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Reconstructing paleoclimate, particularly environmental temperature,
plays a crucial role in understanding both current and future climate
patterns. The aim of this research is to investigate the climatic conditions
and estimate the ambient temperature during the Holocene period based
on two sediment cores extracted from the Jazmurian Basin.
Paleotemperature reconstruction was conducted using several methods,
including the calculation of the standardized coefficient of variation of
oxygen-18 and carbon-13 isotopes. For this purpose, the isotopic
analysis of oxygen-18/oxygen-16 and carbon-13 was performed .In
Jazmurian core 1, the initial temperature was estimated at 46°C. A
decreasing trend of approximately 10°C was observed down to a depth
of 175 cm, distributed across eight stratigraphic levels. At 175 cm, the
temperature shows an increasing trend, followed by a decline at the
subsequent level, and then a return to an increasing and stable trend in
the next two levels .In Jazmurian core 2, the initial temperature was
approximately 50°C. A sharp decrease in temperature is observed
between depths of 80 to 125 cm. Subsequently, there is a slight increase
of about 1°C, which remains relatively stable until a depth of 170 cm.
Beyond this point, the temperature decreases again in the final two
layers .The concentration of carbon-13 in core 1 ranges from 0 to 25.6,
while in core 2 it varies between 25.9 and 27.1. In core 1, six carbon-13
isotope samples show a value of zero, indicating an absence of carbon-
13 in those sediment layers. In contrast, core 2 displays a narrower range
of variation in carbon-13 values . The isotopic and temperature variations
observed in these sediment cores reflect different climatic phases during
the Holocene in the Jazmurian region. Such climatic changes are often
linked to cultural shifts, and the decline of ancient civilizations has
frequently coincided with environmental transformations. The findings
of this research may be of significant value to archaeology researchers,
particularly those studying ancient Iranian civilizations.
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Introduction

Understanding current and future climate patterns requires a comprehensive knowledge of
past climate dynamics. Paleoclimate reconstruction is considered one of the most reliable
methods for identifying and interpreting ancient climatic processes. To accurately study
and date climatic events, it is essential to incorporate interdisciplinary data and methods
from fields such as chemistry, geology, physics, and archaeology. In this research, the
method of oxygen isotope analysis is employed, which is grounded in the principles of
geochemistry. Oxygen naturally occurs in three stable isotopes: oxygen-16, oxygen-17,
and oxygen-18. These isotopes behave differently in physical processes, particularly in the
hydrological cycle. For instance, water molecules (H20) containing lighter oxygen isotopes
(such as O-16) evaporate more readily than those with heavier isotopes (such as O-18). As
a result, over time, atmospheric moisture becomes enriched in lighter isotopes, while
bodies of water such as oceans retain higher concentrations of heavier isotopes. his isotopic
fractionation provides valuable insights into ancient climate conditions. For example, the
relative abundance of oxygen-18 in ocean sediments or ice cores can serve as a proxy for
past temperatures and hydrological changes. In general, ocean water is richer in heavy
oxygen isotopes compared to rainwater, and this difference can be used to infer
environmental variations over geological timescales.

Material and Methods

Calculation of temperature through oxygen isotopes

To obtain the temperature of the ancient water environment, it is calculated using the
equation (1) through the analysis of oxygen isotopes.

equation (1) 16 — 4.14 X (618 O Value of + 1) + 0.13 x (018 O Value of + 1)?

For equation (1) it is first necessary to calculate the value of 618 O Value of, which also
requires the calculation of equation (2). In equation (2), first, the core oxygen isotope
(180'/160") is replaced, and then the standard value of 180/160 is replaced, and then by
inserting in equation (1), the ambient temperature is obtained in degrees Celsius.

In equation (2), first, the core oxygen isotope (180'/160") is replaced, and then the standard
value of 180/160 is replaced, and then by inserting in equation (1), the ambient temperature
is obtained in degrees Celsius.

It should be mentioned that the core oxygen isotope (sample) (180'/160") is usually
expressed as a deviation from the ratio of a standard value of 180/160 and expressed in
units per thousand. And also the standards are extracted from the average water of the
oceans. The equation of this deviation is as follows:

] (180’_18_0)
equation (2)0180 = ~1e%re%~
160
Results and Discussion
The relative frequency of oxygen isotopes in sediments is closely linked to water
temperature at the time of deposition. Analysis of oxygen-18 isotope data indicates a
temperature of approximately 46°C in Core No. 1 of the Jazmurian Basin at a depth of 53—
68 cm. A decreasing trend of about 10°C is observed down to a depth of 175 cm, distributed
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over eight stratigraphic levels. At 175 cm, the temperature slightly increases, followed by
a minor decrease in the next layer, and then exhibits a consistent increasing trend across
the subsequent two levels .n Core No. 2, the temperature is approximately 50°C at a depth
of 60-80 cm. A sharp temperature drop is evident between depths of 80 and 125 cm. After
this, a slight increase of around 1°C occurs, which remains stable down to a depth of 170
cm. Beyond this point, the last two layers show another decline in temperature .The
concentration of carbon-13 in Core No. 1 ranges from 0 to 25.6%o. Notably, six samples
from this core show a value of zero, indicating an absence of carbon-13 in those
sedimentary layers. In contrast, Core No. 2 shows a narrower range, with carbon-13 values
between 25.9 and 27.1%o. This suggests that isotopic variability is greater in Core No. 1
than in Core No. 2, possibly reflecting more diverse climatic or environmental conditions
at the time of deposition .These results suggest a dynamic paleoclimate in the Jazmurian
Basin during the Holocene, marked by temperature fluctuations and varying isotope
compositions, reflecting shifts in humidity, evaporation, and regional climate phases.

Conclusion

Overall, the Holocene period has been characterized by significant climatic variability. In
this study, temperature fluctuations in the Jazmurian playa were examined using two
sediment cores. To reconstruct paleotemperatures, the ratios of oxygen-16 to oxygen-18
isotopes were analyzed. Generally, a more negative 5'*0O value indicates a higher
proportion of oxygen-16, which is associated with more humid conditions and lower
evaporation rates—typically correlating with higher precipitation and moderate
temperatures. In contrast, more positive 8'*0O values suggest drier conditions, where
increased evaporation due to higher temperatures causes preferential loss of the lighter
oxygen-16 isotope. The data from both cores reveal multiple climate phases throughout the
Holocene, each marked by distinct isotopic signatures and temperature trends. Such
fluctuations are often linked to cultural changes, and periods of environmental stress are
known to coincide with the decline of ancient civilizations. Therefore, the findings of this
study can be of considerable value to researchers in archaeology, particularly those
investigating the environmental factors that influenced the development and decline of
ancient Iranian civilizations.
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