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Abstract

In the present study, multi-proxy climatic records—including palynological,
sedimentological, and geochemical data—were employed to reconstruct
palaeoenvironmental changes in the Halil Rud cultural zone from 4 to 2.9
ka BP, based on a 2.5-meter sediment core retrieved from a peat bog near
the excavation site at Konar Sandal, located near Jiroft in southeastern
Iran. The relatively low abundance of desert shrubs in the Konar Sandal
sediment core indicates a humid/semi-humid climate from approximately
4 to 3.4 ka BP. Tepe Yahya shows occupation during this period (IVA, ca.
4.0-3.6 ka BP), followed by several centuries with no evidence of sedentary
settlement in the region. A similar pattern is observed in the Lut Desert,
Sistan, and Bard Sir Valley. However, in highland southwestern Iran,
whereby the Kaftari period represents a peak in sedentary occupation in
the Kur River Basin. Subsequently, in the later 4th millennium BP (Qaleh/
Shogha-Teimuran periods, ca. 3.6-2.9 ka BP), there was a significant decline
in population at the Kur River Basin. The high abundance of desert shrubs
and the dominance of Amaranthaceae and Artemisia in the Konar Sandal
sediment core signify dry environmental conditions alongside reduced
agricultural activities in the Halil Rud cultural zone between 3.4 and 2.9
ka BP. This period, particularly around 3.2 ka BP, was characterized by
severe droughts that coincided with a decline in settlements in the region.
In southeastern Iran, occupation is currekntly not attested in Sistan, the
western Lut, the Bard Sir Valley, or the Bam region before 2.8 ka BP.
However, recent studies have recorded early Iron Age settlements (around
3.3-3 ka BP) at Tom-e Gavan and Konar Sandal North, partially filling
the long settlement gap and aligning with the gradual rise in Cerealia-type
pollen recorded in the Konar Sandal sediment core. The Kur River Basin
witnessed a significant decline in settlement during the Qaleh/Shogha-
Teimouran periods.

Keywords: Agro-pastoralism, Climate, Konar Sandal, Late Holocene
Epoch, Peat.
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Introduction

The Early Bronze Age, occurring in the 3rd millennium BCE, saw
the emergence and prosperity of human societies in southeastern Iran.
Notable settlements such as Konar Sandal, Shahr-i Sokhta, Tepe Yahya,
Bampur, and Shahdad were integral to trade, agriculture, and cultural
exchange. The community at Konar Sandal, situated by the Halil Rud,
is particularly recognized for its unique ‘Jiroft’ artistic style, which
features distinctive steatite engravings and clay pottery, alongside an early
writing system. Investigations suggest that the Jiroft culture represented
a socio-economically advanced agrarian society with far-reaching trade
connections to other cultural centers. Nevertheless, around 4200 cal yr
BP, the Halil Rud area and other Early Bronze Age civilizations, including
the Akkadian Empire, the Old Kingdom of Ancient Egypt, and the Indus
Valley Civilization, experienced a significant decline. This collapse is likely
linked to a drought event around 4200 cal yr BP, which caused inadequate
rainfall and subsequent desertification, severely impacting agricultural
viability and leading to the abandonment of these settlements.

The main studies in Konar Sandal have focused on archaeological
findings, geomorphology and bioarchacology. However, the harsh
environmental conditions combined with complex phytogeographic
settings coupled with lack of suitable sedimentary archives and lack of
multi-proxy high-resolution palaeo-environmental data hampers our
understanding about the cultural dynamics in southeastern Iran.

Main questions of this study are: How did historical societies cope
with aridity? What did they cultivate? What kind of natural vegetation
was exploited and how this vegetation was impacted by human activities
during wet or dry episodes?

This research seeks to explore the historical patterns of regional
climate variability, as well as paleoenvironmental and paleoclimatic
transformations, and their interrelations with ancient settlements in
southern Iran, particularly within the Halil Rud cultural zone, spanning the
period from 4000 to 2900 years ago. The investigation centers on sediment
cores obtained from a peat deposit adjacent to the excavation site at Konar
Sandal. Variations in wetland water levels, surrounding flora, and other
influencing factors are anticipated to be intricately linked to both natural
climatic shifts and anthropogenic activities within these communities.

In order to meet these objectives, the study involve detailed analyses of:

Grain size and Magnetic susceptibility studies to trace landscape
changes. Total organic carbon and nitrogen, along with the C/N ratio
to trace organic matter source. Pollen analyses to determine the paleo-
vegetation dominance and peatland water level.

Discussion

The results reveal that the Konar Sandal peatland ecosystem evolved from
a shallow marsh around 4000-3900 cal yr BP to a water-rich wetland
between 3800 and 3400 cal yr BP, dominated by Sparganium/Typha
and Poaceae. The presence of Riparian trees (e.g., Salix and Tamarix)
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in the pollen record suggests that climatic conditions were sufficiently
humid to support adequate water discharge in the Halil River and/or the
expansion of human-made canals and channels. However, given the low
pollen production capacity of Tamarix, its pollen presence likely indicates
abundant riparian forests. Changes in vegetation composition and the
abundance of Cerealia-type pollen suggest agricultural activities between
3900 and 3700 years ago. Studies indicate that wet to semi-wet conditions
were also recorded in various regional lakes during this period.

The present study reveals that, despite minimal signs of agricultural
activity between 4000 and 3200 cal yr BP, there were two probable periods
of extensive agricultural activity between 3900 and 3700 cal yr BP.

Between approximately 3400 and 2900 cal yr BP, the Jiroft region
experienced severe droughts, indicated by the abundance of desert shrubs
and the dominance of Artemisia and Calligonum pollen. The wetland
underwent oxidation (decomposition) due to desiccation. Overall, organic
matter content was very low during this period. Oxidation facilitated
the degradation of organic matter and the formation of amorphous peat,
which is common in the region. The water table of the peatland declined
during this time, indicating drought conditions. Limited water resources
may have hindered tree growth, as evidenced by the disappearance of
riparian trees and the emergence of Prosopis. These climatic changes
align with findings from other studies in the Middle East. With the onset
of the Iron Age (3400-2900 cal yr BP), the region experienced severe
aridity and water scarcity, leading to population decline and settlement
abandonment. Unfavorable climatic conditions had a profound impact
on the lifestyle of the region’s inhabitants, potentially prompting a shift
from agriculture to pastoralism. The driest conditions in the Iranian
Plateau occurred around 3200 cal yr BP, coinciding with the decline
of late Bronze Age settlements in ancient Mesopotamia and the eastern
Mediterranean.

Conclusion

The unique combination of phytogeographic, climatic, and archaeological
characteristics has made the Halil River cultural basin an ideal location
for studying paleoclimatic changes and human-environment interactions.
Results obtained from various climatic proxies (sedimentological,
geochemical, and palynological) indicate that the region experienced
environmental changes between 4000 and 2900 years ago, driven by both
natural and anthropogenic pressures. During the late Holocene, the region
was characterized by a Saharo-Sindian pseudo-savannah flora vegetation
cover. However, the landscape transitioned from scattered shrub forests to
open and degraded shrublands.

The Konar Sandal peatland evolved from a shallow marsh around
4000-3900 cal yr BP to a water-rich wetland between 3800 and 3400 cal
yr BP. Cerealia-type pollen between 3900 and 3700 cal yr BP indicates
agricultural activity, supported by wet to semi-wet conditions in regional
lakes. However, minimal agricultural signs are noted between 4000 and
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3200 cal yr BP, with two probable periods of extensive activity around
3900-3700 cal yr BP.

Severe droughts between 3400 and 2900 cal yr BP in Jiroft are
evidenced by desert shrubs and Artemisia/Calligonum pollen. The wetland
dried, causing organic matter oxidation and amorphous peat formation.
Declining water tables and the disappearance of riparian trees, replaced
by Prosopis, reflect drought conditions. These changes align with
broader Middle Eastern aridity during the Iron Age, causing population
decline, settlement abandonment, and a potential shift from agriculture to
pastoralism. The driest period around 3200 cal yr BP coincided with the
collapse of late Bronze Age settlements in Mesopotamia and the eastern
Mediterranean, highlighting the widespread impact of climatic changes on
ancient civilizations.

The findings of this study highlight the relationship between
environmental changes and human lifestyles in the Halil River cultural
basin. The Konar Sandal sediment core analysis reveals significant human
intervention in wetland hydrology since ancient times. Human activities
such as cereal cultivation, burning, and vegetation clearance are traceable
throughout the study period. Specifically, drought had a major impact on
agricultural-pastoral communities. However, complete abandonment of
settlements is unlikely, as pollen from plants such as Plantaginaceae and
Polygonum aviculare-type persists during dry periods, particularly between
3400 and 2900 cal yr BP. It appears that pastoralism expanded around
3600 cal yr BP. The identified pollen during this period is likely associated
with livestock trampling and grazing. Thus, harsh climatic conditions may
explain the development of a nomadic pastoralist lifestyle, which has deep
historical roots in the region.
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Fig. 1: Map of the Iranian Plateau. The
Iranian Plateau is considered one of the
most dynamic regions in the world from a
meteorological perspective. Its climate is
influenced by the interaction of the Siberian
High, Mid-Latitude Westerlies (MLW), and
the Indian Ocean Summer Monsoon (IOSM).
The positions of climatic systems and the
boundary of the Intertropical Convergence
Zone (ITCZ) are shown in the figure. The
location of the Konar Sandal sediment core,
extracted from a peatland near the Konar
Sandal archaeological sites, is indicated by
a blue star. Other key paleoclimatic studies
discussed in the text are also marked with
blue stars. Ancient settlements in southern
Iran mentioned in the text are represented by
black dots (Authors, 2023).
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Sample no.  Depth (cm) Lab no. Age “C (yr BP) Calibrated age (cal yr BP)

Dar-35 34-35 Poz-85097 1125+ 30 1037
Dar-64 63-64 Poz-83152 1700 + 35 1579
Dar-95 94-95 Poz-83153 2130+ 30 2139
Dar-114 113-114 Poz-85099 2405+ 30 2510
Dar-143 142-143 Poz-83154 3010+ 35 3080
Dar-195 194-195 Poz-83155 3400 + 35 3672
Dar-235 234-235 Poz-83156 3655+ 35 3902

Dar-245 244-245 Poz-85100 3570+ 30 3935
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Tab. 1: Results of the Konar Sandal core
dating calibrated using IntCall3 (Authors,
2023).
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Fig. 2: Age-depth model of the Konar Sandal
core retrieved from a peatland near Konar
Sandal in southeastern Iran. An image of the
sediment core and its lithological features is
also displayed. The black line represents the
mean calibrated age, while the gray shading
indicates the minimum and maximum values
within a 95% confidence interval (Authors,
2023).
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Fig. 4: Selected pollen and ecological groups identified in the Konar Sandal core. Pollen frequencies are expressed as percentages. Pollen species
with negligible presence are not shown in the figure. Pollen species with less than 1% abundance in each sample are represented by circles.
Exaggeration lines indicate values magnified five times the original percentage (Authors, 2023).
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Fig. 5: Selected pollen and ecological groups
identified in the Konar Sandal core. Pollen
frequencies are expressed as percentages.
Pollen species with negligible presence are
not shown in the figure. Micro-charcoal
particles (< 10 micrometers) are expressed as
millions of particles per 1 gram of sediment.
Pollen species with less than 1% abundance
in each sample are represented by circles.
Exaggeration lines indicate values magnified
five times the original percentage (Authors,
2023).
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1. High-resolution
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5. Russian peat corer
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7. Accelerator Mass Spectrometry

8. Laboratory, Poland Poznan Radiocarbon
9. Magnetic Susceptibility
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11. Total Nitrogen

12. TOC/TN

13. Amaranthaceae

14. Artemisia

15. Poaceae

16. Sparganium

17. Cyperaceae

18. Cerealia-type

19. Gyttja

20. Amorphous peat

21. Total aquatic pollen
22. Plantaginaceae

23. Polygonum aviculare
24. Tamarix

25. Prosopis

26. Xerophytic shrubs and trees
27. Riparian tree Salix

wlls

cL;L)d).)b 9 fA.f}ﬁ ‘Lflgﬁ'; f).:uaﬁ cd)u\.&w‘ EL;A‘AJ).O cL;]Lo&‘; iLAb)—:.l& cL;lé.C‘s -
Mol g p90 Bl 3l ol Brtiosix Sliwl claSind 5 oll oaSl>
https://dx.doi. .0%=Ae:(YV) A cassyy (ool (s \lallas L slwbw 3y90 Ls
org/10.22034/PJAS.8.27.37

- Allen, M. & Trousdale, W. B., (2019). “Early iron age culture of Sistan,
Afghanistan”. Afghanisitan, 2(1). https://doi.org/10.3366/afg.2019.0025

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

- Biscione, R. & Vahdati, A. A., (2020). “The BMAC presence
in eastern Iran”. In: The World of the Oxus Civilization. https://doi.
org/10.4324/9781315193359-23

- De Miroschedji, P., (2003). “Susa and the highlands: major trends in
the history of Elamite civilization™. Yeki Bud, Yeki Nabud: Essays on the
Archaeology of Iran in Honor of William M. Sumner: 17-38.

- Dearing, J., (1994). Environmental magnetic susceptibility. Using the
Bartington MS2 System, Kenilworth, Chi Publ.

- 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., Médail, F., Ponel, P., Roberts, N. & Stevens, L.,
(2010). “Indian Summer Monsoon variations could have affected the early-
Holocene woodland expansion in the Near East”. In: The Holocene (Vol.
20). https://doi.org/10.1177/0959683610362813



/
YFoY ooliuns) o3yl 8y93 FY Byl
\

- Djamali, M., Beaulieu, J. de & Shah-hosseini, M., (2008). “A late
Pleistocene long pollen record from Lake Urmia, NW Iran”. Quaternary,
https://doi.org/10.1016/j.yqres.2008.03.004

- Djamali, M., de Beaulieu, J. L., Andrieu-Ponel, V., Berberian, M.,
Miller, N. F., Gandouin, E., Lahijani, H., Shah-Hosseini, M., Ponel, P.,
Salimian, M. & Guiter, F., (2009). “A late Holocene pollen record from
Lake Almalou in NW Iran: evidence for changing land-use in relation to
some historical events during the last 3700 years”. Journal of Archaeological
Science, 36(7). https://doi.org/10.1016/].jas.2009.01.022

- Fiorentino, G., Caracuta, V., Calcagnile, L., D’Elia, M., Matthiae, P.,
Mavelli, F. & Quarta, G., (2008). “Third millennium B.C. climate change in
Syria highlighted by Carbon stable isotope analysis of 14C-AMS dated plant
remains from Ebla”. Palacogeography, Palaeoclimatology, Palaeoecology,
266: 1-2. https://doi.org/10.1016/j.palaeo.2008.03.034

- Goslar, T. & Czernik, J., (2000). “Sample preparation in the Gliwice
Radiocarbon Laboratory for ams 14C dating”. Geochronometria, 18: 1-8.

- Griffiths, H., Schwalb, A. & Stevens, L., (2001). Evironmental change
in southwestern Iran: the Holocene ostracod fauna of Lake Mirabad. The
Holocene. https://doi.org/10.1191/09596830195771

- 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). https://doi.org/10.1558/jmea.v6i2.131

-Hedges, J. L. & 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

- Jones, M. D., Djamali, M., Holmes, J., Weeks, L., Leng, M. J.,
Lashkari, A., Alamdari, K., Noorollahi, D., Thomas, L. & Metcalfe, S.
E., (2015). “Human impact on the hydroenvironment of Lake Parishan,
SW Iran, through the late-Holocene”. Holocene, 25(10). https://doi.
org/10.1177/0959683615594242

- 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). https://doi.org/10.1016/j.yqres.2010.07.010

- Kay, P. A. & Johnson, D. L., (1981). “Estimation of Tigris-Euphrates
streamflow from regional paleoenvironmental proxy data”. Climate Change,
3:251-263. https://doi.org/10.1007/BF02423218

7

FOEA,




N\

st &
ﬁg Md ¢ 4 @ ol e Sl g (orldl g aioms diy 03 Sy Som g sy
- . o

/

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

- Lemcke, G. & Sturm, M., (1997). “$6$180 and Trace Element
Measurements as Proxy for the Reconstruction of Climate Changes at Lake
Van (Turkey): Preliminary Results”. In: H. N. Dalfes, G. Kukla, & H. Weiss
(Eds.), Third Millennium BC Climate Change and Old World Collapse (Pp:
653-678). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-
60616-8 29

- Mashkour, M., Tengberg, M., Shirazi, Z. & Madjidzadeh, Y., (2013).
“Bio-archaeological studies at Konar Sandal, Halil Rud basin, southeastern
Iran”. Environmental Archaeology, 18(3): 222-246. https://doi.org/10.1179
/1749631413Y.0000000006

- Matthews, R. & Nashli, H. F., (2022). “The Archaeology of Iran
from the Palaeolithic to the Achaemenid Empire”. In: The Archaeology
of Iran from the Palaeolithic to the Achaemenid Empire. https://doi.
org/10.4324/9781003224129

- Mayewski, P. A., Meeker, L. D., Twickler, M. S., Whitlow, S., Yang, Q.,
Lyons, W. B. & Prentice, M., (1997). “Major features and forcing of high-
latitude northern hemisphere atmospheric circulation using a 110,000-year-
long glaciochemical series”. Journal of Geophysical Research: Oceans,
102(C12): 26345-26366. https://doi.org/10.1029/96JC03365

- Migowski, C., Stein, M., Prasad, S., Negendank, J. F. W. & Agnon,
A., (2006). “Holocene climate variability and cultural evolution in the Near
East from the Dead Sea sedimentary record”. Quaternary Research, 66(3).
https://doi.org/10.1016/j.yqres.2006.06.010

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

- Overlaet, B., (2013). Luristan during the Iron Age. https://doi.
org/10.1093/0xfordhb/9780199733309.013.0029

- Paulette, T., (2012). “Domination and resilience in bronze age
mesopotamia”. In: Surviving Sudden Environmental Change: Answers from
Archaeology.  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. https://doi.
org/10.1201/9781351260244-14

- Pfélzner, P., Soleimani, N. A. & Karimi, M., (2019). “SOJAS 2015—



/

e Gl 15

FoF ¢yl 3l By90 FY Byloii @,{,‘g ".dtH{
\

2018: A Résumé of Four Seasons of Archaeological Survey South of Jiroft.
Archaeology”. Journal of the Iranian Center for Archaeological Research,
2(2): 107-124.

- Prickett, M. E. (1986). Man, Land, and Water: Settlement Distribution
and the Development of Irrigation Agriculture in the Upper Rud-1 Gushk
Drainage, Southeastern Iran. (Vols. I-111). Harvard University.

- Roberts, N., Jones, M. D., Benkaddour, A., Eastwood, W. J., Filippi, M.
L., Frogley, M. R., Lamb, H. F., Leng, M. J., Reed, J. M. & Stein, M., (2008).
“Stable isotope records of Late Quaternary climate and hydrology from
Mediterranean lakes: the ISOMED synthesis”. Quaternary Science Reviews,
27(25-26): 2426-2441. https://doi.org/10.1016/j.quascirev.2008.09.005

- Schilman, B., Bar-Matthews, M., Almogi-Labin, A. & Luz, B., (2001).
“Global climate instability reflected by Eastern Mediterranean marine
records during the late Holocene”. Palaeogeography, Palaeoclimatology,
Palaeoecology, 176(1-4). https://doi.org/10.1016/S0031-0182(01)00336-4

- 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/j.quascirev.2015.07.006

- Stevens, L. R,, Ito, E., Schwalb, A. & Wright, H. E., (2006). “Timing
of atmospheric precipitation in the Zagros Mountains inferred from a multi-
proxy record from Lake Mirabad, Iran”. Quaternary Research, 66(03):
494-500. https://doi.org/10.1016/j.yqres.2006.06.008

- Stevens, L. R, Ito, E. & Wright, H. E., (2008). “Variations in effective
moisture at Lake Zeribar, Iran dusing the last glacial period and Holocene,
inferred from the d180 values of authigenic calcite”. In: K. Wasylikowa

& A. Witkowski (Eds.), Diatom Monographs, Vol. 8, The palaeoecology of
Lake Zeribar and sourrounding areas, Western Iran, dusing the last 48,000

years (p. 377). A.R.G.Gantner Verlag K.G.

- Stevens, L. R., Wright, H. E. & Ito, E., (2001). “Proposed
changes in seasonality of climate during the Lateglacial and Holocene
at Lake Zeribar, Iran”. The Holocene, 11(6): 747-755. https://doi.
org/10.1191/09596830195762

- Vaezi, A., Djamali, M., Skandari, N., Tavakoli, V. & Naderi Beni, A.,
(2024). “The Influence of Paleoclimatic Variability on the Rise and Fall of

Iranian Dynasties and Ancient Cultures in Southeastern Iran from the 2nd



N\

st &
ﬁg &d ¢ 4 @ ol e Sl g (orldl g aioms diy 03 Sy Som g sy
- . o

/

Millennium BCE to the Sassanid Period”. Parseh Journal of Archaeological
Studies, 8(27): 59-80.

- 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 Science Reviews, 298:
107855. https://doi.org/10.1016/J.QUASCIREV.2022.107855

- Verheyden, S., Nader, F. H., Cheng, H. J., Edwards, L. R. & Swennen,
R., (2008). “Paleoclimate reconstruction in the Levant region from the
geochemistry of a Holocene stalagmite from the Jeita cave, Lebanon”.
Quaternary  Research, 70(3): 368-381. https://doi.org/10.1016/j.
yqres.2008.05.004

- Wasylikowa, E. K. & Witkowski, A., (Eds.). (2008). Diatom
Monographs Vol. 8: The palaeoecology of Lake Zeribar and surrounding

areas, Western Iran, during the last 48000 years. A. R. G. Gantner Verlag
K. G.

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



