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Abstract

The study of human-environment interactions and environmental exploitation patterns is one of
the main approaches of modetrn archeology. One of the central Zagros' capabilities, especially the
Pish-Kuh of cultural Lorestan, is the extraction and production of metals, especially bronze and
iron, associated with many ambiguities, including identifying mines sites related to ancient
metalwork. This investigation is based on 143 ancient metalwork sites identified during four
seasons of archaeological survey in Kuhdasht. Attempted to a descriptive-analytical method and
using GIS and spatial analysis, environmental factors affecting the formation and distribution of
metalworking sites identifying in the Kuhdasht landscape. Finally, it was found that the Kashkan
Geological Formation, which has an outcrop of rocks containing iron oxide, has the most role in
the site selection of ancient metalworking sites, followed by suitable forest cover and proximity to
water resources, are of complementary importance.

Keywords: Cultural landscape, spatial distribution, Environmental factors, Predictive model,
Ancient metallurgy.

Introduction

Cultural Lorestan, located on the western edge of the Iranian plateau and south of the Central
Zagros, is one of the regions whose name has always been associated with bronze objects known as
"Lotestan bronzes. The importance of this area has always been emphasized in terms of
metallurgical studies. During archeological excavations and illegal digs in Lorestan Farhangi, many
metal artifacts have been found [9-32]; nevertheless, less attention has been paid to the mineral
potentials and sites associated with the ancient metalwork of Lorestan. In this study, the data of
four sessions of archaeological survey of Kohdasht, which resulted in identifying 143 sites related to
ancient metallurgy [33-36], has been used to investigate the condition of metalworking sites, mines,
and smelting furnaces. Besides, the three environmental factors affecting the formation of these
sites, the mines required to extract the metal, the fuel required to be used in metal melting furnaces,
and proximity to water sources in GIS, have been analyzed. Based on the results obtained, an
estimated model is provided for other parts of the central Zagros.
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Materials, Methods, and Discussion

The present investigation examines the distribution pattern of ancient metalworking settlements
and their relation with environmental variables. In order to achieve this goal, using the descriptive-
analytical method and based on the natural structures of the region, the distribution of settlements
to practical physical factors such as metal oxide, forest cover, and water resources was studied using
GIS software. Then, by covering different maps in the GIS and using tools related to spatial
analysis whose main application is for the location (Site Selection), a model for locating potential
regions regarding metallurgical activities is presented throughout the central Zagros.

Kuhdasht County 2014 to 2019 during four seasons to survey and identify ancient metalworking
sites. The Survey of South Kuhdasht rural district in 2014 was the first attempt to identify slag sites
in Lorestan province in general and Kuhdasht County in particular, which was done in line with the
ancient mining heritage project [33]. In 2017, the second season of the survey of Kuhdasht was
conducted to identify ancient metalworking sites in the northern part of Kuhdasht, of which 74
sites were identified [34]. As shown in Fig. 7 and 8, the northern regions of Kuhdasht have more
outcrops of Kashkan Formation and more suitable forest cover than the west and southwestern
parts. The accumulation of distribution settlements is seen in this part.

The third season of study of ancient metalworking sites of the Kuhdasht in the rural district of Gul
Gol was conducted in 2019. During this survey, only four sites and slag sites were identified [35].
The slags assembled in Gol Gol are iron as in the previous two surveys in Kuhdasht North and
South rural districts. The fourth season of this range of studies was carried out in the winter of
2020, when a team directed by Hamzeh Ghobadizadeh, meanwhile sutvey the Darb-e Gonbad
district of Kuhdasht, identified 49 settlements with evidence of metalworking activities [36]. In this
study, all the evidence and slag collected are of iron type.

Conclusion

The present investigation examined the distribution pattern of 143 metalworking sites in Kuhdash.
Regarding environmental factors to achieve this, in GIS software, spatial analysis of three influential
environmental factors, namely Kashkan Formation, forest cover, and water resources, was
performed in selecting the location of metalworking activities. The results of petrographic analyses
on some fragments of red conglomerate rocks of Kashkan Detrital Formation, which are scattered
in large numbers on the sites and in the vicinity of the melting furnaces, reveal that these rocks have
an abundance of iron oxide, which appears to be the source of raw materials to extract iron.

18



1EIE-1P0 :(1)V #1i€e0 (aimalmby angly

LAk DOI: 10.29252/jra.7.1.125 URL: http:/ /jra-tabriziau.ir/

WWYA

Litaghy i

Q© g CuiagS (S y8 ik ;0 (RS (5 8 sabgo
S350 oS5 Al sl (S ey Jo S W1

T S ke b F U IS 03155503 8 jo
el oyt o8l Ssb s il (6, sl )
o) Oy oKl oli il 09,8 Sbisl ¥
il olitilo S g5l olSils ki il 05,8 skl ¥

“Coo/o()/p’o :L)-h).))..! é.!)(j “c°°/°‘)/nC :C‘é‘-!)) e—!)G

s
slacld 5 Sl sbolligu SlKe @95 bbby (o)lital ol (23S > (otn L5 (Jasxe Jolge
ol (6380 ) 5l (S Cannj laea Sl ()l 0000 SlagSUl g laa g (sl e Loy dalllas slansly piy (95LoS
ohg & I3 Ay g gl gl (Kipjh s egiiy (ogadar 5 She oSl Sl | (Sl 5 el gl
15 sl oo 50 655385 Ly b 3 cslmabogoma g cpoleo plolis dlas 5 (3 loles] b 48 ol ol 4 £ o
Ol e 3 (bbbl (o Joad jloz domis 3 &5 (rS 5 dbgone VY (i 2 08 (o ol imoy
stadodos 5 (GIS) (Ll Sl g jl (s pSope b g (Jdoi=(iog (bg) 4 wilord ololid cudangs
25 85d lwld codings (Sind jlate )3 6531 laabgme (Sl 5 635 SSS 3 Fhe b Jelse (ol
Sl 258 @)l (Sle w515 ddlate > bl (6,538 L ke (sbll b Jleint slag Ko (30055 (sl 55U S e
Sl lie (S (iS5l )50 pB Slse dle I azee Jalge SISy p2 4 GIS J3dle 3 )5 are cnl 4 e
dslse ol ) So 586 5 G el el lio 4 (K035 5 3 gd (slaeysS 5 alitsl 3,0 CSgur (2,5 ol
Olal 52 28 )8 i)l g tomies 350 Wmabgome (5,5 IS ) gl J Sy ye 185 b wb ool Sglite coanl g (4
S 3 1y s ity sl 3] ] (sl (sl St 35590 (sl &S IS8 ol n 3o 4 L5 yaseiie
s gloan )3 5 ¢ ol lio 4 (S033 g calie JSix (b o ) e g sl @l sl )5 318 sladbgore 55

L5 )8 Coenl

RS S ubingS (i Jhe 2l g (S et galS (B3l

Salgd oluwl o (Suylo lhed 0 CodingS Kin s digg » lese L (G.z) adlie Baiwss jl (SO (68 dlw, jl aSy dlas ol *
ool €L il
h.ghobadi@ut.ac.it : Sog Sl Cany
oad Gly dlie s o ojla] Al 4y Creative Commons Attribution LiCense jyme cou ssiuws g canl (B )odinn g & slaie i G> @
D95 0Ll abre oyl 53 Alis ol Lzl 4y o Lais 31 Wge et 45l baie )38 STizsl & oS L,


https://jra-tabriziau.ir/
http://dx.doi.org/10.29252/jra.7.1.125
http://dx.doi.org/10.29252/jra.6.1.1
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.7.1.125

63550 U SIj ddhio sl g i Jdo Sy 85151 g CubdagS Sis 8 o 55 (g8 (5SS sloebg=o = ,gtu,l;we

2B gSw e Jlie Larly) 9 (23S 8550 2 lad
Sl [8] vgis o adlyyy baro yiwwy jd Jliwly
&9 9 )bl oS s g 455 (gl oS
e 8 el )3 4 )lSy sk 4 (LS
el «GIS» oLdlyss leMbl g g,
Sl Jelow il 5 2,55 b (6555 cge

ol 04 ol bl
9Ol OB (pe & 5 dly (S i)
bl Jl (So o gle (o)1) B3ga0me L ply Loy
— o)|9_o.ta 9 Cl 039> o)f «Ot’.w)] dl.:bé)ju»
Sl o 25T G oldlas k5l T el
2 3o pe Sljyis g ulidplinl bahgls
odel Cndds (63b5 sl (5318 BT (Kb i)
mabge o (Sdre o desly 4 (Jg [9-32]
a2gh S b)) (08 653 L bL) > sl
ol o5 CudamgS Gl jod (lidlinly (o)
RS S L bl o abgee WY Lol o
dl_lbd_byu Wa s VY l.; s[33—36] dq
0 0y 0 382 )19 u9.§ dlﬁb)ﬁ 9 u)l:w ‘d;)lﬁ
UG 0 P e Jole dw Q] 5 0gMe .l
ez s 29 plre in babge (ol (55
o oo 4 (S35 9 318 gd g aoygS )0 odliiul
48,5 )8 s 5 4y 3)50 «GISY Jl3le 5 1>
dﬁj” c_i_: u] )l bJ_‘oi Cwd C;L; u.:l.wl »9
oab a3l Slee oy ST5 blE b (sl (wess

Ao .Y
caild it g S @ g Wl gla Sl j
Sldlao 3.¢'>9> P ]4..’>u: 9 OL.\.JI O uJ.nLu oty
ol 03,8y 6yl B (ol il
ol (Stanly o 5l sl 22538 (gl )l s
ol @295 1S 50 3 (JsS] 5 b Lame Sli2
Slasgomme (o s baseo [1] )l 1,8 aiynil go5
grold sl ()18 )98 (lalad I dwgy b 4
@l oLSe ©jsod ()k8)) alas (658
n Jols Jpazme g 95 cnl (Jg 2980 (A
6 A g (b olgs) (Sim s Al lojls
ol (Salin slalad (Sim 8 8l lojls
Cuuo (g8 polis mjef (o ) e O)le
slra bge aile (Ko yd didly lojlw Ko s
Sl slaliad (b)) 4l Cansd uliiplinl
3 Samyd clalad o))l pn o Simys T a8
soanlin w5 S50 cplplo [2] 298 0 485 )L
L i ilaseels (S bl lojles clbypiues
5 (K3 S Lo g 93 5l Canyd S 3 b
sLaylid) (Sjd u gyeld oMoy 0dd (Slib
alte & (Ko 8 Jite [2] el s 6 ,sSThe
sl A loe 48 398 o0 (A 0135 (0355
B NS E RPN T — O] By LSS
5 o Seid At 3 392y S e L,
(2l jolie A5 805,85 ) 3y late (b
ol iy s 5 [B] sl o 9 (S555]
oo s dgalae ) il dod o)los e (oo
s Olois & 2l Lad 4] cul (58
ool 4 (eSS 5 bl Lt sl (slaclas
Uslgs (SaS 4y lsi oo cidbuno 3 (S cilieo
sleabse [5]3,5 pod b — oldla
L oSy o 48 wited wlid bl ape polic

1Eoo Gl g jlgs (gl ojloids pias Juw | 15



s . .
o) CJM!Q gLl 6 g f swliduad g

L Sl il (65550 09,515 0 o e dr g
=y o5 Se plasie Jslos ol (bl
OS5 5353 Sdbgme (s bl plo (055
0=l &S s Jlgt ol Wl 63550 0 ST5
3 o3l b oS ol ol b adlyyy ol 4 ieg
Comgh 050 5> (g Gl 4 Ol o0 CudingS
maizd jhe )5 glaolS ) g b ¢SS Ay
ozl b doldl jd Sedl cuwd (S liw) sla
Py 2 ol il g Se oy | ol ol
Ls.ﬁli.uudlﬂ)] @L.» )l oslawl b e g GIS )l)sl
03 el sl zplae WY lgtio 4 Cuwl ol S

.39,;’3
ORRgR (g, €

loabgome (281 (S )y 4 0l gl
b sl piio L Lagl b3 g (08 (5558
o) L Bam il dn ey Gl il
b sl (bl 1 g (Mod — oy
delse any o oyl (1ST, g By adlais
(53 ST b slaciw wile fhe (anb
S8l pys 3 osliial U o lie 5 S sy
b o Gl @8 )3 )1,8 adlllas 5 )y 2y50 GIS
by > > o lisee (glaa s ob)ly8 oo (o)
wlas U1 L Ly e sla 3l oslizal 5 GIS
LLoKe lay] Lol 5,8 45" (Spatial Analyst)
b sl (Jie 5 ol ccusl (Site Selection)
2 S glacdld b bl Jleas] bl

ol oads &) Sl yw)ST5 IS

CovadgS 5,5 348 abgsws .0
Sz b WAA B YAY Jlo 5l cubingS bt o
baabgme olwlid 5 (wyp Baa Ly Jouad
mabgoe plos o (V JSU8) Ab o)z (S 558
9 400y (bl gloybyw gl ond plulis e
kit ool 3 %05 b bloyl > slaabgme

1PV | 100 yliwoli g ylgs «Jgl o losis (e Jlw

& ) 9‘5{' £ .“ :.“.: .Y

RS S ML bl > (paass dmghy (gSL
Fbar g ol 48,5 g0 5500 055
3 odcel s dn gl g £0e bl o> cole
(BasS a g cusn La:dl dox 1 &S sl ol yorr
sl 15 Sl i 3y p15 o 5 255 o
as sl ul)iw.hs).’ LS‘)—.’ Olfl.of &S ol Ls)'lé
S dbgome 3 S ployl (slagls ) .l
P S Glacdld seg | ganled 4 (S e
Caoddl Cpiomon [37] Conl 0 o)Ll dbgma oy
oY )LaeS abgoms > il ooyl 292y 4 5
A o, S iy olyLal [16] el 03,5 o,Li]
15 3 byo (555 50 0,515 3 08 (6,5 30
Ladbgoo g 98 5l odel Cowd sl 40 i3l
o aS Sldlae g ele labgls donss )3 4>
0ale  BL codcel Cowd d jlxe e ol )lis Al
otz ol gatuly LY 51 (SO uls el
S o plodil cybiwy) (sladiug a0 dyg0 40
5 5B L L)l (maass g gl gy
2 Gl (655 50 )15 859 0 (RS HKame
Gaa b J.‘aﬁ dw u.‘o w,\p:}f ul'“"’ﬂ(“’ L‘.’..»‘) C)"..|
AYAY o Sl 5o gloybyw ladbgme olulis
M8 o 390 93 UL 3 Lawgs AN 5 47
Ll L dogome AF plulis o Jol> &S b8
0jo> yiman [33-35] 39y (il (cLaoyby s
Ol R W35 0> iSy (yp el 03l3L3
[36] 555 (ololi oS (5,538

@ ool opl 3 4 I &S ala iy dlex ]
4SS Cunl (pl Cansi a5 031> Fuwly g Sy, Lm‘_ﬂ
9 ST 2 1y GBS e b Jelge 42
CubimgS 1> (0SS 8 slaabgzme e xje



63550 U SIj ddhio sl g i Jdo Sy 85151 g CubdagS Sis 8 o 55 (g8 (5SS sloebg=o \_5?-‘-‘““&‘“‘4@

i ypd s 3blis 595 o sanlie A 5 A
5 OB—ES Wil jide bgign s cubangs
5 0t slaced il gpicwle [ sy
2 58 Babge (SaSly geod g sl (0)5 oo
Sloybyw claazdly jl g o 00D Caomd oy
WO addgy il g9 5l den & sy ol | Jol>
0 Al sa Sl ises & (6, srdbae I diges
WUT g iges V OV g iged ¥ 55 o diges
oieleil s Gl (8,59 Slallas g s paie
5 ookl L dlmo b olowds U1 > XRF
Jis pSal 95 il gl (riwdl oS
!y UniQuant 38l p 5 s ARL JleS 5l AFY-
5 cblis 5aSimgly 1 (Joaome (sladiges U]
5 maie JWUT @l )y b plog] Cunpo
2 kol B &S amd oo LIS Lao)lp (2959 Sue
Lndiges galed )3 Lo g 0332 puS gy ol 5]
9= s oanlie iS5 Cotlon (36 b S

[34]
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Fig. 4: Kashkan Formation between Asmari at the top and Tale Zang Formation at the bottom
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Fig. 5: Pieces of stones No. 3 and 4 tested [33]

[34] 005 ol (gl (15555 aoms & IS5
Fig. 6: Results of petrographic rocks tested [34]
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Fig. 10: Model and the Process of Doing It Until the Final Map Is Presented (Authors)
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Fig. 11: Predict areas of distribution sites relation to ancient metalworking activities
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