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Abstract

The valleys of Zagros mountains occupy a particular place in Paleolithic studies of the Zagros. Recent
archaeological work has revealed some of the open air Paleolithic sites in the Zagros mountains to
lie close to chert radiolarian outcrops. One such site is Malehbozhan in the hills overlooking the
Sarfiroozabad plain of Kermanshah province, with stone tools and scattered river chert nodules.
Technological and typological analysis of the stone tools from the site, characterized by a flake-based
assemblage and the Levallois technique, indicate that the site was used as an open air workshop for
making stone tools in the Middle Paleolithic period. In studies of lithic tools, study of the geological
context of the raw material used for the manufacture of stone artifacts is very important, because
selection of locations and migration of manufacturers across the territory were partly conditioned by
prehistoric man’s choices in the matter of raw material use for manufacturing the tools. This paper
presented the results of the petrographic (thin-section microscopy) and geochemical (x-ray
fluorescence) analyses on a sample of lithic artifacts collected from Malehbozhan during the first
season of survey of the Sarfiroozabad plain and a number of rocks sampled from the geological
formations around the site with an eye to source the raw materials used for the production of the
stone artifacts. The results indicated that the raw material was procured from local sources, and that
Malehbozhan’s flint knappers used local chert nodules (probably Kashkan formation, including lime,
sandstone, red conglomerate) to produce their tools. This conclusion is based on the approximately
similar values that were recorded for the elements in sedimentary particles of streams, the river chert
nodules scattered over the site, and the Kashkan formation, i.e. the correspondence of their trace
elements.
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of raw materials.
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Introduction

Nowadays, along with describing the appearance characteristics of the types of applied
stones and investigating the distribution of rock outcrops around the place or places under
study, it is essential to perform chemical analysis and prepare thin section and identify
microfossils existing in the samples collected from natural outcrops and archaeological
samples in order to identify the source or sources of the used raw material.

Therefore, in this study a number of lithic artifacts recovered from the site of Malehbozhan
during the first season of the survey of the Sarfiroozabad plain and a number of rock samples
obtained from the geological formations around the site were subjected to petrographic
(thin-section preparing) and geochemical (x-ray fluorescence) analyses to source the raw
materials used in the production of the considered stone artifacts. The study draws on
fieldwork (sampling of geological formations around the site), library research (studying
relevant sources) and laboratory tests (petrographic and geochemical analyses).

Literature review

During the past few decades, one of the favorite topics for Paleolithic archaeologists has
been the sourcing of raw materials used by Paleolithic hunter-gatherers in order to acquire
information about the methods these societies exploited their surrounding environment [1].
Concomitant with studies in other parts of the world that have shed light on the lifestyle of
Paleolithic societies and other periods, such studies have been in progress in Iran, mostly
concentrated on obsidian sources.

Notable among the recent studies on the sourcing of chert stone in Iran is the work by Yazdi
and colleagues who looked for the origins of the Mousterian stone tools at the sites of Qaleh
Bozi of Mobarakeh and Yekeh Chah of Golpayegan [2]. Furthermore, in the sourcing of the
Paleolithic stone tools from the Cham Soran in the Ravand river basin in the central Zagros,
the Cham Soran outcrop was suggested as the most plausible source on the basis of the
conformity of their trace elements [3].

Materials and Methods

As part of petrographic analyses, 7 instances of stone tools and 5 samples from local
geological outcrops were singled out and, thin sections were prepared. Carried out in the
Petrography Laboratory of the Research Institute for Conservation and Restoration of
Cultural Heritage Organization of Tehran, a film of 30 microns thick on a laboratory slide
were prepared from the concerned samples before they were observed with a James Swift
polarizing microscope. The main purpose was to identify the type of present minerals based
on optical properties, texture and, other microscopic characteristics of the specimens.

After preparing thin sections and performing microscopic studies on samples, to test the
results and ensure the origins or changes of the samples over time, X-ray fluorescence geochemical
analysis (XRF) was performed to determine the exact amount of elements and chemical composition
of the samples.

In this study, as a cost cutting measure, only 9 samples that were placed in the border and
intermediate points of the dipole spectrum of Calcareous-Siliceous were selected for geochemical

characterizations and sent to the Kansaran Binaloud Co. in Tehran. The analyses were carried out
with a PHILIPS PW1480 XRF spectrometer.

Malehbozhan site

Identified during the surveys of a team from the University of Tehran led by Kamal-aldin
Niknami in 2009, the site of Malehbozhan with at elevation of 1667 m and dimensions of
300 x 500 m lies in the northern part of the Bozhan pass on the southern slopes of the Nesar
mountain, on the highlands dominating the Sarfiroozabad plain of Kermanshah. With a
south-north slope, the site consists of a surface scatter of chert nodules in varying sizes over
a very rigid area with a limestone bed. Its center is cut by a small floodway that continues
down the edge of the plain (Figurel) [4].
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Fig.1: The site of Malehbozhan, view from nrth [4]

Geology of the study area

The Sarfiroozabad plain with a total area of 971 km? is 30 km south to southeast of
Kermanshah. Sarfiroozabad is a natural extension of Mahidasht (Figure 2) located to the
southeast, and together with Mahidasht and Kozran form a natural unit and the largest and
most fertile intermountain plain of the central Zagros. Sarfiroozabad and Mahidasht are
geologically parts of the Zagros fold-thrust belt of Kurdistan and are situated in the vicinity
of the ophiolite-radiolarite overthrust unit of Kermanshah [5].

The geological map of Kermanshah includes a part of the Zagros orogenic belt. The southern
half of this map (where the site is located; it is marked by a yellow triangle) includes a part
of the folded-thrust Zagros belt. The northern and southern parts are separated by the
“Sefid Mountain Thrust” (Figure 3) [6].

Fig. 2: Map showing the location of the Sarfiroozabad plain [5]
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Fig. 3: Geological map 1:100,000 of southern Kermanshah [6]
Map legend: M,; brownish-gray limestones, plaster veins, red marls and siltstone from the Aghajari Formation. Eg,. Dolomite
and dolomitic limestone with weathered white to brown color and a thick layer of the Shahbazan Formation. PE,. Silt,
sandstone and conglomerate with radiolaritic cobblestone, especially abundant flints related to the Kashkan Formation.

KSL : Marls and bluish gray shales and dubsidiary which consist of thin layers of argillaceous limestone belonging to the

Gurpi Formation.

Discussion

Petrographic studies

All the samples of stone tools that were selected for petrography have the composition of silica and
belong to the chert family. The dominant texture in these samples is cryptocrystalline (microcrystal),
in which there are remnants of iron oxide and calcite as impurities. Some samples have Breccia texture
and some are red in color. These samples consists of about 90% of radiolarian fossil remains. The
samples collected from the surrounding formations are mainly limestone or dolomite. Limestones
are biomicrite, pelmicrite and pelmicrosparitic (Figure 4).

Fig.4: Micrographs of the thin-sections of the stone tools
1. Breccia texture; 2. Dark iron oxide mineral and light yellow calcite in the center of the image; 3. Quartz mineral in the form
of chalcedony

Geochemical studies

As stated above, in this analysis, with a view to reducing costs, only 9 specimens that were placed in
the border and intermediate points of the dipole spectrum of Calcareous-Siliceous were chosen for
geochemical studies (Table 1). Samples 115 and 112 were totally calcareous and samples M1 and M8
were completely silicified (M = the initial letter of Malehbozhan). Samples 119, M10, M5, 113, 1132
were respectively located from the calcareous samples towards the silica pole (by increasing amount
of silica). This was determined from microscopic studies and the substitution rate of silica instead of
lime.
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Table 1: Selected samples for geochemical studies

Selected specimens of stone tools s1-M5 s2-M1 s3-M8 s4-M10
. . S8-113

Selected specimens from geological 5115 6119 7112
formations §9-1132

The results of the geochemical analyses, given in Tables 2 and 3 and four graphs, confirm the
identified trend revealed by the microscopic studies for the main elements. In particular, the
specimens exhibited silicon values (representative of substituted siliceous cement in fossils and other
limestone components) between 1 and 97%, calcium oxide values (representative of calcium
carbonate and pure lime) between 0.2 and 50%, and organic matter (L.O.I) between 0.15 and 45%.
Also, two specimens, 112 and 119, which in the microscopic section showed the substitution of
dolomite (double carbonate of calcium and magnesium) instead of calcite (calcium carbonate), in the
geochemical analysis was found to contain a higher percentage of MgO.

During the geochemical analysis, in addition to 10 main elements, 22 secondary elements were also
measured. Of these, 10 elements showed very low and unreliable values (less than 0.01 ppm) and
were hence excluded from the processes. The 12 remaining elements had different and severe
changes, which were due to the different geochemical nature and behavior of each element, and the
variable conditions of environment in terms of geochemical factors such as Ph and Eh. But by
observing the trends of change, it can be concluded that the samples came from almost the same
source and only the subsequent changes in the environment caused fluctuations in some elements,
though the range of changes is not very wide (between 5 and 125 ppm). Therefore, the microscopic
studies have produced correct results.

Moreover, for better comparison and conclusions, Samples 119, 113, 1132 (from geological
formations) and Samples M10 and M5 (from stone tools) — which had similar lithological and
chemical compositions (lime-silica combination) — were selected and their elements were checked
(Figure 4). Samples M5 and 113 revealed a closer concordance with respect to the abundance of
secondary elements.

Table 2: Geochemical results of the three main elements of Si, Ca, Mg oxides and the amount of organic matters in the

samples
Sample Si02 CaO MgO L.O.I
s5-115 1.86 50.34 0.31 41.87
s7-112 2.58 4215 29.87 35.67
s6-119 793 23.48 17.21 45.09
S8-113 81.2 2.1 0.03 1.67
S9-113, 73.9 1.8 0.02 0.79
s4-M10 79.18 14.39 0.18 1.58
s1-M5 95.84 1.33 0.02 0.15
s3-M8 96.81 0.25 0.03 1.27
s2-M1 97.96 0.20 0.03 0.79
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Table 3: Geochemical results of the amount of 12 minor elements in the samples

Sample Cl Ba Sr Cu Zn Pb Ni Cr A% Ce Zr As
s1-M5 63 33 28 40 14 16 41 8 6 24 37 5
s2-M1 64 13 9 30 36 96 35 12 11 7 37 27
s3-M8 86 13 91 50 7 35 104 41 40 9 61 19

s4-M10 57 73 109 43 36 123 96 71 84 21 80 4
S8-113 62 42 16 38 30 50 55 45 32 15 44 16

S9-113, 77 21 61 44 25 120 38 20 80 12 32 20
s5-115 61 9 81 4 12 9 31 9 4 33 121
s6-119 98 14 118 12 8 22 86 89 13 15 53 4
s7-112 124 1 59 5 4 11 41 1 12 29 33

120
100
30 =f—Si02
== Ca0
=== MgO
L.O.l
e —
s5-115 s7-112 s6-119 S8-113 S9-1132 s4-M10 s1-M5 s3-M8 s2-M1
Fig 5: Variations of four main oxides in the studied samples
140 e=—f—351-M5
120
==—s2-M1
100
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Fig 6: Variations of 12 minor elements in the studied samples
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Fig 7: Variations of 12 minor elements in 3 specimens of completely siliceous (M1), completely calcareous (115) and
intermediate (M10)
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Fig.8: Variation of 12 minor elements in the specimens with same lithological compositions shows approximate agreement
between the specimens

Conclusions

According to the pattern of streams, geological formations with outcrops and, the geographical
location of the site (point 116, with an altitude of 1690 m) based on the regional geological map as
well as the results of microscopic and geochemical studies conducted on a small sample of stone
tools that were collected in the course of the first season of the survey of the site and a number of
stone samples obtained from the geological formations around it, point 113, #iz. the “Kashkan”
formation (PEj,, including limestone lithology, sandstone, red conglomerate with an altitude of 1795
m), can be described as the most likely origin for the studies sample of lithic tools (Figure 9).

The almost matching values recorded for the elements in the sedimentary particles of streams, the
river chert nodules scattered over the site, and the Kashkan formation, i.e. the correspondence
between the trace elements of these three categories, underpin this conclusion. As mentioned before,
for better comparison and conclusions, Samples 119, 113, 113, (from local geological formations)
and Samples M10 and M5 (from stone tools) — which exhibited similar compositions (lime-silica
combination) in terms of lithology and chemical composition — were selected and their elements
were checked. Samples M5 and 113 revealed a closer coordination in terms of abundance of
secondary elements. This indicates that the radiolarite chert nodules scattered on the surface of
Malehbozhan were procured from local sources and the indigenous knappers had not to travel to other
places for raw material.
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Fig 9: Map of the study area along with sampling points (point 116: Malehbozhan site, point 113: Kashkan formation
(probable origin of chert nodules from Malehbozhan), interval between two points: 882 meters

15



Z. Mokhtari et al. / Journal of Research on Archaeometry, 2023; 8 (2): 17-33

Acknowledgment

This paper is an extraction from the first author’s MA thesis in archeology, titled “A Techno-
typological Study of Stone Artifacts Recovered from Malehbozhan Site in Kermanshah Province,”
which was done under the supervision of Dr. Hamed Vahdati Nasab at Tarbiat Modares University.
We are extremely grateful to Mr. Dr. Kamal-aldin Niknami for providing the stone data obtained
from the archaeological survey of Malehbozhan.

References

[1] Kuhn SL. Mousterian lithic technology: An Ecological Perspective, Princeton University
Press;1995.

[2] Yazdi, M., Pakzad, H., Mashkour, M., Elhami, R., Javeri, M., Biglari, F. Sedimentology and
Geoarchaeology of Paleolithic (Mousterian) Lithic Tools in Central Iran. Journal of Geoscience,
2009; 19(73): 177-186. [Original in Persian with English Abstract]. Doi: 10.22071/gsj.2010.57223

[3] Adibzadeh M, Vahdati nasab H. Sourcing of the Paleolithic artifacts of Cham-e Souran, Ravand
River basin, western part of the Central Zagros. Quaternary Journal of Iran. 2016; 2 (2): 109-120 .
[4] Niknami K. A, Ali Beigi S, Nikzad M, Heidari M. Report of first season of the archaeological
survey of the Sarfiroozabad in Kermanshah Province, Firoozabad village, archive of the Cultural
Heritage, Handicrafts and Tourism Organization of the Country, unpublished, 2009.

[5] Niknami K. A, Nikzad M, Yadollahi S. Investigation of Neolithic settlements in Sarfiroozabad
plain, west of Central Zagros. Payam-e bastanshenas, 2011; 8 (16).

[6] Karimi Bavandpour A. Geological report (KKermanshah 1: 100,000 geological map), Ministry of
Industries and Mines, Geological Survey and Mineral Exploration of Iran.

16



PV 2(P)A £11€e) (0imaBwl angly

= DOL: 10.52547/j1a.8.2.17 URL: http:/ /jra-tabtiziau.ir/

@ o)y dlEs
CrossMark

Oligrale dbgme (Suw (g )l381Cwd o8 B3k @QLM
bordizi} 9 (21595 Clllae bl 5

r‘_s.j‘w) JﬁJ& ciﬁyw‘!‘»g Mol o d)l}'&m ‘)h)
el (g st o oISl ¢ s pole IS ¢ iy ol 098 < polish liasly 1) oslis 1S )
Olplelg myte Can 3 ol o Sl pole 0aSLisly ¢ wlid Ll 69,5 bl Y
Ol eolre (o3l B> (e pole 0ASULIDS ¢ lid (e 09,5 Yokl ¥

1€el/00/\ Ju).pg A6 1¥€o0 /1011 :C380)s A)0

835>

o5 ] ol il (sla g, Mladlate () (Sisotnyl (slaing 2 oo (lyin 3blin elani] o STy 5SSl liess
Sy S ¥y gadpn yglrs )3 5w Sl gladbgs g5 5l 0515 )0 (Siwdi)ly gladbgme (B a5 Slesls
g S slaylibleasd devg Jdd 4 oliile)S il Sbljg b e by adpie lacs)lgenl 3 &y oljgale dbgoe Lo
byl wlisdiS 5 calo g)gld dddlhe .culndbyme 4565 opl 5l (S o)l 5o 0aiSTy lailbdgy @y K lbka,S
355 gy o5, Sy lsiear dogoms 3l &S sl oyl Sl sl Tl (558 5 bl M5 pite oS (ol 5l el Csday (S
b e s Adlllae b gme S (S sl 3l dadllas ;5 .Cawl 0ad co olitwl (Sl (Siwdis )b 593 ;0 (S li8lcass
Oyl Cyalee b g (S5 Jore Cbsl aSTa canl s Caodl glyb ajlialcws coln glyp oslaiwl 350 pld 83l dL;L.;‘;;,o 5
ialojl 93 zuli dlis cpl )3 (bl ol 2 Sl 039y s 3y90 (sl 3lcuws Colo gl cunlio pb Blgo o8l L3l Coni ul il i
Cannty 58] S B> 53105 sy (XRE b o) 553 pbaysls (rbuncidb) olomsids' 5 (S50 alaio &) 31,5550
ol ol Conddy (Siw (cladiges j o3lam g olisle,S il 3UT5g 8 p cud ligale dbgome wyyp ad cpdsl ) ol
bl a3 g o s p odiSTy Sy S )S g Iols b o (b lu yasuie ua b dbge ol Blbl wlid e
oasuie dilaie (wlidipe) i wyp 3 g LT bs olsl p coles ) & cusl oad @) g5lu)lpl ) oadoslitul pls Balo
5 Swdwle «Sal o5gnd Jold) (S wlidopo) 1jlo Hha Jloinlas 5 (oo (giloyljl 55 oddoslital (slacSiw Uit 13,8
g 3 01T & pn i a3 dianl pl sy 3 )3 35380 polic e diliio Loy 0lie sl 0391 (Cy50y5 (1 yoslSS
ol 031 (55025 0l Ve K03Sa b oloeS ol lgsien im oS35 S5

2B Ble bl cr St ¢ abond s (8,5 555 cligdle o Sawa)ly 1S 5lg

VNI i Ggdio (pad o o] JI UM (05 10lslSe Jgtams odmngs *
zahra_mokhtari31@yahoo.com : S xSl Cay


https://dx.doi.org/10.52547/jra.8.2.17
https://crossmark.crossref.org/dialog/?doi=10.52547/jra.8.2.17

3 ¢ < . .. - @k
gl jguodo dbg=o (Sauw (sl 1 j8 1 uws P 85l (Lo . uuh

Ol Sl (o g ogusy ST o Sis) (U yr g
Lol baogs odle i b polic a5 ST}
ol JuSis 5] » oo O] & dlosg (Bl e
Sas g S b yolis Sy dgus o s ol
wilzee oo 9> 4 bgpe alie (Bl
N esionl g cul Kou$G ) plete § 35 pasie
dge 5 o Siuw 3 8 paie gliowd Sliogad ()l
e 9 Sk sbasl gblae Gy i
[5] S o ool oo mlio 4y (w yiwd (glooguds
Sbllas o by, jl 55 (Petrography) (81,55
2 oSl lidlil g (olidine) o S yia
D930 S84 Jl 5 rSiaw ddllao (4l (ol lily
oSt )45l gl ol ) 3 (5555 (yoled
A fiahe pho dw b g3 Culbis 4 (S dblie
s S5 sla S5 g Sdme dlge aSbuljl 09 co
S5y g b Sy oM 48 blie » K
L3 o bl 095l (glofg ()98 ol iyl (Fglie
b0 S o pasuin bl 85lul g S «luogas 4
Jebs g Sib ablie oyl Jl (2leiS)5 5 pglad dws
S Lo g Cogn aseis & b SIS (b S elyd
S s S assl Lelwly [6] dgi 0 adlyy
g oxdodliiel S gyl gl o Sy oy
O Sl > S laygeid ) (iS15 895 (o)
bond Judod 5 4 35 plosil calllas 590 sla Ko b
2 3rse Sl deudiny Lol 5 S b A g
Sodige 5 ab cdjiygy il oddans (sladiges
3y90 Pl B3lo @lio b auie (plolih (gl (3Ll
B1) 5 e Dlis o cqypl 5l (g yg > o0li
6ol 9y land s 9 S 950 pilefl 9 b
Juad gl 5l osel camsay bl Kuw 5l
bl SUljgndye €3> ofigale dogma (g
sl jl oselcuwndas cladiges 5l (olae g olisle S
elolid Ban b jlaisyge dboge SLbI ool e
OigR gy e |l cale dly pb pie
olidione) sl 3l gyl paigel) Sl ©pson
Sl (b S Uiio ss (sl dbogoro 8l Lol

Aoddo .Y

ooy 5D bl il Oy Ko Sladllae ¢y S
Lol sloShy ol &L » b
€ Srar b Shy polly & Cul Sy Sle
TS g o3 oSy Seo jl odlisul (194 A5l 0
ol yan Uas |y Yoase b ybs, ol didl g o 02
oS ol 5 il wyd clas Jlas] pogdle o1y
oSy g Wl Cqpliio (gh canl (S jilad o8y
&9 9 O Rl 3 (g8 S Slillas sblje [1]
b aey e ojlel g cunl alie (gpa bld 4 o p»
9 085 Oygo bdiges (6538 o g 40
g as bbd 4 el sddodly i sla S
{L2] L9 oy Llomw B glacspSojl
Gy S 3 olendsl oSS pizeen
390 (i Syljlwd polie (oS 5 (5 pasie
0Bl iz polic Cums o5 2,5 0 )3 oolatl
S 5 duolio b dad o )8 dalllas )90 1) ladiged ;3
Syl edelcuwna pl Slge b sy lews polie
colo glpy odlitul 3y90 pls Slge Lite wilise
ST opdia Ded asuie Al o )bl
3 plaS s oS 5 )5 39y obiandssh) ezl 5l coglie
5 [2] S o wald 1y Ml 5 alie glgil b
S8 Ol 4 g el (35 paSudie ly
L SesSS el cn it J 2 3] gy 4 02
.88 ol (i 3y piloysh priocis) XRE
S slaylEleasd oblite (gl (glodyins i
D o 03l

0sds S ol 5l S &5l S5 4y pjY
polie Kgd oo pandl 09)5 dw j (S 4 & Cul
 dged 5l i (i b 2% & lagl) (el
(46905 0/1% b 2% Jl) o3 polis s po St
S slockle o o) e polis
Sold 4 shonds; clocSuSs [2] (azn 0/1%
&ly (Trace Elements) obeS pole (g9,
oS 2] sl 03,5 58y a5 83ke Lt (13,5 jasuitio
2 ol e o5 cal (gpolis gl dlllas Lols

IFoluL'Lum_jgj,HL_.gs[ogboJLwihpLiudem | 1A



gk . .
wuwh R liwl s g ju swolilad g3

AL ) ¢ 993 9 (daw Bl (g oaalia LB
S Omrped [15] W0 bl aiey g9 g
oy g g olile)S 5 il 3 G SladS,
L bl ol of nss g il o Gk
b Gl Shy 9 S &b ok by
131 SWlao 5 [16] sl 03,8 g |y InSitas o)
& g lnl » O S Sblite b da,
S a3 obliia lp ofKan 5 (23 dllas
obdSy 9 S)lke hadld ladboe ) (5 pge
S syl pads s oldl KL
Lise 45" ol Jbgl (slacSamogl Lico b oabasl
4 8 Gl Jridgng cocSal 3o loSimogl
(0o5h) sl ddlaia 5l 5 0ad b (Jbsl) Sekow
N Sl blods oo S95-957 6 39 j0402]5 awogs
[17] den dwloJed g CoyleS il 305 olraSs
sl yliblcws  dasgeme dlﬁh@ P e
Sgl) gy ddgp > gz dbge (Shwaiy)b
Sy b ohawnz dosr B e 0S5l »
Olyedy « Sdlol il —Sdle oS5 L gl (S
yobie Jlgen bld 4 b ylsslews als a3l Lise

[18] 48 (Byme S b SloS

L 59, 9 330 .Y
5l diged caam dlas 815 g 50 llllas plodl sbiwly j
slagygeid) Sl &5 dged iy g (S bl
Clesl gy odel Cuwday addllas 3 )50 dalaio wlids yuo
134 ol gl (gl 15 g S5 oo a3 5
Ml Cuayo g cbolis saSiimgly ()55 ool
W8S Cygo 5 (S Sl (ol olKingsy
S9) 095w s Celbud 4 Y S5 Jlai 3)90 dige |
oSwgSee ol b g ans 2Bl Y
ol lie b adllas (James Swift Jas) ol5,M
el el d925e S £ s Al
sl igel (ggSuwg e Shuogiad 503 9 8l )9
sSwgSue Slllas pbsl § S dblie 4 il
s> 5 @l cud Ulp (S gladiges )

19 | 10| gyliwoj g jub (g 6 louk by Jlw

uL...ulo)l ral:>u|) u.:bliw.»ln)l 9 (Ja.;).o eh.o duJUm)
Sl 483 bl ( obosdos 9 (8,595

g g Clegdge (S idS day v (b
P dlge mlie guyn (Nl pluldbol
3yghS 5K el bwg  sddedlil
sloged 1 SleMbl o] By I b o3y (Kiwats)l
LS S GLBLLT Lo Sl joS'de pelsx gyl 0
bls plo n cldlas 6650l &5 Jbcpeys [7,8]
ey (555 looges I BT S el ol
SWlae 3 oll 035 K0 Jledl 5 (Suwdin sl
Bl gy Jold yidy &8 ol plbxl e il
4 olpee gl dler il g el St
alelis) ) glbabye Sl bl il
ol Calw ) (hlSen g Gdg5 02l (9] )5
2 ool » e o gl {10] o)
Al s ladbgma) lpl opEled
2 OSer g (ol {1T] (lok (05 5 aglisgs
2 OSen 5 sule J12] aeg)l d2b > (Byd olsw
Ohes 9 SB- gaomus o {13] lil> 45 55 dbgre

D)8 o sl [14] ey S Je as
oS Coly iy S b bl p
S oyl 5l ookl (slrogus 4y oS 39y  cawlich yliawly
$9 Sby Gl 7,6 5l ke Bl sleabge )
&5l pg pler )l sbassere Ao ol
S ol 1y oy St Soglita BigS dus b5
sl (b eyl yogde [15] 55 plulid ) 4
5 ol (glooged & o Ridagl I (S ge 8]
slooyg> (b (w51 diaie > St gl olole
e Adlas o laidlyy Zo,b 5l ke calise
g olile)S cuid jl Wity p Cp K mlbe
Swdiz 895 (o plE S 5l ()13 20 0 (Slr0gd
S50y el i o wciSilp e b
C)‘)?.] o (Swdis )l 890 wlidyliwl p» llas
S Shy 4 d2s b pl S il (SladisS «anl



3 ¢ < . .. - @k
gl jguodo dbg=o (Sauw (sl 1 j8 1 uws P 85l (Lo . uuh

dlawl Bals )b 3l )b )8 le deis (sliwg,
$xSlp eyl pholel i 4 ot
ao pb b oo oyl 5l 5 43,5 Bagaore j> dbgre
—s ot b odbgme b0 db (fig (43)5)
g b Slaslyeal b (raw )l (Jlod
9 S ghls Jols oSl alS idy
S 5 o0 Sl Lol 8aSTy (dladoss
o St Sl S 5 Sl glaSin | S
So ol Sy 2 g el S)i g SosS laoslil
dobil s dusls B oS 3)l )13 S g8 M ypune
@ il odls youe dawly &S Slods I pas g bio
ool o35la el )3 153 (slncsd 555 5 0 s ]

[19](v Js3)

axlllas 5,90 Ablaio ol a0 V£
23 @y yioshS WY Jolao (mog L oljg by >
015 glly oliile)S” (5pd0gn U g (gyiaghS (o
JS5) cal cuirmle aub dlutal 3bijg b s ]
Cagnlo oo g 0nd adly ] (5yd0g 3 &5 (¥
ool 9 (23S ) g b 22l S ()5S 9
S e JSis 1) 350 05Ty (peSbe >
«Syo albagy lligudie b ol inke
P @SS e b8 Cul )5 by dadiz
5 Ege SlaagS g 93 2 b cuds Ble
g Wlodges ablsl 1y sbljgps cusd ¢ 3y Jlods
g sloogS g A 058 5 gboygd Joli (50 Jlod
S (Swgy 9 S gl (b &5 2 f g
15 ol T g JodlS o5 slmogS ol ctitun
S sl S po S gl S obljg by <l
G d90 jpae gl lel)l |y o Gl
9 ULjgyd e 295 0 o C> 5 p0 4y o (sloogS
55 93 olibine; 5l cbaiale S jobosy
~Cudgidl B9y sy Cpglome )3 9 lwd S 8398
cubd [21] Canl ol &ly oliile)S o yYeyl,
Crogiandy 5190 > delas w8l b cou oliiles
I B (Sl Ghase Cigon (mige s

9 o5 (oo 48,5 g0 s | g Lo 51 lizale
(XRF) X dadl uilijslé Slasds Ul dnaiges
odiged olond oS 7 5 polie 38 e e Sl
e & dnayja GialS’ (el Gialof] ol )3 05 plel
—Sal gy ik gnl 5 (55 blE > &
Shosdgs Sl WS o )F (oo
W5 00w 8 oyl yad dglli )y ludls Sy s 5 Sl
3 uinlesl opl plsl cly sabedliiul XRE oKiwd
PW1480 Jue PHILIPS LS colo olfisle)l
Oygocnl 4 X andl uiloygls Shasbss 3T
590 83lo 4y Y (55l b SS9y oS Sloj oS candl
SiPl Sl gn & Grge » oede oal
3y90 pais d 0igdbul 49l (55 n duwns 5V
T b g odd weSily Loy sl sl awaly jlas
2 e dgmeay JB (glid KI5 &Y ) oyl
by Cos yudy JB (5L 5 08 lbl ol aw Al po
09 JUsl ol 33,5 o 5, Y Y (sl S
S5A 3P b ey @ somb 5L glaY )
Olise 45 29300 Sls g silodlil @ e 5V
o) ASbuTj] sl asede oo pais o (gl
Lol ) sl b Slise o)lgen cpais ol i
Cagls [4] st S ol gn e
@9 il ) 4y gaw Ll > XRE (el
MU 3945 5d) LS’ o) D98 Siw diged dy (63 (|30
sl baiges 2B w@ygomml xE (200
thw S il gpais Sledbl 3 )glcundey

23] canl @50 (g domss 3 & Sgd o O3

Oligdke dbgxs £
iy & (Malehbozhan) ljgale dbgos
Sy A ul).Q) oKl YWWAA JL» u.wl.w:uL.wb
5 RSV glisl b as ok Lol ol S
o Cuomd )3 o B exVer dlul b g by o
Ss)lgeal 59) 5 05 g disly 3 i o5
ol o0 gly olislo,S Sbljgpud s Cads Ah yiie
G SyaghS VIV 3 oS dbgre (pl 4 (gt

10 yliwoj g jub (g 6 jloud cpitfas Jlw | Po



gk . .
= CJL‘Z.A[{ Ry liwl g ju owlidasd gs

—ge 95 oM Sy s Jeld oliile s
0AD el i 93 & 395 iSu ol sl o
oy Vo) 5 g Sl loSin ul
o 3 dogme & o) 4t oyl o das olile)S
(005 Ladeie 3y) clio cuodle b dbge) 0 gl
oddokly = 03)85 pr )5y WyeS | (ol ol
S g o9z g Jled (slades (I JS) can

23] 335 0 slate S04 31 s o8

[19] 2bT398 p0 (2Ll i Canbgo Y JSC5

Fig. 2: Geographical location of the Sarfiroozabad [19]
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Fig.1: Malehbozhan Site, View from the north [19]
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Fig. 3: Geological map 1:100,000 of southern Kermanshah [23]
Map guide: Ma: brownish-gray limestones, Plaster veins, red marls and siltstone from Aghajari Formation. Esh: Dolomite
and dolomitic limestones with weathered white to brown color with a thick layer of Shahbazan Formation. PEka: Silt,
sandstone and conglomerate with radiolaritic cobblestone, especially abundant Flints related to Kashkan Formation.

K. Marls and bluish gray shales and Subsidiary which consist of thin layers of argillaceous limestone belonging to the
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Fig. 4: scattered river chert nodules and limestones on the site
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Fig.5: Examples of petrographic studies of stone tools
1- Breccia texture. 2- Dark iron oxide mineral and Light yellow calcite in the center of the image.3- Quartz mineral in the
form of chalcedony
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Fig. 6: Examples of petrographic studies of formations around the site
1- Dolomite with large crystals and granular texture.The whole field is composed of dolomite mineral.2- Microspatite,
With iron oxide streaks. 3- pel- Microsparite: Coarse crystal pieces of pellets in the field of microsparite. 4- Pelmicrite:
Circular pieces of pellets in micrite background

Table 1: Selected samples for geochemical studies

Selected examples of stone tools s1-M5 s2-M1 s3-M8 s4-M10
S8-113

Selected samples from geological formations s5-115 s6-119 s7-112
S9-1132
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Table 2: Geochemical results of the three main elements oxides of Si, Ca, Mg and the amount of organic matters in the

samples
Sample SiO2 CaO MgO LOI
s5-115 1.86 50.34 0.31 41.87
s7-112 2.58 4215 29.87 35.67
s6-119 793 23.48 17.21 45.09
S8-113 81.2 2.1 0.03 1.67
S9-1132 73.9 1.8 0.02 0.79
s4-M10 79.18 14.39 0.18 1.58
s1-M5 95.84 1.33 0.02 0.15
s3-M8 96.81 0.25 0.03 1.27
s2-M1 97.96 0.20 0.03 0.79

diges )3 (8,8 paic VW i obondss) gl ¥ Jgio

Table 3: Geochemical results of the amount of 12 minor element in the samples

Sample Cl Ba Sr Cu Zn Pb Ni Cr A\ Ce Zr As
s1-M5 63 33 28 40 14 16 41 8 6 24 37 5
s2-M1 64 13 9 30 36 96 35 12 11 7 37 27
s3-M8 86 13 91 50 7 35 104 41 40 9 61 19
s4-M10 57 73 109 43 36 123 96 71 84 21 80 4
S8-113 62 42 16 38 30 50 55 45 32 15 44 16
S9-113, 77 21 61 44 25 120 38 20 80 12 32 20
s5-115 61 9 81 4 12 9 31 9 4 33 121 2
s6-119 98 14 118 12 8 22 86 89 13 15 53
s7-112 124 11 59 5 4 11 41 11 12 29 33 2
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o X
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Fig 7: Chart of variations of four main oxides in the studied samples
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Fig 8: Chart of variations of 12 minor elements in the studied samples
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Fig 9: Chart of variations of 12 minor elements in 3 samples of completely siliceous (M1), completely calcareous (115) and
intermediate (M10)

140
120

100

><\\ N
NI a7

cl Ba sr Cu n Pb
—_—5l-M5 —=d-WM10 —58-113 s6-11%
30 polic 5 ndigns (e Siblos ] s &8 s b S S 5 b olndignd > 2 ytie VY oy Sogmi )+ IS

Fig.10: Chart of Variations of 12 minor elements in samples with same lithological composition shows approximate
coordination between samples
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Fig 11: Map of the study area along with sampling points (point 116: Malehbozhan site , point 113: Kashkan formation (
probable origin of chert nodules in Malehbozhan site), distance between two points: 882 meters
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