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The archaeological sites, including the Sarcham, Bardemar and Kenacheh were excavated during
the Darian Dam Archaeological Salvage Project (DDASP) in the Hawraman region, west of the
Kurdistan province, western Iran. These sites are adjacent to the Sirwan River. Bardemar is an
open-air site and Kenacheh is a cave site. Both sites contain the material cultures of the late Islamic
period with simple brown potteries. Mica was the temper which used for making the potteries, so
their tempers are shiny and reflect easily the light. The potteries of these two sites were hand-made
and not well-fired. The Sarcham is a multi-period site and was recognized the records of
Parthian/Sassanid petiod, Iron Age I, late Bronze Age and Chalcolithic period. The historical
period potteries are mostly orange and wheel-made. While, the Iron Age I potteries are divided to
buff, orange and grey colors. The grey wares are less abundant. These potteries that have temper
were mostly hand-made and under-fired. The same characteristic can be seen in those of the
Bronze Age. Potteries related to the Chalcolithic period are categorized into two groups of red
slipped and the buff wares. The latter ones that are occasionally characterized by black-on-buff
decoration are in minority. During this period the straw-temper was mostly used for tempering the
potteries, where they were mostly under-fired. Totally 42 potsherds were selected for X-ray
diffraction (XRD) and X-ray fluorescence (XRF) analysis including 14 samples from Bardeh Mar, 8
samples from Kenacheh and 20 samples from Sarcham. Some factors that could help to better
characterize the soils, including variety of sites in which the potteries are found, their uses and the
pottery styles, were used to provenance the potteries of this study. In addition to the data of the
potteries, data of three soil samples surrounding the excavated sites were generated. The XRD data
showed that calcite, quartz, clay minerals, feldspar and iron oxides are the main pottery-forming
minerals, while the calcite, quartz and clay minerals are the main soil-forming minerals. The XRD
data suggests derivation of few potteries from non-local materials. However, the XRF data from
the potteries revealed that all the samples are cogenetic and originated from the soils of the same
geological formation. All the excavated sites are located on the same rock types or the alluvium
derived from them. The rocks and consequently the derived alluvium (soils) were formed as the
result of the same geological process (es). This is the evidence confirming the results obtained by
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the XRF data. The XRD and XRF data that are compiled with the geological information of the
area where the sites are located indicates that all the potteries of different periods have similar
characteristics and made by the use of local materials. All the potteries from Chalcolithic period to
the late Islamic period, even the ones with lower frequencies, were made using the local soils. The
results are also applicable for the Kenacheh cave, where it has been used by the local
transhumances. Location of the Hawraman region in a mountainous area, adjacent to the west-
central Zagros and Mesopotamia has caused that the way of living of the ancient people of this area
be always questionable. Recognition of the soils that had been the origin of the potteries is helpful
for characterization of the geographical origin of the potteries.
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Fig. 2: Geological map of the region and the location of the studied sites and surrounding villages [6].
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Fig. 3: Potteries of Bardeh Mar, brown potteries, late Islamic period
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Table 1: Characteristics of the potteries in Sarcham site.
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; Texture |Temper| Firing ) Ornament Paint Trench Pottery
period Outer slip | Inner slip Technique Nr
S E R EIDE
Historical | Medioum | Grit | Well-fired naised horzontal | 6 ange ce-
line made
S buge | JE U‘f der | & - - b )Handef A 25
Historical | Medioum | Grit Thin Orange
fired made
L?‘?.)U ]““’5“" J"K u—él{ b‘l“ Jﬁ-‘-lp _ u?‘j)u ﬁ»j” A 31
Historical | Medioum | Grit |Well-fired| Thick | Thick Orange | “%
c o c . . Sl
e e ey S - - Impressed )b )Haze D 24
Chalcolithic Coatse Chaff | Well-fired Orange
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- < . - e .. S
el el e Rl Lol . Painted Sl )1> D 32
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- c 556 - L .. (S
Siwgra | bugi | (2LS U“fd . S S Painted e | o )1> D 36
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- < . - e .. S
Swges | hugle | alS | S Lle Lyle i &35 \)50 . )1> b 3
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. e . L . Sl
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L opl e bgte grit ULider— &) o) - 20 )Hande- A 42
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T . 5 . Sl I
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T ig . L 3.9 - loCwd
oot | e | ] [ |2 | =]
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Slie gyt Lsgie S8 AL ) L)) e psls Slocans
Late bronze . Grit Under- Thin - Hande- D 28
Medioum Thin Grey
age fired i made
Ple e s @K S5 bl ‘ys) Horizontal incised | 20,6 s D 30
Late bronze Coarse Grit Well-fired | Thick Thin lines Orange Hande-
age made
Late bronze . Grit Undet- Thin - ’ Hande- D 39
Medioum Thin Orange
age fired made
Al ¢y L S8 5ls . &) x Sl
P ad . < ) . _ «) D 40
Latebronze |\ gioum| O | Wellfired| Thin | 100 Orange | Hande-
age made
Ale gy i S 518 o 35, o | e
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Fig. 6: The diagrams showing the distribution and abundance of the minerals in pottery (A) and soil (B). The number 1 in
horizontal axis represents the minerals that are most abundant in the number of samples that showed in the vertical axis.
As well as, numbers 2 to 5 represent the minerals that their orders of abundances are between 2 to 5. The more details are
presented in the text.

w2y XY B VY xlS VY UV cjloodyn V¥ B Y (slaolos (Lo Jlaw XRD gubs :¥ Joio

Table 2: The results of the XRD analyzes of the potteries. Samples 1 to 14 are from Bardeh Mar, 15 to 22 from Kenacheh
and 23 to 42 from Sarcham

sy 4 olwl XRD gols s ggi/ loj 0ysd | cdy | by 4 ol XRD gls el Sloj 0y9 ),
RO A Period/Type of | No. FOW B e i No.
XRD result, names ate in pottery XRD result, names ate in Petiod/Type of
order of abundance. order of abundance. pottery
Lglay}/ )>L.a L;on‘ 22 ) ) 1
Major phases: Quartz Late Islamic Mli\fla)ror Ehase.s(:g al‘itze ol
Minor phases: Feldspar, Clay petiod/brwon Of phases: fouartz a, d“’}@/ Lo
mineral, Calcite, Magnetite Clay mineral, Hematite (a- >
> > Fe,O3) Late Islamic
petiod/brwon
Major phases: Quartz o bl (e )b 23 . . . sl 2
Minor phases: Feldspar, Clay Historical Major phases: Calcite d‘“}@/ o
mineral, Pyroxene, period/orange Minor phases: Quartz o , o 1)> :
. Feld Fe,O5.YH,O ate Islamic
Maghemite (Y -Fe203) cldspar, FeO5.72H petiod/brwon
Major phases: Quartz o oyl (S e 24 l\ﬁlﬁior ph;lses: chszZ * ! 3
: oL nor phases: Calcite, o
Mu?or phasesfeldspar, Clay Chalcolithic/impress Feldspar, Pyroxene, Clay L;]a}gﬁ/ Pl
mineral, Calcite, FexO3.2 mineral, Maghemite (Y- La.te Islamic
H>O Fe,03) period/brwon
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O I K Perioc(i){zype of | No. ol gl Jles No.
XRD result, names are in potery XRD result, names are in Petiod/Type of
order of abundance. order of abundance. pottery
Major phases: Calcite, Quartz =SS 25 Major phases: Calcite ! 4
- o Historical Minor Phases: Quart-z Slosed/ PL‘
Minor phases: Feldspar, Clay period/orange o,Clay mineral, Hematite .
Late Islamic
mineral, Magnetite (0-Fez0s) petiod/brwon
Major phases: Calcite, Quattz &d959/1 L}mi pac 26 Major phases: Calcite, oMl 5
' o ' Iron Age I/buff . Quart? * . loged/ )>LA
Minor phases:Clay mineral, Minor phases:Clay mineral, .
. C ) Late Islamic
Magnetite, Hematite Magnetite (Fe3Oy) period/brwon
ST -l 27 6
Major phases: Quartz o M gl yas Major phases Quartz a e )
Minor phases: Feldspar, Clay Tron Age 1/Orange Minor phases: Calcite, Clay Slogad] plee
mineral, Hematite mineral, Magnetite (Fe3Oy) La'tedl/si)amic
period/brwon
d)MSLs/PLA & oo 28 Major phases Calcite ol 7
M‘Malorhphas.eg Suar;z O‘O Late l/jronze Minor phaseé: Quartz o, Slosedl e
inor phases:Calcite, Fe;O3 age/grey Clay mineral Late Tslamic
Hematite (a-Fe205) period/brwon
Major phases: Quartz SyunSBT opl pae | 29 Major phases: Feldspar, oMl 8
- o,Calcite Iron Age I/grey A Quartz a ‘ loges /)>L.n
Minor phases:Feldspar, Minor phases: Clay mineral, .
i Late Islamic
Magnetite Calcite, Hematite (x-Fe2O3) period/brwon
Major phases: Quartz o o Blie £, 30 9
Mi ] hp P l?lu Cl 63970/’»“ &re Major phases: Calcite ‘-;OMMJ
1nor phases: Feldspar, Clay s -
P pat, -2 Late bronze Minor phases: Quartz o, Sloged/ ple
. . age/Buff .
mineral, Maghemite (Y - Clay mineral Late Islamic
Fe,03), Calcite . petiod/brwon
Major phases: Calcite SR 31 Major phases: Calcite ol 10
BI;[iil(;)r pha(s:flzs Qu.artz ajc, Hizt;)rical Minor phases: Quartz «, loged/ )>L.o
cldspar, Clay mineral, petiod/orange Clay mineral, Late Tslamic
Hematite Magnetite(Fe3Oy) period/brwon
Maior oh Q 83559/ Siww o 32 Major phases: Calcite, ol 11
ajor phases: Quartz o . uartz o o
Minor phases Feldspar, Clay Chalcolithic/buff Mi Q . d“’}‘?ﬁ/PL’"
. . . inor phases:Clay mineral, .
minerals, Magnetite, Calcite Late Islamic
Feldspar petiod/brwon
Major phases: Quartz «, 82959/ (Siaw o 33 Major phases: Calcite, oMl 12
Calcite S Minor phases Quartz o, I
' Chalcolithic/buff CII)a ; mm(gt " celosgdl oo
Minor phases: Feldspar, Clay Y .
Late Islamic
mineral, Hematite petiod/brwon
Major phases: Quartz a o991 O“’T yas 34 Major phésles.: Quartz o, ool 13
Minor phases Clay mineral, Iron Age I/buff i ha Clt; d d“’}@/ PL‘-"
Maghemite (Y Fe:05) inor phases:Feldspar ]
g : > Late Islamic
Calcite petiod/brwon
Mator oh Q 639591 p] yac 35 Major phases Quartz o, o ! 14
ajor phases: Quartz o Calcite I
Minor phases Feldspar, Clay [ron Age 1/buff . . Slogedl plee
. . : Minor phases:Clay mineral, .
mineral, Magnetite, Calcite i Late Islamic
Magnetite(Fe;Ox) petiod/brwon
o0/ & 36 Major phases: Quartz a, Mol 15
Major phases: Quartz ¢ 9?0. . o Calcite < .
} i Chalcolithic/buff ] celosgdl o
Minor phases: Calcite, Clay Minor phases: Feldspar, >
. . . Late Islamic
mineral, Pyroxene Clay mineral, Magnetite .
(FesO,) petiod/brwon
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O I K Perioc(i){zype of | No. ol gl Jles No.
XRD result, names are in potery XRD result, names are in Petiod/Type of
order of abundance. order of abundance. pottery
Major phases: Quartz o, SywSBI yal pac 37 Major phases Quartz , ol 16
Calcite Iron Age 1/grey Calcite oend/ 5 ke
Minor phases: Feldspar Minor phases: Feldspat, SRS >
p o pat, Clay mineral, Magnetite Late Islamic
Hematite («-Fe2O3) (Fe30y) petiod/brwon
Major phases: Quattz o 30,8 (S o 38 ol 17
Minor phases: Feldspar Chalcolithic/red Major phases Calcite, lo0n8/ 5 Lo
- ’ Minor phases Quartz, Clay Slogl >
Calcite, Pyroxene, mineral, Magnetite (Fe3O4) Late Islamic
Fe,O5.2H,O petiod/brwon
Major phases: Calcite, Quartz 2955l e &5 39 Major phases: Quartz o, ol 18
o Late bronze . . . 10608/ 3 Lo
Minor phases Feldspar, age/buff Minor phases: Calcite, SR> .
Maghemite Feldspar, Magnetite pi‘:itjdl/séir\?sn
Major phases: Calcite, Quartz 3959l 3o § yio 40 Major phases: Quartz «, ol 19
* Late bronze Minor phases: Calcite, Clay Slogedl PL‘-‘
Minor phases: Feldspat, age/buff mineral, Hematite, Late Tslamic
Hematite Pyroxene period /brwon
Major phases: Quartz o 55l Bl & e H . . ! 20
I . Major phases: Calcite o
Minor phases Calcite, Late bronze . loaod/ 3 Lo
Minor phases: Quartz «, SloRA >
Pyroxene, Feldspar, Clay age/buff . .
. . Feldspar, Hematite Late Islamic
mineral, Hematite (x-Fe2O3) petiod/brwon
Major phases: Calcite, Quattz REre| O“’T pas 42 Major phases: Calcite oMl 21
o Tron Age 1/buff Minor phases: Quartz, L
. on fge t/bu Magnetite Slogrdl ke
Minor phases: Feldspar, Clay Late Tslamic
mineral, Hematite petiod/brwon
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Table 3: XRD results of soil samples. Samples 1 and 2 collected from the area in the vicinity of Sarcham site; sample 3

from the area that surrounds the Bardeh Mar and Kenacheh sites.

] (Slolyd iy ay (olwl XRD golis SB glodiges Cuxdge A 5193 L9035 0,lasd
XRD result is in order of abundance. Soil samples position S?;;}e)‘e Sample Nir.
N 35°9' 43,04" 1
Calcite E 46° 26' 5.19 " Sk
Quartz (low) o3y dbge O ¢y Fr alold L soil
40 meters west of Sarcham site
N 35°9'47.25" 2
Calcite E 46° 25'59.00 " Sk
Quartz o3y dboge Oyf (6 yt0 VE+ alold L soil
240 meters west of Sarcham site
35°9'32.63" 3
Calcite 46°22'17.63" Sk
Quartz slood s dboge 5y g (g yie WA+ dlold b soil
180 meters east of Bardeh Mar site
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0)9> S d bygpe slaJliw )3 0358 (pliond aiges ¥ j 5 00 sl o Jliw diges FY don
0l S5 Sa b sl Jlaw o b el Slj 3y9—s XRD iglajl 5 ogMs dadbgome bl bl S
el onS 5 895 Cnl g0 013 35 (53956 Do) 5 M8 4 job sl 8,5 )5 5 XRF iolol
sboog,S o Lo Jiw plerd SUSE &5 395 (F Jsin) jloodyy slodbgmes (gla Jliw i o)Ll
PSS Sl it sl S iz b a6 (8 Jgas) pr e oD Jsis) 4l
o bsoye sl Jliw b oad el b Jlaw (olond (V Jois) SB cladiges g i Solie (claoys

il (lacss) b glaJliw b 5 it slaog 2ol oyt S o e il slacSs )l

d5-2ocnll il andly Sligen pal (oS 5 L) B g b Jliw 3bj sl onsS 53 0508 odimdylis XRF
w5 0,8 S8 olens Loz Ul ol olass Olie Jlielaisasy 4S5 ok conl S 43505
d B o Jliw ) (colio (215 o Lo Jliw gl ¥ B Y 905 5l by Jlaw ) CaO
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Table 4: Results of XRF analysis of Bardeh Mar site

sample wt% 1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiOz 209 | 29.2 | 41.8 | 264 | 30.2 | 47.7 19.0 | 584 | 203 | 283 | 294 | 25.1 | 46.5 | 47.5
TiO, 0.96 | 1.20 | 0.81 0.80 | 0.63 | 0.97 091 | 0.57 | 047 | 0.77 0.63 | 0.55 | 0.65 | 0.77
ALO; 6.4 8.9 124 182 |93 13.9 6.2 183 1 7.3 8.5 9.9 9.2 135 | 14.2

FeoOs 540 | 7.30 | 6.90 | 530 | 570 | 740 | 2.40 | 6.50 | 4.00 | 4.90 520 | 490 | 6.20 | 7.80
MnO 0.02 | 0.03 | 0.03 | 0.02 | 0.02 | 0.03 0.02 | 0.02 ] 0.02 0.02 | 0.02 | 0.02 | 0.04
MgO 1.30 | 1.70 | 250 | 1.80 | 2.10 | 3.00 1.00 | 3.80 | 1.30 | 2.00 2.10 | 1.60 | 3.20 | 3.20
CaO 36.2 | 29.2 | 21.8 | 33.1 | 32.7 | 16.2 385 | 6.9 369 | 29.1 27.8 | 322 | 17.7 | 14.0
Na,O 0.60 0.12 | 0.27 1.60 0.11 | 0.60
KO 0.01 | 0.14 | 028 | 0.24 | 0.19 | 0.35 0.15 | 0.32 | 0.13 | 0.20 0.20 | 0.14 | 045 | 0.44
P20Os 042 | 0.44 | 0.66 | 047 | 0.27 | 0.48 0.53 | 0.38 | 0.34 | 0.28 0.63 | 0.33 | 049 | 1.40
SOs 0.12
StO 0.02 | 0.01 | 0.02 | 0.01 | 0.01 0.02 | 0.01 0.01 0.01 | 0.01
LOI 277 | 215 | 120 | 23.6 | 185 | 9.7 309 | 3.0 | 291 ] 259 24.0 | 25.8 | 109 | 9.5
sum 99.3 1 99.6 | 99.8 | 99.9 | 99.8 | 100.0 | 99.8 | 99.8 | 99.9 | 100.0 | 99.9 | 99.9 | 99.8 | 99.5

S lliw XRE Ul zobs b g
Table 5: Results of XRD analysis of the Kenacheh potteries

sample wt% 15 16 17 18 19 20 21 22
SiO2 49.2 | 46.1 | 234 | 50.5 | 54.3 | 18.6 | 29.0 | 52.1
TiO> 0.80 | 0.97 | 0.52 0.76 | 0.87 | 0.83 | 1.20 | 0.95
ALO; 141 | 13.8 | 8.9 142 | 149 | 6.4 8.9 14.6
Fe;O3 7.30 | 8.10 | 4.50 7.00 | 7.80 | 430 | 6.80 | 7.50
MnO 0.03 | 0.06 | 0.02 0.03 | 0.03 | 0.01 0.03 | 0.03
MgO 320 | 2.70 | 1.60 3.20 | 3.30 | 1.60 | 2.10 | 3.30
CaO 15.1 | 15.6 | 33.2 1251 9.8 37.0 | 281 | 119
Na,O 0.46 | 0.45 | 0.12 0.46 | 0.59 | 0.02 | 0.11 | 0.61
KO 0.35 | 0.33 | 0.28 0.48 | 042 | 0.26 | 0.38 | 0.43
P>2Os 0.39 | 032 | 0.27 033 | 0.88 | 0.24 | 0.64 | 0.78
SO;

SrO 0.01 0.02 | 0.01
LOI 8.9 11.3 | 27.2 10.3 | 6.9 30,6 | 223 | 7.6
sum 99.8 | 99.7 | 100.0 | 99.8 | 99.8 | 99.9 | 99.5 | 99.8
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Table 6: The results of XRF analysis of the Sarcham potteries

sample wt% | 23 |24 |25 |26 27 |28 |29 |30 |31 |32 |33 (34 |35 |36 (37 |38 [39 (40 |41 |42
SiOs 54.9150.5|34.2|37.8 |57.8]|60.5[47.3|64.7|39.6|58.5]|49.6|64.2|57.0|54.9|40.1|55.3|30.4|35.8|51.0 (345
TiO2 0.8910.77{0.9010.79 ]0.89(0.75]0.64 [ 0.80]0.770.95 | 0.68 | 0.76 { 0.77 | 0.71 | 0.75 | 0.79 ] 0.80 | 0.88 | 0.71 | 0.82
ALOs 17.4(15.0(10.9 (122 |17.5|185|14.4|18.4(12.7]|16.7|15.1 |18.5|16.8 [ 16.1|12.1|16.3 (9.3 |10.7|15.3|10.2
Fe203 8.80(7.20 | 6.80|6.70 |[8.60]7.80|6.30|7.906.60 |9.10]6.90|7.90|8.60 | 6.90 | 6.50 | 7.80 | 6.10 | 6.30 | 7.10 | 6.20
MnO 0.02]0.03{0.020.02 |0.03{0.03|0.02[0.03]0.03|0.04 { 0.02]0.03 | 0.040.02|0.03 | 0.03]0.020.02 ] 0.03 | 0.02
MgO 4.60(2.70{2.102.20 |4.60 |2.60|2.70 | 3.50 | 2.40 | 4.10 | 2.60 | 2.70 | 5.30 | 3.30 | 2.50 | 3.30 | 1.60 | 1.80 | 2.30 | 2.20
CaO 7.9 [13.4(233(221 |68 |29 [13.4|1.8 |19.0(75 |13.8]21 |56 |11.5[20.6|8.5 |30.3 (255|129 28.0
Na.O 0.7210.4910.05]0.07 |0.80(0.20|0.050.33 0.860.08 [ 0.12]0.39 | 0.26 | 0.09 | 0.19 0.14
K20 0.260.37{0.26|0.21 |0.30(0.42|0.36 | 0.46|0.26 | 0.30 | 0.39]0.50 [ 0.32] 0.46 | 0.26 | 0.38 | 0.18 | 0.22 0.40 | 0.21
P20s 0.4810.69 {0.53|0.51 |0.48(0.48|0.40[0.27]0.37]0.62|0.65]0.35[0.36|0.94|0.41 [ 0.65]0.53|0.57 | 0.57 | 0.55
SO3 0.01

SrO 0.01]0.01{0.01 |0.01]0.01 0.01]0.01{0.010.01{0.01{0.01]0.02|0.020.01]0.010.02]0.01]0.02
LOI 38 |86 (208|174 |20 |56 |144(1.7 |18.0|1.1 [10.0]|2.6 [44 |47 |165(6.6 |20.7]18.0|9.5 |17.1
sum 99.8199.899.8|100.0 [ 99.8]99.8{99.9199.9199.7 [99.8]99.8199.899.6|99.8(99.9]199.9{99.9|99.8|99.9 [99.8
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Table 7: The results of XRF analysis of the soil samples

sample wt% | 1
SiO, 15.5
TiO; 0.65
ALO3 5.5
Fe;Os 3.4
MnO 0.01
MgO 1.4
CaO 37.8
Na,O 0.041
KO 0.085
P20s 0.052
SO; -

SrO 0.015
LOI 35.02
sum 99.473

2 3
31.9 26.7
0.79 0.62
10.8 9.8
5.9 52
0.022 0.019
2.7 2.3
21.8 26.7
0.099 0.087
0.21 0.17
0.31 0.2
0.011 -
25.28 27.98
99.822 99.776
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Table 8: The legend of the numbers in horizontal axis of figure 7 showing the periods specified by each number.
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Fig. 7: Comparison of the chemical composition of the potteries related to different time periods. Vertical axis shows the

weight percentage of the elemental oxides. Numbers in the horizontal axis correspond to different periods of time. The
numbers related to each period is specified in Table 8.

IPAA Gl 9 Jlg Jgl olaiis qeaio Juw | 1Po



Ay . .
\WCALULJ Ry liwl o jy swoliliad g

sl e sladiias Bllas DI Comd wlids yuo)
cla LS olad (V JSi) ddlais 5l oa a5
Ao S 5 L dsgezne S5 (59) s p0r90
clacospl aslas 3 )15 (SalcSiw) wlis S
kS 1y Lo Jlaw adol olgo 4 S dilate ;3 450
S5 Laslass 5 Liie S (pod 1 3o Slodls so
LaSs WUl zuls 31 a5 cul ol cuenl Pl b
b Jlaw K9, 5l wand tales bolsges ol 95 2 363 1y
o1 BT (oS piman (A JS3) AiS o Cuns
U Glaliw 5l (B b (S0 ol Sy
A8 o 3B 1y o LT la Jlw 9 S 39
29 b ke bl 4 b oS nle 4y 29 L ol
slaJlw g LaSLs s S5 blsyl o ol
Sl dged e iomad g A wyy g Eou ddlis
oy Jliw Sen aS 5 A sl S5 )3 onsadl)
48 3,8 Slaindiy iz s 25 oo b o Lt
oled 4 bype 5 olash Lo Jlaw ol polos Lie
o 35 2 ol Sle (oDl 095 (gl Jlio L
35 3w Yloin s o] Lite (g1 ooy o
b o el Blio oMl o9 5l oasplul sla sl
) o 295 aseto ol 5l (6 Fgmy (oS 5 0 S
2SS4 pY s b Lite (39 coglite 5 s
LS;—“)L)"“’ 9 )>‘L~o &).O..o Jd u,zzj dlﬁo)s.} » &S ol
— 83559 ¢ 5 yuuS 1B Ale Jlaw jl alisee glacals Lo
sla Jlaw Lol puiwn 2als 1) (63456 5 30,8 ¢ 06,6
olis Cj slaJlew o Iy Sl bl O-’..l aliseo
ol il el e calises sla Jlaw [Sodc,leds s o5
2 pep ls ool (Less (8L gl o ygn

Dy 0 0433 XRF w2 g XRD (gla yiolo]]

S 0
9 XRD (sla yilosl guls (cgy p oddpll Gllhas
5 ke eyl 4 b 4 SIS g b Jliw digal XRF
Olos o XRD (slaodly [ulwl yu a8 b o ol

1P| 1PaA gl g Jles (Jal ol ey Jlw

s Ca0 j Jg wlosds a5 SiO2 9 MgO, ALO;
u.,LtoJl_a- )‘l choi A d‘)—f L')i‘)gL:g IV
3 i 9399 U o) Kol e o8 oasoslisul
piY (CaO yidiw Slolyd Jdd &) cawl 030 (ol
4l g 5l e Bl oMl (sl Jlow oS conl S5 ay
s oS 5 sloa g yglaen 4S5 jloos
A4S Mts S8 BB 0SS 5l g ansly alie LS
LS 93 (S35 9 e sl Jlaw L g9d90
= bt el Bl ) 55 2lS 5 jleod
3)5 Ol.cbl O O‘93L5° LzaJL(w XRF (slwodly u»L»l
o1 U1 by Jhw S5 o o3b5 slacalus o
Sl L;Lbb9u3 A o)Lf)] "y )919O|.o.fb 9 J)‘b 3929
2 &S Hebglen (Jg cuwsl Bl (oMl 0)93 4 bgyye
adgl dlgs aps p Judd Cglas ol A dalgd g sl
s Sglize Mol8” Lo Ky ) s
Mges g9y p SB 5 Jlaw XRF Ul gols )3
g 03y isles CaO+MgO, ALOs, SiOy (obdw
o slgd g9y 1 1) paTuie B9y S badiges (solod
O S8 pae (Y JSs) 00,58 e il
Lagl (golod o alaily 2929 (2lsS il sladiges
G (e polatedn )3 2929 rdigel oles
8 0piiegd s lages jl Cone (ul b 5 990
S Slolyd &S 6 pxiogd (sl yldges (ol oddbodlaiwl
sﬁ)Lf J_.‘\.bbu_.o UMJLA) ).iJ.))..a.;&)J‘)J )2 1))..4..9
sl S 5 SLs Liio i o 00l
s @lyboe oz & U8 53 5l (oulidipee
5 el 48,5 )15 oaliiwld yge oas T (ol Jlaw
53 Ca0 9 MgO, FexO3, AlL,Os3 ul)_M,u La)bw’ (ﬁ]
s )9_L>QLan Sl odBoald u“’l—‘” SiO, J_:Lu
sl > Jlhw (slodigas polod Ly yds 39 oo dlasMo
skl B9y jHy (Bl g 85,5 (0 )13 (ad sy,
4SS oo ey (i Sy cnl e L
dcgere o 5 a5y Sl Lise b Jlaw obes
anls SOl coss a8 wlends St gnjle b
Olosi o el ol [25] ] 039y (awlidh pao (asuiio
@glite (cladsgomo b il 4 1y bn T asl Lise



- @2y L5Lmok:9.,.o) QLS gliml glol jgo odhio GlaJlaw (5 lidlw sllho / ¢yl j S g (5290 Scbu ol

\szuul:.ubw

Ca0+MgO

ALO,

Si0,

oS ygbilen Lol ol (clainS] baw J3ges goy 2 XRE gy 4 (S5 5 Jlis) 0ad 50U claosly oled tles A JS5

Fig. 8: Ternary diagram of major oxides in which the samples (potteries and soils) analyzed by XRF method are plotted.
All the samples are showing a linear trend.

CJL.A &S ol 0dg onlb)J Lgl.mduw UM’LM’OAA)

53l ay by po Ll L S 00 ey 1) (e
g5 e XRD (sl ool b B yo a5 ol Jlinw

Slalllas bl 4 Jg 3,8 sl 1y bl oo Lise

Fe,0;

MgG

®
8 1 ... ™ L]
. .
719 - * ogo"* * .
., ¢ L] - L)
6 - R A
3 oio.
.
4 4 ®e
35 A
.
2 4
1 4
o T T T T T 1
10 20 30 40 50 50 70
5i0,
6 -
.
5 4
.0
.
41 .
. -
: n 5
e o0 .
,e .
1 A
. oe .
A =
1 .
o T T T T T 1
10 20 30 40 50 60 70
S0,
Y3 TR EY

Bl lulid &5 5,5 o)lsl 4SS cpl 4 b e

u_,l 2 oJ_,oiC,_w)Ag @LA 9 s dlo% )lf Sk

Coyabgo 5 XRF 5 XRD (claosly SaS 4 1,0 dllis

20 -
et ®
18 .o
16 *
L]
14 - ‘\'0.
12 o %
- .e
2 10 4 A" 4
S et
8 4 .
L]
6 L
a4
2
0 T . T T
10 20 30 a0 50 &0 70
Si0,
as
40 4
L)
35 .
LMY Y
30 .
"‘ .
25 g
2 * .
Y 20 4 A o*
. .
15 - ':-
*. .
10 - A
5 ~
* -
i T . T T
10 20 30 a0 50 60 70
5i0,

FR W) ).JU L;Lmdb 9 LQJLQ«» 459;;3 B (@)5 Lo yd “.“-“‘))-.’) CaO 9 MgO, Fe,Os, AlLO3 J;LM 5 SiO, ul).o.uu .!.35) uwlo.: A JSw)

WWpS e yliE dad Wy G ool 3 badiged oled Hldges b 40 39 0 dlanMo aS jglailan
Fig. 9: SiO3 versus MgO, Fe203, Al,O3 and CaO diagrams (weight percentage) showing the chemical variation of the
potteries and soils. All the samples are showing the linear trends on each diagram.
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