411
823 02 as 1.2 421 042 04 196 05 0019 54 0.047 16.06
Iz 029 a5 142 485 028 0012 049 136 06 0014 63 0.02 1205
323 o ar 129 473 027 0.012 044 164 057 0.021 6.1 0.021 11.81

60 038 33 127 438 037 0.015 037 21.7 055 0.015 61 0.032 10.48
145 024 28 109 385 043 0.068 0.012 038 242 051 0018 54 0.035 16.25
503 0.26 31 137 46.4 028 04 143 062 0.0256 64 0.025 144
XV 033 a6 13 493 029 0013 047 13 063 0022 67 0.021 1101
iz [113] 43 178 5.1 or8 0.098 047 13 o7 0.025 82 0.026 ?
Xv 0.5 47 194 5.1 0.36 0.029 05 99 089 0.034 86 0.016 2
408 067 46 156 535 067 01 05 159 068 o027 fa 0.037 ?
829 045 41 132 508 043 0015 042 233 061 0.024 62 0.055 ?
clay 016 39 59 28 2 0 019 2719 034 iz 3.5 L6 278

3 jgan Lo oy (ol ey loie s dylae ()l )3 iz o 9 9980 sl (Sglate
syo el 03945x0) sl 51 (8 £ 95 A 4 Slowb sla i (3 j2gad) Jo5 510505 ol
(AN-Di jy0 o4l 839900) (S j L 9 (Si-AN jyo Cx Cuow 839450) Sl 51 & (Si-An
.(Maritan et al., 2006) J3g-is oo (N0 pumundil

Alwd dw XRF}.:JL’»T sl s ol Jliw ju&o.’ VA ey 3l edss Hloges gl du an g U
Clio e 53950 10 VFO 5 VTo (sla Jliw o)locis b Jsl 09,5 (A yoguad) 09 anseis b Jlaw
4S8 W) o sl A ye 3 JUT zols axiwd YU s Sal glo Jliw dwd g3 Di, An, Gh
6l oyl Ao 55 cous Sl Al jo 5l g0 5 ¥ Al po 51 (gl 45 Jliws a5g03 90 1
5 %o (SO Al ye 31 50 VA slo Jlaws Jolis pgd 05,5 wilodidiso la Jlaww 2S00 4o cuud
ol g Sloas gen oo SO 0 (Sod 0,5 ol i 0,5 51 AVA g AYY g p g0 dl>yo 51 FoA
i 552 9955 (2l i o A2 oy sl ol yoolic e Lo 1 i o
YL Sal oo Jliw (gaimdiws )3 15 pow 09y Wigd o (6 s Yo Sl (ola Jliws
VYY VYA VYA VYV (Jol dlspo 51 06F FYY IXV XV ¥YY i cla Jliw Jolids 45 05,8, 0
SuSTy 2w o s (b 09y 93 4o s (i (SASy g Wi pgd Aoy 51 Y
13 SI02/A1203 lynss .5y15 SI02/Cat+MgO Sludio lynis 3 (Lias 09,3 ool 5o b Jliws
Si02/ 4o s ] yidon L 51 ¢ Lias a8 siud 70 33900 (> cosisyalls 83900 oy
dnly Bl o Sy i 45 M) o ;A3 pis wen ol 2,13 CaO+MgO
LS S5 b i Liia (sl Ylazal oo dlgo 5 0350 Jlins oy g5 5 (53381 dlge
.(Nodari et al., 2004; Amadori et al., 2018) .\_3|o>9_3

baniSyasedio (ol g 0353 3Syete Ladisas (SaiSly S aimd o olis Jss yl3g00 gl
Ui et 50 (Sl Ol b g adgl S Joe 4 daly (obends oS ol
Al 05l yieS aS 5yl wlyuss WJ ZXo= N0y 5O WJ A i yde G ]
aS_olol 51 .(Hein et al., 2004) 3)5 ) ey 990 olaSe 31 olis § cowl 03¢0 (59
el )0 glite A5 gy £95 duw 2929 Jleinl S0 e xSy )3 oy 4ot sla Ui
Bgn et B 5 s Se clialive 53 oyl 45 coul Jliw



Mﬁgwadh@umu| A°|

718 phase1
727 phase 2
728 phase 2
729 phase 2
730 phase 2
407 phase 2
409 phase 2 50
823 kiln

e Wollastonit
323 phase 1
60 phase 1
145 phase 1

\
~ “Anorthit
/

503 phase 1 \ /
xv phase 1
722 phase 2
IXV phase 1
408 phase 2
829 kiln
Group

peceeceondbd BO O

/
0 Gehlenit

on b

100
CaO+Mgo O 10 20 30 40 50 60 70 80 %0 100  ARO3

A203-) Jg5 515505 i 33 ioyp dbgre (sla Jliw (spaie Sy 4o diges SwiSlyy .4 JSo

.Ora5 (81, K5) (Ca0+MgO-Si02
Fig. 9. Scattering of chemical composition of the potteries from Hormangan in Noll diagram
based on the system A1203-CaO+MgO-SiO2.

ol asl 3Lsgy )5S 6 45 31 Ylasnl aS oa 0 cylys B3l (39 o Llodsl o Blioyn dbgre
sholsl ol 5o lojlw aS cga ol 31l Hloye 3 1 Sl wdss ¢lojlus yo (slojug conanl 3
@95\..:9)&‘.0 9 @95“’9)5‘“' j._x)lb.o fCowl oA.nL.: Cowddy ul_p)rb.m le_aan\bw )‘ F‘*SC"-“
Ll 5oy ol (Sisgs 895 ) a5l gy Sl caslys abogome oyl (sl Jliws
) S c_,ge‘b)‘ 09)34_»0 U‘" IER W) u_»l_wl.wu L;l.o_w 09)34_“: u_9|)§9).u wladlao JRREE -]
o2l s sloog S 03905 U 1 (gpuaie 5 (51 lalllas 5oy gline oaly daz8)lSay
CSug il L5)9L:"é )‘ Lmdl.a_w )l u_m9)§ coJuoTCz_w\)d\g C_’L" u»Lwl).) Wl PR T BV uel_o.,.n
alas b Jlaw ool 55,4505 5 sdiomus () S L diiwn jlyss 0 o Jlaww 1500 40 cannd (5242
(VYo é)la_».:) °9)‘§U_’| L;LQ_W i_,w & u_wl)gjlﬁ_w b_my Sk &9_’ u.)‘ @L{alﬁ ubb_»l)‘
e ooy cdgman 50 (slod ;S Tus Ll 03,8 duyos ly dnyd Ade 5 SYL cso ds gy s
9 o.)l.é.l(_w‘.))an CS g &‘9_»‘ é—’b u_<w ch_: Lgl_m) 90 S g uLp)uJ.o 9 C)T A gy db.:
839> 5 Sl cylge e 434 45 (Shepard, 1956) ditud Cso Gy § oS ool )liio
yawad] .(Sinopoli, 1991) ¢ 8,8 o plov! SgmwliunsT lause 15 la Jliw sy 5 cudlas 5459
oo el 33 a1 o)Ll bt slom by SO L i 3l (1 (gpiane] 40 S guliguns]
yS el 45 5hg) (sloysS ozl 5o Al 13)5u o0 D990 STl o (45 9o S5
Wil (B lade 4 ey i Db gpaS B Jliw jre 4S Wb 0 Ee b g diiils Led
D558 dzeassyd ol 0y 308 S5y a0 eyl 3l S (1090 (38 o 53 el 2l 50 ¥guae
ConlS LS adbgms ol sl Jlaw 51 Slalad . (Miller, 2017) 3585 0 dlzul 50,8 didliw



| AY | ohlSen g Aofess

I8 bl el absoe wgbye g 35w (coalil bl sl leslis a8 wino 0 glis | augils
03;S s 5ya29) FHbe o) Sl dd gy (Sno 9 (0l (gLl juw o abogome oyl (388
S s 613455 (gl 4 olbaand Jlio (gl el CBlybol 5 Las g oasdcylys Bjlas .o
|y e S Lo 53,8 g0 (619455 |y 3 IS (lys oboolol g &S ool eanad L ol
3 o ol (sl esen bulys 53 Jliw ety sl

Sl (Solie o sanains po Laaiges (o Bainn sladliw (spaie (ouyp ololy
Loyl (6518 5 Ly Lo (61 Jlias ST a8 sl iyl 1 ST ol ety dtss cyain
o 51 29 00t o ey 45 3T 93 g gl ddope ln gdivdind oyl -l 039 i g
A ges 90 badd . wlodii gddiwd by Jliw dlspo 50 o 5l 09,5 dws ya 10 g ol 03,5 las
Shaslad,Sle 05,8 S )0 g ittt vy Aot Hlws Lol polis y1as 51 pons dtils Jlas
o a3 sl an Sl aS e 88 amms pleS oo spaie 5 (5L Ll jl Jol> slajlagas
Awd o (gl e bload ol Bgybs il 4 yomie Lol cdiiws cigliio v b o Jlaw
Sog0 Cilises golie il L Sl 5 consl odd o3l oglite (sl gslid 51 o Jli 5
sy e (2o Jgmanee S Lol 50 g 0olisl oy S glosl 5l (BT g aslate 5
(Roux, 2016) cewlos,s

sapaz olal eabplxl ;S 0g) diogs Sty )90 laliw (), 45 (bl ddlllas 5
- B85 ol 1S i (Pincé et al., 2019) 1o )8 ascine ddlate oyl y0 1) Jliw 2 g5 3l
Slao sl s o JptiS g s Scibge Jlias iy (elioysS (clod AS Aikaud odslis
Laglss g b Siwoos glon Ly )5 29 Aoy (Sivge (sl Jliws SLs )3 99290 Attty
a5 L daS a5yl onde ol Sen g (uiun) oy o2 05093 1y 9 040 3,8 cazbly yioluwyd
sl cdea a8 (aalllae 3y50 dilate (5 oghS YY0) Lo sl (tins 0l Sliuw ;L) 4
355 ok b 5 diiS god o0liiasl I Jli ity (gl elojas] sl 5l adlae S5
5 bl oihed 53 Yassl o i oyl dipny il 5o 0038 claKiwodys o La oIS
5 s (ln i ol (glys olS yaa 48 sl olS o Jliw s o ablis] djael Los
Iy b Jliaw oyl )d a8 olawl gyl o g5 ol 85l 51 ool .ol drily 3,18 S50
gl ey ooy dogore )3 Jlinw o) 8BSy dlge cyra 500 (Bl 5l amd o LS
4255 L ol 05 sl dtpunioothy Slge jlatie oyl (a8 (sl Sl 09,5 50 9 ol ciyo g
oty olshd SalLs olion (12 () aplis cabogme ol bl sl ype; lalllas 4
caluiy Slojen cdedy .cauloagy oBliap dbgome oS yoyiasd ;o asdly olusd
5o ooy S ey ol Sllis aS 3505 ke |y (235 ol OlsS e cadlllaedyge slaliw
25 45l LaS s ol 5l i 48 50,8 o OLswl abogoe S5 cilises sbolie 511, 5L
g cod iy caBbicawd H1a53 )90 Cowlio SLs Ao gy ids o ol anisly gy5ly8 5 i
£yl 3l otadys yles Jpeace s sl Lol s a gt |y b S oyl 5l ooliasl 5 5 pis
Ak pbd dd S

&l
ol (2 Blisleyl e wlalys ¢ Blieyn ddbgme Jliw ags ¢ylojlo Judowy lgie L
Gl 3l iz o puedl anily |y Sas 5 (S10yu8 JLeS wolaylyd By KG Las ] jo | adosoe



Aoy g (s Sl | AY |

9 u_i*.m)ﬁul).,.p om”.) u_wquLM»b Zm”.: )l L;Q"‘PLS)")'C > deSto )—AS\) L;LQT
9 d_..lDU).) 4_§U)9_Q.§J‘)3 ool u_wl.;.wuLw:l) 09)3)| ‘sﬁb‘ u_.\.:w)_A.{\) dlﬁig L5)§-“">)§
o) Bl jlias (d30g0y8 dioopo fy Lo isgs el las 5l Laools puds

1. Basin

aolislid

9 3320 grwhailinS gy (o (YY) canas ((Slegs g thasmodn o alolyeal -
Glezs § Cnye (Soplgyn lallas ulul 3 Sliwl slaJliw ;o 43536 codS' (48 IS
DO-FY 1(8) ¥ ey

Al 80 Mo oo (Do (uw S sy (W) cep e ol g 8] ¢ odls -
58S el e olejls £jlyedts Aogy Jimspds (39,8Y

G5 (kbbb (cwpn Juad s G5 L(OYAF) (e Gea Sl -
bbbl 308 taghy slwl 35 ohas (oUly gliwgsd glxle 55
(038 pitie)

o ysaiody (HaileS g (lS Juad sl (chnogi (56 (1A0) (paye ygu S -
s glio 5 (SimbSlye IS o)lol ol 350 15l (o Btop dbgme o> Slpii 9 duoys
(oatsptiie) o)l oliwl S5y

Sy 890 (Saayd (g (b - (07A2) cpillJlaS e ((oliSis 5 oo 9 S -
A=Y (V) ¥ rimmn 5ans adngi (ioyd abbgome 3llae (6yBG0K julil 1 uyls

51 syl B ey abgmar (VFAA) oyl LS « o oliSi g £ oiaiye ¢y3s sl -
S¥E (V) ALy i sy G\ gy (Ul dsli gy b o Siwgl 0yg0
YV

o\ b Sdgiay gy Ao (S dmit) s (oS 0N L(OTAD) ez p ke g 6B o -
ool oBisls _aliasls olgs elylaasl o leausl MAUD y3lpp 3

5 L csUlgy olia 15 5ime olge (gleiibate sLasS] g ylo .OVYY) cop oldar sioys -
Ol 0Bslie cwiges yoliue ¢ pyL8 liwl S o)lal w38 g ¢yolan oyl 2 yl8 Gy

(b olicw] SUlgr ¥ 1033 IS KwslS abges (6y5ly8) .(O0TY) ep ¢ oo —
(odoidpiiie) oilyas olasly eyl awlis)lS asbbl

il 1 (olyol amabs § (e yoled odlasl olis yragy (V¥R cop o logd -
o203 o)l

oolaiio Bl (B9 Silen (ool me; 485 580 ((OFFR) fip et 5 81 00l dintign
oy9isS wlis yao ylojlaw 1)y .V /Y6 fooo

- Alden, J. R.; Abdi, K.; Azadi, A.; Biglari, F.; Heydari, S.; Azadi, A. & Alden, B. J.
R., (2004). “Kushk-e Hezar: a Mushki/Jari period site in the Kur river basin, Fars, Iran”.
IRAN, 42(1): 25-45.

- Amadori, M. L.; Pallante, P.; Fermo, P.; Emami, M.; Chaverdi, A. A.; Callieri,
P. & Matin, E., (2018). “Advances in Achaemenid Brick Manufacturing Technology:



| AY | ohlSen g Aojess

Evidence from the Monumental Gate at Tol-e Ajori (Fars, Iran)”. Applied Clay Science,
152: 131-142. https://doi.org/10.1016/.clay.2017.11.004

-Azizi Kharanaghi M. H.; Fazeli Nashli, H. & Nishiaki, Y., (2013). “Tepe Rahmatabad:
Aprepottery and pottery Neolithic site in Fars Province”. Neolit Iran: 108.

- Bernbeck, R., (2010). “The Neolithic Pottery”. In: R. Bernbeck. S. Pollock & and
K. Abdi (Eds.), The 2003 Excavations at Tol-e Basi, Iran: Social Life in a Neolithic
Village (Archiologi: 65—151). Deutsches Archidologisches Institut.

- Bishop, G., (2017). “Statistical Modeling for Ceramic Analysis”. In: A. Hunt (Ed.),
The Oxford Handbook of Archaeological Ceramic Analysis (58—72). Oxford University
Press. https://doi.org/10.1093/0xfordhb/9780199681532.001.0001

- Egami, N. & Sono, T., (1967). “Excavations at Two Prehistoric Sites Tepe Djari
A and B in the Marv-Dasht Basin”. In: Survey of Persian Art, Shiraz: Asia Institute of
Pahlavi University.

- Egami, N.; Masuda, S. I. & Gotoh, T., (1977). “Tal-I Jarri a: a Preliminary Report
of the Excavations in Marv Dasht, 1961 and 1971”. Orient, 13(3): 1-7_8. https://doi.
org/10.5356/orient1960.13.1.

- Emami, M. & Noghani, S., (2013). “An Investigation of re-Carbonation Process and
Formation of Secondary Calcite in the Texture of Ancient Potteries by Petrographical
Method”. Scientific Journal of Maremat & Me'mari-e Iran, 3(5): 55-68.

- Emami, M., (2012). “QXRD, XRF and Optical Microscopy Applied to
Characterization and Provenance of Ancient Ceramics from Haft Teppeh (1500-1150
BC), Southwest Iran”. IOP Conference Series: Materials Science and Engineering,
37(1):  1-8. https://doi.org/10.1088/1757-899X/37/1/012012.

- Emami, M. & Yaghmai, B., (2008). “Remote Sensing Methods for Investigation and
Recognition of the Ancient Mining Activities (Case Study on Cu-Fe-Mn Mineralization
in Western Part of Central Iranian Zone)”. Metalla(Bocgum), 15(1): 3-20.

- Emami, M.; Kowald, T. & Trettin, R., (2009). “Mineralogical and Chemical
Investigation on the Recrystallization Process During Sintering in Phase-Interface
Areas in Ancient Ceramic Matrices”. Materials and Manufacturing Processes, 24(9):
934-941.  https://doi.org/10.1080/10426910902979934.

- Emami, M. & Trettin, R., (2010). “Phase Generating Processes in Ancient Ceramic
Matrices Through Microstructure Investigation with High Resolution Microscopy
Methods”. Journal of Advanced Microscopy Research, 5(3): 181-189.

- Emami, M.; Volkmar, J. & Trettin, R., (2011). “Characterization of Ancient Ceramic
Matrices with High Resolution Microscopy Methods”. In: Laser Scanning, Theory and
Applications (291-304). https://doi.org/10.5772/16196.

- Emami, M.; Azizi Kharanaghi, M. H. & Jalali, Y., (2022). “Pottery Making
Technologhy from Neolithic to Chalcolithic (middle Bakun) period in Tappeh
Rahmatabad based on Ceramographic and Chemical Analysis, 8 (1): 21-44.

- Fukai, S.; Horiuchi, K. & Matsutani, T., (1973). The Excavations at Tall-1 Mushki,



By (i iy S as | A¥ |

1965, MarvDasht I11. In Tokyo: The Institute of Oriental Culture, University of Tokyo.
University of Tokyo, Institute of Oriental Culture.

- Hein, A.; Day, P. M.; Quinn, P. S. & Kilikoglou, V., (2004). “The Geochemical
Diversity of Neogene Clay Deposits in Crete and its Implications for Provenance
Studies of Minoan pottery”. Archaeometry, 46(3): 357-384.

- Helwing, B., (2007). Wisit to the Marvast Dam Area. Unpublished.

- Huff, W. D.; Moore, D. M. & Reynolds Jr, R. C., (1989). “X-ray Diffraction and
the Identification and Analysis of Clay Minerals”. In G. Jozani (Trans.), Clays and Clay
Minerals (Vol. 38, Issue 4). Oxford University Press (OUP). https://doi.org/10.1346/
CCMN.1990.0380416.

- Klein, C.; Dana, J. D.; Hurlbut, C. S. & Klein, C., (1977). Manual of Mineralogy.
(after James D. Dana) (S. Modabery & F. Mar (trans); 21st, illust ed). Wiley, 1999.

- Khanipour, M. & Niknami K. A., (2017). Sequence Chronology Evaluation of the
Neolithic Period at Fars on the Basis of Hormangan Site, 3 (2): 15-29 (In Persian).

- Khanipour, M. & Niknami, K., (2019). “Hormangan Site; A Neolithic Site in
Bananat River Basin, Fars”. Research in Iranian Archaeology, 8(19): 27-46. (In Persian).

- Maritan, L.; Nodari, L.; Mazzoli, C.; Milano, A. & Russo, U., (2006). “Influence of
Firing Conditions on Ceramic Products: Experimental Study on Clay Rich in Organic
Matter”. Applied Clay Science, 31(1-2): 1-15.

- Miller, H. M.-L., (2017). Archaeological Approaches to Technology. (V. Askarpour
(trans.)). EmRoutledge; 1 edition (September 15, 2009).

- Miroschedji, D. & Pierre, R., (1972). Prospections Archéologiques Dans Les
Vallées de Fasa et de Darab. Ministry of Culture and Arts, National Research Centre
for History of Art.

- Nodari, L. Maritan, L. Mazzoli, C. & Russo, U., (2004). “Sandwich Structures in
the Etruscan-Padan Type Pottery”. Applied Clay Science, 27(1): 119—128. https://doi.
org/https://doi.org/10.1016/j.clay.2004.03.003.

- Noghani, S. & Emami M., (2017). “Quantitative investigation on firing products in
oxidation atmosphere according to XRD analysis data in clay — base ceramics, 25 (3):
595-608 (In Persian).

- Noll, W., (1991). Alte Keramiken und ihre Pigmente.

- Pincé, P.; Brackmans, D.; Abdali, N.; De Pauw, E.; Amelirad, S.; Vandenabeele,
P.; Pauw, E.; Amelirad, S. & Vandenabeele, P., (2019). “Development of Ceramic
Production in the Kur River Basin (Fars, Iran) During the Neolithic. A Compositional
and Technological Approach Using X-ray Fluorescence Spectroscopy and Thin Section
Petrography”. Archaeological and Anthropological Sciences, 11(4): 1241-1258.

- Pollard, A. M.; Batt, C. M. Stern, B. & Young, S. M. M., (2007). Analytical
Chemistry in Archaeology. (M. Bagherzade (trans.)). Cambridge University Press.
https://doi.org/10.1017/CB0O9780511607431.

- Pollock, S.; Bernbeck, R. & Abdi, K., (2010). The 2003 Excavations at Tol-e Bashi,



| AD | ioh\Bed g (ghojayg

Iran. Social Life in a Neolithic Vilage Archaologie in Iran und Turan. Mainz: Philipp
von Zabern.

- Rice, P. M., (2015). Pottery Analysis: a Sourcebook. University of Chicago Press.

- Riederer, J., (2004). “Thin Section Microscopy Applied to the Study of
Archaeological Ceramics”. Hyperfine Interactions, 154(1-4). 143-158.

- Rigot, J.-B.; Gondet, S.; Chambrade, M.-L.; Djamali, M.; Mohammadkhani, K. &
Thamo6-Bozso, E., (2022). “Pulvar River changes in the Pasargadae plain (Fars, Iran)
during the Holocene and the consequences for water management in the first millennium
BCE”. Quaternary International, 635: 83-104.

- Roux, V., (2016). “Ceramic Manufacture: the Chaine Opératoire Approach”. The
Oxford Handbook of Archaeological Ceramic Analysis, 1(January): 101-113. https://
doi.org/10.1093/0xfordhb/9780199681532.013.8

- Shepard, A. O., (1956). “Ceramics for the Archaeologist. In The South African
Archaeological Bulletin”. (Vol. 13, Issue 52). Carnegie Institution of Washington.
https://doi.org/10.2307/3887225.

- Shortland, A. J. & Degryse, P., (2020). “Ceramics”. In: K. Britton & M. P. Richards
(Eds.), Archaeological Science: An Introduction (335-346). Cambridge University
Press. https://doi.org/DOI: 10.1017/9781139013826.014.

- Sinopoli, C. M., (1991). “Defining Ceramics”. Approaches to Archaeological
Ceramic: 9-42. https://doi.org/10.1007/978-1-4757-9274-4-2.

- Speakman, R. J.; Little, N. C.; Creel, D.; Miller, M. R. & Iianez, J. G., (2011).
“Sourcing Ceramics with Portable XRF Spectrometers: A Comparison with INAA
Using Mimbres Pottery from the American Southwest”. Journal of Archaeological
Science, 38(12): 3483-3496.

- Stein, A., (1936). “An Archaeological Tour in the Ancient Persis”. frag, 3(2): 111-
225.

- Stoltman, J. B.; Burton, J. H. & Haas, J., (1992). “Chemical and Petrographic
Characterizations of Ceramic Pastes: Two Perspectives on a Single Data Set”. In: H.
Neft (Ed.), Chemical Characterization of Ceramic Pastes in Archaeology, T: 85-92.
Monographs in World Archaeology.

- Sumner, William. M., (1973). “Cultural Development in the Kur River Basin, Iran. an
Archaeological Analysis of Settlement Patterns”. Ph.D. Dissertation in Anthropologhy,
University of Michigan, Ann Arbour.

- Sumner, W. M., (1977). “Early Settlements in Fars Province, Iran”. Mountains and
Lowlands: Essays in the Archaeology of Greater Mesopotamia. Undena Publication,
Malibu: 291-305.

- Vanden Berghe, L., (1952). “Archaeologische Opzoekingen in de Marv Dasht
Vlakte (Iran)". Jaarbericht van Het Vooraziatisch-Egyptisch Genootschap”. Ex Oriente
Lux, 12: 211-220.

- Vanden Berghe, L., (1954). “Archaeologische Navorsingen in de Omstreken van



M)\ﬂwmo\;a\eb\.ﬂ\hal AS |

Persepolis”. In: Jaarbericht van het Vooraziatisch-Egyptisch Genootschap, “Ex Oriente
Lux” (Vol. 13).

- Vandiver, P., (1987). “Sequential Slab Construction; a Conservative Southwest
Asiatic Ceramic Tradition, ca. 7000-3000 BC”. Paléorient, 13(2): 9-35. https://doi.
org/10.3406/paleo.1987.4426.

- Whitbread, 1. K., (1989). “A proposal for the Systematic Description of Thin
Sections Towards the Study of Ancient Ceramic Technology”. In: I. S. on A. Maniatis,

Y. (Ed.), Proceedings of the 25" Iinternational Symposium: 127-138, Elsevier.



