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Pp: 5-40 Drought and excessive water extraction resulting from the agricultural policies of past
decades in the plains of Marvdasht and Pasargadae have led to cracks, sinkholes, and a

Original Article spongy soil texture, ultimately causing a general subsidence of the plains' surface. These
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The main objective of this research is to understand the creativity and traditional

p ) knowledge during the Achaemenid period in order to overcome environmental crises.
https://dx.doi.org/10.22034/45.107.1 The essential question is: what role did the traditional engineering and knowledge of this
period play in managing crises such as floods and earthquakes? In general, ensuring

Use your device to scan sustainable water resources in the Parse-Pasargadae region, as a crucial part of the
Achaemenid Empire, was of great importance. The development of agriculture in these
areas was dependent on the enhancement of irrigation systems to supply water for
cultivated lands. Thus, Achaemenid designers and engineers, to manage droughts a
constant crisis in the semi-arid regions of Iran and to overcome seasonal flash floods,
designed and implemented an extensive system of water control, storage, and transfer
across the plains of Pasargadae and Marvdasht. Understanding these integrated water
systems today can reveal the roots of heritage resilience over time, offering valuable
lessons. Additionally, considering the region's seismic activity, employing appropriate
engineering in the selection, transport, and implementation of materials including the use
of large stone blocks in architecture, multi-layered stone foundations and floors, and
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Athar Journal enhancing the load-bearing capacity of building bases was among the creative methods

Journal of Cultural Heritage and used to increase the stability of structures. This study was conducted based on field
Tourism Research Institute (RICHT), investigations and the review of relevant historical documents and records. Through
Tehran, Iran necessary analyses, efforts were made to elucidate the role of engineering in the

) Achaemenid period in overcoming environmental challenges. The results of the research

Publisher: indicate that understanding and reapplying past technical knowledge can not only restore
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Research Institute (RICHT). and sustain human coexistence with the natural environment and its hazards but also

provide suitable solutions for protecting the content of heritage resources, ensuring their
authenticity.
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Introduction
With the establishment of the largest empire of the ancient world during the Achaemenid period, two major
capitals, Pasargadae and Persepolis, were founded in Fars by Cyrus the Great and later by Darius (Shobairi,

2017 58). The fertile lands, abundant water resources, and the temperate, favorable climate of the

Pasargadae plain were among the natural blessings that led to the selection of this location and the
foundation of some of the most significant monuments of the Achaemenid civilization. The Polvar River also
provided a natural route between Pasargadae and Persepolis. The abundant water of the Polvar River
indicated the existence of numerous gardens and settlements in the region (Sami, 1996: 10). The site of
Persepolis was constructed at the western end of the sacred Mount Mehr (or Rahmat) and overlooks the
Marv Dasht plain (ancient Parse), which shows evidence of settlement as early as the fifth millennium BCE
(Karami, 2017: 16; Zeidi, 2017: 34). According to historical documents, the ancient plain of Parse was fertile
and enjoyed a pleasant climate. Furthermore, it was rich in forests, orchards, abundant water, and pastures
for horses. The Persepolis clay tablets also confirm these characteristics (Sumner, 1968: 18). Remnants of
irrigation systems have been observed in the surrounding areas of Persepolis as well (Afkhkami & Khosravi,
2018: 28).

Unfortunately, repeated droughts and excessive groundwater extraction in the Parse—Pasargadae region
have led to land subsidence and the formation of deep fissures around sites such as Persepolis and Nagsh-e
Rostam, posing serious threats to these invaluable historical complexes (Raeisi-Ardekani, 2010). The main
cause of land subsidence in sedimentary basins of arid and semi-arid regions is the overexploitation of
groundwater resources (Pacheco et al., 2006). In addition to this, occasional flash floods caused by climate
change threaten the very foundations of many cultural heritage sites. The Achaemenid innovations in
overcoming environmental adversities are crucial topics that, if properly understood today, can guide not
only the physical conservation of these unique heritages but also offer important lessons for living in
harmony with nature and enhancing resilience to modern environmental challenges. Therefore, a principal
aim of the present study is to revisit the ancient innovations employed during the Achaemenid period in the
Parse—Pasargadae region to control or overcome major regional crises such as floods and earthquakes. By
studying previous research, historical sources, and conducting field surveys and documentation, this research
introduces, analyzes, and evaluates some aspects of traditional Achaemenid engineering in the geographical

context of Parse—Pasargadae as a model for sustainable heritage conservation.

Discussion

The most important surface water resources of the region are the Kor and Sivand (Polvar) Rivers, which
irrigate many plains along their course (Fig. 1). Thus, agriculture—the fundamental basis of the economy of
ancient civilizations—developed in fertile plains such as Parse and Pasargadae. However, agriculture during
the Achaemenid period would have been highly challenging and economically unjustifiable without
systematic irrigation (Shobairi, 2017: 62). Consequently, Achaemenid designers and engineers developed

and implemented an extensive system of water control, storage, and transfer across the Pasargadae plain and
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its surroundings. The construction of this system, including a series of dams, barriers, and a wide network of
water canals, faced numerous complexities and difficulties, yet was executed successfully through wise
planning and management. This approach fostered resilience in settlement and agricultural activities against
environmental hazards. Part of the architectural science and structural engineering in Iranian architecture,
including during the Achaemenid period, focused on resilience against the constant threat of earthquakes.
Therefore, during the Achaemenid era, it was essential to devise and apply measures to mitigate earthquake
impacts. The use of durable materials along with architectural techniques was among the strategies employed
by Achaemenid architects to withstand natural adversities like earthquakes and to ensure the resilience and
longevity of architectural monuments.

The craftsmanship and precision of the stonecutters in joining stone blocks were so refined that the joints
were sometimes imperceptible, creating an integrated appearance between structural and decorative
elements. The use of clamps between stone blocks not only prevented additional movements but also
enhanced the structural integrity, thereby improving resistance against tensile forces and unforeseen shear
stresses (Wright, 2005: 254). In the foundation construction of Achaemenid buildings, the load-bearing
capacity of the soil was reinforced to prevent settlement, rupture, and creep within the affected zones. The
use of massive and monolithic stone blocks in Achaemenid palaces, despite the challenges in transportation
and assembly, significantly contributed to the unified behavior of structures during seismic events. Early
examples of seismic isolation systems and effective connections between load-bearing elements to increase
the stiffness of the platforms upon which palaces were built were among the methods employed during the
Achaemenid period to cope with climatic adversities (Motamedmanesh, 2018: 24). Additionally, the
insertion of lead sheets between stone blocks not only assisted in leveling large stone units but also played a

role in reducing the slippage of stones over each other.

Conclusion

The Achaemenids' understanding of resource arrangement strategies in the Parse—Pasargadae region,
combined with sound decision-making and coherent, environmentally adaptive actions, led to the creation of
essential infrastructure for water resource management and mitigation of environmental crises caused by
floods in the plains. Particularly in Pasargadae, the control of upstream water resources, their utilization for
agricultural development, and the design and creation of the royal garden, along with the organization of
garden irrigation through uniquely designed water features, all reflect precise engineering and intelligent
exploitation of environmental and climatic capacities. The management behind the creation of these
achievements, whose evidence endures to this day, stands as an exceptional testament to the Achaemenid art
and engineering of resilience against environmental adversities, especially seasonal floods that once
threatened the foundations of life and economy in the region’s fertile plains.

Seismic activity in the Parse—Pasargadae region posed another significant threat to architectural structures,
particularly to the monumental buildings of Pasargadae and Persepolis. One aspect of the Achaemenid
engineering response to this threat was the use of large stone blocks in construction, aimed at preventing

settlement and structural failure through precise calculations and reinforcement of the load-bearing capacity
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of building foundations. At the same time, the coherence and flexibility of structures demonstrate a
construction system well adapted to climatic conditions, with special attention given to enhancing the
bearing capacity of the ground. Indeed, the durability of many of these monuments owes much to the careful
consideration of climate, innovative material selection, transportation methods, and construction techniques.

The creation and enduring survival of the grand Achaemenid monuments to this day are the result of their
traditional knowledge and creativity in adapting to and coexisting with nature, understanding its laws, and
wisely utilizing its capacities to overcome environmental adversities. Awareness of traditional knowledge
regarding the management of environmental crises offers valuable models for how humans can interact
sustainably with the natural world. This reciprocal relationship between the past and the present not only
strengthens cultural identity but also contributes to enhancing the resilience of cultural heritage sites in the

face of contemporary environmental challenges.
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Fig. 1. The two rivers, Polvar/Sivand and Kor, which supply water to the region, irrigating the Parse-Pasargadae plains, where
many historical sites are located, in a north-to-south direction (Kamali, 1403).
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Fig. 2. Aerial view of the position of the Polvar River in the middle of the Pasargadae plain, image from the south (Tang-e
Bolaghi) to the north (Authors, 1401).
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Fig. 3. The location of Achaemenid water systems in the Polvar River basin in the Pasargadae region (Kamali, 1403)
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Table 1. The most important structures related to the extensive water management system in the Pasargadae region
(Authors, 1403).
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Fig. 4. The location of the Chambiyan diversion dam on the Polvar River, the existing architectural structure on the dam's crest,
and structural details including water outlets and evidence of stone connections using metal ties (World Heritage Pasargadae
Documentation Center)
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Fig. 5. The location of the Didegan (Bostankhani) dam in relation to the plain and mountains, along with architectural details
related to water outlets and evidence of stone block connections using metal ties (Karami, 1401).

Sl ol Ol sy 4l i il en Ll BB s i w0 as sl 55 b 1~
M DRI 5 S g‘KJJ‘ 53 5035 Wl s A ol OGL Glsl 555 4 o Ol 5o
SOl oy A gl b aSl sl s o el 4 55 6ol ol 5 Lds o o 5 e
03 5 ol wnlS Slgh 355 s 4 old 305 O Olpee S Ol 5 Y 5) e slade Oszen s
Wl 4l o a1 (53U Ol 4 O Dl pn 3 58355 ol sl 5 o 5 4

JLsl GBS 513 28 (glasls caidate 53 Of oy ke ol 55 o 5 oo 4o sazma sllr o sdle
S50 2 bieshS Jsb w Glool GLJUE ool ol andls sdgs 2 15 T 55 5 JWSH g pa 5 O
G sk QW Y (oS 5 Bgdema) plieasS laioy 5o b5 bag wals 53 Olsen lass
JUsl adU &K £ 3l 058 B .l slilal 5,0l a0 B O 51 6ol dalsd 5 Lol sl 5 =1 b
Pl 0dd lulid 5 - d e O 0ol bl 5 38 Ll cuis s O
53 jeghS b ssde Job LsBolul w53 UK 5l (gles 18 4l Ll b a""‘)%j sladils
3ol 4 Gl Sl ecds ol 4 Sl aeir 5Ol JESH 5 Oy Ao Ik 355 O JUS) e
ATYY AYAY LI 5 o) Sl 2l sdge 1y 55K slad omn 5 (53,5LS (sla e
Gy g 3 &S SheasS o808 pl b s edd sbl O GadUS i SN K5 Slu,ol sladlls

5 gmge SEl 5 oS slalpis Yl 5 SuSes Gbla s, 4 ol el w315 8Ll

[NERr
=t - i

b s sla o s s 3L — il il s laib s o500l
(el i il SIS S eslinad




Y

OV L) £ les £0 oy it asblal

(S 5 ASHema) Sl 035 a a1y (O S5 Ll 3wl eSStz el 5 oK 1 ol i

(U JSE) (g Vg
ol oy Of JUisl aaby Sle,of GladUl 51 Kos glaSed tomeS cuds 55 blu,ol ek 5 Ldils
SLL 5 b3S 5 55K slaab s ol aS Cods cilisee glacand @ ) Ol o dw 4l s 3

(\iY C\...A QL«A) Sl ails olgs 2 b

Stal 35 50) S8 055 ol T i oo 25553 & g g ol T 1l o (D )3 (53 35 St slael T 51 ples VIS
(L oKL

Fig. 6. View of the hand-dug canals on both sides of the Bolaghi valley. Right: The canal known as Dokhtar Bur, Left: The
canal of Kuh-e-Kuchkak (Pasargadae Documentation Center).
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Fig. 7. The extent and overall shape of the Pasargadae garden, considering the natural features and environmental conditions of
the Pasargadae plain (Karami, 1402).

sl ailaie 3 ol glaaibolu -
Schmidt, ) 58 o 6,5 s shile glac] Ly laly o 5o 5l ddumcss glaol,ol gl >l 5 b
s 1y (Sl 5l Jols ol o ol prmabia 5555 oleme dahsy slag b 5l wlele ol (1957
LILT Lagls s 3l baeyol ol o o sl a3 el 04 e 51 o 5 035 0 b S
Gl G Aol & s Sl e 5 IS s e plasli o3lss 5 G #5 (huda 2 Do
Slllas oo e (7 NEY (ghpmate 5 gAul) 25 o s sl Cpr i 5o ol s>
s lastass OpSt bl o 4 detercss odSess 5l OT JU 5 (5ol mer Glaptomm S5 od ol
skl bge Bles 5 ol ol ol s s 5l 25l 3 4K pl s o shies (53500 Sla IS
R eism Sy 8Ol Wi e g s e ol (U TN (6 nd) Sl il o ey 51 (555l
O 53 jrig Dligiss plmil &5 A3l loalea O1yps 53 o Bl Supde 5 Soleme =L 5 sire 5 g
ey o B ()5 0

5 iman S 35y Ol 3 1y il T slaesle 5l sl 1AT0 Jle L3 LT jlese ,-/.fﬁ’djls
Lol gbaosle 51 &0 5 jula elk s .(Bergner, 1937 40 \YAY (01,3 5 JSK0) 350 (5 S mns
U555 e ol e 0 2G0T Ol 1470 Jle 53 (SUMNET, 1986) 5 05 pow s o5 o o
Jola ool pl 550 oy 2 S s S 535 0555 055 53 DT b ki e baesl les oKl b
Ly ay pgmse 033953 Slal dn 5 Cdisgie Sds pdlad s Gl s bl Sble 51 st

2 0%, Ll e gl Ollee Jsa (VYAY O 5 dsS0) Wy 0l psts Kw ol bos Jhgls

(NEN
o~ il

b a5 gladl o o sl e Bl gl s 55100
(el i il SIS S eslinad

Yy



Yy

OV L) E e les £0 6,58 Sl asllab

b Sl o Ukl S e 0 S Lo WFOV BIYEY ladle alols 3 Jials du oS lbiss, s,
5 Yl (Tilia, 1972: 69) b JUisl L e (5,20 5kS 4 dhools 0 adsl 0K 51 LS 4l o e
adlas 5 s el s 53 S ass WL i 5o 1 b sy T sbasbele 5l s O1Ses
(Boucharlat et al., 2012) les S

e Gble Sl mely 5 ) slacds om S oy et el el cots 5 Sl la s ol
Sy SLILE 5l skl slaasld bl cpl 55 ol Oltiabin S 0 53 okl Glaplss aallae sl
Loz dhom 515 il spms imman 5 piabion Gladh s a3l 53 digw 5§ slasy; Sl cmiin St
el adlate (6555LES 55 ol slealle Conal 5 e 6 0l8 saasOlis ddamcss sy s oS wd,
5 ebien 5553 55 Ol Sy e e S 5 Sy S0l dal s ) (VFSVY YA (g )
ay 055 53 S Gaes Slaolr Osman olajlitle o ol adbate O L el 4 OUT a5
Olpoay cadlen 3 350 50 SlaosS 4l 53 WAL 51 (ol 5 (sor 055 absoms 53 il 4 psmse Ly
Ao 335 andllae el O e 31l e 5 JUi) wilels 51 s

231U 5 b g lers 5 o5l pwikigs
S50 O3 Y0 IS | ey oS Win S a Sl 5 S gl il ol el 3 tlie etigs
93 ezl 5 Sl olere 5o o3l wlige 5 e 5l i ol el BL sl 5 Sons Wl gLl
ilin 51 SULS (olans 53 o3 sh ol 035 315 (SKioen Ol plp 53 o510l Gslane lnalies
e bl il g el o35 ol e 0l slow) (slals 4 Slesk &_ﬁ& L oS 58 Ll 5 Liercss s
TG L) il Coenl (65l US 5 Olosss ol e o 35 el JU) inabia glaolesly
sogn a3 3 S S 5 ety il W5 OlSE Rl e (6l 6 g (5o oplpl (AT
25 Golems opl sl WY 5l s TS e LG e 030l i cpl 4 S AT 5 el
S 5 50l Golene sl gl s (sl (e DlegDl il

S 03 SIS St e 3 diil b (63, a3k Sl o o e 4 S llae Sl eslinud
S 63,08 Llhesle laiyy 380 Solla il sl oS 5 bRt s 1) b lese
B S a5 Ll il g s LIS 2330l 35 L alilie (s (5ol ) Olons
Jsol & 0T x5 5 AT 5l cols il § e (5 5 o3l) Ol b 5 b swole Oba
(VL ATV tioazns) 5)ls Ll sl tss ot 50 3l ool 5 5 s SOle sla S35 dlo s Jlis
Sl (a3} Sl G, Saly (sl iy o pee SIS S wn) 5o e e sl Sl 0
538 esliiul S yb gladb e 5 (olars Dl e 5l CBli= 55 Ll g e aS

UA_U.* FIe

b i bl gl 5 e :L‘fJL.-'L!_ aa gl Gl Bl e sleal wma o yll
el e Rils g 2 WS aslicdd

¢




OV L) § ojlad §0 6,50 ¢ 3l asliln) el

wilin 5303 Ol -
odzmy olid e bl (68 IS Al (oo 5 Lyl i 53 ol Ser 50 03 65015 w01l
slac e 51 sl 655l o ke s 31 LOYAA (B85 5 s piasly) SVl (g5te3 ) Lol an
5 S IS e obea b e (SeSls Eel (551 SLSU O by 5 Slmio OB o 5 ST
03 5 3580 o ey ins blE Olgea LOT &S Wl 55 5550 g OF 31 L oS 55 e 435 g2
wald 53 Al G50 &S A Lpd o S el ol S (65 ) Sl sAea s O e
ol Gy 5 o pdlad S 55 Sz BB e 3l ol e 68 el #Bl5 O o sor
Joli OF sueas 25 a3l am oS 3503 13 o ST e, 05 e a3 658 opl bl s 5l
Lotezr s Jlad 03 5doe 3 a0 slatel gla oS 50 o 058 andy cpl il Sy s o35S 5 0L
5 SE 5 S galeS S o oS ady ) B8 Jled 5 b o gl edd sdes
JH Ol b Iy boasls ool SBT ol sl 55 5wy oaa WJlop sladlS iomen
YA OS5 03l3 CaSm) 55 sdaliie Caa s 055 D3l 5 pgm 3l 5 psd sl slaolal 1
A JS8) s gn DL 1 G = o e sy b 0T (LS slael gl 5 Camy oS
w8 13 S ol Gloslsns b Ssb s Cudsg e ks 5 el Jld gla LS jled 5l sy JS
Yoow Konp Gy JuS o B dsb oS cl OF 51 Sl 558 g el e bl Sladlas o
Rl S0 58 At S 8 Wl o 1 ey 08 Bl 8 e Sl S oS Ll agls
Sl Gloser 5 Jerpd Camm) Bl o8 Sy b S nl s Ses s sl U3 S
OYAY (Gl ) Canlyls Bl G0 Jlad Jb a5 s

(\2~T‘L53LAS)W¢55L}JL€;_-QIJ:» A.b}m w;,w,aﬁ&ﬁjSJﬁéuM;quf;\d@./\Ji.:
Fig. 8. Part of the large and small faults and fractures of Mount Rahmat and the core zone of the Persepolis World Heritage site
(Kamali, 1403)
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Fig.9. Left: View of the Sivand Almasbori mine, 35 kilometers northeast of Persepolis; Right: One of the mines on Mount
Rahmat near Persepolis (Fadaei, 1401)
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Fig. 10. Left: View of the Majdabad mine, 50 kilometers west of Persepolis; Right: The Hosein Mountain mine near the Nagsh-
e Rostam site (Fadaei, 1401)
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Fig. 11. The area of historical mines in the Pasargadae region, including the mines of Mount Rahmat, the historical Sivand

mine, the Hosein Mountain mine, the Majdabad mine, and the Ghondashloo mine, on the geological map at a scale of 1:100,000
by the Geological Survey and Mineral Exploration of Iran
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Fig. 12. Left: Use of steel fasteners, known as swallowtail clamps, with lead coating to stitch large stone blocks in the Palace S;
Right: Patching of pieces from reliefs at Persepolis (World Heritage Persepolis Documentation Center)
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Palace (Fadaei, 1401).
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Fig.14. View of the Pasargadae Terrace structure (Tol-e Takht), with the inner wall constructed from irregular sandstone and
the outer facade decorated with square white limestone stones (Fadaei, 1401).
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Fig. 15. The stone materials used in the floor of the Palace of Cyrus the Great (Palace P, left) and the Palace S (right), including
sandstone blocks in the lower layer and white limestone blocks on the floor of the palace (Babak Sediqgi, 1396, Pasargadae
World Heritage Site Documentation Center)
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Fig. 16. Aerial view of the Apadana Palace and part of the terrace wall, facing north, and a number of columns of the Apadana
Palace of Persepolis, facing south (Saeid Zanganeh, 1399, Persepolis Cultural Heritage Site Documentation Center)
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