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Abstract

The potential vulnerability of primitive societies to natural disasters, such as droughts,
floods, and famines caused by climate change, is an important issue that requires careful
study. The main aim of this research is to investigate the possible effects of ancient
environmental and climatic changes on Bronze Age settlements in southeastern Iran,
as well as the main dynasties that ruled Iran based on archaeological and historical
evidence of territorial boundaries, economic and political prosperity. Adaptation of
climatic and cultural changes in the southeast of Iran can provide valuable information
for researchers. In this regard, this article aims to answer the question of whether climate
change has affected the ancient societies of Jiroft, and to what extent climate change
has affected the economic prosperity and political influence of the ruling dynasties
that have affected Iran. In the present study, using a combination of geochemical and
pollinological indicators, we examine paleoclimatic changes of the southeastern plateau
of Iran during the past 4000 years. Significant agricultural activities existed between
3900 and 3700 years ago in the southeast of Iran during moderate climatic conditions.
Dry conditions with increased dust prevailed over the region from 3300 to 2900 years
ago. Wet conditions from about 2900 to 2300 years ago facilitated extensive agriculture
and coincided with the flourishing of regional governments such as the Medes, Urartos,
and Mannas in the western Iran, and after that the Achaemenid Empire throughout
Greater Iran. The decline of the Achaemenid Empire coincided with the beginning of a
dry period that made agriculture less prosperous in Jiroft for nearly 200 years. Southeast
Iran experienced humid conditions between 1550 and 1300 years ago, which coincided
with the economic prosperity of the middle to late Sassanid Empire.
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Introduction

This study aims to reconstruct the paleoclimate history in southeastern Iran by tracing
the landscape changes and climate fluctuations since the Late Bronze Age and their
impacts on human societies based on palaeo-environmental analysis of a wetland
system. It will further evaluate the possible impacts of climate change on major
ruling dynasties of Iran since the Late Bronze Age. An example of the latter would be
following the territorial extent of major ruling dynasties from historical records, which
would have been quintessential to society’s prosperity and growth coeval to favorable
climatic conditions for agriculture and trade, and the development of city-states. The
study involves a multi-proxy palaeco-environmental reconstruction using geochemical,
and paleoecological proxies in a 250-cm long peat sequence near the archaeological
complex at Konar Sandal near Jiroft, covering the last 4000 cal yr BP. The different

proxies suggest changes in elemental concentrations, stable isotopes, and pollen records.

Materials and methods
Palynological analysis were done in Thirty-five subsamples at intervals of 1-10 cm at
the Institut Méditerranéen de Biodiversité et d’Ecologie, Aix-en-Provence, France by

procedure described by Gurjazkaite et al. (2018).

Geographical setting

Konar Sandal (25 km south of Jiroft in southeast Iran) is the main excavation site in the
Jiroft Valley. Several high mountain chains surround it, some of them rising to 3700 m
asl (Fig. 1). The Halil Rud stretches from north to southeast for almost 400 km through
fertile agricultural land before draining into the Jazmurian playa south of Konar Sandal.

The water level in the river fluctuates throughout the year.

Results

The sediment core was divided into six major units based on the sedimentological,
geochemical, and palynological characteristics (Fig 2 and Fig. 3). The elemental ratios
(Si/Al, Ti/Al, and Fe/Al) had relatively low values in Unit 1 (U 1; 250-189 cm; 4011-
3548 cal yr BP). The first significant appearance of Cerealia-type pollen occurred in this
unit extending from 3880-3700 cal yr BP (230-207 cm). The §13COM showed a distinct
increase in Unit 2 (U 2; 189-164 cm; 3548-3293 cal yr BP). Unit 3 (U 3; 164-134 cm;
3293-2897 cal yr BP) was characterized by high elemental ratios (Si/Al, Ti/Al, and Fe/
Al). The K/Ti ratio had the highest values in the entire core in Unit 4 (U 4; 134-106 cm;
2897-2302 cal yr BP). 613COM values were more negative in Unit 5 (U 5; 106-61 cm;
2302-1540 cal yr BP). Unit 6 (U 6; 61-10 cm; 1540-854 cal yr BP) was characterized by

moderate values of different elemental ratios.
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Discussion

Around 3950 cal yr BP a wet period prevailed based on elemental ratios, stable C
isotope, and pollen (Fig. 3). Between 3900 and 3300 cal yr BP, mild climate conditions
developed. significant appearance of Cerealia-type pollen and agricultural activities
existed between 3900 and 3700 cal yr BP. Dry and windy conditions followed from
ca. 3300-2900 cal yr BP with the driest conditions around 3200 cal yr BP coinciding
with the regional Late Bronze Age cultural collapse. The driest conditions in this
dry period occurred around 3200 cal yr BP, coinciding with the decline of the Jiraft
Bronze Age civilization at the end of the Bronze Age. The long wet period extending
from 2900 to 2300 cal yr BP with a high presence of Sparganium-type and intensive
agricultural practices. Wet conditions in the Jiroft valley from about during this period,
simultaneously with the flourishing of the powerful Medes and Achaemenid empires,
facilitated extensive agriculture. The decline of the Achaemenid Empire coincided with
the beginning of a dry period that made agriculture less prosperous in Jiroft Valley
for nearly 200 years. The highest Ti/Al values coeval with the lowest 613COM values
suggest an increase in Aeolian activity and dry conditions between 2100 and 1650 cal yr
BP. The Jiroft Valley once again experienced humid conditions between 1550 and 1300
cal yr BP, which coincides with the economic prosperity of the mid to late Sassanid

Empire (Fig. 4).

Conclusion

In the present study, using a combination of geochemical and pollinological indicators,
we examine the paleo-environmental changes of the ancient Jiroft valley in the southeast
of Iran during the past 4000 years and their possible effects on the settlements of the
Bronze Age and the main dynasties that ruled Iran based on records.

The Jiroft Valley experienced wet conditions between 1550 and 1300 cal yr BP,
which overlapped with one of the most extensive territorial boundaries in Iran’s imperial
history (the Sassanid Empire in the early 7th century C.E.). Although mild conditions
prevailed between 1315 and 854 cal yr BP, agricultural activities declined, probably
due to weak succession and political instability. We evaluate the archeology and
history of territorial borders, economic and political prosperity. Paleo-environmental
reconstruction shows that the wet periods and increased agriculture in the Jiroft Valley
coincided with the peak of political influence and economic wealth of the Achaemenid
and Sassanid empires. Therefore, more detailed paleoclimatic records would be helpful
for investigating the interplay of political and climatic factors in the development and

decline of ancient settlements and imperial powers in Eurasian history.
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Fig. 1: Key physical, archaeological, and phytogeographical features of Jiroft (Gurjazkaite et al., 2018). Location
of sediment core extraction in a peat bog near north Konar Sandal (KSN) and South Konar Sandal (KSS)
archaeological sites. The vegetation cover map of the region and the position of ancient civilizations near the
study area are shown in the below panel (Vaezi et al., 2022).
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Fig. 2: Age-depth model of the recoverd Jiroft peat core near Konar Sandal in Southeast Iran. An image of the
sedimentary core is also shown. Age-depth model of the Jiroft using R-software package BACON (Blaauw and
Christen, 2011). The calibrated 14C dates (transparent blue) and the age-depth model (darker greys indicate more
likely calendar ages and grey stippled lines infer 95% confidence intervals) are shown (Authors, 2023).
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Fig. 3: Selected results of sedimentology, geochemistry, and palynology from a 4,000-year-long peat sequence
in southeastern Iran preserved in the Konar Sandal peat deposits have been plotted against depth and age. Six
sedimentary units are presented based on changes in sediments (Authors, 2023).
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Tab. 1: Adaptation of climatic and cultural changes in Halil Rud Valley, Southeast of Iran (Authors, 2023).

— v . . w'.'r@' J"ﬂ‘)*"
SR 3 g (conldl Ol pd Sl ol % b 2,9
U ANTD e o
§ IS 5 epes 3 )5 ST )3 el bl g0 b Sleo & o pas
o 395 Jeln (Sim 8 i 1> (glolSin; Hlad il als ¥ Gob po dous p9> 552 Jalsl)
S oo S 0y9d el > e Jaio) S a5 9 IVA 8,55 (oomas (3Meojl sty
e ia
o plolid ol pl Gydoga 53 0)9> cnl Jl o)l gun ()9St b ol yo S \; &):;w
o | 5le 90,5 il )
(P
sMJJa UL’“J ‘) Sais 5)9.) gg: S99 DAwf\?ol Sldleo Agu‘ .)9>3L» uﬁ‘ um])‘a&
03,8 43y>55 0y90 (pl 1) p1BsS (Kb byed SO Sy Cubd b ol yor S5 \Yoq.-)
sbdbge dlea I (05 5 Jod Juo)lS dbogoe el | L 90,5 Gl (
Al 09 L)"I OM‘)J915 s
9 By )l Sb ldplinl 2lsd o o wal8l (0> Waled 5 Alia ol pas
e e b yo sl
3)9.) Bl U‘f‘ LB).MJLJ}A} ‘J.._‘B 3)9.) wl.m u"“‘bl Ja»l).w PBIJS L
ol Coeal I 0L Lle )l VLT 5 3980 BgSis Codday (pdialn sk ye slews (el 89>
Ol e aliials )y adkaie
obsd Kyl g dele 8y Bl > gnad (Kejd g o s 2l
ol Lylys b sdaie LIS & s eialis idobkaley S5 S
) s b&
ol 0456 5ls3b
Ol b gued o Gdate gy ol 3 adlaie (20 2L3L oy
el kel by Slols 93
0B o g 09> (pl Byl Siddas el luld ol Jloen Cis oo 29 gl
adlaie Sl elgz 56 5 lilols lials ) Shole
S Al

95 80,8 dn g5 o8 (ylie b olyan yuols 31 i JLw¥ Yoo s Y00 511y Jiteo byl b )0
JLooas )5 Jaime bl . cawl 00,8 duys y ol 51 ion JLu YYYe g YAAe D9 ,5 Cerealia

Z)L’ 99 ‘JJ._uw 153)9.) U_’I J9_b )\) o o,\_,o]\.\_n)_s ) é)_sw LSLP(-")J U—QL’; u9_|o)n 5)9\)



| vo | iohlSen g isly

L5 PYAY 51l ymns ol sl 51 iy JLoTBVD 5 Fhoo 3gdi 5 St oLssS loj
Ly olyan bagly s cyai St -ansl 0395 3abols 5 (SLts by 83 yols 51 ey JLuoYARY
303 g8l glojed o> 51 o JLu Yoo gu> 5o by )5 )0 ,Lg 59,8 (lie ¥l
ol 031 &y caslioygld 5o £y dopac 3ol

oLl o Jlosds s o3 Laliol LU L lsjan sl 51 e JLas¥ Yoo s Yoo 1yas
oly o b 3,3 55 41538 Jlw¥eoo Jo o 13 0353 cyayiishoye o intolixa alauals 5 Laolo
VY 5l Slas balys . cowl 00y b )0 )0 00ynS (65)5LiS slacullad 3l oaate dales L
dails ol 030 ) (60 ligusy 3959 30 s aolidl wlwly yols 51 ioo JLuY YR s
Dgo g Sid 5L ool 5LETL (mils 5l e JLaYFYe dgus) (el  alicals
ol iiolen alianlis (Ll 5 s by 53 53 (5951 Jgdl JLaoYor ez bl5 4G
S5l e shlee A byo 5 Sl dnlys alonsl 15 ol (sbolio olus yo (355 ity (alS
ol odd S isele  alicals

ol 51 e Sl 00 5 Yous s s 5.3, ol 3 i blE yiesliil s SCits Ly
Jso 13 3Ll cpal -nsl 0392 oSl by 33 33 el ks _ShyaSs L Lo on
OyinS b 8)0 50 (ghyolias cdlad (Slis alys 39 gb 48 ciwl 00g drs I8 JLu Yeoo
Vo] g ol (oS limo Ao oleiiiolen g Lanole bygd Ly dumlia 13 Lol) cocusl sl
el 035y Sis bl b (csloral () Ble g cbpn §)3 50 (oo palex g5 b Jdoa

Eb S gpeld egd L ooy ol 1 Gy JLdTI0 L V0¥ (o by 8y
99 o2l 355 45y (sboye byt (3o pin )8 2l 50 plbil) ol eliuals
Py 89390 L plejen (Slulu g cateba sla alivals cim (ol gl )2 090
SipalsS sl eallad opnd's canl elornl-(golasdl wld 5| Sl gy ool - dius Lo goyls
WD g e byl it a5 Jlo)d 00580 0 bgaye acbis (codldl bislioas Laogl o2l Jgbo
Cerealia g 55 31 00,5 i o el aily  Jaxmo bly s cdpn 8)0 ol 51 i JLwAdF
S RPN JEDE JROPS P I S FNCN [ SN W Ky NNV DES BOUWEP RS HE
Cewl 03¢ dga w0 dlold

bl (placals o)l (aejpm (slajye cysodyius 51950 93 S sl lis aslllae ol ol
Sl 83 )3 Laoysd oiogbye 93 L Loy « Slulw 5 (caialbws lo aliaals glygs )
segls s el elanl-oladl ol | Sk Gy ol dizas glojes ey
aliaals gLb 5o boyye pasbue (codldl bulis 4o Laosh ool db 5o (y9lis
hplS el plojen by )3 55 dShyte (655LaS JLu Yoo 5 (St b0 SLETL ctolea
o L e )0 $loe Az lyo g llalldn s adansl 15 wlial bl ol ) (350 gy
ol ol iyl S

2 M8 (g Jalge 51 (S0 0lySie ly ] s 45 im0 oLt aalllas oy
Ll 48 Wimd o oLt i geolts cpml progle sesls olyal yopSls Lol slodlds
sbadps bis g obadl-sloal ol ol jl pitweps jsba Colhe (ol
Lol 00,8 iy ol Ly 5 ctiiolsen (Vsbo s altinls Jsb )3 g (snojpms
ool sy &5 nsl S 5 ol St o Sin Lt gy allans oyl ol e JLo )
55 ol 0392 510lixe 5 (eandlSior g sl |y e (sLaaniyd luliegme; 5 oLs)ge
5 sl 2,55) S5 olslyy adlllas ol ol yrogdle aisS tolesl 5 7 ybao by sl St on
D)1 (i (AL 509 b (sLedysS) 4 5L s



m,\igﬁmo\u\ea\ﬂuﬂ Vs |

3Py

sloedld 5 lis G 92 pole 5 (bt pldl (Lo olingy lacoles 5l Lo
SUl5 (il allzgy 155 GBIl o liSulw slos 0595 o2l plasl Jgbs 53 calisee (S
oS 0 S 3850 ol Jgbo 5o plibdied)l la oleisl) ybls 4 dugy g bes y580

OB Ny C&yline Joyd

Loyl :la 0315 (651, s 0 ()01 dozmalline (S5 g o acly Liojule 151y poaie
ez iaiye o lasly Lopde : Lulos 5 3B o (600 demallis (S5 s o acls
Bely Lople 1 Lol g Giom (580 (0 (9L dumallis ( (IS5 aog s o el
Sl ppas o o iaiye o Jasly Loyle ool 5 (il - )85

28U Sl

510 o pilelly xdlie dliat g5 ¢S50 Aoy a4 adlde oyl L] 5l aas o

wlls

- Agnew, A. D. Q. & Zohary, M., (1974). “Geobotanical Foundations of the Middle
East”. The Journal of Ecology, 62(1). https://doi.org/10.2307/2258907

- Alpert, P. & Neumann, J., (1989). “An Ancient “Correlation” between Streamflow
and Distant Rainfall in the near East”. Journal of Near Eastern Studies, 48(4): 313-314.
https://doi.org/10.1086/373411

- Blaauw, M. & Andrés Christen, J., (2011). “Flexible Paleoclimate Age-Depth
Models Using an Autoregressive Gamma Process”. In Bayesian Analysis, 6: 457-474.
https://doi.org/10.1214/11-BA618

- Clarke, J.; Brooks, N.; Banning, E. B.; Bar-Matthews, M.; Campbell, S.; Clare,
L.; Cremaschi, M.; di Lernia, S.; Drake, N.; Gallinaro, M.; Manning, S.; Nicoll, K.;
Philip, G.; Rosen, S.; Schoop, U. D.; Tafuri, M. A.; Weninger, B. & Zerboni, A.,
(2016). “Climatic changes and social transformations in the Near East and North
Africa during the “long” 4th millennium BC: A comparative study of environmental
and archaeological evidence”. Quaternary Science Reviews, 136: 96-121. https://doi.
org/10.1016/j.quascirev.2015.10.003

- Cline, E. H., (2014). “1177 B.C. The year civilization collapsed”. In 1177 B.C. The
Year Civilization Collapsed. https://doi.org/10.1215/10474552-3697876

- Colburn, H. P., (2013). “Connectivity and communication in the achaemenid empire
1. Journal of the Economic and Social History of the Orient, 56(1): 29-52. https://doi.
org/10.1163/15685209-12341278

- Cronin, S., (2021). Social Histories of Iran. In Social Histories of Iran. https://doi.
org/10.1017/9781108120289

- Daryaee, T., (2013). Sasanian Persia The Rise and Fall of an Empire (Paperback).
[.B.Tauris & Co Ltd. https://doi.org/10.1111/hisn.12054



| vy | iohlSen g isly

- Dixit, Y.; Hodell, D. A.; Sinha, R. & Petrie, C. A., (2014). “Abrupt weakening of
the Indian summer monsoon at 8.2 kyr B.P.”. Earth and Planetary Science Letters, 391:
16-23. https://doi.org/10.1016/j.epsl.2014.01.026

- Djamali, M.; Akhani, H.; Andrieu-Ponel, V.; Braconnot, P.; Brewer, S.; de Beaulieu,
jacques-L.; Fleitmann, D.; Fleury, J.; Gasse, F.; Guibal, F.; Jackson, S.; Lezine, A.-M.;
M¢édail, F.; Ponel, P.; Roberts, N. & Stevens, L., (2010a). “Indian Summer Monsoon
variations could have affected the early-Holocene woodland expansion in the Near
East”. The Holocene, 20(5): 813-820. https://doi.org/10.1177/0959683610362813

- Djamali, M.; Jones, M. D.; Migliore, J.; Balatti, S.; Fader, M.; Contreras, D.;
Gondet, S.; Hosseini, Z.; Lahijani, H.; Naderi, A.; Shumilovskikh, L. S.; Tengberg,
M. & Weeks, L., (2016). “Olive cultivation in the heart of the Persian Achaemenid
Empire: new insights into agricultural practices and environmental changes reflected in
a late Holocene pollen record from Lake Parishan, SW Iran”. Vegetation History and
Archaeobotany, 25(3): 255-269. https://doi.org/10.1007/s00334-015-0545-8

- Djamali, M.; Miller, N. F.; Ramezani, E.; Andrieu-Ponel, V.; de Beaulieu, J.-
L.; Berberian, M.; Guibal, F.; Lahijani, H.; Lak, R. & Ponel, P., (2010b). “Notes
on Arboricultural and Agricultural Practices in Ancient Iran based on New Pollen
Evidence”. Paléorient, 36(2): 175-188. https://doi.org/10.3406/paleo.2010.5394

- Fouache, E.; Cosandey, C.; Adle, C.; Casanova, M.; P. Francfort, H.; Madjidzadeh,
Y.; Tengberg, M.; Sajadi, M.; Shirazi, Z. & Vahdati, A., (2009). 4 study of the climatic
crisis of the end of the Third millennium BC in Southeastern Iran through the lens of
geomorphology and archaeology. In EGU General Assembly Conference Abstracts (p.
1505). http://meetings.copernicus.org/egu2009

- Fouache, E.; Gar¢on, D.; Rousset, D.; Sénéchal, G. & Madjidzadeh, Y., (2005). “La
vallée de 1’Halil Roud (région de Jiroft, Iran) : étude géoarchéologique, méthodologie et
résultats préliminaires”. Paléorient, 31(2): 107. https://doi.org/10.3406/pale0.2005.5128

- Czemik, J.; & Goslar, T. (2001). “Preparation of graphite targets in the Gliwice
Radiocarbon Laboratory for AMS 14C dating”. Radiocarbon, 43(2A): 283-291. https://
doi.org/10.1017/S0033822200038121

- Gurjazkaite, K.; Routh, J.; Djamali, M.; Vaezi, A.; Poher, Y.; Beni, A. N.; Tavakoli,
V. & Kylin, H., (2018). “Vegetation history and human-environment interactions
through the late Holocene in Konar Sandal, SE Iran”. Quaternary Science Reviews,
194: 143-155. https://doi.org/10.1016/j.quascirev.2018.06.026

- Haggis, D. C., (1993). “Intensive survey, traditional settlement patterns, and Dark
Age Crete: the case of early Iron Age Kavousi”. Journal of Mediterranean Archaeology,
6(2), 131-174. https://doi.org/10.1558/jmea.v6i2.131

- Hamzeh, M. A.; Mahmudy Gharaie, M. H.; Alizadeh Ketek Lahijani, H.;
Djamali, M.; Moussavi Harami, R. & Naderi Beni, A., (2016). “Holocene
hydrological changes in SE Iran, a key region between Indian Summer Monsoon
and Mediterranean winter precipitation zones, as revealed from a lacustrine
sequence from Lake Hamoun”. Quaternary International, 408: 25-39. https://doi.
org/10.1016/j.quaint.2015.11.011



m)\iwmo\:..a\eo\,sm| YA |

- Hedges, J. 1. & Stern, J. H., (1984). “Carbon and nitrogen determinations of
carbonate-containing solids1”. Limnology and Oceanography, 29(3): 657-663. https://
doi.org/10.4319/10.1984.29.3.0657

- Hooghiemstra, H., (2006). “Leitfaden der Pollenbestimmung fur Mitteleuropa und
angrenzende Gebiete. H.-J. Beug. Publisher Verlag Friedrich Pfeil, Munich, 2004 (542
pp- 120 plates, 12 tables) ISBN 3 89937 043 0”. Journal of Quaternary Science, 21(1).
https://doi.org/10.1002/jqs.915

- Kaniewski, D.; Paulissen, E.; Van Campo, E.; Weiss, H.; Otto, T.; Bretschneider,
J. & Van Lerberghe, K., (2010). “Late second-early first millennium BC abrupt climate
changes in coastal Syria and their possible significance for the history of the Eastern
Mediterranean”. Quaternary Research, 74(2): 207-215. https://doi.org/10.1016/].
yqres.2010.07.010

- Kuzucuoglu, C.; Dorfler, W.; Kunesch, S. & Goupille, F., (2011). “Mid- to late-
Holocene climate change in central Turkey: The tecer lake record”. Holocene, 21(1):
173-188. https://doi.org/10.1177/0959683610384163

- Langgut, D.; Finkelstein, 1. & Litt, T., (2013). “Climate and the Late Bronze
collapse: new evidence from the southern Levant, Tel Aviv, Journal of the Institute of
Archaeology of Tel Aviv University, 40(2)” 149-175. https://doi.org/10.1179/03344351
3X13753505864205

- Laskar, A. H. & Bohra, A., (2021). “Impact of Indian Summer Monsoon Change
on Ancient Indian Civilizations During the Holocene”. In Frontiers in Earth Science, 9,
709455. https://doi.org/10.3389/feart.2021.709455

- Leonard, J., (1993). “Comparisons between the Phytochorological Spectra of
Three Iranian Deserts and Those of Various Surrounding Regions”. Bulletin Du Jardin
Botanique National de Belgique / Bulletin van de National Plantentuin van Belgié,
62(1/4): 389-396. https://doi.org/10.2307/3668284

- Madella, M. & Fuller, D., (2006). “Palaecoecology and the Harappan Civilisation
of South Asia: a reconsideration”. Quaternary Science Reviews, 25(11-12): 1283-1301.
http://www.sciencedirect.com/science/article/pii/S0277379105002908

- Madjidzadeh, Y. & Pittman, H., (2008). “Excavations at Konar Sandal in the Region
of Jiroft in the Halil Basin: First Preliminary Report (2002—-2008)”. fran, 46(1): 69—103.
https://doi.org/10.1080/05786967.2008.11864738

- Mancini-Lander, D. J., (2009). “A history of Iran: Empire of the mind by michael
axworthy (New York: Basic books, 2008. 249 pages.)”. American Journal of Islam and
Society, 26(4): 121-123. https://doi.org/10.35632/ajis.v26i4.1371

- Martinez-Ruiz, F.; Kastner, M.; Gallego-Torres, D.; Rodrigo-Gamiz, M.; Nieto-
Moreno, V. & Ortega-Huertas, M., (2015). “Paleoclimate and paleoceanography
over the past 20,000 yr in the Mediterranean Sea Basins as indicated by sediment
elemental proxies”. Quaternary Science Reviews, 107: 25—46. https://doi.org/10.1016/j.
quascirev.2014.09.018

- Mashkour, M.; Tengberg, M.; Shirazi, Z. & Madjidzadeh, Y., (2013). “Bio-
archaeological studies at Konar Sandal, Halil Rud basin, southeastern Iran”.



| va | oG g Jasly

Environmental Archaeology, 18(3): 222-246. https://doi.org/10.1179/174963141
3Y.0000000006

- Moore, P. D.; Webb, J. A. & Collinson, M. E., (1991). Pollen analysis. Second
Edition, Blackwell, Oxford, 1-216.

- Neumann, J. & Parpola, S., (1987). “Climatic Change and the Eleventh-Tenth-
Century Eclipse of Assyria and Babylonia”. Journal of Near Eastern Studies, 46(3):
161-182. https://doi.org/10.1086/373244

- Paulette, T., (2012). “Domination and resilience in bronze age mesopotamia”. In:
Surviving Sudden Environmental Change: Answers from Archaeology, 167: 196. https://
doi.org/10.2307/j.cttlwnOrbs.12

- Petrie, C. A. & Weeks, L., (2019). “The Iranian Plateau and the Indus River
Basin”. In: Climate Changes in the Holocene: (pp: 293-326). CRC Press. https://doi.
org/10.1201/9781351260244-14

- Ponton, C.; Giosan, L.; Eglinton, T. I.; Fuller, D. Q.; Johnson, J. E.; Kumar, P. &
Collett, T. S., (2012). “Holocene aridification of India”. Geophysical Research Letters,
39(3): 1-6. https://doi.org/10.1029/2011GL050722

- Pyankova, L., (1994). “Central Asia in the Bronze Age: Sedentary and
nomadic cultures”. Antiquity, 68(259): 355-372. https://doi.org/10.1017/
S0003598X00046718

- Reimer, P. J.; Austin, W. E. N.; Bard, E.; Bayliss, A.; Blackwell, P. G.; Bronk
Ramsey, C.; Butzin, M.; Cheng, H.; Edwards, R. L.; Friedrich, M.; Grootes, P. M.;
Guilderson, T. P.; Hajdas, I.; Heaton, T. J.; Hogg, A. G.; Hughen, K. A.; Kromer,
B.; Manning, S. W.; Muscheler, R.; ... Talamo, S. (2020). “The IntCal20 Northern
Hemisphere Radiocarbon Age Calibration Curve (0-55 cal kBP)”. Radiocarbon, 62(4):
725-757.  https://doi.org/10.1017/RDC.2020.41

- Sharifi-Yazdi, M.; Tavakoli, V.; Salehi-Noparvar, S.; Vaezi, A.; Naderi Beni, A.;
Nazemi, M.; Duttagupta, S. & Routh, J., (2022). “Influence of the Late Quaternary
climate on sedimentology of the Jazmurian Playa, SE Iran”. Journal of Paleolimnology,
68(2): 169-187. https://doi.org/10.1007/s10933-022-00239-8

- Sharifi, A.; Pourmand, A.; Canuel, E. A.; Ferer-Tyler, E.; Peterson, L. C.; Aichner,
B.; Feakins, S. J.; Daryaee, T.; Djamali, M.; Beni, A. N.; Lahijani, H. A. K. & Swart,
P. K., (2015). “Abrupt climate variability since the last deglaciation based on a high-
resolution, multi-proxy peat record from NW Iran: The hand that rocked the Cradle of
Civilization?”. Quaternary Science Reviews, 123: 215-230. https://doi.org/10.1016/].
quascirev.2015.07.006

- Shumilovskikh, L.; Djamali, M.; Andrieu-Ponel, V.; Ponel, P.; de Beaulieu, J.-L.;
Naderi-Beni, A. & Sauer, E. W., (2017). “Palacoecological insights into agri-horti-
cultural and pastoral practices before, during and after the Sasanian Empire”. Sasanian
Persia: between Rome and the Steppes of Eurasia, 2™ edn. Edinburgh University Press,
Edinburgh: 51-73. https://doi.org/10.3366/edinburgh/9781474401012.003.0003

- Sinha, A.; Kathayat, G.; Weiss, H.; Li, H.; Cheng, H.; Reuter, J.; Schneider, A. W.;
Berkelhammer, M.; Adali, S. F.; Stott, L. D. & Lawrence Edwards, R., (2019). “Role



m)\iwmo\;..a\eo\,sm| Ao |

of climate in the rise and fall of the neo-assyrian empire”. Science Advances, 5(11).
eaax6656. https://doi.org/10.1126/sciadv.aax6656

- Staubwasser, M. & Weiss, H., (2006). “Holocene Climate and Cultural Evolution
in Late Prehistoric—Early Historic West Asia”. Quaternary Research, 66(03): 372-387.
https://doi.org/10.1016/j.yqres.2006.09.001

- Turchin, P.; Adams, J. M. & Hall, T. D., (2006). “East-West Orientation of Historical
Empires and Modern States”. Journal of World-Systems Research, 219-229. https://doi.
org/10.5195/jwsr.2006.369

- Vaezi, A.; Ghazban, F.; Tavakoli, V.; Routh, J.; Beni, A. N.; Bianchi, T. S.;
Curtis, J. H. & Kylin, H., (2019). A Late Pleistocene-Holocene multi-proxy record
of climate variability in the Jazmurian playa, southeastern Iran”. Palaeogeography,
Palaeoclimatology,  Palaeoecology, 514: 754-767. https://doi.org/10.1016/].
palaco.2018.09.026

- Vaezi,A.; Routh, J.; Djamali, M.; Gurjazkaite, K.; Tavakoli, V.; Beni, A. N. & Roberts,
P, (2022). “New multi-proxy record shows potential impacts of precipitation on the rise
and ebb of Bronze Age and imperial Persian societies in southeastern Iran”. Quaternary
ScienceReviews,298:107855.https://doi.org/10.1016/J.QUASCIREV.2022.107855

- Vidale, M. & Frenez, D., (2015). “Indus Components in the Iconography of a White
Marble Cylinder Seal from Konar Sandal South (Kerman, Iran)”. South Asian Studies,
31(1): 144-154. https://doi.org/10.1080/02666030.2015.1008820

- Wehausen, R. & Brumsack, H.-J., (2000). “Chemical cycles in Pliocene sapropel-
bearing and sapropel-barren eastern Mediterranean sediments”. Palaeogeography,
Palaeoclimatology, Palaeoecology, 158(3): 325-352. https://doi.org/10.1016/S0031-
0182(00)00057-2

- Weiss, B., (1982). “The decline of Late Bronze Age civilization as a possible
response to climatic change”. Climatic Change, 4(2): 173-198. https://doi.org/10.1007/
BF02423389

- Weiss, H.; Courty, M. A.; Wetterstrom, W.; Guichard, F.; Senior, L.; Meadow, R. &
Curnow, A., (1993). “The genesis and collapse of third millennium north Mesopotamian
civilization”. Science, 261(5124): 995-1004. https://www.jstor.org/stable/2881847

- Zandifar, S.; Tavakoli, V.; Vaezi, A.; Naeimi, M.; Naderi Beni, A.; Sharifi-Yazdi,
M. & Routh, J., (2022). “Influence of transport mechanism on playa sequences, late
Pleistocene-Holocene period in Jazmurian Playa, southeast Iran”. Arabian Journal of
Geosciences, 15(7): 653. https://doi.org/10.1007/s12517-022-09918-2

- Zhang, P.; Cheng, H.; Edwards, R. L.; Chen, F.; Wang, Y.; Yang, X.; Liu, J;
Tan, M.; Wang, X.; Liu, J.; An, C.; Dai, Z.; Zhou, J.; Zhang, D.; Jia, J.; Jin, L.; &
Johnson, K. R. (2008). 4 test of climate, sun, and culture relationships from an 1810-
year Chinese cave record. science, 322(5903): 940-942. http://science.sciencemag.org/
content/322/5903/940.abstract



