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Abstract

Rahmatbad is an important prehistoric site in the Kamin plain of Pasargadae County, close to the
Pulvar River basin in Fars province. Based on absolute C-14 dating, Rahmatabad belongs to the mid-
8th millennium BC. The site is well known as one of the key prehistoric sites with a cultural sequence
spanning the pre-pottery Neolithic to the Islamic times. Ten sherds from the Neolithic period (the
Formative Mushki and Mushki phases) and 5 pieces from the Chalcolithic period (early Middle
Bakun) of Rahmatabad were investigated using petrography, XRD and XRF methods in order to
compatre the chemical compositions and the manufacturing progresses in pottery making during the
Neolithic to the Chalcolithic period. Chemical and mineralogical studies on the investigated pieces
from different periods of the site indicated that the pottery from the two concerned periods were
produced a precise classification of using similar raw materials but different firing techniques.
Furthermore, the progress and development of the pottery manufacturing technique used in
Rahmatabad might have been introduced as an important site in pioneering the pottery progressing
during the Neolithic to eatly Middle Bakun period in the Pulvar River Basin.
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Introduction

Fars Province represents a significant region with a huge potential for archaeological investigations
and study of the long-term cultural developments from the Neolithic to the Chalcolithic in south
central Iranian plateau. Recent extensive excavations and surveys in the province have provided key
evidence on the chronology of such cultural transformations, although much of important details are
yet to be further clarified. The archaeological excavation at Rahmatabad was carried out in 2009 with
the main goal of refining the archaeological transition which have been accompanied through
absolute and relative chronological sequence of the Neolithic and Chalcolithic settlements [1, 2].
Tappeh Rahmatabad is located in the Pulvar River Basin of Fars province, some 40 km south of
Saadat Shahr and 120 km north of Shiraz (Fig. 1). As a result, Tappeh Rahmatabad has produced the
first evidence for Pre-Pottery Neolithic period in Fars province, thus providing precarious new
insights into the development of the Neolithic and Chalcolithic across the southern Zagros. In
addition, the excavations revealed a long cultural sequence encompassing the Islamic Qajar (19th
century AD) the Achaemenid (5th century BC), the Middle Bakun (early to mid-fifth millennium BC)
the Neolithic (late 7th millennium BC) and the Pre-Neolithic (late 8th to early 7th Millennium BC)
periods (Fig. 2) [1].

Occurring in all archaeological records, pottery is the most fascinating material culture for tracing the
development of technological features in a given region or settlement. New excavations at
Rahmatabad demonstrated the existence of the Neolithic (the Formative Mushki and Mushki) and
Chalcolithic (early-middle Bakun, EMB) deposits separated with a gap of almost 1500 years [3]. This
is exactly a very new evidences to have these two layers were followed each other at Rahmatabad.
The goal of this research is the characterization of these kind of potteries. The continuously
endeavour of pottery production with attention to the raw material composition and manufacturing
technology is of this research interest. The beginning of Chalcolithic (EMB) was coexisted exactly
after the Neolithic at Rahmatabad with obviously different criteria with regard to the pottery
manufacturing and finishing processes, which are also attested at other sites in the Pulvar and the
Kur River basins [4, 5]. The research will have a deeper look at pottery fabrication in order to elucidate
the possible diversity of pottery manufacturing process in these two periods. Clustering of potteries
might have assumed new insights to the transitional period from Neolithic to chalcolithic regarding
the raw materials and technological know-how.
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< Fig. 1. Geomorphology and location of Tappeh Rahmatabad in the Pulvar River Basin close to the Tang-¢
Bolaghi valley
»  Fig. 2. Topography of Rahmatabad and the location of excavated trenches.
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Materials and Methods

A total of 15 samples were sampled from well recorded Neolithic and Chalcolithic contexts in
different trenches of Rahmatabad (Tabs. 1, 2, and Fig. 3). The specimens have been studied using
petrography, XRD and XRF approaches in order to determine their crystalline and bulk chemical
compositions. Clustering of samples to specify the involved technological expertise was the chief
point of these study.

Table 1. Chronology of the Neolithic and Chalcolithic periods in Fars Province as seen from Rahmatabad

Context No. Context Texture Period Approximate Date C14 Date
8000 .
8001 Surface Soil Recent
8002 Adobe Debris Achaemenid (?)
8003-8007 Deposit
8008-8010 Pit
8011 Ash
8012-8014 Wall
8015 Deposit
8016 Deposit & mudbrlck
Debris
8017-8019 Deposit . —_— .
8018 Ash Middle Bakun Early 5" millennium BC
8020-8021 Wall
8022-8023 Deposit
8024-8026 Wall
8025-8027 Deposit
8028 Ash
8029-8031 Wall
8030-8033 Ash
8032 Debris Disturbed N
8034 Burned soil
8035 Cemetery
8036 Skeleton . o .
8037 Deposit Mushki Late 7" millennium BC 4790 - 4600 BC
8038 Pit
8040 Soil & ash
8039 Deposit " "
8041 Deposit Formative Mushki Ea;:)ill IZ:n:iTJ(ro:égi:g 7140 - 7050 BC
8042-8044 Ash
8043 Ashes and burned soil
from oven
8045 Hearth
8046 Burned Soil 7330 - 7070 BC
8047 Hearth th .
8048 Burned soil & ash Rahmatabad 8% millennium BC In Context 8053
8049 Burned soil 7450 - 7390 BC
8050-8051 Ash
8052 Burned soil
8053 Ash
8054 o .
8055 Virgin Soil
Results

Petrology and Petrography

Petrographic and petrological observations were carried out through characterizing the matrix, the inclusions
as well as pores which were of great interest in the fabrication of the vessels. Petrology of both the Neolithic
and Chalcolithic pieces have proved the use of similar inclusions within the fabrication of matrix in both groups.
However, the fragmentation of these inclusions displays a change, so that t the very fine grain size of the
Neolithic pieces becomes coarser in the Chalcolithic assemblage. The birefringence color of the matrix was of
great interest in characterizing the pottery types, in regard to the firing processes [6]. Neolithic potteries have
sharp birefringence matrix color as they were not exposed to high temperatures, thus the minerals retaining
their original color. The inclusions mainly consist of quartz, plagioclase (mostly albite), alkali-feldspars (mostly
microcline), un-reacted calcite, and muscovite. Presence of the un-reacted thombohedra calcite reveals that for
the firing temperature did not exceed 700 °C [7] (Fig. 4). Petrology does not show any well-formed porosity.
On the contrary, the Chalcolithic pieces show weak (or no) birefringence and finer inclusions (Fig. 5).
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Table 2. Analyzed specimens from Trench H, from both the Neolithic and Chalcolithic deposits of Rahmatabad

Samole Pottery No Period Surface Color Core Color llustration
P Context (Munsell chart) (Munsell chart)
1 8549 Formative 10YR5.3 10YR 4.1 <
8042 Mushki brown dark grey )
5 8047 Neolithic 10YR 6.6 10YR7.4 <
8001 brownish yellow pale brown )
8578
. 10YR7.4 75YR 7.6
3 8032 Mushki pale brown reddish yellow
7815
. 10YR 7.4 10YR7.4
4 8032 Mushki pale brown pale brown
7819
. 10YR7.4 10YR 7.4
5 8032 Mushki pale brown pale brown
8688
. 10YR 7.4 10YR7.4
6 8032 Mushki pale brown pale brown
8571
7 Formative 7/5YR 7.6 10YR 7.4
8039 Mushki reddish Yellow pale brown
8572
8 Formative 7/5YR 7.6 10YR 2.1
8039 Mushki reddish Yellow black
8546
9 Formative 10YR 7.3 10YR 2.1
8039 Mushki pale Brown black
10 8544 Formative 25YR 4.4 10YR7.3
8039 Mushki reddish brown pale brown
8587
. 5Y 8.3 5Y 8.3
1 8027 Middle Bakun pale yellow pale yellow
8415
. 5Y 8.4 5Y 8.3
12 8023 Middle Bakun pale yellow pale yellow
8401
. 5Y 8.4 2.5Y 8.2
13 8016 Middle Bakun pale yellow pale yellow
BlA7 25Y83 25Y 84
14 8007 Middle Bakun pal.e yellbw pal.e yellbw
8495
. 5Y73 5Y73
15 8032 Middle Bakun pale yellow pale yellow
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Sample
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2634
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42.01
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287
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202
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Table 3. Bulk chemical composition of the Neolithic (7 of 10) and Chalcolithic (5) ceramics from Rahmatabad. Major oxides are
given in W%, trace elements are given in ppm

Al

%
13.36
11.93
12.74
11.15
11.32
11.02
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13.36
14.26
12.51
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7
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Fig. 4. Petrographs of the Neolithic potteryfrom Rahmatabad
Qz : Quartz, Cal : Calcite ; Hem : Hematite ; Pl : Plagioclase ; Afs : Alkali Feldspar ; Ms : Muscovite
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Fig. 5. Petrographs of the Chalcolithic pottery from Rahmatabad
Qz : Quartz, Cal : Calcite ; Hem : Hematite ; P1: Plagioclase ; Afs : Alkali Feldspar ; Ms : Muscovite

XRD Results

Crystalline phase analysis was carried out to identify the major minerals within the texture. The most
common minerals exhibit obvious diversities within the texture of both sub-assemblages. Neolithic
pottery consists of quartz, calcite, plagioclase, alkali-feldspars, muscovite, haematite and gypsum.
Indeed, all these are minerals that may result from low temperature reactions [7, 8]. Consequently, to
that, the Chalcolithic pieces are classified by means of high temperature phases such as pyroxene,
gehlenite, and analcime. Quartz, calcite, plagioclase and alkali-feldspars are compositions which will
revenue in chemical reactions during firing and produced new formed crystallites as high temperature
phases [8, 9] (Fig. 6A). 2D mapping of the quantitatively measured phases within the pieces are
presented in Fig. 6B. Due to this illustration the composition of Chalcolithic potteries was clustered
clearly from Neolithic potteries by means of occurrences of high temperature phases. All parts that
have approved the dissimilarities between these two types of potteries were assigned as I, IT and III
areas. Area I is mainly defined by occurrences of analcime within the texture. Analcime can be formed
through weathering of feldspars and also is a well know phase arising through post-depositional
processes [10].

XRF Results

Bulk chemical composition of potteries have demonstrated one group of pottery type in three angle
diagram in system CaO+MgO-SiO2-ALOs; after Noll representation [11]. Based on this diagram and
the XRF data of major oxides, all samples have been classified to be high calc potteries (Fig. 7A and
Tab. 3). The most interesting point is that the results have been clustered within a closed anomaly
region. The region of concentrated data attests to the use of similar raw materials in regard to low divergence
between SiO»-ALOs; node. However, very few scattering of points along CaO+MgO-S8iO; node shows low
diversities in chemical composition of inclusions.
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Discussion

Tappeh Rahmatabad is a key site in a region the Pulvar River Basin of Fars province. The Pulvar and
Kur River Basins are of particular significance given their wealth of essential archaeological records
[2]. Archacometric study was planned to examine the cultural exchanges through a well-known
transitional period from the Neolithic to the Chalcolithic at Tappeh Rahmatabad [1, 2]. The question
was whether the pottery manufacturing technology underwent changes between these two periods.
The first look to the finds has approved the difference between surface color of the potteries from
reddish in Neolithic to pink white in Chalcolithic. This cannot be interpreted only by means of
petrography. Most important results in this regard have been achieved through XRD and the
Pyroxene/Plagioclase ratios [11]. Pyroxene can preserve higher iron content in its crystal structure
than plagioclases. Therefore, the firing color ofthe Chalcolithic pottery at Rahmatabad tends to range
from whitish to pink, since iron was not released from the crystal structure. This contrasts the
situation in the Neolithic pieces in which the plagioclases did not preserve iron, which was oxidized
to produce a reddish color. Petrography, XRD and XRF results have confirmed that the exploited
raw materials remained unchanged between the two periods at Rahmatabad. Yet, the difference
between the two sub-assemblies originated from differing firing processes.

Rahmat-Abad is indeed considered as the origin of the early middle Bakun period, and the Bakun
pottery tradition was definitely introduced by the inhabitants of Rahmatabad. Nevertheless, this
tradition remained unchanged from the Neolithic (Mushki) to the Chalcolithic (Bakun) periods in
terms of the use of almost identical clay resources, though a different firing process was obviously
developed in the Chalcolithic period.

Conclusion

A sample of 15 prehistoric pottery pieces from the two Neolithic (Formative Mushki and Mushki)
and Chalcolithic (early Middle Bakun) periods of Rahmatabad were examined and chemically analysed
to establish the continuity of technical progress of pottery production in this part of the Pulvar River
Basin. This continuity was special interest since excavations at Rahmatabad produced a sequence that
contained the deposits of both periods for the first time in this region. Ceramographic and chemical
(XRD and XRF) studies were carried out on both the Neolithic and Chalcolithic pieces. The results
indicate thatthe assemblage from Rahmatabad represents a unique material in terms of technological
expertise.

The results demonstrate that the pottery technique remained unchanged in both of these prehistoric
periods as similar clay sources was exploited, while the vessels were fired at different temperatures.
As a matter of fact, it can be highlighted that the potters of Rahmatabad became obviously familiar
with the kiln conditions and temperature control during the Chalcolithic period. Recentregional
studies associated with absolute datingshow that the Bakun material from Rahmatabad might have
been originated as a discrete pottery tradition in the Pulvar and Kur cultural spheres.
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Fig. 1. Geomorphology and location of Tappeh Rahmatabad in Pulvar River Basin close to Tang-e Bolaghi valley
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Fig. 2. Topography of the Rahmat-Abad area and location of all excavated trenches.
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Fig. 3. The collected samples from Neolithic and Chalcolithic period of Rahmat-Abad
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Fig. 4. Petrography pictures of Neolithic potteries from Rahmat-Abad
Qz : Quartz, Cal : Calcite ; Hem : Hematite ; P : Plagioclase ; Afs : Alkali Feldspar ; Ms : Muscovite
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Fig. 5. Petrography pictures of Chalcolithic potteries from Rahmat-Abad
Qz : Quartz, Cal : Calcite ; Hem : Hematite ; P : Plagioclase ; Afs : Alkali Feldspar ; Ms : Muscovite

P | 1Ee 1 Gliwl g e Jgl 6l s Jlw



oS o § Sawgs 6395 Jliw Salgi (5918 \szgtu,bw

S Jl bidaind 5 el Ol a2
L isnia L8y (5l J40, 4] Jlaw <8l glacunnd
e g Sn i (g (S5 o S
i 5y Lo (AP JS3) 350 003 S
8 55 sy Sem il § 45 yoan do
2 aslyS SlS 5 (g dag L gy pod>
03 y—oS 3Kl d > YO+ pou jSLo B394 e

[29] 395 0
0ABCh) Cllinn S Sl 5 )3 gt 5 53k gl
B3ga ey dlslcuesy (S yus By (sla Jlaw
0dalin A d YO LYY g 4 d YY U Y. 15 g ayl;
5 e GlacSy (bl B3l e 33, S o
o bgope da p YV LYY e dogly 0 S0 pion
ol e fol A ilod Wl (gl Ba sl
092> 2l 29 ddlate dx > YO U FY 8390000
ol e 3yl Aot [41] ol Cilor g il
ol VL glacys 4 > cél Ky sbss
apd S Cowl y 5 s piY al il o <l
asp cdlb pysn 2 Ladbses ol YL @)l
Sl 039 3 Sslaw Az p A VD oy sy
Placls s g Laclllw (uSly ol ol cle
Coel) S gy Sy Mg g Jlaw <l J3b
Jade an LS (ST (Y ) Jolso) ol (cuilS 4
37] 28 eyl 3y L oiles (Bl lame > (S
Ly dee dgis (claclys anp eyl
i 3l 5 oS 335250 SLiS 0¥
o L BL) 3 e 3590 oy J olason
o3 ZuBgi dmy iy Sliolesl ol U bagy o

ol 005

3 Il S i gl Y-£

XRD bwgi sblcws &5 gl
A odb bl i S slajl b
by a S el o)y o b Sl ol s,
4 CBS ) (w39 (255w See Clinlin
5 2 sl liw i (6 pSaia slacgls (ol
2 gl BAS uSixio piddiuy 45 DD Dgg diwwd
0)9° 90 ;2 sloasges p célw dlac s anp
S2) 9]l s SLS f oliad o
195 clm Jliw o 00 globis (cLanjls 81 (A
» La Jiw o8 coso doasuin ollcws,y Sy
038 Sl LS 5 oyl Jl By N 0ygd oy
S Wi gl SIS 3 48’ (Game SlS 5 b g 039
3 )laS  ablods wads Jlaw 8l 5yl idgy ol yer &
LS 5 5 CagsSge el JLSIT M55
o ol e d a3 Ve 290> 02 U |, 8) S
LagSom 092 Yo &)l a2 slajé (S5
o (F32°-33°02) e ilS (=30°-32°02)
Jfe a0ygd yl 0 (=35°02) cilar 3)ls s
9 CuuadlS )05 059 Mool b g 00 odalice (45008
ol ol adox jlalilcies) (Sicwg 3 5loS
052 R hgizegll 5 i (Ll )5
(NaAISHOs) el § (NaKAISHOs) oSy, o
gt A S cus U e Jlaw cdl b »
890 (sl shiel Wiy (ol odaliie | YL
iy 4y imgolomy U d b iy 3l (Kiwgs
(58, YL (o8 (sl 5 039 Co3lg, 5 Bl
o=l osaliio JlB as ¥ L Ye Bdgie
Sl b (pmen oS98 hs o B9 L3,

(1) 2810; + CaMg (CO3)2 = CaMgSi206 +2CO7T
(peskons) + (Sopogsd) D (Spmaged b Casl) + ()5 2 5i50)

(2)  KAL (Si;Al)O19(OH)z + 6CaCO3 = 3Ca2ALSiO7 + 6CO:1 + 2H20 + K»0 + 3Si0;
(o) # (Smds) D (o) + (00528 53) + (L) # (ol 2S) + (ki)

1Eo 1 Gl g Jlgs (gl ojloids piins Juw | 1k



R lwl 6 g ju swolilad g

\qutulqw

Slogl (3 93 o900 (

800 A B
600 4, Neolithic Potteries | | | | | l ” ]: é
| ; ‘ i =
- Yo 235
400 il w MHW*—-“'“*‘J RW%J":W. W eamraren B |1 187 A 5&
l o Pt d)ev ""NWW:M Aw»/“m‘v‘.w)« ot “ i y «'i |
. A i i
o Y mw”’ N el I EESRES =
400 1'! ‘ MH ’rk%‘x,ﬂ;c.ﬂmﬂ N Ay ,u‘ o "-A.»-:.A.-«'.;..w.,,' vi', | | AL l
bt “""m“‘“’w’“..w.w ) N R
L - T }
U'*‘ J A l }l\ Chalcolithic Potteries ,“J’| “ == ‘J“ :J{IIJ l """
200 ‘b f;““H‘H]&Jﬂ\\ul“vl‘\{"\ f' W ll'(\‘l\l\/ L}k AT AN \\ M r‘lf”\q- ‘II |;'[,";, ! "“H’ " ! ﬁ s
}_ .m; SN mﬂ.uw) ol , w/ M Aot Aos ey B W i - M\ T - f—;s'gf
g '[l ‘ ;‘Ih\ [ , H | l za
X W Ve ' ;‘):..'Ill‘\lh H."\ .
1I0 2‘0 3‘0 4‘0 5‘0 1‘0 2’0 30 4‘ 5‘0
Position [*2Theta] (Copper (Cu)) Position [*2Theta) (Copper (Cu))
Calcite, magnesium, syn I I ‘ [ I ” ‘
Ql.iaﬂz Tow, syn l [ I l
s R I T
i (NI ERMR 111
e T LT I
e lll Hl III I]H]ll I "IHI Jllll IJHIU [ I|
ey 1T [T TITT 1T TOIT {11

B ablcws) &5 sloJlaw 09,5 95 12 )3 ol S (slajls Lol (gl XRD (slapl S55T,a0 (A 5 S

llcias) &5 )3 (St e g (Shogi 035 93 (55 i) baogs 015 plulid (Slajle oS Sloalons ol 005l clajl
Fig. 6. A) Diffractograms of all XRD crystalline phase results in both clusters of Rahmat-Abad potteries. B) 2D scan of

quantitatively occurring measured phases based on Rietveld algorithm in both Neolithic and chalcolithic potteries of
Rahmat-Abad.

e ) S WP Uy vauer) L L WP § IUWPRCS
039 93 5=l 3 L Jloagl jl (g )lun (Yo
dlazel jd Jds (pod 4 g 035 Ciglite Mals
55 sl Jliw 51 LS 1) 35 Siw e sl
= l)_’xa 0404 u_o_‘zl L Ja—«’y Lo
052 cstelade slajls Lingb a s 515500
5 Ca—lS o> a5l slajls 5ly S
0dd Lo Jlow aigel 93y )0 LajMSe 5
L 09 oo o g M Cvodl Pl axllas
e et 1 iy (655 Jlaw > pe 93 o]

s 5 )d g 5 0d0d

po |

1lfo | uLouLJng.g.ls.J9| bJLQJi’J;[Q.'imdLuJ

s 00 St el sl cinrgd Sl logmes
)‘)_Qlf).v )‘ ool l_’ ‘_,’_Af uL_.wbu u»L.w‘
Sg—es ol ool lajls Jlogl slan,
48 02 ;3lie 5 Lajls oS palie wlul
J9ma as v 5 Lanl OB 4L dasuin
)'| Uﬂ_> od_dodld ULM.: .‘99_Ia> L;i‘_wy)
09 u.oLAJ 00 (e )l_9 ;i_) u_‘>‘9...§4 d9->9
d_asio a S 4> V5 oY) )’L._o)u_wl.m
Laasgas (2l ) 3l (ol 5055 3524
ol Olyss g 4l jeas e eSS O g0
il Geldie laasl g oly s dal b a sy
SlaS 5 eldggas ] PN .\_u’ 5 la;le



oS o § Sawgs 6395 Jliw Salgi (5918 \szgtu,bw

Uged > CAIPSy Comity olend Sy I oL
3 dgpuie Oy Cowl adlas g U 5yg0 sl
S (LOI=Loss of Ignition) 3 slge oy
g Gl (Kol olse | gsie cloaoy
ol Dbl ey )3 adllas 390 bame ;5 (gaud g
Jho pliasd S5 53 ,3,380 Jalge 51 (S
o gz )3 by ol (655 )8 sl s ) sl
2 S obul ses &S cwl (Sl slosls
st S Lo bawgs odty VT Gl g baes
s sbaY ol slesl b alg e oS
Jlw 3 LOT .[44] wims )3 130 cos |y e
Mo VLY g Bagaone )0 dddllas 5)50 sl
oS canl ol o 4 g Ll &S5 a8 sl o 8l
oSl 55 Lol 5 S SliyS Sy
ol (St Sl Sl ) s o (S
Jlw il ddgl pB dlge &S sy o oty cpi>
Oy (0w 5 Sal Taas) Siwss ys0 5
i 51 530 o8 w3 g0 i 1y S Loyt
ol 039 ) Sixio bwgs s g a0l b (6,5
PSPl (Kiw e 893 )3 LOT &l poss
850 50 pedlesSy byld b cwl > &S cul
Lulys jl e P205 s [36] Jlhw e
3 L) ogoye (slalns opuaiie; aries
oids 4l [45, 46] cuol dlual 4y (o555 9 (a5,
o BB o s slcsgw loedlawl
prd 5l odlatwl 5 (LI> Wl e a8 [47,48] cunl
9 MgO MnO a5l Hloly cuis ddlais > 9590
ol & Liwd Sl oluss glyls TiO
Colo yogad )3 aue Kl Sl ealawl
2 Wlei o yii ol pl Gl 02 Jlaw
ol S5y g g Jlaw w59, 555> sl
Shol cpogas cpl o addl sl awsly B
SpS B Cou )90 Cudlyi o S S n
(Hausmannite MnMn204) cilewgla oSy
ST 5l eslisl (gl MnO olie 4l aS g
SlaS 5 5l 5 pKediz polie & 4295 b g o

J—B =30°-32°02(11) 4 =32°-33°02 (1)
Slet)) S5, L as sblie ol sl sanli
slail polbe piin jouds ol Lasuie
Crize IS e S |y cilS g el
lajl s52y Jlogl jsao Ly 5 1T dilate
slacglss aasuio s 9 Cond] audl]
Ulcws,y 45 3 Sloe; d_a:)j 93 ) ol dbdbxl
B IS lagws a dng L dimd o lis |
352y (S glaised ) (Jol sl
L s el ol YL s dops o
S 3 &S sl il iz 5 cilS
Do o 0dd sl ke Siwy la
o Joe b il Ly ppll]
Sl My 5 o935 NaAISOg H,O
Cobye g ek jl s glala e )3 4
Jo—esd 3 Sl e 4y 5 ] e S92 94
oemadUT )l ol yemas 1y cgboy Ly Ol 255
3 o Al b 45 el a1
Ulgi o (S5lgn slacdas s b j»
2 el s5 2y e 5l S [42] 255 Ay
2 ol s> pas g (Sims e sl Sl
o Lniigas ] (05 SKiwoss (sloJliw
52 3] Ly iy oled 5 (3 i 39
el slaodgs > [43] sl aly w

Guwd 5,005 ezl gy a S jlag oS
IS )b jlhe o slace—wd , o
A bl gaJol slajld myw oly s
9 Sl CugaSige g L) (9men &)l >
59y 5l 0 lacayl 4o byye 3)lge 35

ol Liulej] plool

oS sl 45 gloJlw olowd oS5 Jgi>

3 5233,5 50T XRE (S iSnl gy b

1Eo 1 Gl g jlgs (gl ojloids piins Juw | 15



am ] ;
wuwh R lwl 6 g ju swolilad g

o Laaiged ol ) ClpaS polie polis
el ) GBS 5 LSy ol sl o Lis
e ($393> L pale 93 )3 La 9 35l Lo
63 9 (1) por—ail il (G el
Oolay dasuin o)laan 90 il ©ly s (Cl)
b o) Gloguad 5 SIS LS5
2 aS Cwl S5 Vool poewil ol )ls
axio do)d 9 3,b s La Mo i |30
g3 VL 55 392 5l ot o YL
(41, cewl Jlw csl p» ola e o>
<l Jols s Laalwils JLSIT 53]
Ol 8 Sl L 3 por il il oyl 8
153 gl ;i8S ol e (ST wiyls 345
3 sy ol ol Ly (Sojls
558 o (gl 1) sl il

2 Olohd Jln joas L polis alox 51,18
a1 oy ada SLs o Jiw il
2 olleil 350 sladiges )3 Mis (o
bl 3 515 ol e sl s, 4y
St $a Sl U ol iy (i
e 3 515 A3t ey il &S
2 Al BLE] o) o (59) S35
s bt JLain) Sy sl Jli
Cogby Ly bl o g )18 gnezs 5 Jlaw
Cl 03y 268 (a5 Lol 5l il
S3958)50555 clad a4 L [53, 54]
9)l9k 39y 9 Cdagpe dd ddlaie dy by
Jo=ad 5> beoee ol YL ld @)l a2
P2 Sl o LSel adlate 5, S
il 5 ol YU iy gt 55 5 Sl
P YL oy de g 4 cowl (s 055
155] sblcwes, 45 g lob dbgme S

Py 101 Gliwwli g 4lgs (gl 6 louis cpiidns Jlw

d9 00 ST 131 5 5 oolitwl & iy o aal
oo SBleolazwl p > pendS” 1i0lds .[49,50]
O el e a8 conl Jliw cile glp bl
S35l ey Jolpe gl 5> YU JMosl 4 4265 L
Sl g0y g odd g Cubl Sl S 4
by geos Jlaw S50 <8l J515 55 puwlyy sl
Spse Cogw |55 g polie rorer S e
g Jlbw gaw 59 Nl wobye bl
sobds (Swgi 8y9d 0 polde opl .[51] ail aily
89 U Siwgs bygd 0 9 Slcul o8 6
399585095 Sl 2 Sl (el oS el e
bylyd > didl pesd (slacSos baes NaO Ladlaio
ol (480 bt &y diunly 9 0390 (9 51
g0 kol GluS 5 oddlgie 3)lge oled S L
obl 2 Gl ) bl gandilb Gy ey
Ryt plepe > b (Noll) Jg &)k
Sga) didi CaO+MgO — SiO, — ALO;
faseie SI02 — ALO3 yem jl3g05 3l 55 .[52]
e g 0 ) S bedd S
5 52938 dlgs 1oy 4 CaO+MgO — SiO2
SOl )3 )3 &S S g danly OLS 5
(olol ol 2 [52] unl by o caiyloo S92 90 Y,
W )0 (Ko 093 93y 53 bl cues sl Jliw
JS3) 05,5 o ganai b YL Sal sls Jliw
o aiges LT ol ol Jbs j5 cpl (AY
9 o515 ol &5 wms oo LS 393 1) (658 pete
soliwl p cunl s iolejl @l SuiSly pae
Jlw cils sy pB dlge g G 5l c8leiS
Sblcies, 45,

P obaeS g ()b OlnS 5 ol i n
o2 jl Sl il glo Jliw
JSi) cwl dlas ilie odlawl § 51555
Do oo 0dd S5 3 4 S jeb Lan (BY



~

s

Jlaw 3gi 5,9l

£

95 69>

s 0 9 S

Sample

(B8]

cl
ppm
1755
2088
2634
2675
3055
3006
1011
1028
754
359
677
365

Ba

20> &by LOT 1 5lge duoyd 5 ol LS 5 dblcuesy dbgoe (43903 O 4b) (Siws o g (D903 Vo 3l diges V dlans) (Siwgs (slo Jlaw (oliowsds €S 5 Y gl
ol 05 &yl dalal )3 ppm s ygody GleS polis g slddmlne (Sjg

Table 3. Bulk chemical composition of Neolithic potteries (7 of 10) and Chalcolithic potteries (5) from Rahmat-Abad. Major oxides are given in W%,

510,
%
47.86
41.07
46.56
41.15
44.21
42.01
48.55
48.02
45.36
48.39
46.55
47.86
Sr

pPpm pPpm

459
287
394
256
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354
217
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382
353
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532

946
571
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ALOs
%
13.36
11.93
12.74
11.15
11.32
11.02
14.63
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13.89
13.36
14.26
12.51

Cu
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Zn
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Pb
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;
9
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%
13.68
16.57
15.52
17.47
16.28
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19.25
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Ni

ppm
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115
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Cr
ppm
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Na:O
%
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1.22
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v
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%
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3.06
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2.33
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Ce

ppm
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55

La
ppm
5
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5
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MgO
%
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3.86
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3.39
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trace elements are given in ppm;

ppm
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126
115
117
116
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ppm
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16
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24
17
28

MnO
%
0.115
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Rb
ppm
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54
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53
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%
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0.352
0.298
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0.296
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0311
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11
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m ppm

h = =1 n 0O O
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SOs
%
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Fig. 7. A) Chemical composition and clustering of potteries from both Neolithic and Chalcolithic of Rahmat-Aabad. B)
Trace elements distribution in Rahmatabad potteties in both areas:

9 101 Gliwwli g 4lgs (gl 6 louis cpiidns Jlw



oS o § Sawgs 6395 Jliw Salgi (5918 \szgtu,bw

9 LR (splsS ol gy elul
Ll [39] coul 495 LB (sloJlaw <8l > cogSmgge
$ RS 9 (Shpma  3bj) S Sglite jlada
2 sl s Soyile 2l S5y iman g (S

28] cou (5599585 > glis
S8 jlges 3 adiges olend oS 5 CEESs Sy,
S 48513 Si0L/ALOs célgSy cuws Jl S AV
63935 U sliawds oS i b Ly S 3l edlatl yy sl
aib 4 dogi b oblcws, Sinyb 5,90 93 y» ) alie
JUio (NOll (gioaido bl ) 0280l pbuond (5
e Mo, &5 (Sinjd 5)00 0 2 o
clio odgize p Sl wp pb YU Sal slo Jlow
Cojg SHBS B S =gl — s
sl Jlaw » &) (CaNa)(Mg,Fe, ALTH)(Si,Al2O¢
5 (CAMg(SHO0)) dpmased 8 (00 lois _illae
Spgged O 39 05l Sl plod oS 5 bl
ol CoJgl & Cod iy ke 5 S nl (S
0)9° 95 o adiged ) (i S 9 (558 aglis
i glajh g 4 dogi b 45l gt S
5 JUw Cou @l a3 (e ]y gl cal e
3905 glye Jhw 54 shaoS sl S
a0 YO B Ye dgly bogiome 0y Lacglas oyl
2 &S @l glajld ol cusl (> &S s samliie
[39] Slosel 3¢9 Jlaw by > 5y (cla S
Sy pasuie Sglds 3)50 cpl d Cuenl Pl &S5
5L ol gl f odlitl 4 &S 355 Jlaw 2l 5
UK PRI E SS
Gl pasudia (i dilato pl (Gwd (Sladiges L 3y95
Jw j) 5508 dllcian 3 (Siwgp sl Jlow S &
Sy ey cal g cul (e (SL) (Rt e sl
g o) il deojl Sojgllie (slaje
Ogrer YL Ol 42> Slajlh Caiey ((lS5)See
oS ol (gl S 5 [50] st (o gl) Ly g
Sl 42> 3 48)S il bl sl oy jl baas
B3gaone Iy dvpd Voo ) ol Kot dojpy Ve v Dgis
LM Jisle 1) 28 (cubl S5 o5

laaidly o bS5 Coxs.0

5 (Siogs (sloabogomo oy i slS 3l S sl 4
Sy 8335 oo Cguma (g0 (il 13 (S e
D)5 o Cguworo IS Byed S Cluis D Sige (gl
Cuwl o 35 050 (pl 3 0dF, (Nin s Bl o
Ol 2 SIS A8 4 9y Ng) 4l 5 g pols
Sslodls > eadplol slagg)lis 4 425 b dbgone
i b By90 93 dblces (gabgme (3 VYAV b YRS
oddiodalin dadlie Sl (gras plo o & i
g 893 b (S A cpl > Canl 0 oS
b ol Jg g oblews, 3590 e b a8 Jlow j i
P (Subge (5SS JSS 093 o Jlaw b (Siwgi )9
[14,19] sl 0 )8

o <ty o) 93 ] (sl il 31 o0 S
(6le 095L) (Kiope Jloo il gy (ol
8y90 Oy JWd B+ a1 Jloj dady S ol 5l
cage pidgh ool I Job @l sl 039 (S
Sl (5gl08 Jg25 s ) el (B & b
S g WoysS Lol 3 (IS Jlhw Ojlen 5 Jlaw
colio ol g sandab piored Cuwl atily il
3y 9 5 ool (cladlaw (cladiges Cgx
> )l 350 dogima  Sin b

sloasa jl Giagh cpl  adlas 3y slaJlaw
5 G 4 25,5 )5 allls dyge SsSUsS o3l
SES glcald Josl o) p Slallas cpf plxl
ol .l 0395 dlgo pl Cilu ;3 adgl pls dlge £ 4
ado) pl5- e &S Nt 1) Sl ool lallas
RS b (B celie sblcws) 45 5 gloj )35 (b
oepad ol Slse SBI e 5wl
Tl 0ot Cumidy o515 )0 pho (3] Wilodged ool
5e cldlas 5 CAO+MO — SiO — ALO;
Sg05 3 o 5 iS5t ol sl 300k b Jli
PRoleSe 1 S doge (yl jlaallas 5,90 slo Jlaws
lge Cunl (1S4 lo 8l (920l 9 (3298 S5
a5 oxile (Bb ol glojdny g0 2 b Jlaw 2438l

1Eo 1 gl g jlgs (Jgl ojloids qpiins Juw | Ko



am ] ;
wuwh R lwl 6 g ju swolilad g

sljc;«») &5 Suybiday cpl o Jlew cél B

)
S5 4o

S yd 89> 93 3l (Sul il i Jlaw diges VO dluss
I (e SL) (St g (Sgo L) (S
T g adlas )90 Jlgh sy j3 dblcues &5 dboge
5 pohl prd (sliwly o Slalllas pl 8,5 )8 Slond
Pl dbgme (pl > Jlbw colo (S5 Ng) (S
&g &S dg Cuenl Pl Lld cpl 3l gl pl >
03 Pl?u‘ Lf“’l‘““’ul"""l" dL‘bu"BK U»L.ul » JLL«»)
g > (S 9> (pl g pegad S
Cawl 0135 RS 8j9> u;‘ 0k L).J9‘ BUERLY
28,5 plxl (XRE g XRD) (obesd 5 (359)%
o1 bl glowd a5 g Sl Jlw il
Iy gatuitio st (Sl Gl doge (ol
ool )38 o Jlasl 3 ookl )90 dlge g4 Culy
Jhs S5 aS 058 500 i sdpll Slalllas
2y 0wl 350 b g adgl dlge Llasl ol 3l (65
w0lile 3l sy JLVder Job 3 (Su)l day ¢
sl da AV game pl céls & Jbp
89 JUw 09,5 9 Jho 93y a4 )5 090 Silite
laJlaw (sie b dbge cpl )3 (St e 9 (Siawgi
ge g o S o 4l o sl Y Sal
o JiS Yol g oy Lalys b gyt sl
Blls (65l8570,1 5 was Clalllas dgng il &)l
590 0 oS eSh Jlaw &S o)y pl 5l ol dalaie
Sl 53955 oselcanst (Ko ojgo () bl
A5 u;l: )93 Lg)iﬂfw )“ dld&lmlﬂ 9 4l
@ o) i (55 Jlbw > (gilae daib i |y Jlshy

..))5] )lo.w

K1 101 Gliwwli g 4lgs (gl 6 louis cpiidns Jlw

9030 2)ly Jlbwo S plb (19)3 & g S Lado il o0
Sges SlaJliw > o Jopy WS o 5308 )
Ol 9 0392yl (Codl) (puSgpm polie (ke (y5SL)
1) (gl 363 3l ) al aie & cul pB SIS
3 i slala ) (> oo 4 [57] ks ol
@ S gy Cosd I Cal (2B 350 (Gl 3 ()b
dly Gl (Pyx/Pl) Cums cpl iy 5N 555
b dald bloie (60550 Cuowdy Jlw STy il
(295 duliio > ol (ypen 35 Mith) Slalllae (ol
28 bilen 8l pas sy laJliw
B> S blie g dgde i (HTeyn pola
Joos Coiy 1y (55508 S5 dllcas, &5 (Sig
395 €8l ) (e Sy b b (45SL) (K g B9
Oyl s> )0 Gglds  Cannl (LD oo ol ol L
P& dlge 3l ool b S 090 93yl o b Jlaw el
S sl &S Slacgls adhio 290 s
> 0950 03 U1 3590 sladiges 13 XRD sl
g Cglite Sy Lalyd > oadpbxl gla STy ol
Pk Jdda lede pl glate 565 yaumail L
i JSIT 5 S350 51 sl 43
ol GlS 5 s (el > and j gl g edg
dame (il S b gl G S Bkl alus
Sy 85 (Sl s 3 35 lll g oS o
2 el 325 395 n bl it (8he 0551)
il S bt 5 ol 3 (St sl S
02 g? e g Jlw jl sl (g3 3 o Jlaw
158] 35 I Jlius (g0l ame b oo bl oS
05 (Stoe Glofls 5 i il Wb
Jss el s )3 g 1y dblcws, &5 (abe
Ko 035 Sinh by it bl o) V1
Wb oS oo pimas D905 03liie 3 dblcues y
(6o 0o5L) (Siwgme laliw il o9
2O O Jobo 3 )55 a3 gl > (Glaasuls



oS o § Sawgs 6395 Jliw Salgi (5918 \_szwgtu,bw

References

o

[12]

Roux V. Anthropological interpretation
of ceramic assemblages: foundations
and implementations of technological
analysis. Archaeopress; 2011.

Hein A, Kilikoglou V. Modeling of the
microstructure of ancient functional
ceramics and assessment of their
performance.  Procedia  Structural
Integrity. 2018;10:219-26.

Hein A, Kilikoglou V, Martinén-Torres
M. Heat transfer properties of post-
medieval crucibles. Archaeological and
Anthropological Sciences.
2018;11(4):1571-5.

Kilikoglou V, Vekinis G, Maniatis Y,
Day P. Mechanical Performance of
Quartz-Tempered Ceramics; Part 1,
Streight and Toughness*.
Archaeometry. 1998;40(2):261-79.
Rehren T, Boscher L, Pernicka E. Large
scale smelting of speiss and arsenical
copper at Early Bronze Age Arisman,
Iran. Journal of Archaeological Science.
2012;39(6):1717-27.

Tite MS. Pottery  production,
distribution, and consumption—the
contribution of the physical sciences.
Journal of archaeological method and
theory. 1999;6(3):181-233.

Stein A. Archaeological
Reconnaissances in  North-western
India and South-eastern Iran: Carried
Out and Recorded with the Support of
Harvard University and the British
Museum: Macmillan; 1937.

Weeks I, Alizadeh K, Niakan L,
Alamdari K Zeidi M, Khosrowzadeh A,
et al. The Neolithic settlement of
highland SW Iran: new evidence from
the  Mamasani  District. Tran.
2006;44(1):1-31.

Childe VG. The Urban Revolution. The
City Reader: Routledge; 2015. p. 54-62.
Watkins T. New light on Neolithic
revolution in  south-west  Asia.
Antiquity. 2010;84(325):621-34.

Wailes B. V. Gordon Childe and the
relations  of  production.  Craft
specialization and social evolution: In
memoty of V Gordon Childe. 1996:3-
14.

Berberian M, Shahmirzadi SM, Djamali

[14]

[13]

[20]

23]

M. Archeoseismicity and environmental
crises at the Sialk mounds, central
Iranian plateau, since the Early
Neolithic. Journal of Archaeological
Science. 2012;39(9):2845-58.

Malek Shahmirzadi S. A specialized
Housebuilder in an Iranian village of the
VIth Millennium BC. Paléorient.
1979:183-92.

Azizi Kharanaghi H, Fazeli Nashli H,
Nishiaki Y. The Second Season of
Excavations at Tepe Rahmat Abad,
Southern Iran: The Absolute and
Relative Chronology. Ancient Near
Eastern Studies. 2014;51:1-32.

Pollard AM, Davoudi H, Mostafapour I,
Valipour HR, Nashli HF. A New
radiocarbon chronology for the late
Neolithic to Iron age in the Qazvin
plain, Iran. The International Journal of
Humanities. 2012;19(3):110-51.
Maggetti M. Phase analysis and its
significance for technology and origin.
Archaeological ceramics: Smithsonian
Institution Press; 1982. p. 121-33.
Maggetti M. Archacometry: quo vadis?
Geological Society, London, Special
Publications. 2006;257(1):1-8.

Emami MA, Trettin R. High Tech in
5100 BC: multianalytical approach for
characterisation of decorated pottery
from Tappeh-Zaghe. Surface
Engineering. 2013;29(2):134-9.
Kharanaghi HA, Nashli HF, Nishiaki Y.
Tepe Rahmatabad: a prepottery and
pottery neolithic site in Fars province.
Neolit Iran. 2013;108.

Nishiaki Y, Kharanaghi MHA, Abe M.
The Late Aceramic Neolithic Flaked
Stone  Assemblage  from  Tepe
Rahmatabad, Fars, South-West Iran.
Iran. 2013;51(1):1-15.

Abdi K, Pollock S, Bernbeck R. Fars
archaeology project 2003: excavations at
Toll-e Bashi. Iran. 2003;41(1):339-44.
Nishiaki Y. A radiocarbon chronology
for the neolithic settlement of Tall-i
Mushki, Marv Dasht Plain, Fars, Iran.
Iran. 2010;48(1):1-10.

Marghussian AK, Fazeli H, Sarpoolaky
H. Chemical-Mineralogical Analyses
and  Microstructural ~ Studies  of

1Eo 1 Gl g jlgs (gl ojloids piins Juw | P



am ] ;
wuwh R lwl 6 g ju swolilad g

[24]

23]

[20]

27]

29]

[30]

[31]

e

Prehistoric Pottery from Rahmatabad,
South-West  Iran*.  Archacometry.
2009;51(5):733-47.

Bernbeck R, Pollock S, Nashli HF.
Rahmatabad: dating the aceramic
Neolithic in Fars Province. NEO-
LITHICS 1/08. 2009:3-39.

Alizadeh A, editor. The origins of state
organizations in prehistoric highland
Fars, southern Iran, excavations at Tall-
e Bakun. The University of Chicago
otientalinstitute ~ Publication,  Vol.
128,2000.

Emami M, Chapoulie R, Abdi K
Cathodoluminescence microscopy for
interpreting the fabric and heating
process of ancient pottery: Preliminary
study on the technological features of
pottery from the Kur River basin.
Archaeometry. 2021;64(2):337-56.

Pincé P, Brackmans D, Lycke S,
Vandenabeele P. Ceramic Production in
the Kur River Basin (Fars, Iran) During
the Middle to Late Second Millennium
BCE : A  Geochemical and
Technological Characterization.
Archaeometry. 2019;61(3):556-73.
Burton MM, Quinn PS, Bennallack K,
Farahani A, Howland MD, Najjar M, et
al. Ceramic technology at Wadi Fidan
61, an early Pottery Neolithic site (ca.
6500 B.C.E.) in the Faynan region of

southern ~ Jordan.  Journal  of
Archaeological ~ Science:  Reports.
2021;38:103029.

Rathossi C, Pontikes Y, Tsolis-Katagas
P. Mineralogical differences between
ancient sherds and experimental
ceramics: Indices for firing conditions
and post- burial alteration. Bulletin of
the Geological Society of Greece
Proceedings of the 12th International
Congress. 2010;XLIII 43(2):856-65.
Aloupi-Siotis E. Ceramic technology:
how to characterise black Fe-based
glass-ceramic coatings. Archaeological
and Anthropological Sciences.
2020;12(8):1-15.

Hein A, Kilikoglou V. Ceramic raw
materials: how to recognize them and
locate the supply basins: chemistry.
Archaeological and Anthropological
Sciences. 2020;12(8):1-17.

| 1o liws g les cJgl & loss oitias Jlus

32]

[33]

[41]

Amadori ML, Pallante P, Fermo P,
Emami MA, Chaverdi AA, Callieti P, et
al. Advances in Achaemenid brick
manufacturing technology: Evidence
from the monumental gate at Tol-e
Ajorti (Fars, Iran). Applied Clay Science.
2018;152:131-42.

Chapoulie R, Déléry C, Daniel T,
VENDRELL-SAZ M. Cuerda seca
ceramics from al-andalus, islamic spain
and portugal (10th— 12th centuries ad):
Investigation ~with sem—edx and
cathodoluminescence. Archacometry.
2005;47(3):519-34.

Whitney DL, Evans BW. Abbreviations
for names of rock-forming minerals.
American mineralogist. 2010;95(1):185-
7.

Emami SM, Trettin R.
Generating Processes in  Ancient
Ceramic Matrices Through
Microstructure Investigation with High
Resolution ~ Microscopy ~ Methods.
Journal of Advanced Microscopy
Research. 2010;5(3):181-9.

Fabbri B, Gualtieri S, Shoval S. The
presence of calcite in archeological
ceramics. Journal of the European
Ceramic Society. 2014;34(7):1899-911.
Cultrone G, Rodriguez-Navarro C,
Sebastian E, Cazalla O, De La Torre MJ.
Carbonate and silicate phase reactions
during ceramic firing. European Journal
of Mineralogy. 2001;13(3):621-34.
Maggetti M, Schwab H. Iron Age fine
pottery from Chatillon-s-glare and the
Heuneburg, Archaeometry.
1982;24(1):21-306.

G4l A, Tonescu C, Bajusz M, Codrea
VA, Hoeck V, Barbu-Tudoran L, et al.
Composition, technology and
provenance of Roman  pottery
fromNapoca(Cluj-Napoca, Romania).
Clay Minerals. 2019;53(4):621-41.
Emami M, Trettin R. Mineralogical and
chemical investigations on the ceramic
technology in Coga Zanbil,(Iran, 1250
BC). Periodico di Mineralogia Vol 81, 3.
2012:359-77.

Gliozzo E. Ceramic technology. How to
reconstruct  the  firing  process.
Archaeological and Anthropological
Sciences. 2020;12(11):260.

Phase



oS o § Sawgs 6395 Jliw Salgi (5918 \_szwgtu,bw

[42]

[47]

Gliozzo E. Ceramics investigation:
research questions and sampling critetia.
Archaeological and Anthropological
Sciences. 2020;12(8):202.

Ricci C, Borgia I, Brunetti B, Sgamellotti
A, Fabbri B, Butla M, et al. A Study on
Late Medieval Transparent-glazed
Pottery and Archaic Majolica from
Orvieto (Central Italy). Archacometry.
2005;47(3):557-70.

Fors Y, Nilsson T, Risberg ED,
Sandsttobm M, Torssander P. Sulfur
accumulation in pinewood (Pinus
sylvestris) induced by bacteria in a
simulated seabed environment:
Implications for marine archacological
wood and fossil fuels. International
Biodeterioration &  Biodegradation.
2008;62(4):336-47.

Aladel BA, Sabree IK, Edrees .
Effects of mgo wt.% on the structure,
mechanical, and biological properties of
bioactive glass-ceramics in the SiO2,
Na20, CaO, P205, mgo system.
International Journal of Mechanical
Engineering and Technology.
2019;10(1):97-106.

Freestone IC.  Applications and
Potential of Electron Probe Micro-
Analysis  in  Technological — and
Provenance Investigations of Ancient
Ceramics. Archaeometry.
1982;24(2):99-116.

Barkoudah Y, Henderson J. Plant Ashes
from Syria and the Manufacture of
Ancient Glass: Ethnographic and
Scientific Aspects. Journal of glass
studies. 2003;48.

Marghussian A, Coningham R, Fazeli
H. The Evolution of Pottery Production
During The Late Neolithic Period at
Sialk On The Kashan Plain, Central
Plateau of Iran.  Archacometry.
2017;59(2):222-38.

Rouhani A, Azimzadeh H, Sotoudeh A,
Thomalsky J, Emami H. Geochemical

[51]

[54]

[50]

analysis ~ of  multi-element  in
archaeological soils from Tappe Rivi in
Northeast Iran. Acta Geochimica. 2022.
Simsek Franci G, Colomban P. On-Site
Identification of Pottery with pXRIF: An
Example of European and Chinese Red
Stonewares. Heritage. 2021;5(1):88-102.
Ho JWI, Quinn PS. Intentional clay-
mixing in the production of traditional

and ancient ceramics and  its
identification in thin section. Journal of
Archaeological Science: Reports.

2021;37:102945.

Noll W, Heimann RB. Ancient Old
World Pottery: Schweizerbart Science
Publisher; 2016.

Christidis GE, Shriner CM, Murray HH.
An Integrated Methodological
Approach for Source-Clay
Determination of Ancient Ceramics:
The Case of Aecgina Island, Greece.
Clays and Clay Minerals.
2014;62(6):447-69.

Spataro M. A compatison of chemical
and petrographic analyses of Neolithic
pottery from South-eastern Europe.
Journal of Archaeological Science.
2011;38(2):255-69.

Jones MD, Djamali M, Holmes ],
Weeks L, Leng MJ, Lashkari A, et al.
Human impact on the
hydroenvironment of Lake Parishan,
SW Iran, through the late-Holocene.
The Holocene. 2015;25(10):1651-61.
Maggetti M, Neururer C, Ramseyer D.
Temperature evolution inside a pot
during experimental surface (bonfire)
firing.  Applied  Clay  Science.
2011;53(3):500-8.

Noll W, Heimann RB. Ancient Old
World Pottery. 2016.

Aladel BA, Sabree IK, Edrees SJ.
Effects of MgO wt.% on the Structure,
Mechanical, and Biological Properties of
Bioactive Glass-Ceramics in the SiO2,
Na20, CaO, P205, MgO System.

1Eo 1 Gl g jlgs (Jgl ojloid piins Juw | EE



	abstract 1401-2
	21-44 سید محمد امین امامی

