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ABSTRACT

In the present study, in order to reconstruct the paleoenvironmental and climatic changes of Jiroft
during the last 4000 years, several evidences of sedimentology and biogeochemistry on a sedimentary
core have been investigated. Around. 3950 cal yr BP, low values of Ti/Al, Si/Al, C/N and CPI
along with high values of §'*COM, and Paq indicate a wet period in Jiroft. evidence indicates a
relative decrease in humidity between about 3900 and 3293 cal yr BP. Between 3293 and 2897 cal
yr BP, Jiroft was dry and dusty. The results show very dry conditions with a significant increase in
the amount of dust around 3200 cal yr BP. A long-wet period from about 2897 to 2302 cal yr BP
can be recognized with high Paq values. The highest Ti/Al values along with the lowest 3"*COM
values indicate increased wind activity and dry conditions between 2100 and 1650 cal yr BP. Jiroft
experienced wet conditions between 1540 and 1315 cal yr BP. With the relative decrease of rainfall,

a semi-humid climate prevailed in Jiroft between 1315 and 854 cal yr BP.

1. Introduction

Influenced by complex interactions between the southwest Indian
Ocean Summer Monsoon (IOSM), the Mid-Latitude Westerlies
(MLW), and the northeast Siberian Anticyclone, southeastern
Iranian Plateau marked the development of early Bronze Age
settlements followed by the Iron Age, and finally transitioning
into urban cities, all the way up to the rule of the Persian Empire
(Hamzeh et al., 2016; Sharifi et al., 2015; Vaezi et al., 2019).
At the center of all these socio-cultural changes there was a
medley of climatic, phytogeographic and cultural transitions that
swept through the region setting the stage for dramatic changes

that were encountered during Holocene (Gurjazkaite et al., 2018;

Sharifi et al., 2015; Vaezi et al., 2019).

There are very few high resolution studies on the past
climate change in Iran compared to other parts of the world
(Karimi et al., 2011; Kehl, 2009). Recently two studied have
been done with the author of current paper in this region. One, in
the Jazmurian playa, a mostly dry ephemeral lake located ca. 100
km to the south of the Bronze Age excavation sites in Jiroft that
showed IOSM and MLW impacted the landscape resulting in
multiple wet and dry periods during the late Pleistocene-Holocene
period (Vaezi et al., 2019). Increased fluvial inputs, coupled with

a low abundance of evaporite minerals in Jazmurian sediments,
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indicated a greater influence of the IOSM between 14 and 13.2 cal
kyr BP. In contrast, the Jazmurian playa was dry and dusty between
13.2 and 11.4 cal kyr BP, as reflected by an increase in aeolian sands,
and the presence of evaporite minerals. This was followed by a period
of strong IOSM activity during the early Holocene, coinciding with
higher fluvial input ca. 11.4 cal kyr BP. Several intense dry periods with
sharp increases in aeolian inputs occurred after the early Holocene,
due to southward migration of the Intertropical Convergence
Zone. Precipitation sources changed from a monsoon-dominated
regime to one influenced by the MLW during the late-Holocene
(Vaezi et al.,, 2019). Unfortunatly the resolution of that study
within the late-Holocene period was very low. In the other study
a peat sequence near the archaeological complex at Konar Sandal
was investigated with detailed palynology and showed that Konar
Sandal was dominated by the Saharo-Sindian open pseudo-savanna
vegetation for ca. 4000 years and Agro-pastoral activities and
climatic factors changed the land-cover from open xeric scrubland to
a degraded landscape (Gurjazkaite et al., 2018).

The location of Jiroft is situated in a transitional zone between
the semi-arid to the north and the arid to the south, and tough aquatic
and terrestrial ecosystems is very sensitive to the consequences of
climatic changes (Gurjazkaite et al., 2018). This is particularly
unfortunate that detailed biomarker studies tracing changes up to the
present day in the arid to hyper-arid regions in south Iran are non-
existent. Hence, in the present study, we have performed a detailed
multi-proxy palaeo-environmental reconstruction using multiple
sedimentological, geochemical, biogeochemical, and paleontological
proxies in a 250-cm long peat sequence covering the last 4000 cal yr
BP to better reconstruct past climatic changes and its spatio-temporal

influences on the Iranian Plateau.

2. Research methodology

A detailed multi-proxy palaeco-environmental reconstruction using
multiple sedimentological, geochemical, biogeochemical, and
paleontological proxies in a 250-cm long peat sequence used to
interpret the palacoenvironmental conditions in this study, are

summarized bellowed.

1.2. Sampling, magnetic susceptibility, and grain size analysis

Two cores, labeled as Dar-1 and Dar-2 with lengths of ca. 2.5 and
1.9 m were retrieved using a Russian peat borer. The deposit lies
between the raised archeological mounds at Konar Sandal from
a spot named Daryache (Persian name for lake), 25 km south of
the modern city of Jiroft (27°37'04” N, 58°34'77" E; Fig. 1). The
core was logged in the field, described, photographed, and stored
at 4°C and constant humidity at the Iranian National Institute for
Oceanography and Atmospheric Science (INIOAS) marine geology
laboratory. Intact peat cores were passed through a MS2C Bartington

magnetic susceptibility (MS) meter (sensitivity of about 2x10—6 SI)
and measured at 2-cm increments. The cores were then transported
to Link&ping University in Sweden, where the longer Dar-1 core was
sub-sampled at 1-cm intervals and freeze-dried for further analysis.
Grain size was measured every 1-4 cm in the freeze-dried sediments

using a Micromeritics SediGraph III Particle Size Analyzer.

2.2. Radiocarbon analyses

Based on variations in the sediment characteristics (lithology,
MS, and grain size), eight sub-samples were submitted for
radiocarbon (**C) analysis to the Poznan Radiocarbon Laboratory.
Gurjazkaite et al. (2018) describe sample pre-treatment and data
handling. The age data obtained from the core analysis were
extrapolated within the Bayesian framework, using the R-software
package BACON (Blaauw and Christen, 2011) and Intcal 20 (Reimer
et al., 2020). Radiocarbon dates were calibrated using the Intcal 20
curve (Reimer et al., 2020; Fig. 2).

3.2. Elemental and mineralogical analyses

The X-ray fluorescence (XRF) analysis was carried out at intervals of
1-5 cm with a hand-held XRF scanner (S1 TITAN, Bruker), equipped
with a rhodium X-ray tube and XFlash® Silicon Drift Detector
(SDD). First, calibration in the mass percent unit was done using the
Geochem Trace program. Then, 22 sub-samples covering the entire
length of the peat were selected for major and trace element analysis
using an Inductively Coupled Plasma Mass Spectrometer (Perkin
Elmer NexION 300) to verify the XRF results. For extracting the
metals, a pseudo-total digestion method using 10 mL of HNO, acid
(14 M) was added to 0.3 g sediments and digested by a Microwave
Milestone Ethos 1 digester.

4.2. C/N and Stable isotope analyses

Forty-three freeze-dried, acid-treated sediment samples (fumigation
method; Hedges and Stern, 1984) were analyzed for organic C and
N concentrations and isotopic compositions. The analyses were done
at the Stable Isotope Mass Spectrometry Laboratory, University of
Florida, using a Carlo Erba Elemental Analyzer NC1500 attached to
a Thermo Electron DeltaV Advantage gas-ratio mass spectrometer.
The C/N value was reported as a mass ratio; the 3°C_, and 8"N_,

were reported in conventional delta () notation vs. V-PDB.

5.2. Lipid extraction

5-6 g of freeze-dried peat sample was extracted with a mixture of
CH,CI, and MeOH (9:1 v/v) using an accelerated solvent extractor
(Dionex ASE 300; 3 cycles at 1000 psi and 100 °C). The extracts
were reduced using a Biichi SPE extractor, and half the volume
was stored for archival purposes. The separation of lipid fractions

was done using the solid phase extraction technique, followed by
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derivatization based on the method developed by Wakeham et al. (2002).
The biomarker extracts were analyzed on a GCMS (Agilent 6890 GC
with a 5973 MS) system, and the compounds were identified based on

their retention time, m/z ratios, and authentic standards.

3. Results

The magnetic susceptibility (MS) ranges from 2.92 x 10 * to 7.25
x 10 - SI, with a mean value of 6.43 x 10 5 SI. The MS values are
high from bottom of core to 200 cm. Percentage of sand showed
high amplitude variation (min 51.04%, max 95.67%) around a
mean of 78.63% (Fig. 3). From 175 to 80 cm sand content is very
high and relatively constant. Generally, there is no or very weak
correlation between magnetic susceptibility and sand content. But
between the depth of 10 and 80 cm shows a R2 value of 0.318
which is higher compared to other intervals.

Major and trace elements distribution pattern obtained by XRF
and ICP-MS represent generally similar trends. Si concentration
fluctuates between 2.93-23.48%. Al concentration fluctuates
between 0.29-3.59%. K concentration fluctuates between 0.10-
0.93%. Ca concentration fluctuates between 0.48-6.88%. S
concentration fluctuates between 0.42-7.16% (Table 3). Also, a
strong correlation (>0.9) between the Si, Al and K were found in
the peat sediments. Paleoenvironmental changes (wet/dry periods
and aeolian activity) were shown using the elemental ratios of Si/
Al, Ti/Al, Rb/K, Ca/Ti, Fe/Al and K/Ti were calculated and plotted
versus depth and calibrated ages (Fig. 3).

Total organic carbon (TOC) and Total nitrogen (TN) in the
decarbonated sediments ranged from 0.61% to 12.32% and 0.07%
to 0.8%, respectively (Fig. 3). The C/N ratio varied from 5.75 to
19.18 wt%. The 8"°C, values ranged from -25.30%o to -19.67%o,
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whereas 3N ranged from 0.78%o to 6.71%o (Fig. 4).

4. Discussions

Jiroft experienced mild condition from 3900 to 3300 cal yr BP. The
milder conditions followed the short-wet interval at the bottom of
the core and were punctuated by two short dry periods around 3800
and 3575 cal yr BP. From 3293 to 2897 cal ye, Jiroft was dry and
windy. The driest and very windy condition in Jiroft during this
arid interval occurred at ca. 3200 cal yr BP. From 2897 to 2302
cal yr BP was the wettest period since 4000 cal yr BP in Jiroft.
Dry condition from 2302 to 2240 cal yr BP occurred based on the
sharp increase in aeolian input. A significant increase in aeolian
activity and dry condition occurred between 2000 and 1650 cal yr
BP probably due to the intensity of the Siberian anticyclone. Jiroft
experienced wet conditions between 1540 and 1315 cal yr BP. The
wet condition coincided with the weakness of Siberian High over
Iran. Most of the time, between 1315 and 854 cal yr BP, Jiroft had
mild conditions (Vaezi et al., 2022).

5. Conclusion

Hydrology variations of Jiroft is more matched-up with similar
trends at other Mid-Latitude Westerlies (MLW)-dominated sites
e.g., Lake Tecer. It seems, the hydroclimatic variations of the
region since the Late Holocene is more related to the Mid-Latitude
Westerlies (MLW), and the northeast Siberian Anticyclone rather
than the southwest Indian Ocean Summer Monsoon (IOSM)
variations. However, it is still difficult to evaluate direct impact of
southwest Indian Ocean Summer Monsoon (IOSM) variations on
the paleohydrology of the due to the lack of a continuous monsoon

record from the region.
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Figure 2. Age-depth model of the Jiroft using R-software package BACON (Blaauw and Christen, 2011). The calibrated '*C 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. .

IntCal 20 4\1:..»_54;. ol a)...:.‘lf C,éj_a.- o jRa (Qw OU}; g'f.;)i’b a@ie_l.an) T G_L'J—\ J}-\:,-

Table 1. Calibrated radiocarbon dates (Laboratory, Poland Poznan Radiocarbon) using IntCal 20.

Sample no. Depth (cm) Lab no. Age “C (yr BP) Calibrated age (cal yr BP)
Dar-35 34-35 P0z-85097 301125 1037
Dar-64 63-64 Poz-83152 35+ 1700 1579
Dar-95 94-95 Poz-83153 30+2130 2139
Dar-114 113-114 P0z-85099 30 +2405 2510
Dar-143 142-143 Poz-83154 35+3010 3080
Dar-195 194-195 Poz-83155 35 £ 3400 3672
Dar-235 234-235 Poz-83156 35+3655 3902
Dar-245 244-245 Poz-85100 30 +3570 3935
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Table 2. Statistical changes of concentration of some elements in the Jiroft core measured by XRF.

Si Fe S Ca Al

K Ti As Mn Sr Rb

Mean 13.10 340 | 2.18 | 2.22 1.96

0.59 | 0.26 | 0.07 | 0.05 0.06 0.02

SD 4.65 1.01 1.28 | 1.27 0.78

0.20 | 0.06 | 0.03 | 0.04 0.02 0.01

Max 23.48 541 | 7.16 | 6.88 3.59

093 | 038 | 0.16 | 0.19 0.09 0.04

Min 2.93 1.22 | 042 | 048 0.29

0.10 | 0.09 | 0.02 | 0.01 0.01 0.01
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Figure 3. Magnetic susceptibility; % Sand content and geochemical trends are plotted vs. depth and age. The visual characteristics of the 2.5-m peat

sequence, and depth are also included. The units (Unit 1-Unit 6) represent shifts in sedimentological and geochemical properties.
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Figure 4. total organic carbon; total nitrogen; C/N wt%; 8"*C in organic matter; n-C27, 29, 31 alkanes ng/g; Paq; ACL; CPI; TAR trends are plotted

vs depth and age. The visual characteristics of the 2.5-m peat sequence, and depth are also included. The units (Unit 1-Unit 6) represent shifts in

sedimentological and geochemical properties.
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