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Abstract

The Bisotun bridge was built across the Dinavar Ab River, flowing on the eastern outskirts
of the present-day town of Bisotun. The construction of the bridge’s substructure was
initiated in the late Sasanian period, but the program was abruptly terminated, as is
the case with other Sasanian projects in Bisotun. Subsequently, the Hasanwayhids, a
local Kurdish dynasty in western Iran, completed the construction of the bridge. High
traffic and natural hazards such as floods and earthquakes have inflicted damage upon
the bridge in subsequent periods, i.e., from the Saljuq era to the first Pahlavi period.
Consequently, governments made considerable efforts to restore or reconstruct various
parts of the bridge. Workshops were established at a short distance northeast of the
bridge to provide construction materials for the restoration and reconstruction of the
damaged parts. To the northeast of the bridge, there exists a low mound measuring 50
m in length and 40 m in width. The mound was excavated in 2002 under the direction
of the present author, revealing four distinct archaeological strata. The earliest layer
(D) includes a seasonal settlement from the Qajar period. Layer Il contains a cemetery
from the same period. Layer III encompasses several brick and lime kilns, dating
back to the Ilkhanid and Qajar periods. Layer IV yielded parts of a stone-cutting
workshop from the late Sasanian/ Hasanwayhid period. This article aims to provide
the first comprehensive description of the findings within each archaeological stratum,
using historical and descriptive-analytical research methods. We will also propose a
chronological framework for the excavated materials based on archaeological evidence
and thermoluminescence dating analysis. Furthermore, the article will delve into the
production processes of brick and lime produced in the excavated kilns. Moreover, we
will provide insights into the process by which the stone blocks were produced in the
stone-cutting workshop.
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Introduction

The Bisotun Bridge is located on the eastern outskirts of the present-day town of Bisotun,
on the “Great Khorasan” highway to Baghdad, spanning the Dinavar Ab River (Fig. 1).
The bridge is 145 m long and consists of six spans. The bridge piers are constructed of
well-dressed stone blocks, while the walls, buttresses, and vaults are made of bricks.
Archaeological excavations and architectural studies have revealed that the bridge
has been constructed, reconstructed, and repaired in eight distinct stages, occurring at
different times ranging from the late Sasanian period to the first Pahlavi era.

On the northeast side of the bridge, there was a low-laying mound measuring 50 m
in length and 40 m in width (Figs. 2—-3). This mound was covered with a considerable
amount of kiln slag, fragments of baked bricks in various sizes, and stone blocks. These
findings indicated the presence of workshops related to the production of building
materials for the initial construction and/or repair of the bridge. In 2002, the mound
was partially excavated under the direction of the present author. The archaeological
deposits of the mound had an approximate thickness of 3.50 m. The excavation was
carried out with two objectives. First, to identify the potential workshops involved in
the production of building materials used in the construction of the bridge. Second, to
shed light on the processes by which the building materials were produced in these
workshops.

This article aims to first provide a detailed description of the findings from each
archaeological stratum, employing historical and descriptive-analytical research
methods. Subsequently, by utilizing archaeological evidence and thermoluminescence
dating analysis, we will determine the dates of the architectural structures under
investigation. Furthermore, we will endeavor to explain the processes and techniques
employed in the production of brick and lime production based on the layout and
architectural characteristics of each kiln. Moreover, we will discuss the process by
which finely cut stone blocks were produced in the stone-cutting workshop. We intend
to address the following questions, drawing on historical documents and archaeological
evidence:

1. During which period were the excavated workshops actively in operation?

2. What were the production processes of building materials in these workshops?

3. Can we establish a chronological framework for the excavated cemetery?

4. Are the graves associated with one religious group, or do different groups of graves

represent diversereligious affiliations?

The site

During the excavation of the mound, a stone-cutting workshop from the late Sasanian or
Hasanwayhid period was discovered. In this workshop, stone blocks for the construction
of the bridge piers were skillfully dressed (Fig. 4). The workshop suffered damage due

to the subsequent construction of brick and lime kilns (Figs. 5, 7, and 17). Nonethless,
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twelve cut stone blocks of varying sizes and shapes were found in the excavated area.
Furthermore, the excavation revealed three kilns (Figs. 5-6) engaged in the production

of bricks and lime.

Kiln 1

This kiln is oriented in a north-south direction, and only its furnace has survived. The
furnace represents three construction phases. In Phase I, it had a rectangular plan with
external dimensions of 7.50 m in length and 4.80 m in width (Figs. 7-8). The relatively
modest size of the furnace indicates that it was likely not intended for extensive brick
production but rather for the supply of bricks for the reconstruction and repair of the
bridge during the Ilkhanid period. In Phase II, the furnace’s plan turned to a circular
shape, with a diameter of 3.30 m and a height of 2.10 m (Figs. 7 and 16). In Phase III,
another air flue was built upon the one from Phase II. During Phases II and III, this
kiln was used for lime production. Originally functioned as a brick-manufacturing kiln

during the Ilkhanid period, it was transformed into a lime kiln in the Qajar period.

Kiln 2

This kiln has an approximately circular plan (Figs. 17-18). The inner diameter of the
kiln ranges from 2.50 to 2.60 m, while the remaining height of its walls stands at 3.30
m (Figs. 19-21). Within the kiln, there is a channel oriented in a north-south direction,
allowing the inflow of air for the combustion of fire inside the kiln. The presence of
substantial quantities of lime inside the kiln strongly suggests its use in the production

of lime for the repair of bridge piers.

Kiln 3

This kiln has a circular plan with a varying inner diameter. The kiln’s dimensions include
a diameter of 1.80 m from the floor up to a height of 55 cm, a diameter of 2.40 m from
there to a height of 1.20 m, and a diameter of 2.70 m from that point to the highest part
of the wall (Figs. 24-27). The channel on the floor of the kiln is designed to facilitate air
circulation. Three additional channels, sharing similar characteristics, have been built
on top of this primary channel. Similar to kiln 2, the presence of substantial quantities
of lime inside the kiln indicates that it was used to produce lime for the repair of bridge

piers.

Conclusion

The excavation of the mound has yielded four distinct archaeological strata. Layer
I represents a seasonal nomadic settlement dating back to the Qajar period. Layer I1
consists of a graveyard from the Qajar period. Layer Il contains three kilns used for
brickmaking and lime production, which can be dated back to the Ilkhanid and Qajar

periods. Layer IV reveals a stone-cutting workshop, likely dating back to the Sasanian
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or Hasanwayhid period. The proximity of these kilns and the stone-cutting workshop
to the bridge indicates that these workshops were established nearby to facilitate the
construction process and ensure a readily available supply of building materials.

The brick-manufacturing kiln discovered in the excavation is an extensive open kiln
with fixed bricks and a stationary fire. It appears to lack an upper chamber or enclosed
walls. In this kiln, the brick-making process involved stacking mud bricks on top of
the kiln’s furnace to form cylindrical, square, or polygonal brick towers. These bricks
were arranged with gaps between them to allow for the circulation of air, hot gases, and
flames. Openings in the lower rows connected to the kiln’s fire vents, facilitating heat
transfer. After the initial firing, the baked bricks were removed, and fresh bricks were
placed for the next firing. The design and operation of this kiln closely resemble those
from the Sasanian period, suggesting little change in brick production technology over
time.

The lime kilns are of the pit type with a circular layout. These kilns relied on limestone
and a fixed fire, resulting in uneven temperature distribution and variable lime quality.
Often, stones remained either uncalcined or partially burned. Lime production involved
two methods: arranging limestone around the kiln’s circumference, with heat generated
in the central empty space, or stacking alternating layers of charcoal and limestone
inside the kiln. The top of the kiln was sealed with mud mortar. These kilns were used
during the Qajar period to produce lime for bridge pier repairs.

Within the stone-cutting workshop, stone blocks were meticulously shaped for use
in constructing bridge piers. Initially, stone cutters extracted stones from the quarry and
cut them into geometric shapes and approximate sizes. Subsequently, the blocks were
transported to the workshop, where they underwent further cutting, shaping, and surface
polishing. One block bears a stone-cutting mark on its smooth surface, indicating that

these stone-cutting marks were made in the workshop.
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Fig. 1: The Bisotun bridge across the Dinavar Ab River (Photo by: B. Sedighi).
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Fig. 5: View of the lime and brick-manufacturing kilns (Author, 2002).
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Fig. 6: Plan of the lime and brick-manufacturing kilns (Drawing by: Hamed Rezaei, 2002).
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Fig. 7: Brick-manufacturing kiln no. 1 (Author, 2002).
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Fig. 8: Plan of brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 9: Transverse arches of a modern brick-manufacturing kiln in Kermanshah (Author, 2002).
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Fig. 10: Transverse arches of a modern brick-manufacturing kiln in Kermanshah (Author, 2002).
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Fig. 11: An air flue placed on the floor of lime and brick-manufacturing kiln no. 1 (Author, 2002).
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Fig. 12: Section A-A of lime and brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 13: Section B-B of lime and brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 14: Section C-C of lime and brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 15: Section D-D of lime and brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 16: Plan of lime-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 17: Lime-manufacturing kiln no. 2 (Author, 2002).
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Fig. 18: Plan of lime-manufacturing kiln no. 2 (Drawing by: Hamed Rezaei, 2002).
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Fig. 19: Section A-A of lime-manufacturing kiln no. 2 (Drawing by: Hamed Rezaei, 2002).
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Fig. 20: Section B-B of lime-manufacturing kiln no. 2 (Drawing by: Hamed Rezaei, 2002).
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Fig. 21: Section C-C of lime-manufacturing kiln no. 2 (Drawing by: Hamed Rezaei, 2002).
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Fig. 22: View of the structure next to lime-manufacturing kiln no. 2 (Author, 2002).
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Fig. 23: A modern lime-manufacturing kiln near the Chehr village (Author, 2002).
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Fig. 24: Lime-manufacturing Kiln no. 3 (Author, 2002).
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Fig. 25: Plan of lime-manufacturing kiln no. 3 (Drawing by: Hamed Rezaei, 2002).



” 74 ” oot Jp Shbl o (3 bl sl 1o 2gdla ||

COYAY 2Ly ol 1) mansyd) ¥ 3ylais (550l 8ysS A=A by 1Y yoguas
Fig. 26: Section A-A of lime-manufacturing kiln no. 3 (Drawing by: Hamed Rezaei, 2002).
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Fig. 27: Section B-B of lime-manufacturing Kiln no. 3 (Drawing by: Hamed Rezaei, 2002).
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Fig. 28. An Ilkhanid coin discovered on the surface of lime and brick-manufacturing kiln no. 1 (Photo by: Elham
Afkari, 2022).

oBlilosl 1 g Loyl diges \ Bylasis 8y5S 515 51yl ashad 90 o .2 VYAV Jlw olodiiw! yo
(T oy pdlzaglgoys sy d (Samyb— Sl Ul coge g cbslis baSiaghy bl



| vy | e

0155 (95> y9ie s 31 () S00 5 0)9S JB15 polgm (50,8 JUIS 5l clalad il 51 (S5 s
JUE 20,8 il Ladsges ol (sl ) (Sl gyl bl (sla ptolejl s (1, se5505
£ AL ol o 8 JLo VA £ A gyl )lond yoTg e 3o WEY £ AL ol o 8 Jlu Ay £ 50,
Sbolasly. 3. VY
2212 31 oAbl 5l o g ol o s g 390 50 JUIS g y2T a5l
oilminnggeys dS pl do dn g3 b .l suis oolawl 0ysS ol JUIS ca bl (sl a8 590 40
819° 50 S8l 858 cdlad (o3 Loy S o ]y plual (2815 )l Lo (123
Slalllas 5 5l ouw e ol Jobpie b g ool 8] yols s jo el oy Lo B8
Jleas] ool sl slexel BB oucw o gl )81 .o yume (g)lare o (3 liiliwl
O ylomo 53 (las SasI U Lo 8 890 0 Toaoe ekl )55 (g5yaT 35S 48 515 595
Sl ool 51 oolital coyeS woid gy Jdods L pa (sl oty (oSl 8ysS 4 Jous
(-B-2 WYY Sloy 350 .ol 423 31 90 sl 58 8550 L5 Sl )90 51 SYgbs chie
(- 32106 )L 8 colir Jaid) cngSn b yloje Sal adgs gl 0)95 ol ccdlad
)10 (Sled p (Gl 9o Bdwal ;0 04i)SD Fl L (c09a b (golpiniiug gl ]
9 3B oliteswe) ey yo a8 WS o oyl o 5l (ol isu (giluil 4o (g3l Cgmemo
( Slazsu) cowl i plosl . 3. 23700 L WYY sl JLw jo cdgiliasine )la o> 5i0) joimwdds
Ls‘)_.’ )L}Lg 3)93 )\) ) g)l.o_a.:) 3)95 c&s_é gf)l..bc d._.: 4_}93 L') .(Y\\:—Y\a VYo ) ‘dﬁl)_ac Vo) AYYY
a5 b Lol ccoms o ¥ 8yl 8y9S cdlad g s L Lo punns (800! piols JIs 40
LavoysS (slaylgd slaysT s o g Loyl yo asyy S slaya 551000 Lo 2STgm lis Ly 45,0l
8ylocid )5S . lods axs Lus )L 18 890 13 0y douw y dawy oo pas s 13 el y 500G A
5)95&'5_& ;._]a&?r.o)] (S |)_:) sCawl odd Slasl Y f))l.o.m 3)95 W).?U)l a2 A0y g ¥
8y9S J310 )0 ws)y slayuiod (laSiiid 395 .l sl ol 00laswl Y 8ylecit 555 31 )Loj
JRCON W )l =Y L] LA WJL»» Jg‘ L55J.Q‘.o uLo) & °)95L)"‘ ) dS..\.lbbLgc olas Y é)l.o.w

(T 4) oliwyg
ly olisysS S5l s a8 ws  olwlis ol 90 15510 ( ByiJlead didy yo (BslS'L
(10 la) (65503 555 Uy (Brivogir slad (353 )3 iz e (VA jogead) i3 o JoSits
Do yaw Blbl (Vo 158 Ladiges By 50 . Llosslingy ;o Il (V8 455) diges G yo g JS o
Jdoas asliwlio \a5les)S jouame ol ks wlaad b b als 51 pSsls jolatoas |y
boud 93 sl dtdy (g 51 e s dop S35y S (09 idign «gipslaS slacallad
b3 9 (VW 9 VF oY (ol o) 5L 3L i bt awseis bl (w8 ol 30 (805
ALY 5loysS) (B~ (OF 9 sLaysS) (- Brd e b olSais oS oS (lanilion

Llodi 83 (Wg A (slayeS) Byiogin— oyé Jlad g (V5 5 VY Ve
155 a5 Sl ol canonas LanysS ool 515 51 Lt gead oA bylocis 558 clitiul
el 00 480 ald an gy Brbgin— oy Jled e L aS cawl gl a0 glae A gyl
Sisat¥ 558 ol 55y sl 4B )18 (8 (g9 (s Comd g w5 )3 5l ool cannd



wg\zwmo\w\w\d“ul WYy |

labab g 105 00 SO ol yo 4 del cawdds (glasb a4 158 ol 510 51wl o oy
S ol Giolgd a8 ouin S (lanig ol gy 48 315 ye 5l 1x V0 slal 4o JSCis sians
Sl (Sygw ol elaml 1o a8 el e sl SO e 4o (claws ghyld j9Sie ype .l
S0l dinSs oladad (Yo jgad) 30 3939 39,5 10 (3, Sulizgl cps (gan (olyems
3 S5 sl paSSl ol aS a0 lis ol 1o S5 Busle U s .l § ydo 3l 3
Lol ¢ s (ascine Lo (gl y9Sio el 5285 (yloj .l 0090  tosbdans b g o (slo Siw
21> G LB 555 45 lg5 0 33 | )9S yoe bl et iS5l Lo (B0 S

Az 4 lee Ly oS il o 2 yhae (2ot liwyS 2l 3 s @glite (slaoged
d..l.o.>)| u&ﬁ} ral.m l_)TqJ._a]o\)y 0 A 9y UL‘-“’);Q—’l UK-*D q.,\_’:lo.)y Ls"°|55| L: 9 ra9_9
S,\_Blo.)y OLQ.LMAA Dlodis O_BQ)L:,JL) by d.SLr:LtbuT

sl edSwl s casloais 1180 3L EL g0 ds dSV0 5 VY oY by)locis (slaedSiul sliwlay
oo ol (gl sy o ylasas ccnl alBaygy (b wylie lacas d925b 500
aldasg, 31 cowl asls coenl dlBasgy s 38)8)1)8 48D 0040 o s 805 >
& L;Ltb);).) UK.&} 4\.5;4_9).,\.\) u.w.ul.: ol L&vuT SELY ul.olm.o)_) u.lﬁb ul-dsm Qmoéa
Sl ot OliysS 2l 3500 o (L Biluws 51 (S alodgy 3l 5l b (03 92210 9 VY
o0 sl ogy ol o ly Lagl sl ! (Ldgre (Buslesl s swlyas .cawl aslsog, L ol
S ] dild dg>9 uL..w); T S A.JL&\)” uT uLuJo Jless | ULA))_Q 45@'0.)/5

Ey 53 g 4S5 a8 0led 15 Cons LB 890 0 0lgS 0 ) iy oS ol S IS Lo
edSCul Aol aS pl o an g b el )la BB 350 4 late 5280 (g0 Sl (slaoygS it
S a0y sl 31 i yoSde cdSeul palpli )10 )18 Y 8ylecis )55 51900 15 50 4 3 lauis
13 ! Coudyge el 93 LJ C.‘a_mrb.h)_u Yo z)l.o_»i': el 45@1.701)‘ el 00 LYo
SloaisSamlE s b edSul ¢35y plawpn 43,81 et lojad Ioxsl Vo 5 4 g A slaedSeul
0)950.,\_»»&59)».0 )‘ o RSl u_a] dSu\_tb.)L;o ULMU Cpnlog u_a] ] duﬁ)f)])ﬁ Y E)l.o_w
|)_’) HOM PR 09y S Oy o)l.o.»i': Z);ulu\_}])l o \Ye fb)l.o.»is cedSnl  cawl sdi C)j')
Lo o150 b (Dot s s slod,S 3]y 098 (B sl 5l (i 55 Al (S plia
JLb L lojen ;803 (B9 055 bl i VLA Loy (slaysS 5l (50 ST
el LB 890 40 slate Lol dods  Jg oy o83 0)6S (yadbSayne L g y0g0

o Y Z)Lo.w edSul o Cewd O qu).xo TR Y E)lo_w edSwl LS)L_»A&SB uLo) le)_:
.))lb )‘)_9 0)95‘_;‘.9.& )lHJ 9= edswl U‘" |)_,) N PR O_"BJ Y (s:)Lo..i': 5)95 pu.“:ﬁ gS)_»)l
Qb Sagte 3l oy a1 1,8 Ly oS s 51 (650U dans ) g L) plasyl aS ¥ 9V bylas (glanygS
L syl 1,8 (L40Y) )La B 890 w58 Ll 105 50 55500 (slaysS aSipl 1 an 5 L Ll
el Cewdds cwgy slayges g5 5l Siad sae ¥ Jols olis aw ol Gl bl )5 o Kb
b Sid oyl joan .l 00 ¢ gt sy Jol (sadoo lej 3l o Kt £ 95 (ol ool
slenysS 5l (B Ylownl g aly abogomo 40l S35 50 (62500 9 S 989 1 (Ao Wil 0
o Jlain ] ol dis e cilansly eSps K ol )5 48 ol ol & slate ¢liwysS o]



183l

| Wy |

F16
el
2 el
13 <
14 %
12
16 o
. iy,
10 ™
R
oy
1n
G116 7
4
[T - |
- .H.r -
1 5
e
3
N
1] 1 4m
— — —

A8ylois )58 31 BgiSla 265y y4ch 1Yo yrgad

() 1yl pladl 25 puSs)
Fig. 30: A brass seal recovered from grave
no. 8 (Photo by: Elham Afkari, 2022).
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Fig. 29: Location of the excavated graves in Cemetery Layer II
(Drawing by: Ali A. Moradan, 2002).
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