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A brief welcome from the organizers 

 

There is a considerable number of people , organizations and institutes, which 

have contributed to this conference , often in ways that might remain 

unrecognized. We want to acknowledge them tremendously for their 

contributions.  

 

 

 

 

 

 

 

 

 

 



  

 

 

Message of the President 
 

The Iranian Quaternary Association (IRQUA) was established in 2010 by recommendation 

of Professor Allen Chivas, the president of the International Union for Quaternary research. 

The Association started its official activities after the approval of the Iranian Ministry of 

Science, Research & Technology in 2011.The first general assembly took place in 2012 to 

elect a board of directors for 3 years. Since then, the Iranian Quaternary Association has 

held several workshops, training courses, and national conferences, beside signing 

cooperation agreements with a number of scientific and administrative organizations and 

consulting national and international projects related to Quaternary sciences. Presently, the 

Quaternary Association of Iran is in rank A among scientific associations. 

The national and international goals of the Iranian Quaternary Association consist of : 

- Clarifying the role of IRQUA in decision making and international associations 

- Executing joint scientific & cultural research projects with experts, whose fields of study 

are relevant to Quaternary sciences 

- Raising public awareness of the Quaternary science through media 

- Teaching the principles of Quaternary sciences to high school students through 

workshops 

- Cooperation with national and international executives, scientific & research institutions 

in order to evaluate, review & implement the plans and programs within the educational 

and research scope of the association 

- Setting up MSc and PhD degrees in the leading universities of the country 

- Encouraging researchers & students to contribute to Quaternary science 

- Honoring the outstanding researchers 

- Offering educational, research & technical services 

- Organizing national & international scientific conferences 

- Publishing scientific articles and books in Persian and English 

- Launching national and international conferences and workshops 

- Leading and assisting foreign students & researchers in their fields trips to Iran 

 

I warmly invite you to our conference in Tehran, 

Razyeh Lak 

 



  

 

 

Message of the Scientific Secretary 
 

Dear colleagues, 

 

It is my great honour to welcome you to the 3rd International Conference on Quaternary 

Sciences organized by the Iranian Quaternary Association (IRQUA), Research Institute for 

Earth Sciences (RIES), and the Geological Society of Iran (GSI). This conference generally 

takes place every two years and represents the most important event for the Iranian 

Quaternary Association. This time, we offer a very ambitious program around the role of 

the Quaternary sciences in contributing the knowledge base to face the ongoing challenges 

in mitigating climate change. We are planning a hybrid meeting expecting both in-person 

and online participants with a full scientific program, including workshops and field trips, 

short papers and abstracts. We welcome all contributions to improve our understanding of 

the relationships between the different natural and anthropogenic factors and processes that 

have been, are, and will be shaping the environment, landscape, and climate, human 

evolution and civilizations. 

The organizing committee has been enthusiastically and tirelessly working to make the 

conference a remarkable experience and I am convinced that the participants of the 3rd 

International Conference on Quaternary Sciences will contribute to the success of this 

congress with many new ideas and cutting-edge science, exciting results and lively 

discussions. I am also convinced that the 3rd International Conference on Quaternary 

Sciences will inspire and foster new collaborations, increase our knowledge of Quaternary 

science, and remain for those who will participate in person, a long-lasting memory of the 

Iranian hospitality and wonderful landscape. 

 
I hope to see you at the opening ceremony and with best regards, 

Mahyar Mohtadi 



  

  



  

 

Executive Secretary: 

Dr. Sahar Maleki 

 

Executive Colleagues: 

 

Elnaz Aghaali 

Hamoon Memarian 

Homa Rostami 

Horieh Alibeigi 

Nayereh Bayat Ghiasi 

Zaniar Amiri 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

Executive Secretary Speech 

 

Undoubtedly, today's world, along with the increasing need of natural resources, 

suffer from a variety of environmental, social and economic problems. With the 

development of science and technology in the recent decades, significant achievements have 

been made in socioeconomic, health, and environmental goals worldwide, including in our 

country. However, environmental issues such as water and soil crises, and natural hazards 

seriously compromise humans and ecosystems, and cause irreparable damage, a topic that 

has been addressed by many experts and scholars. Some of the most pressing challenges in 

our country include the management of water resources and droughts, population growth 

and the development of urbanization, unconditional exploitation of natural resources and 

the manipulation of the environment, air pollution, soil erosion, and mitigating climate 

change. 

A glance at the volume of the above challenges reminds us the importance of 

Quaternary studies and the heavy burden on the scientific community. This conference is 

also aiming to address these issues by bringing together knowledge and cutting-edge 

science, exchanging ideas, and preparing joint projects and programs. 

Since April of last year, along with the call for the abstracts, activities of the scientific 

and executive secretaries of the conference began. During this period until the abstract 

deadline by the end of December, about hundred articles were submitted to the secretariat 

of the congress. The papers were carefully examined by the scientific committee and sixty 

articles were accepted. Finally, it was decided to present forty contributions in the form of 

lectures and the rest in poster form both online and offline over three days. We now proudly 

welcome foreign and domestic guests and wish all of you a successful meeting and a 

pleasant stay in Tehran. 

Let me finish my speech with my sincere gratitude to those who have made this 

conference possible: The Geological Survey of Iran and its honorable deputy chairman for 

their great support; the members and board of the Quaternary Association of Iran for their 

commitment and the members of the executive secretariat of the conference for their tireless 

assistance. I would like to thank all the presenters at the meeting and please accept my 

sincere apologies for all the possible deficiencies. 

 

Thank you very much, 

Sahar Maleki 
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Unusual changes in East Asian winter monsoon during MIS 8 as recorded 

in Chinese loess and the implications for ice age dynamics 

Hao, Q.1*, Peng, S.2, Gao, X.³, Marković, S.4, Li, S.5, Zhang, J.6, Li, F.1, Han, L.7,Fu, Y.1, Wu, X.8, 

Wang, L.1, Yu, J.9, Xu, B.1,Qiao, Y.10, Guo, Z.1  

1 Key Laboratory of Cenozoic Geology and Environment, Institute of Geology and Geophysics, Chinese Academy 

of Sciences, China 

2 Key Laboratory of tourism and resources environment in Universities of Shandong, Taishan University, China 

3 Institute of Geology, China Earthquake Administration, China 

4 Department of Physical Geography, Faculty of Sciences, University of Novi Sad, Serbia 

5 Department of Earth Sciences, The University of Hong Kong, China  

6 Leibniz Institute for Applied Geophysics, Germany 

7 School of Ecology and Environment, Zhengzhou University, China 

8 School of Ocean and Earth Science, Tongji University, China 

9 Laoshan Laboratory, China 

10 Institute of Geomechanics, Chinese Academy of Geological Sciences, China 

 

* Presenting author, email: haoqz@mail.iggcas.ac.cn 

One of the basic shapes of the marine 18O records of the last million years is “saw-toothed” form, 

characterized by the gradual cooling to full glacial conditions and then terminated by very rapid deglacial 

transitions. Understanding such a basic shape is crucial to improve our knowledge of global glacier 

dynamics. In this study, we present high-resolution grain-size and magnetic susceptibility records of East 

Asian monsoon from three typical loess-paleososl sections in central and western Loess Plateau, and make 

an integrated study on global terrestrial and marine records, to understand the regional and global 

implications of abnormal MIS 8-7 monsoonal climate. The result show grain-size records of East Asian 

winter monsoon (EAWM) from all the three sections exhibit a weakening trend through MIS 8, interrupted 

by a low-amplitude strengthening in a very short interval corresponding to MIS 8.2. It is well known that 

variations in Northern Hemisphere ice sheets influence the Siberian High (an atmospheric pressure system), 

so variations in the EAWM can serve as a useful proxy of Arctic climate variability. We argue that the 

weakening trend of EAWM through MIS 8 reflect trend of shrinkage of Arctic toward the termination, 

contrast with the trend indicated by the 18O. To confirm this, we make an integrated study on the global 

paleoclimate records. The results show that there are numerus limes of evidence distributed from high-

northern latitudes to middle-southern latitude to support our inference. We also find that it is the Antarctic 

Bottom Water (AABW) sourced from the sinking water around the Antarctica that leads to “abnormal 

changes” in deep water of the global ocean. In other words, the changes in 18O during the MIS 8 was 



  

 

serious overprinted by signals of the deep-sea temperature. Our above explanations are supported by 

alignment of obliquity and local precessional summer insolation maxima in both Polar regions. Our results 

highlight the complexity of global paleoclimate reference curve of benthic 18O, and need a 

multidisciplinary study on MIS 8 to understand the high-latitude forcing from both Polar Regions and how 

they interact in modulating the buildup of the ice sheets and the deglacials.  

Key words: East Asian winter monsoon; MIS 8; Galcial climate trend; Sourthern forcing; Saw-toothed 

form. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

How similar are Serbian and Chinese loess? 

Marković, S.B.1*, Hao, Q.2, Ludvig, P. ³, Vandenberghe. J. 4, Perić, Z.5 

1 Serbian Academy of Arts and Sciences, Knez Mihajlova 35, 11000 Belgrade, Serbia  

2 Key Laboratory of Cenozoic Geology and Environment, Institute of Geology and Geophysics, Chinese Academy 

of Sciences, Beijing 100029, China 

3 Institute for Geophysics and Meteorology, University of Cologne, Pohligstr. 3, 50969 Cologne, Germany 

4 Institute of Earth Sciences, VU University, De Boelelaan 1085, 1081 HV Amsterdam, The Netherlands 

5 Lund Luminescence Laboratory, Department of Geology, Lund University, Sölvegatan 12, SE-223 62 Lund, 

Sweden 

* Presenting author, email: slobodan.markovic@dgt.uns.ac.rs 

Loess deposits in the Vojvodina region of northern Serbia are among the oldest and most complete loess-

paleosol sequences in Europe to date. These thick sequences contain a detailed paleoclimatic record from 

the late Early Pleistocene. The correlation of detailed magnetic susceptibility records from Vojvodina with 

the Chinese loess record and deep-sea isotope stratigraphy provides some significant similarities. However, 

grain size records from these two distant Eurasian loess deposits present significantly different patterns.The 

general similarity in magnetic records of Serbian and Chinese loess can be explained as a consequence of 

the general uniform global or hemispheric climate imprint via chemical weathering and intensity of 

pedogenesis. However, significant textural differences between Serbian and Chinese loess are more likely 

a consequence of changes in environmental conditions of proximate dust source areas. Deserts, as the main 

primary sources of dust for Chinese loess formation, are always "open" to provide material for further 

aeolian action. Consequently, the main periods of loess formation are characterized by relatively uniform 

grain-size. In contrast, in Serbia, during full glacial conditions, proximate source areas are relatively humid 

and "closed" for coarser material supply. This is opposite to drier middle and lower glacial conditions that 

are able to provide coarser material for loess formation. The documented increase in the coarse grain-size 

fraction contribution within the formation of the Serbian loess-paleosol sequences is likely linked to an 

environmental shift in the Danube floodplain, which acted as a primary source of coarser particles during 

loess formation. The more arid conditions within the so-called Danube Paleolithic corridor could have 

facilitated significant migrations of mammalian megafauna, followed by the immigration of Paleolithic 

hunters to this part of Europe. 

Key words: aeolian, Eurasia, China, loess, Pleistocene and Serbia 
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Loess in Northern Iran: Key for Understanding Quaternary Climate 

Changes in Central Asia and Relation to Monsoonal Asia  

Xin Wang1*, Qiang Wang2, Mi Wang1, Haichao Xie3, Shengqian Chen3, Farhad Khormali4, Juzhi 

Hou3, Fahu Chen1, 3 

1 Lanzhou University, China 

2 Zhejiang Noramal University, China 

3 Institute of Tibetan Plateau Research, Chinese Academy of Sciences, China 

4 Gorgan University of Agricultural Sciences and Natural Resources, Iran. 

* Presenting author, email: xinw@lzu.edu.cn 

Loess-paleosol sequences from northern Iran provide unique sedimentary archives for reconstructing the 

long-term climate change history in western arid central Asia, and for decoupling the role of interactions 

between the Westerlies and Asian monsoon in determining the spatiotemporal patterns of climate changes 

across the mid-latitude Asia. Here we show that the Pleistocene loess-paleosol sequences in arid central 

Asia are characterized by development of paleosols during interglacial periods and accumulation of loess 

during glacial periods. Multi-proxy indices records reveal an overall consistent wet-dry climate change 

history between the westerlies Asian and the northern Monsoonal Asia on orbital timescale since at least 

2.4 Ma. Novel paleo-precipitation seasonality records, using the range of stable oxygen isotope 

compositions within single shell of land snails, provide evidence that the late Quaternary precipitations 

were concentrated in winter seasons in westerlies Asia and in summer seasons in the Monsoonal Asia, 

respectively. Integrating with modelling evidence suggest distinct seasonal characteristics of interactions 

between the westerlies and Asian monsoon during the late Quaternary period, which had a synergistic 

impact on glacial-interglacial climate changes in mid-latitude Asia. 

Key words: Quaternary Loess, North Iran, Arid central Asia, tectonic and orbital time scale. 
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Evolution and development of the South Asian Monsoon during the middle 

Miocene 

Steinke, S.1* 

1 Dept. of Geological Oceanography, Xiamen, University, China 

* Presenting author, email: ssteinke@xmu.edu.cn 

During the middle Miocene, the climate of Earth changed from a global warming period (the Miocene 

climatic optimum; MCO; ~16.9-14.7 Ma) into a colder period. The mid-Miocene climate transition 

(MMCT) represents a significant reorganization of the Earth’s climate system and is characterized by a 

large expansion of the Antarctic ice sheet between ~15-13 Ma and global cooling. During this prominent 

climate transition, drastic changes and reorganizations in global atmospheric circulation occurred. The 

Miocene history and evolution of the South Asian Monsoon (SAM) however, is not well understood and 

mainly derived from records of wind strength. Data for Miocene changes in rainfall are virtually non‐

existent for peninsular India and the Arabian Sea prior to 11 Ma, although this is the other important variable 

that defines the monsoon. To this end, this talk will present new proxy records of rainfall together with 

wind proxy record in order to outline a comprehensive picture of the evolution and development of the 

SAM during the middle Miocene. 

Key words: South Asian Monsoon, planktonic foraminifera, rainfall, wind, Middle Miocene. 

 

 

 

 

 

 

 

 



  

 

Holocene moisture evolution and its response to atmospheric circulation in 

the southern Tibetan Plateau 

Junhuai Yang1*, Dunsheng Xia1, Fuyuan Gao2 

1 Key Laboratory of Western China’s Environmental Systems (Ministry of Education), College of Earth and 

Environmental Sciences, Lanzhou University, Lanzhou 730000, China;  

2 College of Urban Environment, Lanzhou City University, Lanzhou 730070, China 

* Presenting authors, emails: junhuaiyang@163.com, junhuaiyang@qq.com 

Water vapor plays a crucial role in maintaining the water cycle system of the “Asian Water Tower” and the 

ecological environment in the Tibetan Plateau (TP). Understanding the moisture evolution in the southern 

TP helps reveal the mechanisms behind the surface landscape characteristics and their differentiation under 

the combined influence of the mid-latitude Westerlies (MLW) and the Indian summer monsoon (ISM). 

Here, we present two Holocene aeolian sequences in the Yarlung Zangbo River basin in the southern TP. 

Quartz optically stimulated luminescence dating was used to establish a chronology framework, and 

geochemical, grain size, and color proxies were used to reconstruct the history of moisture evolution. By 

combining reanalysis data and TraCE-21ka climate simulation, the response of moisture evolution to 

atmospheric circulation during the Holocene was examined. Our results suggest significant spatial 

differences in the pattern of moisture evolution in the southern TP during the Holocene. In the western part 

of the southern TP, the moisture evolution was controlled by variations in the relative intensities of the ISM 

and the winter MLW, ultimately determined by changes of summer and winter insolation at 30°N. During 

the early Holocene, this region was dominated by water vapor from the strong ISM in response to high 

summer insolation. The effectiveness of moisture delivery decreased abruptly at ~7.6 ka, most likely due 

to the weakening of the ISM. The influence of the winter MLW on moisture supply was negligible during 

this period. During the middle to late Holocene, the reduced summer insolation resulted in a gradual 

decrease in the ISM precipitation. With the increasing winter insolation, the intensified winter MLW 

penetrated into the southern TP and thus regulated the ISM-derived moisture supply. In the eastern part of 

the southern TP, the moisture evolution during the Holocene was primarily controlled by variations in the 

ISM, with a significantly reduced impact from the winter MLW. The early to middle Holocene was 

characterized by high precipitation, followed by a gradual decrease, which was mainly related to the 

southward shift of the Intertropical Convergence Zone and its rainfall belt due to changes in summer 

insolation at 30°N. Overall, our study provides new insights into climate changes in the interaction region 

of atmospheric circulation in the southern TP. 
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The Arid Central Asia (ACA) is climatically controlled by the westerlies, which is an important part of the 

ancient "Silk Road" linking eastern and western culture exchange and trade. This area has perennial 

drought, low rainfall, strong evaporation, fragile ecosystems, making the humidity changes are extremely 

important to the regional ecological diversity and civilization evolution. Studies have shown that in the 

"summer rain type" of ACA, the moisture change in the eastern ACA and the monsoonal region have an 

anti-phase relationship in the Holocene, and have out of phase relationship in the Last Interglacial. 

However, the Holocene humidity changes in the "winter rain type" western ACA are still controversial, and 

reliable moisture change records during the Last Interglacial are scarce, which restricts the understanding 

of the overall moisture change characteristics of the whole ACA. In this study, we applied pIR50IR290 

dating protocol to 38-63 μm K-feldspar fractions of loess samples from the Toshan section (TS19), 

Northern Iran. The Bacon age-depth model based on the pIRIR290 age estimates indicated that Toshan 

loess section could yield a reliable climate record since the last two glacial cycles (MIS 6). The climatic 

proxies such as grain size, chromaticity, magnetic susceptibility, TOC and organic carbon isotopic ratios 

(δ13C) have also been measured with high resolution. The main findings are as follows: (1) The TS19 

loess-paleosol profile in northeastern Iran has been deposited intactly and with high resolution since the 

last two glacial cycles, and 3 obvious interglacial-stage peaks can be found in the MIS5, which are not clear 

in the loess profile of the Chinese Loess Plateau; (2) The TOC andδ13C based moisture records show that 

the most humid period occurred in MIS5c, instead of MIS5e. (3) Obvious 20,000-year precession cycle and 

10,000-year half precession cycle of climate change during the Last Interglacial can be found in 

northeastern Iran. In the future, more K-feldspar pIRIR dating data will be obtained to increase absolute 

dating points, and the biomarkers such as GDGTs will be used to carry out high-resolution quantitative 

temperature reconstruction, to fully understand the characteristics of climate change in the "winter rain 

type" western ACA and its driving mechanism.  
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The Yarlung Tsangbo Grand Canyon, situated in the eastern section of the Himalayas, serves as the most 

important channel for transporting South Asian monsoon water vapor to the Tibetan Plateau. However, 

owing to the lack of observational data, the rainfall characteristics in this region remain unclear. In this 

study, a vertical observation network, characterized by intervals of approximately 300 meters between 800 

and 4200 meters, was established within the canyon. Based on the analysis of in situ data from 2020 to 

2022, the results demonstrate that: (1) A rainfall peak manifests at approximately 2,400 meters above mean 

sea level, with an average rainfall amount exceeding 2,800 mm during the South Asian summer monsoon 

season (May to October); (2) Heavy rainfall accounts for the largest contribution in excess of 30% to the 

total precipitation; (3) The diurnal cycle of rainfall exhibits a single nocturnal peak with the amplitude 

increases and then decreases with increasing altitude. The spatiotemporal characteristics of rainfall indicate 

the unique climate within the canyon. Furthermore, the insights derived from this study provide the crucial 

observational support to improve satellite inversion inaccuracies and simulation biases inherent in weather 

and climate models specific to the Yarlung Tsangbo Grand Canyon. 
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Asian drylands consist of arid Central Asia (ACA) and West Asia (WA), in which climatological 

water vapor transport is constantly controlled by the westerlies. Recent research has revealed the 

presence of dipole pattern in the hydroclimate changes during the Holocene between the ACA 

and WA, challenging prior notions of consistent hydroclimate changes in the westerlies-

dominated mid-latitude of the Northern Hemisphere. However, the mechanisms behind the dipole 

pattern remain largely unknown. Here we show that PMIP4 models faithfully replicated the 

dipole pattern, attributing it primarily to opposing spring precipitation variations. From the mid-

to-late Holocene, intensified westerlies resulted in increased precipitation in ACA. Conversely, 

increasing spring solar insolation strengthened the subtropical high, resulting in decreased water 

vapor and descending motion in WA, which resulted in decreased precipitation in WA. Our study 

suggest that WA is a unique region within the westerlies-dominated mid-latitude, and the low-

latitude process caused inconsistent Holocene precipitation variations. 
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Despite decades of investigations, the Caspian remains a mysterious sea. Located at the border between 

Europe and Asia, this endorheic and brackish water body receives influences from high and low latitudes, 

thus temperate and subtropical climates. Geologically, it is both a sea and a lake, although recent 

international agreements provide it with an intermediate status. Its water levels have widely fluctuated over 

the Quaternary. They are typically reconstructed from coastal regions, which suffer hiatus at low stand. 

Only few deep cores are available for science despite its intense and competitive study for petroleum 

exploration. The usual proxy methods encounter shortcomings, either they do not apply (rare diatoms and 

no foraminifera below 50 m), or they lack calibration (dinoflagellate cysts). Radiocarbon dating is complex 

and suffers from poorly constrained reservoir effects. This communication will explore the extent of our 

knowledge and its limitations. 
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Evolution of Colorado River has been a hot potato over the last decades among the multiple disciplines of 

Geo-society, in particular relation to the timing and mode of initiation of Grand Canyon and the uplift of 

Colorado Plateau. One of the key resources for the debate is a series of alluviums including Bullhead, Santa 

Fe Railroad, Bat Cave, Topock, and Chemehuevi which were assumed to be initiated from the Colorado 

Plateau and were deposited along the Lower Colorado River. Despite their importance, however, the 

depositional timing of each alluvium was poorly constrained because of a lack in reliable numerical dating 

tools which can be applied to the time frame for the deposits. Most of the previous chronologic scholarships 

were based on fossils of plants and animals, broadly suggesting their Pliocene to Pleistocene origin. Here 

we document the cosmogenic 10Be-26Al isochron burial ages of the four alluviums (Topock, Bat Cave, 

Santa Fe Railroad, and Palo Verde) resting on the Lower Colorado River near Topock, which constitute the 

key beds of Pliocene to Pleistocene stratigraphy in the region. Age of each alluvium yields 2.02 ± 0.24 Ma 

for Topock, 2.08 ± 0.31 Ma for Bat Cave, 4.25 ± 0.69 Ma for Santa Fe Railroad, and 3.03 ± 0.26 Ma for 

Palo Verde, respectively. It is noteworthy all ages are well bracketed between the two key stratigraphic 

units of Pliocene Bouse Formation (~5.3 Ma) and Late Quaternary alluviums (<100 ka), implying that the 

ages are reliable and consistent well with published local stratigraphy. Furthermore, the chrono-stratigraphy 

the present study set up well supports the theory of overflow origin (or aggradational piracy) of time 

transgressive integration of the Tertiary extensional basins developed along the Lower Colorado River. 

Key words: Colorado River, Cosmogenic dating, Basin integration, Gravel deposit. 
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Large hypersaline Urmia Lake (NW Iran) has been undergoing a dramatic shrinking during the last decades 

and has become a playa now. In a sediment study, several lake records are examined to assess the 

sedimentary variation preceding the drastic modern change. The longest core, which is studied in greater 

detail, has been retrieved close to the northern margin (25 m), it stretches back near to 50 kyr BP. Other 

cores come from close to the central-eastern and the south-eastern shorelines (up to 8.4 m long). All cores 

have an overlying salt crust ranging between a few decimeters and near to three meters. Sediment records 

are dominated by biogenic micritic mud; partly layers of silty sand (i.e., aragonitic fecal pellets and 

diagenetic gypsum) or silty mud are intercalated. Core comparison based on lithostratigraphy and XRD (X-

ray diffractometry) of bulk and clay mineral composition highlight that (i) the late Pleistocene lake level 

low stand is marked by a pronounced peak occurrence of gypsum in the northern and dolomite in the 

southern lake. In contrast, the modern-day lake level low stand is marked by halite accumulation. (ii) 

Mineral phases vary within and across sediment units, (iii) the clay composition is pointing to basin-wide 

particle dispersal and mixing, and (iv) the bulk composition reflects proximal (feldspar-clay-dominated) 

versus distal (aragonite-dominated) sites. (v) Sedimentation rates are higher in the southern lake, where 

much of the fluvial freight enters the lake. (vi) Hypersaline conditions existed already in late Pleistocene 

time as reflected in a time-continuous halite signal. 

Key words: x-ray diffractometry, hypersaline, gypsum, clay. 
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Lake Urmia (LU) drying up and withdrawal of its shores resulted in remaining of vast saline lands around 

it. The study of soils as the indicator of the environmental condition, in which they have developed, can 

provide valuable information about the past climate of the area. Therefore, the goals of this research were 

to investigate the LU expansion-recession episodes through recorded evidences in the evolved soils. Two 

transects perpendicular to LU were studied in the western and southeastern shores. Several soil pedons 

based on the variations in the geomorphic surfaces and landscape, were described and sampled down to a 

depth of two meters. Micromorphological and mineralogical studies were also done for some diagnostic 

horizons. Results showed that the existence of buried soils as well as textural discontinuities in some of the 

studied soil pedons are the indicators of LU several fluctuations due to climatic changes, showing the 

greater extension of LU in the past than that of 1998. The existence of buried soils showed that these regions 

had been exposed during different time periods, before further burial by lacustrine sediments. In some of 

the pedons, the upper soils were much more evolved than their underneath buried horizons while in some 

others, more evolved buried horizons than their upper soils were observed indicating their longer exposure 

time to the pedogenesis processes prior to their burial. Micromorphological study of buried Bk, revealed 

that it is highly pedal and highly separated horizon with calcite coatings and infillings. Present study also 

revealed that LU recession has happened during several episodes which has also coincided with several 

expansions and consequent sedimentations, through which, soil evolution and development has been 

affected as a consequence of climate change during the late Quaternary. 

Key words: textural discontinuity, soil evolution, clay minerals, micromorphology. 
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Urmia Lake in NW Iran, renowned for its hypersaline characteristics, provides distinctive sedimentary 

environments that respond to climate and environmental shifts, fostering the development of coated grains. 

The 25 m sedimentary sequence from the northern lake consists of biogenic mud (micrite) and sand, mainly 

comprising brine shrimp Artemia fecal pellets, with occasional shell fragments, terrigenous minerals, 

evaporites and coated grains. Coated grains, characterized by a distinct nucleus surrounded by a cortex, 

typically form during lake-level decrease induced by high-energy, shallow-water conditions from wind-

induced waves. This study characterizes coated grains, evaluating their paleoenvironmental significance 

through morphology, internal structures, mineralogy, and geochemistry, utilizing binocular, polarized, 

SEM-EDS microscopic observation and XRD analysis. Results reveal distinct concentric laminations in 

various colors, predominantly composed of carbonate minerals, mainly calcite and aragonite. SEM images 

illustrate alternating patterns of light carbonate-rich and dark organic-rich laminations. Coated grains are 

classified into five types: superficial, regular, compound, broken, and patchy. Morphological features are 

influenced by various nuclei sources, including fecal pellets, detrital grains, shell fragments, and a minor 

presence of gypsum. The paleoenvironmental history of Urmia Lake unfolds through distinct episodes 

spanning approximately 50 kyr BP. During MIS 3, a gradual lake level lowering is marked by an abundance 

of coated grains. In MIS 2, the lake reaches its lowest point, potentially exposing the lake floor with brown 

fecal pellets, volcanic lithics, and an increased prevalence of sulfate minerals. The subsequent period, MIS 

1, witnesses a rapid rise in lake level to a high stand, with deposits rich in fresh cream pellets and an absence 

of sulfate minerals. 

Key words: Hypersaline; Urmia Lake; Coated Grains; Paleoenvironment; SEM 
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Terkhiin Tsagaan Lake (TTL), located in the Tariat Basin in the northern part of the Khangai Mountains in 

central Mongolia, is lava dammed lake formed by Khorgo Volcano (KV). The age of formation of KV and 

TTL using the 14C dating was reported 8780–7710 yr BP. However, all 14C dates were from lake sediments 

which were deposited after the initial formation of the lake. Therefore, to overcome these limitations, we 

applied two numerical dating methods, 36Cl cosmogenic surface exposure dating directly to the lava flow 

and Optically Stimulated Luminescence (OSL) dating to the lacustrine terrace sediment. 36Cl age was 

derived as 9-8 ka, and the formation period of Khorgo lava flow was similar to the existing age value of 

8780–7710 BP. However, the OSL age was derived as 65-33 ka, suggesting the possibility that paleo lake 

already existed before the last eruption of KV. The difference in elevation distribution between the Khorgo 

Volcanic Area (KVA) and Pleistocene lava flow area, the shifted channel pattern at the multiple Pleistocene 

lava flow margin, and the existence of lava water interaction features in KVA, strongly support the 

possibility of the existence of a paleo lake. Geomorphic evolution of this area can be explained in three 

stages. (i) A lava flow erupted in the Pleistocene and formed a lava dam in the mainstream and tributaries 

of the Tariat Basin, forming a lava-dammed lake. (ii) The water level of the paleo lake fluctuated, leaving 

a flight of lacustrine terraces and the lake experienced the decrease. (iii) Khorgo volcano erupted in the 

Holocene, whose lava flowed over the paleo lake, forming the current TTL. 

Key words: cosmogenic 36Cl, OSL, lava dammed lake, lava water interaction, paleo lake 
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Terrestrial carbonates such as travertine, tufa and speleothem are quite sensitive for climatic fluctuations. By 

determining radiometric dating (U/Th, 14C), stable isotope (δ13C and δ18O), and palynomorph results besides to 

sedimentological properties of terrestrial carbonates (lithotypes, depositional processes, etc.) as proxy records, 

we can insight into palaeoclimatic history of the Quaternary period. In this study, the dating and pollen records 

from Sarıkavak tufas, (Afyon) SW-Türkiye, together with lithofacies descriptions, geochemical and 

petrographic results have been obtained from the drilling cores. Sarıkavak tufas, which crop out on the northern 

edge of the NE-SW trending Acıgöl Graben, were examined in detail. These terrestrial carbonates were 

precipitated in the fluvio-palustrine environment, and they formed in high-gradient and stepped fluvial 

conditions representing barrage-dammed and terrace-slope systems. Cascade tufa formation at the graben border 

presents a very significant appearance in the study area. Their lithofacies are moss tufa included macrophytes, 

bryophytes and vertical stems, phytoclastic tufa, peloidal tufa, micritic tufa, algal tufa, intraclastic tufa, extra-

formational tufa, conglomerate-sandstone, lime-muddy clay and palaeosol level, in respectively. According to 

the U/Th ages obtained from the tufas, it is clearly said that tufa deposition in this region ceased approximately 

80±1.5 kyr ago. Stable isotopic results show less negative and more positive carbon values (between -1.63 and 

+1.54 ‰ V-PDB) while oxygen stable isotopes have more negative values (between -7.49 and -10.83 ‰ V-

PDB). The carbon isotopic results could be related to the progressive downstream CO2 degassing from host 

rocks, enhanced by high-velocity current conditions, changes in the soil-CO2 contribution and photosynthesis. 

The fluctuations of oxygen isotopes are most probably related to variable effects of evaporation in depositional 

environment. Both carbon values and palynological findings show that drought conditions were dominantly 

present in the Pleistocene period, but in some cases drought conditions decreased depending on the amount of 

rainfall. The increasing amount of gymnosperm pollen is more likely to appear in more humid conditions due 

to the decreasing of drought condition in this time interval. 

Keywords: Terrestrial carbonates, Palaeoclimate, Palaeoenvironment, Pleistocene, SW-Türkiye 
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Recent reactivation of aeolian activity in southern Iran has led to an investigation to determine its root 

cause. Climate change, as it has affected precipitation amounts and seasonal distributions, as well as 

changes in prevailing wind directions were investigated. Changes in these and the impact that these changes 

had upon vegetation, and surficial landscape process were also explored. In addition, the role of human 

activity was examined. Because such episodes have occurred in the past, the role of climate, and other 

impact factors in the past during similar episodes of dune activity were studied to compare modern aeolian 

activity with that which has occurred centuries and millennia ago.  The modern context for this study is 

based upon the fact that within the last 20 years dune fields that had been relatively stable, and were being 

exploited for agricultural purposes, had suddenly become unstable and subject to extensive reactivation. 

Vegetation that had stabilized many dunes died, and areas that had been planted and turned into agricultural 

areas were suddenly being inundated by sand. Study of the environmental factors suggests that a 

combination of significantly lower annual rainfall, combined with a shift to summer seasonality, when 

evaporation rates are higher, has reduced the effective precipitation in vast areas of southern Iran. The 

change in the nature of rainfall to events of much greater intensity, has resulted in increased surface runoff 

of rainfall, and reduced infiltration, greatly reducing ground water resupply. Illegal deep ground water 

pumping has lowered the water table beyond the reach of dune stabilizing plants, resulting in the death of 

many of these plants. A change in the direction of the prevailing winds during the last 20 years has resulted 

in the destabilization of dunes as they seek to correct their structure in response to new strike and dip 

orientations. This has led to a change in their direction of movement and contributed to their re-expansion. 

Examination of dated stratigraphic records from playas in southern Iran and as far afield as the Sudan have 

provided evidence of such events throughout the Holocene. These records suggest that changes in the 

climate in southern Iran, can be linked to a northward movement of the Intertropical Convergence Zone, 

and a northwestward shift of the Indian Monsoon. These affected not only mountain slope erosion resulting 

in the production of vast quantities of sandy sediment sources for aeolian movement, but the streams 

generated by the intense rainfall events helped transport and disperse these sediments over broad areas to 

accumulate sources for aeolian transport. Records of sediment and pollen from many of these playas 



  

 

indicate that there was an increase in rainfall that resulted in increased stream flow, that not only formed 

shallow lakes in valley bottoms, and grasslands around them but accumulated valley floor sandy and silty 

alluvium for aeolian transport. Periodic episodes of drought during these Holocene wet periods are 

evidenced by the mobilization of sand and the formation of sand sheets and dunes. These data suggest that 

the current trend of aeolian dune expansion will be the norm for the foreseeable future under current climate 

predictions. 

Keywords: Aeolian Sediments, Dune Expansion, Prevailing Winds, Ground Water, Summer Rainfall; 

ITCZ, Indian Monsoon, Hipsithermal. 
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A large perennial river system (Ghaggar-Hakra), comprising palaeo-Sutlej and Yamuna Rivers, has been 

argued to have sustained the Bronze Age Harappan urban settlements (~4.6-3.9 thousand years before 

present, ka) in northwestern Indian plains. Based on a comprehensive chronostratigraphic, sedimentological 

and sediment provenance data, our work has shown that palaeo-Sutlej was already defunct in this region by 

~8 ka. The Harappan urban settlements thus developed along an abandoned river valley rather than an active 

Himalayan River. However, the role of the paleo-Yamuna as an important feeder to the Ghaggar-Hakra 

system remained weakly documented and enigmatic which has eluded the complete understanding of the 

impact of local hydrological conditions on the growth and eventual demise of these settlements. Our new 

data on high-resolution chrono-stratigraphy from six sediment cores (~50 m deep) across the 

palaeochannels of Yamuna document multistoried sand bodies deposited by a mobile channel belt in a large 

fluvial fan system. Based on extensive luminescence dating, we infer a major drainage reorganization of 

the palaeo-Yamuna River at ~18 ka, at least 10 ka before the westward switch of the paleo-Sutlej River. 

This means that the Ghaggar-Hakra system was already flowing with a much-reduced discharge during the 

Early Holocene and was completely defunct by ~8 ka, much before the decline of the Harappan Civilization 

started. 
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From 14000 years ago the hunter/gather of Caspian Sea created new symbolic behavior which is reflected 

on the economic strategy, mortuary practices, carving bones and ornaments etc. It seems such deep 

understating and progress in human behavior and new mind is related in the increasing of population during 

the last age of Pleistocene until the emergence of Neolithic stages.  

In the eastern parts of the southern Caspian numbers of caves and open sites emerged from the late 

Pleistocene and early Holocene back to 14000 years ago. Recently, a joint international project conducted 

in some of these caves and open site to evaluate the sociocultural aspects of last hunters/gatherers and early 

farmer. In this talk we will review how the hunter and gatherers made new identities and cultural boundaries 

which is critical in human history. 

 

 

 

 

 

 

 

 



  

 

Abrupt climate change in the late third millennium BCE and the demise of 

the Jiroft Civilization 

Reza Safaierad*1, Enno Schefuß2, Harvey Weiss3, Bernd Zolitschka4, Yusuke Yokoyama5, Christoph 

Vogt6, Nathalie Fagel1, Nasir Eskandari7, Mahyar Mohtadi2 

1 AGEs, Department of Geology, University of Liège, Belgium 

2 MARUM—Center for Marine Environmental Sciences, University of Bremen, Bremen, Germany 

3 Department of Near Eastern Languages and Civilizations, Yale University, New Haven, CT 06520 

4 Institute of Geography, University of Bremen, Germany 

5 Atmosphere and Ocean Research Institute, The University of Tokyo, Japan 

6 Faculty of Geosciences & MARUM, University of Bremen, Bremen, Germany 

7 Department of Archaeology, University of Tehran, Iran 

 

* Presenting author, email: Safaierad.reza@gmail.com 

The Jiroft Valley, southeastern Iran, was a West Asian hub for human settlement during the Chalcolithic 

and the Early Bronze Ages, ca. 7000-2200 BCE. The absence of detailed regional Holocene paleoclimate 

records, however, has obscured regional hydroclimate variability and its effects on Jiroft and adjacent 

region societal trajectories. Here, we present a high-resolution Holocene hydroclimatic record, including 

plant leaf-wax hydrogen isotope (δDwax), grain size, and elemental geochemistry, from a sediment core 

retrieved from the Konar Sandal peat bog (KSB), located near the major Chalcolithic and Early Bronze Age 

settlements along the Halil River within the Jiroft Valley. Our results suggest that the region was influenced 

by the Indian Summer Monsoon between ~10,500 and ~6,000 cal. yr BP when coarse sediment deposits 

indicate that intense monsoon rainfall conditioned Neolithic settlement at higher elevations. A regional 

reorganization of atmospheric circulation at ~ 6000 BP shifted precipitation to the Midlatitude Westerlies 

and promoted Chalcolithic settlement along the Halil River. The succeeding Early Bronze Age urban 

growth, beginning ca. 3000 BCE, made Konar Sandal and the Jiroft Valley the well-documented center for 

the Iranian plateau and West Asian urban settlement, craft.  

specialization, and inter-regional trade in exotic materials. The proxy isotope records from the Konar Sandal 

peat bog (sampling resolution 32 years) now document a regional abrupt, two-stage, aridification event at 

ca. 4200 BP (2200 BCE) that extended until 3.9 ka BP (1900 BC), synchronous with the 4.2 ka BP 

megadrought documented from Spain to China, and elsewhere on the Iranian Plateau, that severely 

displaced the Midlatitude Westerlies, Indian Summer Monsoon and East Asian Summer Monsoon 

precipitation systems which sustained both rain-fed and irrigation cereal agriculture economies. The 

abandonment of Konar Sandal and the region-wide Jiroft Valley settlement collapse at the 4.2 ka BP 
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megadrought was coincident with the adjacent regional abandonments and socio-political collapses of Old 

Kingdom Egypt, Akkadian Mesopotamia, Harappan Indus Valley and Longshan Yangtze River societies. 

Key words: Climate change, Bronze Age, Jiroft Civilization, 4.2 ka event. 
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Abstract 

Qaleh Kurd cave is located next to the village of the same name, in the east of Koh-Sari, in Hesar Valiasr 

village of Avaj city in Qazvin province, and its average height above sea level is about 2137 meters. The 

mouth of this cave is 8 meters wide and faces south-west. The result of the three seasons of field work of 

the joint delegation of Iran and France in Qaleh Kurd cave was the discovery and recording of more than 

thousands of cultural findings (including human remains, animal bones and stone tools). This area has a 

very favorable condition from the point of view of the preservation of animal remains, which may be the 

main reason for it being dryness and lack of humidity. Animal remains include most of the cultural materials 

obtained from the excavation of Qaleh Kurd cave. In general, the ratio of stone tools to animal remains in 

Qaleh Kurd is 1 to 8, which, along with other evidence, is a confirmation of the use of the area as a 

centralized place for processing animal remains. Large mammals such as equids, cattle (Cervus elaphus) 

and wild goats and sheep (Capra cf. aegagrus) accounted for most of the remains of large animals. In the 

meantime, the presence and abundance of different species of wild horses is a point worthy of attention, as 

well as the presence of an extinct type of horse from the Pleistocene era called hydruntinus (Equus 

hydruntinus) is one of the key points in the study of animal remains. In addition to the remains of large 

mammals that were mentioned earlier, the presence of animals such as the extinct two-horned rhinoceros 

(Stephanorhinus hemitoechus) that lived in Eurasia until the end of the Pleistocene, as well as the brown 

bear (Ursus arctos) is significant. A total of 20 human teeth have been obtained from the excavation of 

Qaleh Kurd cave. Although the work of studying all the obtained teeth is ongoing, a baby tooth attributed 

to a Neanderthal human child that is 175,000 years old (now on display in the Qazvin Museum) is one of 

the most important discoveries of this site, which, taking into account the mentioned age, this sample is the 

oldest physical evidence of a type of human in Iran. The latest dating of the layers excavated in the Qaleh 

Kurd cave indicates an age of more than 470,000 years, which has made this area the oldest human 

settlement in the Iranian plateau. 
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The northern strip of the Iranian Central Desert (NICD) is thought to be one of the dispersal 

corridors and habitats that facilitated the movements of Pleistocene hominin populations in West Asia. Over 

the last few decades, field surveys in the NICD have led to the discovery of a significant number of 

Paleolithic localities. These localities exhibit a diverse range of site typologies, encompassing caves, rock 

shelters, open-air sites, and surface scatters. Furthermore, from a chronological perspective, they cover the 

time interval from the later Lower Paleolithic to Epipaleolithic periods (i.e., to the end of the Pleistocene 

epoch). Despite the significant number of Paleolithic sites, only two of them present an absolute 

chronology. The others have only been relatively dated based on techno-typological ground and regional 

comparison (comparisons with the West Asian lithic assemblages that have an absolute chronology), which 

is tentative at best. There are some drawbacks to this kind of dating in the archaeology of surface scatters, 

some of the most important of them are as follows: 

In the first place, the richness of the formal or typical Paleolithic stone tools is restricted, and many 

of the types are present over long-time intervals. Some of them were made and used over two million years. 

To overcome such “time insensitivity”, there are some claims that the relative abundance of each tool type 

could offer more help for containing chronology, yet it is highly subjective, and no one knows exactly what 

percentage of tool types differentiate Middle Paleolithic from Upper Paleolithic assemblages, for instance. 

Second, the number of pieces in each surface lithic assemblage that requires chronological decoding must 

be large, at least in the order of a couple of hundred pieces. Moreover, these pieces should be recovered in 

a relatively limited area in a clustered fashion, not scattered across extensive tracts of land. Otherwise, 

establishing a connection between them and considering them as one or more related collections would be 

difficult at best. In addition, we need to show that the high density at the surface is not due to 

natural/erosional processes, but rather is the result of Pleistocene human activity. Third, it is necessary 

before estimating regional relative chronology to have a significant number of absolutely dated Paleolithic 

sites to compare the undated lithic assemblages in question to those from the sites with absolute chronology 
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as a guide atlas. If there are major similarities in the lithics of the surface to one of the atlas sites, then we 

could be able to suggest dating for our surface scatter tentatively and roughly. Such an atlas is not available 

for the NICD at present. Thus, it is possible that reassessing previous surface lithic assemblages based on 

new absolute dating in the region in future would result in a correction of the formers' relative dating. 

Attributing absolute chronology to Iranian Paleolithic sites is fraught with difficulty. The absence of special 

laboratories in Iran necessitates the transfer of samples out of the country and collaboration between Iranian 

and non-Iranian research institutions. These steps are time-consuming and require more budget and logistics 

than usual. In view of this, the NICD’s Paleolithic chronology is poorly done, and the evolution of lithic 

industries has not been mapped despite two decades of field investigations. The two sites of Mirak and 

Qaleh Kurd, despite being dated, do not demonstrate long Paleolithic sequences, and while the former 

belongs to the second part of the Late Pleistocene, the latter shows the lithic industries of the second part 

of the Middle Pleistocene. Consequently, the NICD suffers from lacking type sites with long sequences and 

lithic industries in time order. Fourth, relative dating could also be done using type fossils, or fossils 

directeurs which are the tool types or methods that were made and used in a relatively limited period. The 

presence of a significant number of them in an assemblage could help to attribute relative dates to that 

collection. Such artifacts are infrequent or absent in some of the NICD surface scatters. Fifth, the scatters 

with no fossile directeur or formal tools and the so-called expedient industry are extremely challenging for 

dating. The landscape of Eyvaneky in the central parts of the NICD, with extensive and sparse lithic surface 

scatters, is one example. Another problem (sixth) that is often referred to for surface scatters is mixing, 

meaning that surface scatters could be an amalgamation of different periods. Hence, separating the members 

of different periods one by one is practically impossible. This results in erroneous ratios of types and 

methods, which leads to defective relative chronology. 

The final remark concerning the Paleolithic Period of the NICD is the scarcity of in-situ 

archaeological deposits. The scarce, usually thin, and fragmentary Pleistocene cultural deposits in the NICD 

are usually found accidentally with a touch of luck. Old and young Holocene clastic deposits cover most of 

the surfaces in this strip, obscuring any Pleistocene traces. Both Holocene and Pleistocene deposits are 

eroded together when they are denuded by sheet wash, deflation, or gravity, and the erosion does not affect 

only Holocene deposits. As a result, what remains is neither regolith nor sediment, but only desert 

pavements with no associated deposits. This is observed in the landscape of Eyvanekey. The boundary of 

Paleolithic sites in Eyvanekey is not clear since all the paleo exposures are of the desert pavement type. 

The other surfaces are covered with thick to thin Holocene deposits, so nobody could guess what lies 

beneath. Ironically, aridification can sometimes be a blessing for desert archaeologists since it leads to 

stronger wind regimes and ultimately removes the top surface of recent strata. 

Keywords: The Northern Iranian Central Desert, Paleolithic Period, Chronology, Surface Lithic Scatters. 
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Bedrock features are grinding surfaces in the form of rock alteration. They first appear in Paleolithic 

contexts and in some parts of the world they were used until the 20th century. Many bedrock features are 

found on exposed rock floors of rock shelters and caves and thus lack clear association with datable remains. 

In this research, bedrock features found during an archaeological survey of Paleolithic caves and rock 

shelters of Izeh Plain, in northeastern Khuzestan, are investigated in order to find out about their 

morphological variation and relative dating. 39 rock cut installations (cup-marks, bedrock mortars and 

basins) were recorded during the last season of archaeological survey in Izeh Plain, most of them in the 

outer area of the sites. Similar features have been reported from Late Paleolithic sites of Zagros. 

Nevertheless, the most numerous specimens are found in Epiplaeolithic Natufian sites, located in wide 

geographical and ecological ranges, including the Mediterranean eco-zone, the Negev desert, the Jordan 

Valley and the high sand stone mountains in southwestern Jordan. The presence of various shapes of 

bedrock features in the vicinity of caves and rock shelters of Izeh Plain is in accordance with the relative 

dating of these archaeological sites which indicates an intensive settlement of the region during the latest 

Paleolithic and earliest Neolithic. These features might have well played a major role in the semi-sedentism 

subsistence of the latest hunter-gatherers and continued to be utilized during the onset of Neolithic Period 

and even later occupations of the region. 
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Genetic and archaeological evidence shows that an increased human population and long-distance 

socioeconomic exchanges in the Altai-Sayan region of Central Asia occurred in the early Bronze Age, some 

five thousand years ago. However, the local/regional environmental and climatic drivers behind the 

enhanced cultural exchanges between east and west are poorly understood. We obtained a multiproxy-based 

Holocene climate history from the sediments of Kanas Lake and neighboring Tiewaike Lake, in the 

southern Altai Mountains, with the objective of determining the role of climate change in human migration 

and cultural exchanges. Records of the silicon isotope composition of diatom silica (δ30Sidiatom) and the 

biogenic silica (BSi) content indicate an exceptionally warm climate during ~6.5–3.6 kyr BP. During 4.7–

4.3 kyr BP, especially, a peak in δ30Sidiatom reflects enhanced lake thermal stratification and periodic nutrient 

limitation as indicated by concomitant decreasing BSi content. Supported by the widely-recorded humid 

climate of the middle to late Holocene in arid Central Asia, our geochemical results indicate a significantly 

warm and wet climate in the Altai Mountain region during 6.5–3.6 kyr, which promotes an increased 

prehistoric human population of pastoralist early Bronze Age Afanasievo Culture (~5.1–4.5 kyr) that 

migrated from the Yamnaya Culture (~5.5–4.5 kyr). Intriguingly, this unusually warm climatic interval 

(4.8-3.6 kyr) is simultaneous with the appearance of the thermophilic algal species Pediastrum simplex in 

Bosten Lake in southern Xinjiang. The climate cooled during 4.2-4.1 kyr and 3.6-3.5 kyr, as indicated by 

the decrease or absence of Pediastrum simplex. These cold events may have triggered the southward human 

migration out of the Altai region, resulting in the widespread distribution of archaeological sites at lower 

latitudes, in the Tienshan Mountains, and in the desert-oasis areas of the Tarim Basin in southern Xinjiang. 
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The Asian drylands is a critical component of the Silk Road, comprising primarily the arid central 

Asia (ACA) and the arid west Asia (AWA). This region is highly sensitive to global changes, and the spatial 

patterns of climate change and variations in fire activity are prominent scientific concerns. We reconstructed 

the history of vegetation succession and climate change in the Asian drylands over the past 2000 years, 

explored the spatial differences in climate change, and revealed the history of fire activity and its 

influencing factors: In ACA, both Lake Sasikul and Lake Bazangan records exhibit climatic characteristics 

of the Medieval Warm Period (MWP) aridity and a wetter climate during the Little Ice Age (LIA). However, 

in AWA, Almalou peat and its surrounding areas show climatic characteristics of a wetter MWP and a drier 

climate during the LIA. (2) On the centennial scale, in ACA and AWA have a dipole pattern of precipitation 

variations, which is consistent with the intergenerational precipitation changes in the global warming, 

revealing that this may be the fundamental feature of climate change in the Asian drylands. (3) The 

evolution of fire activity in the western section of the Silk Road has been gradually increasing over the past 

2000 years. In Lake Bazangan, fuel (biomass) conditions are the main limiting factor for the evolution of 

fire activity in the natural state; in Lake Sasikul, the natural changes in climate dryness/wetness are the 

main controlling factors affecting the fire activity; in Amalou peat, the fire activity is affected by the fuel 

(biomass) and climate, showing a more complex response model. 
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Large lake systems have consistently attracted human settlements due to their capacity to provide 

abundant survival resources and regulate the regional climate environment. However, the adaptive 

processes and transformations of lake environments by human societies in the Asian monsoon region since 

the Holocene remain unclear. This study presents a case focused on Lake Dian, the largest lake on the 

Yunnan-Guizhou Plateau, investigating the intricate relationship between lake environments, climate 

change, and human activity. Utilizing the nearest neighbor analysis, we calculate the distances between 

archaeological sites and the modern shoreline of the Lake Dian since the Neolithic period. Combining 

historical literature with paleoclimate records, our findings reveal that during the Neolithic to Yuan Dynasty 

period, the wetter the regional environment, the farther the distance between archaeological sites and the 

Lake Dian. Conversely, during the humid Ming and Qing periods, the average distance significantly 

decreased. This was attributed to human societies transforming lake environments through the 

implementation of large-scale water projects and the cultivation of fields around the lakes, thereby gaining 

more habitable land in the vicinity. This study demonstrates the significance of the nearest neighbor analysis 

in enhancing our understanding of the past human-environment within lake systems and the Anthropocene. 

Key words: Past human-environment interaction; Asia monsoon area; Lake Systems; Middle to late 

Holocene; The Nearest Neighbor Analysis.  
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Warfare has played an important role in fire regimes; however, it remains unclear whether and when 

it may have impacted fire history along the Silk Roads. Based on a high-resolution record of black carbon 

in alpine-lake sediment, and warfare data from historical documents, we explore the relationships between 

fire, fuel, climate, and human activity along the eastern Silk Roads over the past 6000 years. Results show 

that fire activities were low in the middle Holocene but gradually increased in the late Holocene, a pattern 

closely related to the intensification of drought and the expansion of herbaceous vegetation. However, the 

intensity and amplitude of paleo-fires increased significantly in the past 2000 years, a pattern that was no 

longer synchronized with climate and vegetation changes on centennial timescales; rather, the sequence 

demonstrated a significant positive correlation with the documented number of wars in different dynasties. 

We argue that warfare between different political powers may have been the primary influence on the 

occurrence of five high-intensity fires since 2000 B.P. on centennial timescales in the eastern Silk Roads. 

Our study is the first to reveal the impact of warfare activities related to dynastic change on fire regimes in 

Chinese history, providing a new perspective for understanding the impact of human activities on the 

environment. 

Key words: Black carbon; Fire regimes; Warfare; Climate change; Silk Road. 
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The Caspian Sea, the largest inland lake in the world, witnessed many transgressions and regressions 

during the Late Quaternary period. Khazarian, Early Khvalynian, Late Khvalynian, and Neo-Caspian 

transgressions, and Atelian, Enotaevkian, and Mangyshlak regressions are the main sea level change 

periods.  During the 8400 to 7710 BP, another regression happened, in which the sea level reached -42; the 

8.2ka climate event probably was the cause of this regression. This change is characterized by the collapse 

and abandonment of large sites such as Jericho and the Ain Ghazal phase I in the southern Levant, migration 

on a large scale, and continued settlement in some regions in Southwest Asia. However, this climate period 

in the eastern region of Mazandaran seems to have had a different effect compared to other regions of 

Southwest Asia; due to the change in Dinocyst assemblage during this period, a major change in Caspian 

Sea conditions is recognizable. The existence of numerous shrub species at the beginning of the Holocene 

(11.5-8.4 ka), despite the relatively dry conditions that continued until 8400 BP, delayed the growth of trees 

in the region. However, the change of vegetation in the region from steppe species to shrub species indicates 

an improvement in the climate in the Early Holocene. The transition to the Middle Holocene and the change 

from dry to warm and wet conditions and from shrub vegetation to a significant increase in trees, based on 

pollen evidence, is contemporary with the vast increase of human communities in this region; The 

settlements, in addition to Caves, are also seen in the plains and highlands at 1000m or higher above sea 

level. According to archaeological excavations in the two Pottery Neolithic sites, which belong to about 

8500-7700 BP, human settlements in the Neka and Behshahr plains, appeared on the Late Khvalynian 

deposits. The current study indicates there is a connection between the regression of the Caspian Sea at 

8400-7700 BP, the 8.2ka climate event, and human settlement pattern in the eastern Mazandaran during the 

8500-7700 BP and Pottery Neolithic period. 

Keywords: Transgressions and Regressions, Caspian Sea, 8.2ka Event, Neolithic, Holocene. 
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Significant thicknesses, a large number of paleosols and an impressive chronological framework 

put the loess-paleosol series of the Afghan-Tajik depression on a par with the famous sections of the Loess 

Plateau of China. The study of the most significant sections of the Khovaling Loess Plateau allows 

developing a chronostratigraphic scheme for the whole Central Asian region, reconstruct the structure and 

conditions for the periods of paleosol formation. The Obi-Mazar section is located opposite the Lakhuti 

village on the north-western bank of Obi-Mazar River in the Khovaling region of Southern Tajikistan. The 

bank represents a 150 m high outcrop composed of subaerial deposits ~80 m thick underlain by pebbles, 

sandy and clayey alluvium. Based on the results of field stratigraphy, description of the macro- and 

micromorphological structure, field magnetic susceptibility measurements, study of the chemical and grain 

size composition, a comprehensive characterization of the structure, properties, and formation conditions 

of paleosol and loess horizons was carried out. One loess and upper pedocomplex (PC1) units are 

distinguished in the Late and Pleistocene deposits of the Obi-Mazar section. The pedocomplex PC1, 

consisting of three paleosols, according to the stratigraphic position and absolute dating, corresponds to the 

MIS 5 stage. Six loess units and PC2-PC6 are distinguished in the Middle Pleistocene deposits. These 

sediments are characterized by high silt and carbonate content and the presence of loess with pedogenic 

features. Soil formation during the interglacial periods of Pleistocene occurred in semi-humid and humid 

conditions under forest vegetation. The loess units were deposited in cold and arid conditions (glacials) 

while the paleosols were developed in warm and humid periods (interglacials). The properties of the studied 

paleosols together with the modern soils distribution in the region allow reconstrucing the soil type of PC1 

and PC2 of the Obi-Mazar section with the genesis of Calcisols - Luvisols - Kastanozems group. The work 

is supported by the Russian Science Foundation (№22-18-00568) and the NordForsk THOCA project 

(№105204). 
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Downstream of the City of Isfahan, the Zayandeh Rud passes extensive alluvial plains bordered by 

large piedmonts, a large sand dune field, and several, partly salt-crusted playas. Little information is 

available on the nature and chronostratigraphy of the superficial deposits of these landforms. As described 

in the literature, black sediment layers occur in Seghzi Playa and in the plain of Varzaneh, possibly 

representing wetland deposits and/or paleosols. In both cases, these layers would indicate sediment 

deposition/soil formation under a more humid climate than the modern-day arid one. In addition, the recent 

archaeological surveys in the area have identified a large number of Bronze Age sites dating to the 3rd 

millennium BCE and not located directly near the river, raising questions about how settlers managed access 

to water and if past occupation took place under more favorable paleoenvironmental conditions. We 

investigate several exposures and sediment cores with sequences of black layers and sandwiching eolian, 

alluvial, and fluvial deposits encountered in close vicinity of Bronze Age settlements. Sedimentary 

properties, including texture, organic carbon content, and major and trace element composition, indicate 

formation of black layers in a wetland environment. Radiocarbon and luminescence dating provide 

evidence for three phases of wetland formation, namely the Lateglacial, the Early Middle Holocene, and 

the transition from Middle to Late Holocene. Although the latter of these phases shows temporal overlap 

with Bronze Age occupations, more information on the extent and nature of the paleowetlands is needed to 

characterize paleoenvironmental conditions during times of past human occupation.  

Key words: Wetland deposits, radiocarbon and luminescence dating, paleoclimate, Iranian Highlands. 
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East Asian continental margin is featured by tremendous terrigenous sediment inputs from two 

major types of river systems: the mega-rivers in Eurasian continent, e.g. the Changjiang (Yangtze) River, 

and the small mountainous rivers in Taiwan (tectonically active) and SE mainland China (tectonically 

stable). Classic weathering indices such as the river water chemistry, CIA, WIP and clay minerals suggest 

these East Asian rivers are characterized by much different weathering regimes, and sediment transfer rates 

and recycling processes significantly influence the silicate weathering intensities registered in the river 

sediments. The small dynamic mountains rivers in Taiwan exhibit large sedimentary geochemical and 

provenance heterogeneity despite their fast sediment transfer from land to sea. In addition, we present new 

data from multiple isotopes (meteoric Be, radiogenic and stable Sr, Li and Mg) to investigate the weathering 

and environmental signal propagation in the continental margins. We observe conservative behavior of 

dissolved Li isotopes during estuarine mixing processes but different fractionations of dissolved Sr isotopes 

and particulate Li isotopes. Despite the hydrodynamic sorting and early diagenetic (reverse weathering) 

effects, the clay Li and Mg isotopes well preserve the catchment weathering signals and thus can be used 

to investigate the paleo-weathering history and climate feedback in geological past. 

Key words: continental margin, sediment source to sink processes, chemical weathering, East Asia. 
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Loess deposits are the major parent materials in Tajikistan and modern soil development studies 

and understanding the formation processes especially in different climate regions could provide an insight 

to the paleosols which are important archives of environmental changes of late Pleistocene in central Asia. 

Ten soil profiles were investigated in a climate gradient with the mean annual precipitation and temperature 

range of 200-900 mm and 10-20 °C, respectively. The studied soils formed in the order of increasing 

precipitation were classified as Entisols, Aridisols, Inceptisols, Mollisols and Alfisols based on American 

Soil Taxonomy and Regosols, Cambisols, Calcisols, Kastanozems and Luvisols based on the World 

Reference Base for Soil Classification (WRB). The dominant soil forming processes in the more arid 

regions were calcium carbonate accumulation and redistribution, gypsum dissolution. In the steppe regions 

organic matter accumulation on the surface horizons were dominant process. With increasing water 

availability in more humid regions, carbonate dissolution and precipitation in the deeper horizons and 

subsequent clay dispersion and illuviation were dominant. Thin sections were prepared from each horizon 

and studied using polarizing microscope. The parent material loess has a massive microstructure with very 

little marks of biologic activity. The microstructure in the soils varied from massive and weakly separated 

subangular blocky in the arid regions to moderately to well separated blocky in the steppe and more humid 

regions. The b-fabric is calcitic crystallitic in the regions with lower precipitation and changes to speckled 

in the soils with higher moisture availability. This provides conditions for the formation of depletion 

pedofeatures of calcite and clay coatings in the moister areas. The features related to the biologic activity 

such as excrements, needle shaped calcite and cytomorphic calcite are also dominant in the soils with higher 

organic carbon in the steppe regions. Pedogenic features in the studied modern soils well correlate with the 

present climate and could be applied for the interpretations of the existing paleosols in the region. This 
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Introduction: Accumulation of secondary calcium carbonates in arid and semiarid regions is one of the 

most prominent processes of soil formation. Pedogenic carbonates are valuable indicators of soil evolution 

(Durand et al., 2010; Zamanian et al., 2016; Silva et al., 2017). The morphology of pedogenic carbonates 

and calcretes are highly diverse and are controlled by environmental factors (Kovda et al., 2003; Zhou and 

Chafetz, 2009). The objective of this study was to identify and describe the pedogenic carbonates features 

at the macro- and micro-scale in semiarid soils developed on various parent materials in northeastern Iran 

as a proxy for the reconstruction of paleoenvironments. 

Methods and Materials: The study area is located in the Binalood zone (36° 2′ to 36° 42′ N, and 59° 6′ 

59° 48′ E) in northeastern Iran. Mean annual precipitation and temperature are ~260 mm and 13.7 °C, 

respectively (Sahebjam, 2002).  Granitic, ophiolitic, and metamorphic rocks as well as discontinuous loess 

deposits are the main geological constituents of the Binaloud zone (Karimi et al., 2009). Ten pedons on 

various parent materials were described and sampled. Thin sections were prepared from undisturbed 

samples and examined under a petrological microscope (plane and cross polarized lights). For 

submicroscopic studies, carbonates nodules and pendants were analyzed using a scanning electron 

microscope (Zeiss EVO HD15) equipped with an energy dispersive X-ray (EDX) spectrometer for semi-

quantitative elemental analysis. 

Results and Discussions: Light and dark microlaminae were observed in the thin section of calcite 

pendants (Fig 1, A-B). Calcite layers in granitic pendants were thick and regular. The layers in ultramafic 

pendants had, however, a poor lamination. The light microlaminae, composed of purer calcium carbonate 

having well-formed and parallel-oriented crystals seem to be indicative of drier periods that were less 

favorable for biological activity. The dark microlaminae have a high content of detrital particles and are 

composed of less developed and randomly oriented calcite crystals. This presumably indicates wetter 
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periods characterized by an activation of soil biota and amelioration of climatic conditions. Our findings 

are supported by those of Pustovoytov (2003) and Sharp et al (2003). Carbonates are in early stages of 

development. They include clay coatings and nodules in limestone- and loess-derived soils, respectively. 

The morphology of calcite nodules indicates the impregnation of the groundmass by carbonates which have 

either diffuse boundaries or distinct boundaries. An impregnation of the groundmass by micritic calcite is 

well detectable.The SEM images of the pendants and nodules of the ultamafic pedon show rough surfaces 

of calcite crystals with needle-shaped and fibrous calcite. Carbonate nodules in the Crk1 layer of granitic 

pedon consist mainly of star-shaped crystals which probably indicates calcium oxalate (Fig 1, C-D). 

Intertwined strands of carbonate were observed in carbonate nodules of the Crk2 horizon of the ultramafic 

pedon. Pedogenic carbonates of the studied pedons are of Holocene age (Karimi et al., 2009) and do not 

show evidence of dissolution and recrystallization.  

Key words: Pedogenic carbonates, Holocene, soil evolution, ultramafic, granitic. 
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Figure 1. (A) calcite pendants beneath a granite cobble and (B) calcite pendants beneath an ultramafic cobble.(C) needle-shaped 

and fibrous calcite (ultamafic pedon), (D)  star-shaped calcite crystals (granitic pedon). 
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There is very little information on the origin of loess in the northern Iranian loess plateau (NILP) 

and along the northern foothills of the Alborz Mountain (NFAM) range. To fill this gap, we present the 

well-dated particle size distribution (PSD) record from the Late Pleistocene Chenarli loess-paleosol 

sequence in the eastern northern Iranian loess plateau. We also interpret our data in a regional context and 

compared with other loess records in Central Asia. The obtained trends from PSD may provide insights 

into sediment transport pathways or distances from sources, availability of sediment and sedimentation 

rates. The primary modal PSD at 44 µm for the loess at Chenarli is similar to global primary loess. At 

Chenarli, U-ratios vary between 3.52 and 1.02, which are lower than U-ratios reported for Aghband in 

northern NILP, but is relatively coarser than loess from Neka-Abelou, Mobarakabad, and Toshan in NFAM. 

Therefore, the finer PSD of loess records from the NFAM may indicate finer grained loess or loess from a 

different source compared to Aghband and Chenarli loess in NILP. Additionally, the Marine Isotope Stage 

(MIS 5) loess at Chenarli is coarser than MIS 5 loess deposits at the NFAM suggesting that the scenario 

where MIS 5 loess on the NILP was carried hundreds of kilometers from distant source(s) can be excluded. 

Overall, PSD data suggest a nearby local source for loess in Chenarli since MIS 6. 

The coarse loess as at Aghband with a modal PSD around 55 μm has not been detected until today, 

not even in Armenia, Tajikistan and Kazakhstan. Furthermore, the PSD records of loess at Chenarli, 

Remizovka (Kazakhstan) and Sarigyugh (Armenia) might imply local topographic influences on dust 

deposition patterns and may point to provenance and wind direction changes and/or to activation of local 

sources. In contrast, the fine PSD of loess deposits at Darai Kalon in Tajikistan may suggest that loess was 

mainly transported by near-surface northerly or northwesterly winds. 
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The Pleistocene epoch, characterized by significant climatic fluctuations, is extensively 

documented in the geological archives like loess-paleosol sequences. These sequences serve as a 

geological repository, preserving valuable insights into historical climates, vegetation, and 

environmental conditions. The sedimentary layer spanning 54 meters in the Baluchabad section, 

located in Golestan province, Iran, present significant potential for elucidating paleoenvironmental 

processes and ecological transformations in the area. A key feature in the Baluchabad loess-

paleosol sequences indicative of Pleistocene paleoenvironment is the different deposition periods, 

mirroring the dynamic interplay between glacial and interglacial periods. To achieve our research 

objectives, multiproxy study have significantly enhance our understanding of the formation, age, 

and paleoenvironmental implications of the studied loess-paleosol sequence. Various analyses 

confirm the presence of 11 paleosols with varying degrees of development which are well-

maintained in the studied loess-paleosol sequence. These well preserved paleosols are a unique 

signatures to reconstruct the paleoenvironmental condition during the Pleistocene period in 

northern Iran. Notably, a set of paleosols (pedocomplex 1) at a depth of 20 to 26 meters, correlating 

with MIS 5 paleosols in terms of stratigraphy and primary dating results. The well-developed 

paleosol of this pedocomplex have been formed about 125,000 years ago, which is equivalent to 

MIS 5e period. Furthermore, a 9-meter dense loess layer separates the paleosols of pedocomplex 1 

from three paleosols in pedocomplex 2, situated at a depth of 36 to 42 meters. Similarly, a 9.5-

meter loess layer separates the paleosols of pedocomplex 2 from three well-developed paleosols in 

pedocomplex 3, formed at a depth between 48 and 54 meters. Based on dating results and 

stratigraphic correlation with adjacent loess-paleosol sequences, it can be conducted that the 

paleosols in pedocomplex1formed during the MIS5 period. Additionally it can assumed that second 

and third pedocomplexs originated during the MIS 7 and 9 periods, respectively. These findings 
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provide a new avenue for exploring paleoclimate changes during the Middle Pleistocene in detail. 

The comprehensive analysis of studied paleosols, coupled with stratigraphic correlations and dating 

results, have been opened a valuable insight for understanding paleoclimate variations in northern 

Iran during the Middle Pleistocene. 

Key words: Paleoclimate, Marin Isotope Stage, Paleosol, Middle Pleistocene, northern Iran. 
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Understanding the factors and processes that control the amount of sediment in the quaternary 

sediment of basins (SY [t/ km2 /y], is very important for many environmental and economic issues is 

important. Several sources have been published abroad to support this hypothesis that the seismicity index 

of a basin is one of the main factors of basin sediment production. A complete but not comprehensive 

research has been done at the world level on the impact of tectonic activities on the sediment delivery of 

the basin, which shows these logical relationships. The seismic characteristics of basins are usually 

expressed based on the maximum acceleration of an earthquake (Peak Ground Acceleration, PGA) or the 

probability of an earthquake. In this research, the influence of tectonic factors on the sedimentation of 

selected basins of Iran will be investigated using the tectonic influence factor in the used models. In this 

way, it is recommended to use a correction coefficient in the estimating models to achieve the accurate 

amount of sediment measured in the hydrometric stations. It is expected that if the desired results are 

achieved in estimating the impact of the tectonic coefficient of a region on the amount of sediment, it will 

be possible to develop models by adding a correction coefficient in the model. In this study, the relationship 

between the sedimentation rate of the basin (SY) and the tectonic characteristics of the basin, including 

seismic characteristics and faults, is analyzed. In order to obtain an index that shows the tectonic 

characteristics of a basin, a wide range of sources was reviewed and several parameters were selected based 

on that and information was collected for each basin. These indicators include the ratio of the total length 

of faults in a basin (the ratio of the density of total and active faults), average and maximum earthquake 

intensity occurred in a basin, the value of the maximum acceleration of earthquakes (PGA value). In the 

next step, the correlation between SY and the tectonic activity of 10 2nd grade basins in south, west and 

northwest of were investigated. 

Key words: Sediment Yield, Tectonic, Earthquake. 
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    The Caspian Sea, as the largest enclosed inland body of water globally, undergoes notable 

fluctuations in its water levels controlled by various factors such as atmospheric conditions, river 

inflow, and regional climate patterns. Studies, including the CASHKI model, have demonstrated 

the significant role of the Caspian Sea in the dynamics of dust and sandstorms, particularly in 

Central Asia and Eastern Iran. This research aims to precisely understand the interconnected 

dynamics and explore the intricate relationship between Caspian Sea water surface oscillations and 

the dynamic patterns of dust and sandstorms in surrounding regions. Using a comprehensive 

approach involving satellite data analysis, numerical simulations, and statistical modeling, the 

study identifies discernible patterns and trends in Caspian Sea water surface oscillations. It sheds 

light on the potential correlation between these oscillations and the occurrence, intensity, and 

propagation of dust and sandstorms. Furthermore, the research investigates the atmospheric and 

climatic conditions that may either amplify or mitigate the impact of these water surface oscillations 

on the generation and propagation of dust and sandstorms The findings of this study contribute to 

a better understanding of the complex interactions between large water bodies and atmospheric 

phenomena, emphasizing the potential role of Caspian Sea dynamics in influencing regional dust 

and sandstorm dynamics. Such insights are crucial for developing effective strategies to mitigate 

these natural events' environmental and societal impacts on the affected areas. 
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Wetlands are valuable environments that provide diverse services to ecosystem and humankind. 

Currently they are encountering highest pressures from climate change and human intervention which led 

to drastic decline during the past half century. Iran’s wetlands are distributed in coastal area of north, south 

and in central plateau. Pollution, urban development and agricultural/livestock are common human 

intervention in almost all wetlands. However, mismanagement of water resources in upstream caused 

desiccation of many internal wetlands. Despite of dominant subtropical climate in the northern Iran, 

degradation and desiccation of wetlands are rapidly going to the irreversible point. Wetlands in northern 

Iran spread in the south Caspian shoreline, south Caspian coastal plain and in inter-mountain depressions 

in the northern flank of Alborz. The wetlands located along the shoreline are depend on the Caspian Sea 

level changes.  Total area of the Caspian shoreline wetlands is around 100,000 km2, where part of which 

with international importance enlisted in the Ramsar site. They include eight wetlands in Caspian rim 

countries. Their total surface area was 9745, 13413 and 9810 km2 in sea level of 1978, 1995 and 2021 

precatively. Degradation and desiccation of the Caspian shoreline wetlands are more visible in Iran that 

located in densely populated areas. The situation in wetlands located in the coastal plain are even worse 

that many of them desiccated for agricultural field or residential area. The inter-mountain wetlands are 

relatively little touched. 

The wetlands in northern Iran in the south Caspian coast experience significant shrinking and 

desiccation due to the climate change, sea level and human activities. In the current condition that rising 

temperature and dropping Caspian Sea level continues, reducing human stressors on the wetlands would 

improve wetland condition, but more durable result requires management beyond the wetlands i.e., in the 

catchment and coastal area for reducing human pressure. 
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Introduction: The Earth's climate has historically experienced natural variations driven by factors such as 

solar insolation, orbital motion, orogeny, and ocean circulation patterns (Bytnerowicz et al., 2007; 

Nakicenovic et al., 2000). However, the industrial revolution has triggered significant human-induced 

climate change, characterized by a sharp increase in greenhouse gas emissions and resulting in global 

warming and notable alterations in climatic conditions (Le Treut et al., 2010; IPCC 2019). This is evident 

in the substantial rise in atmospheric carbon dioxide levels, primarily due to activities like fossil fuel 

combustion (IPCC 2019, 2021). While global average surface temperatures have shown a discernible 

warming trend, precipitation records demonstrate a variable response in both frequency and intensity 

(Archer and Rahmstorf, 2011; Konapala et al., 2020), sparking ongoing debate about the potential impact 

of global warming on future precipitation and its implications for agriculture and food supply (Donat et al., 

2016).  With the livelihoods of over two billion people in South and West Asia intricately linked to summer 

monsoon precipitation (Clift and Plumb, 2008; Cullen et al., 2000), understanding the potential evolution 

of monsoons amidst increasing greenhouse gas emissions and rising temperatures is essential (Turner and 

Annamalai, 2012). However, General Circulation Models (GCMs) encounter challenges in accurately 

simulating the regional distribution and intensity of monsoons due to complex physical processes and 

interactions influencing precipitation (Sperber et al., 2013). The concentration of greenhouse gases is 

expected to intensify monsoonal activity, primarily due to amplified land-sea temperature differences and 

a northward shift of the Inter-Tropical Convergence Zone (ITCZ) (Cao and Zhao, 2020; Li and Ting, 2017; 

Sachs et al., 2009).  Southeastern Iran, influenced by the Indian Ocean Summer Monsoon (IOSM) and the 

Mid-Latitude Westerlies (MLW) precipitation zones, is highly susceptible to changes in climatic conditions 

(Hamzeh et al., 2016; Rashki et al., 2021; Vaezi et al., 2019). Paleoclimate evidence demonstrates 

significant changes in the intensity and variability of IOSM and MLW since the late Pleistocene, impacting 

regional hydrological conditions (Vaezi et al., 2019; Clift & Plumb, 2008; Stevens et al., 2001). Therefore, 

a comprehensive understanding of atmospheric circulation patterns and ancient precipitation patterns holds 

the potential to enhance assessments of future climate change scenarios and variations in regional 

precipitation patterns (Mehterian et al., 2017).  



  

 

Methods and Materials: This research utilizes historical weather data spanning from 1989 to 2019 

collected from two weather stations in Southeastern Iran (Kahnuj and Iranshahr) to project future scenarios. 

Global Climate Model (GCM) data from the Coupled Model Intercomparison Project Phase 5 (CMIP5) is 

employed, including EC-EARTH, GFDL-CM3, HadGEM2-ES, MIROC5, and MPI-ESM-MR, to address 

intermodel uncertainties. The outputs from GCMs are statistically downscaled using LARS-WG for future 

scenarios RCPs 4.5 and 8.5, encompassing variables such as precipitation, maximum (Tmax), and minimum 

(Tmin) temperatures. The forecasted results of future hydrological changes under different global warming 

scenarios are utilized to assess the models' performance. Additionally, we reference paleoclimate studies in 

the region to discern whether similar changes occurred in the past during periods with no direct 

measurements of precipitation or temperature. This study aims to establish connections between 

paleoenvironmental conditions and the variations in Indian Ocean Summer Monsoon (IOSM) and Mid-

Latitude Westerlies (MLW) outputs, contributing to environmental changes in the West Asian interior since 

the late Pleistocene. A comparison is made between future atmospheric circulation variations and associated 

precipitation changes and those observed during past cold and warm periods. The juxtaposition of predicted 

simulations and paleoclimate events forms a complex mosaic to evaluate our responses and adaptations to 

climate change scenarios. 

Results and Discussions: In the future projections for the 20-year average (2061–2080), mean temperatures 

in Southeastern Iran are expected to increase by 3.2 to 4.6 °C under RCP 8.5 compared to the baseline 

period. However, the Iranshahr station is anticipated to show little change in future precipitation compared 

to its baseline levels. Specifically, HadGEM2-ES under RCP 8.5 indicates a slight increase (approximately 

12.2 mm) in monsoon precipitation compared to the baseline, marking the highest increase among the 

GCMs. Conversely, the GCMs predict a substantial decrease in Mid-Latitude Westerlies (MLW) 

precipitation at the Kahnuj station. Furthermore, HadGEM2-ES and GFDL-CM3 suggest a notable decline 

in precipitation compared to other GCMs at the Kahnuj station for RCP 8.5. The study also reveals that in 

Southeastern Iran, future simulations point to a decrease in MLW precipitation and an increase in 

temperature. Aligned with various GCM studies and actual paleoclimatic changes during past warm and 

wet periods in the region, the results from Southeastern Iran indicate a weakening of the MLW under RCP 

8.5. Nonetheless, the study highlights that IOSM projections in Southeastern Iran do not fully align with 

the actual shift in IOSM intensity or strength, particularly during warm and wet periods. Nevertheless, the 

multi-proxy data from Southeastern Iran and other high-resolution records present a similar pattern of 

intense IOSM activity and the northward movement of the Intertropical Convergence Zone (ITCZ) in 

response to orbital-scale changes in summer insolation.  

Key words: Climate change, temperature, precipitation, paleoclimate, Southeastern Iran. 



  

 

 

Figure 1. A comparison of the 20-year average of monthly precipitation (in mm) is made for each GCM 

model and projected scenario, contrasting with the observed data recorded at the weather stations in 

Iranshahr and Kahnuj. 
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Geological hazards are often very narrowly defined, and primarily at large scale magnitudes, e.g., 

earthquakes, volcanic eruptions, or tsunamis. However, it is the smaller scale geological events that have 

just as great an impact upon the earth, and its people, that are now becoming more and more frequent in 

their occurrence. Why? Because they are linked to changing climate, and as the degree and rate of climate 

change increases these events will multiply, and become just as destructive as the more massive events, 

especially when their cumulative impact is compounded. It is not simply global warming that is the 

problem, but the destabilizing impact that it has upon geological processes either directly or indirectly. 

Global warming impacts the earth’s surface and its plant, animal and human inhabitants primarily through 

its global impact upon changing temperature, moisture and wind conditions. Temperature variations affect 

global weather patterns and changes the supply of moisture, its annual timing, and the nature of its delivery, 

i.e., changing the force which rain impacts the ground surface. It causes drought, and through thunder 

storms, fires. This results in the removal of the protective vegetation covering, which would normally 

reduce the impact of rain upon the ground surface. Unprotected ground is then exposed to torrential rains, 

which will increase surface runoff and stream velocity, accelerating stream incision and head-ward erosion 

of streams. It also causes debris flows, especially if subsurface layers of soil have been indurated by the 

action of drought or fire, and the top soil has become saturated. The water-rich layer of sediment perched 

upon the indurated layer of soil, will result in large-scale slope failure with massive, destructive landslides. 

This is accentuated by the geology of the sediments being affected. In such landslides human activity 

becomes a critical factor as well.  Bad agricultural practices, such as farming of high angle slopes, incorrect 

plowing patterns, and removing of surface stubble, through field burning or plowing under of stubble 

(which could protect the ground from the direct impact of torrential rains, reduce the speed of surface 

runoff, and aid in infiltration of rainfall into the groundwater table) all exacerbate the possibility of 

landslides. In addition, people become a contributing factor to global warming through traditional field 

burning, which adds huge amounts of carbon to the atmosphere, raising atmospheric temperatures and 

accelerating both the rate and magnitude of global warming. Smoke from crop burning also causes human 



  

 

respiratory problems. Global warming, by heating the oceans and atmosphere, changes the global position 

of high and low pressure systems. This results in changes in wind patterns (directions), and seasonal 

strength, affecting aeolian activity. It can initiate large-scale deflation of newly exposed or stream-deposited 

sediments, and result in the trans-location of massive amounts of sediments. Changes in winds will also 

result in the destabilization and reactivation of already extant aeolian features. Redistribution of surficial 

deposits will result in changes in the albedo of the earth’s surface and affect the solar insolation of the earth 

and its heat budget. Increased global temperature will accelerate the melting not only of Arctic and Antarctic 

ice sheets, but of mountain glaciers, many of which have already disappeared. The often catastrophic release 

of huge amounts of water often results in highly-destructive flooding and debris flows in the drainages that 

are fed by the mountain glaciers. The sediment clouded waters that eventually enter the sea results in the 

death of marine life, and the disruption of migration patterns as well. Eventually rising sea level will disrupt 

not only the oceanic ecosystem, but destroy coastal marine habitats, force a major segment of human 

population out of coastal areas.These changes can be of small scale and occur incrementally, or they can 

be of great magnitude, and occur rapidly. In either case, global warming is a prime mover in geological 

hazards. 

 

Key words: Geological Hazards, Global Warming, Precipitation Change, Wind Pattern Change, Surfacial 

Processes, Glacial Melt. 
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The correlation of earthquakes with the phases of the moon has been noticed by many researchers. However, the role 

of planetary cycles remains not fully understood. 

We studied the planetary aspects of the occurrence of earthquakes, their connection, patterns and influence 

on the process of earthquakes’ hearts’ formation. The collision zone between the Arabian-African and 

Eurasian continental plates was chosen as a test area. We carried out a multidisciplinary analysis of the 

instrumental earthquakes with a magnitude of M≥6.5 occurred during the period of 1900-2023. It was 

revealed that at the time of the earthquake, activated fault segments mainly take either parallel or 

perpendicular orientation according to the planetary planes (the Ecliptic plane and/or the Earth's axis’ tilt 

plane). The comparison of the rotation speeds of points of the Earth's crust around the Earth's axis and 

around the Earth-moon barycenter revealed the so-called bifurcation points. Passing through these points, 

individual parts of the Earth's crust receive different inertial impulses. It has been established that in most 

cases, the moment of an earthquake coincides with the moment when the fault passes through the 

bifurcation point. 
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The Geoparks, a UNESCO initiative, are important strategies in order to achieve goals such as sustainability 

and environmental protection, rehabilitation and economic stability of local communities (employment, 

income), creation of social welfare in rural areas and low population centers which are low interest of 

industrial, mining and oil budgets. The goal of UNESCO Global Geoparks is to reconnect humans to the 

Earth we live on by showcasing 4.6 billion years of geological history that have shaped, and continue to 

shape, all aspects of the inhabitants’ lives. The Geoparks also aim to raise awareness among local 

communities of the need to protect the Earth for future generations. Regarding to the history of geotourism 

and geoparks studies as well as specialized activities carried out over last two decades in Geological Survey 

of Iran (GSI) and following approval of a law in the Council of Ministers, GSI was introduced as "The 

National Reference for Identification, Capacity Assessment and Determination of Technical Criteria to 

Geoparks study in Iran". On this basis, the National Geoparks Committee of Iran has been formed under 

auspices of the GSI aiming at cooperation  and coordination between relevant  organizations  in the field of  

 “Identification  ,Conservation ,  Introduction  and exploitation of geoparks". Main objectives of National 

Geoparks Committee are as follows: 

1. Determining vision, goals and policies for the development of geoparks in compliance with legal 

considerations. 

2. Setting appropriate platform to identify geoheritage and increasing public awareness on importance 

of preserving the heritage for present and future generations. 

3. Coordinating and conducting activities between relevant institutions and practitioners in order to 

facilitate and develop geoparks. 

4. Organizing and integrating required criteria for geopark's identification, administration, 

protection, introduction and exploitation through participation of all relevant organizations" 

5. Compiling technical and specialized guidelines for geopark projects through participation of 

relevant institutions 

6. Setting up the national network of geoparks in Iran 

Key words: Geopark, Geotourism, Geological heritage, UNESCO Global Geoparks, GSI. 
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The Silk Road was an exceptional landmark of continental-scale exchanges throughout human history, 

spanning thousands of years across the vast landscapes of the Gobi Desert, oases, mountains, basins, forests, 

and steppes in Eurasia. It greatly facilitated long-distance and large-scale exchanges of economy, 

agriculture, religions, culture, and technology across Eurasia, having a far-reaching impact on the progress 

and development of human civilization. The mechanisms of early human migrations in the paleolithic 

periods, agriculture origin and early farming diffusion, and civilization development along the Silk Road 

have attracted high interest from both natural and social scientists. 

Inspired by the achievements of the Ministry of Science and Technology in China (MOST) funded key 

project, an ANSO (Alliance of International Science Organizations) association titled Trans-Eurasia 

Exchange and Silk Road Civilization Development (ATES) was launched in 2019 to establish an 

international platform to exchange multi-discipline knowledge and the latest research achievements on the 

ancient Silk Road. In this presentation, I will introduce the aims and scientific issues for ATES and will 

present a couple of case studies.  
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Abstract 

 Climate change is a global issue that has far-reaching impacts on our planet, including the melting of 

glaciers and changes in water resources. Gharaghom basin in northeastern Iran is one such region that is 

facing the consequences of climate change. This research has mapped the quaternary equilibrium line 

altitude (ELA) using Whrite’s and Porter’s methods to reconstruct past and present temperatures using a 

regression model. The potential impact of climate change on glaciers was detected by using an artificial 

neural network. The regression model established a relationship between temperature and altitude, 

revealing a temperature lapse rate of -0.41°C per hundred meters of increasing altitude. The reconstruction 

of past temperatures indicated a significant increase in mean annual temperature during the Pleistocene 

compared to the current temperature in the basin. The recent ELA has risen to approximately 2236 m and 

2200 m a.s.l., respectively, from the Pleistocene levels. The use of an artificial neural network projected 

linear temperature growth for the next three decades in the Gharaghom basin. Trend analysis indicates that 

minimum temperatures have been more significantly affected by global warming compared to maximum 

temperatures, resulting in an increase in monthly minimum and maximum temperatures across different 

seasons in the basin. The average temperature rise of 0.19°C projected for future decades is expected to 

have implications for water resources in the region. The melting of glaciers due to rising temperatures could 

lead to water scarcity issues that could affect communities downstream that depend on these water sources. 

This study highlights the importance of understanding climate change impacts on regions like the 

Gharaghom basin and implementing strategies to manage water resources in a changing climate context. It 

is essential to continue researching and monitoring the effects of climate change on glaciers and water 

resources to inform adaptive strategies and policies that can mitigate potential water scarcity issues. This 

research focuses on the Gharaghom basin in northeastern Iran, utilizing Whrite's and Porter's methods to 

map the quaternary equilibrium line altitude (ELA) and reconstruct past and present temperatures using a 

regression model. An artificial neural network is employed to assess the potential impact of climate change 

on glaciers in the region. The regression model establishes a relationship between temperature and altitude, 

revealing a temperature lapse rate of -0.41°C per hundred meters of increasing altitude. Reconstruction of 

past temperatures indicates a significant increase of approximately 10.36-10.5°C in mean annual 
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temperature during the Pleistocene compared to the current temperature in the basin. According to Whrite's 

and Porter's methods, the recent ELA has risen to approximately 2236 m and 2200 m a.s.l., respectively, 

from the Pleistocene levels. Considering the present temperature lapse rate and the highest altitude of 

3271m, it is estimated that the maximum Pleistocene ELA depression would be around 800m due to a 

modern temperature increase. Using a neural network projection model, linear temperature growth is 

projected for the next three decades (2021-2051) in the Gharaghom basin. Trend analysis indicates that 

minimum temperatures have been more significantly affected by global warming compared to maximum 

temperatures, resulting in an increase in monthly minimum and maximum temperatures across different 

seasons in the basin. The average temperature rise of 0.19°C projected for future decades is expected to 

have implications for water resources in the region. These findings highlight the importance of 

understanding climate change impacts on the Gharaghom basin and can inform strategies for managing 

water resources in a changing climate context. In conclusion, climate change is a global issue that requires 

urgent action to mitigate its impacts. The Gharaghom basin in northeastern Iran is just one example of a 

region that is facing the consequences of rising temperatures. The findings of this research underscore the 

importance of understanding and addressing the effects of climate change on water resources to ensure the 

sustainability of our planet for future generations. 

Key words: Quaternary equilibrium line altitude, MRI-ESM2-0 model, reconstruction of the past 

isotherms, North Khorasan. 
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Climate change is one of the most pressing issues of our time, and its impacts are being felt around the 

world. In Tehran, Iran, extreme weather events related to climate change are becoming more frequent and 

severe. One of the factors that influence the water requirements of plants in Tehran is Reference 

Evapotranspiration (ET0), which is a measure of the amount of water that is lost from the soil through 

evaporation and transpiration. The trends in reference evapotranspiration in Tehran are closely linked to 

climate change, and they provide important insights into the severity of extreme weather events in the 

region. The reference evapotranspiration in Tehran has been studied extensively in recent years, and the 

results show that there has been a significant increase in ET0 over the past few decades. This increase is 

primarily due to rising temperatures, which are caused by climate change. As temperatures rise, more water 

is lost from the soil through evaporation and transpiration, which puts additional stress on plants and crops 

in the region. This can lead to reduced yields and even crop failure, which can have serious economic 

consequences for farmers and communities. In addition to the impact on agriculture, extreme weather 

events related to climate change can also have serious consequences for public health and safety. For 

example, heat waves are becoming more frequent and severe in Tehran, which can lead to heat exhaustion, 

heatstroke, and other heat-related illnesses. This is especially true for vulnerable populations such as the 

elderly and young children, who are more susceptible to the effects of extreme heat. 

One of the effective factors on the water requirement of plants is the Reference Evapotranspiration (ET0), 

which is an important component of the hydrological cycle and is a function of climatic variables such as 

temperature, relative humidity, wind speed, and sunshine hours, which are influenced by climate change. 

In recent decades, climate change has become one of the human concerns and can be considered as the 

most important challenge of the recent century. Therefore, the aim of this study is to estimate and evaluate 

the trend of changes in reference evapotranspiration in Tehran city. For this purpose, the required data 

including daily statistics of maximum and minimum temperature, relative humidity, wind speed, and 

sunshine hours (2020-1976) from the Mehrabad synoptic station in Tehran were prepared, and missing data 

were reconstructed. Then, using the FAO Penman-Monteith 56 method, reference evapotranspiration values 

were estimated for Tehran city. The results of the output of calculating reference evapotranspiration using 
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this method indicated that the highest amount of reference evapotranspiration belongs to July with a 

maximum of 313.1, an average of 269.8, and a minimum of 123 millimeters per month during the 45-year 

period, which can be attributed to high air temperature, warm air currents, and high sunshine hours 

throughout the year. Overall, the results showed that although the trend of changes in reference 

evapotranspiration had significant fluctuations, it has been increasing in the long term, reaching its peak in 

2017. 

In conclusion, extreme weather events related to climate change are becoming more frequent and severe in 

Tehran, and they are having serious consequences for agriculture, public health, and safety. The trends in 

reference evapotranspiration provide important insights into the severity of these events, and they highlight 

the urgent need for action to mitigate the impacts of climate change in the region. 

 

Keywords: Environmental hazards, FAO Penman-Monteith 56, Mann Kendall, Sen Slope, Tehran 
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Introduction: Investigating the geomorphology of glaciers and the changes in their past climatic conditions 

is one of the major topics of mountainous regions. The border areas of Iran and Iraq, which are located 

along the Mako-Bane Mountain, have many evidences of glacial traces; But due to the border and security 

situation and the difficulty of commuting, it has been far from the eyes of researchers. People like Wright 

and Bobek, who have investigated the glacier areas on the other side of the border in Iraq and Turkey, up 

to the borders of Iran, have not written anything about the Iranian side of this mountain range. In the report 

of Pedrami and Mahmoudi, only general references are made. In the studied area, evidence of glaciers is 

widespread. In the southwest of Piranshahr, the heights of Qandil have been studied and the traces of glacier 

formation have been well preserved. The final glaciers have moved below the height of 1800 meters 

(Ghahroudi Tali et al,2016). In this research, an attempt has been made to investigate the performance of 

the refrigerator in these areas. In terms of country divisions, the studied region is located in the south of 

West Azarbaijan province and in the northwest of Piranshahr city and near the Iraqi border. 
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Figure 2. Glacier territory in the study area 

 

 

Methods and Materials: The sources of data used in this research include topographic maps, Landsat 8 

images, climatic data, field observations and sampling. The studied area and elevation data were measured 

and extracted from 1:50000 topographic maps and during repeated visits with GPS. In field operations, the 

location of landforms, extent of glaciers, identification of glacial evidences such as cirques and glacial 

valleys, moraines and their extents and along the edges of valleys have been identified and photographed. 

Then sediment and rock samples were taken from the glacial valleys. Sediment samples collected from 

cirques and glacial valley have been tested by XRD. Porter's method was used to determine the snow 

boundary (Porter, 2001). For more accuracy, the method of the maximum height of lateral frosts has been 

used. Also, based on the current temperature conditions of the region, the past temperature conditions have 

been reconstructed. 

Results and Discussions: The results showed that the permanent snow line in the late Pleistocene was 

between 2563.6 and 2574.4 meters. The average rainfall in the region is about 233.8 mm more than the 

current time and the average annual temperature is lower than the current time, so the temperature and 

precipitation conditions are suitable for the formation of glaciers Granulation analysis confirms the 

remaining traces of refrigerator operation, so that; Coarse-grained, tangled, angular and weakly welded 

materials are the characteristics of glacial deposits. The XRD analysis of the data shows the predominance 

of chlorite mineral in the surface sample and its absence in the deep sample, which indicates the physical 



  

 

destruction of ultramafic and serpentine rocks in the region. Field observations indicate the possibility of 

three phases of glacial expansion. Granulation analysis included coarse-grained, tangled, angular and 

weakly welded materials, which are the characteristics of glacial deposits. At present, the morphogenic 

system adjacent to the glacier is dominant in the region. What has been most influential in the creation of 

glacial works; The decrease in the temperature of the region compared to the present time and on the other 

hand the low evaporation has made it possible for snow to accumulate in the region above the equilibrium 

line and turn it into a glacier. 

Conclusion: In general, evidences and effects of glaciers related to paleoclimate in the study area show that 

the study area was affected by glacier activity in the late Pleistocene and even in the Holocene. The 

mountain slopes and especially the edges of the valleys are covered with a huge amount of glaciers. 

Numerous field visits clearly revealed the existence of a sequence of glacial periods. The remains of 

barracks and glacial masses at lower altitudes than the glacier cirques show three cross-sections of slope 

change, which in some slopes are cemented glacial masses in the midst of piles of glaciers. New, it has an 

exterior. Field observations indicate the possibility of three phases of glacial expansion. Granulation 

analysis included coarse-grained, tangled, angular and weakly welded materials, which are the 

characteristics of glacial deposits. Currently, there is no glacial formation system in the studied area; But 

the adjacent glacier system prevails everywhere in the highlands until the exit from the mountains. More 

than 90 days of frost occur in the region every year. Freezing and melting processes prevail for several 

months (from November to May) in the highlands. 

The decrease in the temperature of the region compared to the present time and the low level of evaporation, 

which has allowed the accumulation of snow in the region above the equilibrium line, has created the 

possibility of the formation of glaciers.  

Key words: Late Pleistocene, glacial, Piranshahr, Iran . 
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Main text: The speleothems including stalagmites as an important source of information of 

palaeoenvironments are used to reconstruct environment changes and palaeoclimate. The purpose of this 

study was to reconstruct the environmental and climate changes in the west of Kurdistan province, Iran. To 

this end, a 45 cm stalagmite sample from Samangan cave located in Divandarreh town in Kurdistan 

province was subjected to geochemical tests and statistical analysis. Determination of δ18O and δ13C along 

a 45 cm stalagmite from Samangan shows three major environmental and climate changes including: 1) 

increases in vegetation cover having C3 plants with wetter climates with winter as possible season of 

precipitation and high levels of water dripped into the cave at a depth of 31–45cm, 2) scattered vegetation 

and increased C4 plants with the domination of very dry climates and spring as possible season of 

precipitation as well as a decrease in the amount of water dripped into the cave at a depth of 19–31cm, and 

3) increase in C3 plants regarding the start or increase of cold-climate cereal species including wheat and 

barley in the area with dry climatic conditions in a depth of 0-19 cm. 

 

Key words: Stalagmite, Stable isotopes, Samangan cave, Speleothem, West Kurdistan, 

Palaeoenvironments. 
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Abstract 

Dasht-e-Moghan basin in the northernmost parts of Iran represents a small enclave of the Kura intermontane 

trough, which is mainly present in the south of the Caucasus region. Although Quaternary large mammals 

are known by few fragmentary materials from western, eastern and central Iran, recent discoveries in 

Bilehsavar area brings new opportunities for better understanding of the Quaternary megafuana in Iran.   

Well preserved dental, cranial and skeletal specimens of proboscideans, cervids, bovids, equids and rhinos 

have been discovered in the Foulad lu gravel mine in Bilehsavar area. The fossils preserved in two horizons 

in fluvial and near shore deposits and occur within finer grain sediments in the much coarser 

gravel/conglomerate settings. The molars of the proboscideans indicate presence of Mammuthus 

meridionalis/trogonthori. The partial skull and tusks of the proboscidians probably belong to the same 

species. Cervid antler fragments are assigned as Cervus cf. elaphus. Gazelle sized bovids and Equus sp. are 

also present.  

These fossils are typical of the Eurasian Quaternary megafauna, indicating early to late Pleistocene age for 

the fossil locality. Due to their occurrence in the higher stratigraphical levels of the Quaternary sediments 

in Moghan basin, they are more likely of late Quaternay age. Similar occurrences can be traced in the 

adjacent countries in the Caucasus, Anatolia and eastern Mediterranean regions. These findings indicate 

the high potential of megafauna’s preservation in Moghan region and mark it as the best place for further 

investigations. 
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The characteristic of many rivers is that the grain size of the bed decreases towards the downstream side, 

this phenomenon is known as fineness towards the downstream side. The causes of fineness towards the 

downstream side have been the subject of study for several decades, because changes in grain size are 

caused by sediment transport, bed size and hydraulic erosion (Frings et al., 2010). The textural 

characteristics of sediments are widely influenced by several factors, which include the region of origin, 

climate, distance and energy of sediment transport in sediment environments. The rate of grain size change 

is one of the important consequences for downstream changes and sediment transport (Kumar Maity and 

Maiti, 2016) as well as river ecology (Petts et al., 2000; Tanabe et al., 2023). There are two different 

methods for identifying sediments: facies analysis and using traditional approaches for particle size analysis 

(Flood et al., 2015). 

The heights of Gonabad are separated from each other by wide and flat plains with different trends. One of 

these heights was the southern mountain range of Gonabad, which has an east-west trend and is located 

more than 1500 meters above sea level. The lithology of these heights is composed of Mesozoic (mainly 

Shamshak Formation) and Cenozoic rocks. These southern highlands have many seasonal rivers. One of 

the longest rivers is the Khanik River (more than 13 km) (Figure. 1). This river originates 35 km south of 

Gonabad from a height of more than 2200 meters and leads to the central plain of Gonabad (Ghaemi and 

Sharivar, 2005). The aims of this research is to investigate the sedimentary parameters such as skewness, 

sorting and kurtosis in the sediments of the Khanik River. 

Methods and Materials: 19 samples were taken from the bottom sediments of Khanik River. These 

sediments were graded by sieve shaker and granulation from -6 to 4.5 φ and at 0.5 φ intervals. Classification 

of particles (Table. 1) and sediment parameters have been calculated using Gradistat V9.1 software and 

using the logarithmic method of Folk and Ward (1957). 

Results and Discussions: The size distribution of particles in sediments depends on the properties of the 

source rock, their weathering, abrasion and selective melting processes during transportation, which also 

affects the types of sedimentary facies (Snelder et al., 2011). 

The sediments of the Khanik River, based on the φ scale, are mostly composed of coarse-grained sediments 

in the size of gravel (average 57%) and the average particle size is about -1.26 φ. The name of the sediments 



  

 

is based on the classification of Folk (1980) from fine to coarse sandy gravel. According to the elevation 

changes between station 1 and 19 between 2257 and 1526 meters, the samples based on the average size 

have a negative trend with R² = 0.0901, which indicates the presence of downstream fining in this river 

(Maazallahi et al., 2023)(Figure. 2). Due to the type of particle size and high dispersion, the sediment 

particles have badly to very bad sorting. All the samples have multiple modes (Polymodal) as expected. 

This dispersion of particles caused the samples to be mostly platykurtic and mesokurtic and sometimes 

leptokurtic. Due to the abundance of coarse grain particles, the sediments have a fine to symmetrical 

skewness. 

Due to its geomorphological nature and relatively large height difference (731 meters height in 13 km 

length), Khanik River has had a high energy, which has caused the abundance of coarse grain particles, 

lack of good sorting, negative skewness, and mainly platykurtic kurtosis. Among the effective factors in 

this downstream fining, we can point out the decrease in current energy intensity, increase in bed width and 

decrease in the topography of the main channel to the downstream side of the basin (Wohl & Merritt, 2008). 

The amount of very slight downstream fining along the river can indicate the influence of factors such as 

sudden changes in bed slope due to lithological changes, the entry of sub-branches and the occurrence of 

floods along the river channel bed. 

The natural sorting process is also created as a result of the concentration of coarse grains in the upstream 

part and finer grains in the downstream (Parker, 1991; Tanabe et al., 2023). Bad to very bad sorting is due 

to the short transportation time and also the reduction of energy during grain transportation. It is that 

sedimentation has taken place with a sudden decrease in flow energy (Rice and Church, 2010) and the 

process of skewness is dependent on the energy of the environment (Duane, 1964). Coarse skewness is 

associated with high energy and washing of fine particles and fine skewness. It is related to the low energy 

of the environment (Fridemen, 1968). The fine skeweness is in natural river environments and indicates 

that there is not enough opportunity for the washing of fine particles by the water flow (Rice, 1999). Also, 

kurtosis is an important textural parameter for identifying different environments (Mason and Folk, 1958), 

so kurtosis from platykurtic to leptokurtic shows that the sediments have reached sorting. The change in 

kurtosis is affected by the characteristics of the current during the settlement (Kumar Maity and Maiti, 

2016). 

Key words: Downstream fining, Khanik River, Gonabad, Iran, Sedimentary parameters 
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Table 1. Statistical parameters of grain size and descriptive terminology for the Khanik River sediments. 

Sampl

e No# 

Granulometry (%) FOLK AND WARD METHOD (1957) 
SEDIMENT NAME (Folk, 

1980) 
GRAVE

L 
SAND 

MU

D 
MEAN 

SORTIN

G 

SKEWNES

S 

KURTOSI

S 

1 72.4 27.1 0.6 -2.139 2.445 0.361 1.012 Sandy Medium Gravel 

2 64.1 35.0 0.9 -1.824 2.100 0.238 0.844 Sandy Medium Gravel 

3 46.1 52.8 1.1 -0.820 2.100 0.002 0.975 Sandy Very Fine Gravel 

4 60.8 38.8 0.4 -1.624 1.879 -0.073 1.053 Sandy Very Fine Gravel 

5 59.3 37.8 2.9 -1.486 2.539 0.182 0.878 Sandy Coarse Gravel 

6 62.4 36.5 1.1 -1.588 2.497 0.130 0.871 Sandy Fine Gravel 

7 52.3 46.8 0.9 -0.937 2.141 0.170 0.933 Sandy Fine Gravel 

8 51.0 47.8 1.2 -0.968 2.122 0.107 1.058 Sandy Very Fine Gravel 

9 47.0 52.1 0.9 -0.683 2.065 0.141 0.962 Sandy Very Fine Gravel 

10 49.2 50.1 0.7 -0.731 1.887 0.203 1.088 Sandy Very Fine Gravel 

11 56.2 43.7 0.2 -1.192 1.575 0.100 1.275 Sandy Very Fine Gravel 

12 69.3 30.5 0.2 -1.976 1.928 0.197 1.022 Sandy Fine Gravel 

13 44.3 55.7 0.0 -0.840 1.427 0.036 1.195 Sandy Very Fine Gravel 

14 61.3 38.7 0.0 -1.529 1.721 0.031 1.015 Sandy Fine Gravel 

15 61.6 37.8 0.6 -1.557 2.088 0.135 0.960 Sandy Fine Gravel 

16 65.7 30.6 3.7 -1.484 2.436 0.366 1.069 
Very Coarse Silty Sandy Fine 

Gravel 

17 31.1 66.9 2.0 0.075 1.874 0.271 0.909 Sandy Very Fine Gravel 

18 59.7 39.9 0.4 -1.314 1.512 0.094 1.047 Sandy Fine Gravel 

19 60.1 39.5 0.4 -1.317 1.534 0.103 1.141 Sandy Very Fine Gravel 

 



  

 

 

Figure 1. a) Location map and b) Geological map of the studied area (modified from Ghaemi and Sharivar, 

2005). 

 

 

Figure 2. a) Longitudinal profile of the Khanik River from upstream to downstream (Both per meter). b) 

Plots of mean grain size (φ) versus distance (meter) toward downstream in the riverbed sediments of the 

Khanik River (Distance is per meter). 
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Introduction: The Persian Gulf is an incredibly important and sensitive ecosystem (Jahromi et al., 2021) 

that has garnered increased attention in the 21st century due to ongoing changes in international relations 

(Vaezi et al., 2015). There is an evident need for marine geological studies in this area, given the 

development plans, limited understanding of the seabed's geological condition, abundant oil resources, 

environmental concerns, and pollution of potentially toxic elements along the Persian Gulf's shores (Al-

Awadhi, 1999; Nadim et al., 2008). The Persian Gulf holds a significant global importance as a water body 

with a delicate ecological balance (Kazemi et al., 2012; Pejman et al., 2015; Pourang et al., 2005). Given 

the sensitivity of the Persian Gulf and the detrimental impacts it endures from diverse polluting industries 

(Bastami et al., 2015; Delshab et al., 2017; El-Taher et al., 2018; Karbassi and Bayati, 2005; Sharifinia et 

al., 2018; Vaezi et al., 2015), environmental monitoring of this region is essential (Maghrebi et al., 2018; 

Rezaei et al., 2021). This study presents a comprehensive analysis of geochemical changes, origin, and 

environmental and ecological risk assessment of potentially toxic elements in 140 sediment samples 

collected from the Iranian waters of the northeastern Persian Gulf.  

Methods and Materials: We examined 140 surface sediment samples collected from varying depths of the 

waters under Iran's jurisdiction in the northeastern Persian Gulf during the MG-PG-2008 cruise. Our goal 

was to assess the level of contamination and ecological risk posed by elements such as As, Ba, Cd, Co, Cr, 

Cu, Fe, Mn, Mo, Ni, Pb, V, and Zn. The concentrations of these elements in the sediment samples were 

analyzed using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) to provide a comprehensive 

understanding of their presence. Additionally, we quantified the pollution intensity in the sediments using 

indicators such as the geo-accumulation index (Igeo), enrichment factor (EF), and modified degree of 

contamination (mCd). Furthermore, we evaluated the ecological risk of potentially toxic elements in the 

sediment samples based on the potential ecological risk index (RI) and determined the toxicity risk of trace 

elements using the toxic risk index (TRI).  
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Results and Discussions: The sediment samples indicate significant enrichment of elements such as As, 

Cd, and Mo. Elements like Fe, Pb, Ni, Cr, and Mn fall into the medium enrichment category, while Cu, Zn, 

Ba, V, and Co are classified as having low enrichment. Comparatively, Fe, Ba, V, Zn, Pb, and Cu in the 

sediment samples show lower concentrations than their corresponding values in the upper continental crust. 

The enrichment factor (EF) values for these elements are less than 1.5, suggesting a terrestrial source for 

these elements. Additionally, the modified degree of pollution (mCd) values indicate very low levels of 

pollution at almost all stations (Fig. 1).  The ecological risk evaluation of potentially toxic elements in the 

surface sediments of the northeastern Persian Gulf reveals that Cd poses a medium ecological risk, while 

other elements exhibit a low ecological risk. The overall average ecological risk potential index (RI) at all 

sampling stations indicates a low level of ecological risk. Cd has the greatest influence on the ecological 

risk potential index, accounting for 61% of the total index, followed by As with 27%. The average toxicity 

risk index (TRI) suggests no toxicity risk, with Nickel being the most influential, contributing 52%, while 

Chromium has a 19% share. Notably, the significant enrichment of As and Cd in the northeastern Persian 

Gulf suggests their predominantly anthropogenic origin. This high concentration of arsenic may stem from 

the release of wastewater from urban and agricultural sources, various industries, gas and oil fields, and 

dust particles. Likewise, the presence of cadmium can be attributed to sources like oil tankers' transportation 

and industrial wastewater from factories. The significant correlation between aluminum, nickel, chromium, 

and vanadium (Al, Ni, Cr, V) indicates their terrestrial origin, mainly attributed to riverside erosion, 

weathering, and atmospheric precipitation. While the average enrichment of chromium and nickel can be 

linked to their high natural concentrations in the soil of southern Iran, industrial processes, including oil 

refining, can also contribute to their sediment concentrations.  

Key words: Arsenic, pollution, Persian Gulf, sediment, heavy metals.  

 



  

 

Figure 1. Box plots of modified degree of contamination (mCd), potential ecological risk index (RI), and toxic risk 

index (TRI) in surface sediments of northeastern Persian Gulf. 
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Lake basins have spatially and temporally index patterns and represent valuable maps of physical and 

chemical history. According to this point, that direct survey of climate changes has only been available as 

machinery in the past few decades, so past’s climate changes indexes can give a better understanding of 

climate changes in the past era and its causes. Of these, lake sediments have an extraordinary ability to 

record climatic and environmental events with high sensitivity and resolution and very high- resolution 

amounts. Therefore, lake sediments can be considered as regions for detecting paleontological 

environments. Abzalou Lake formed in the northeast of Khuzestan province on the hillsides of folded 

Zagros and under the Izeh unit in a pit. This study has been tried to by sedimentary examination, 

identification of sedimentary facies, identification of sedimentary environments and changes of these 

environments set to the reformation the climatic and environmental conditions of Abzalou wetland in the 

end Holocene. The steps of this research include book studies, field works, laboratory works, data 

processing and then interpretation and conclusion. To investigate the paleontological climate and conditions 

of the sedimentary environment, 8 intact sediment cores with a maximum depth of 7.5 m and total of 35 m 

collected with using Auger corer. In this regard, tried to the position of the core be in a way that makes it 

possible to collect the maximum thickness of wetland bed’s sediments, give maximum coverage to 

wetland’s sedimentary environments and at least collect one sample in each homogenization work unit as 

much as possible. Based on field observations, core’s description and lab results, the cores separated into 

sedimentary units and their stratigraphy columns drew and determined under each sedimentary unit. Also, 

3 sediment samples sent to ETH Zürich Institute of geology to age/ date measurement analyzing by the 

radiocarbon method of organic matters. According to the results of surveys in the Abzalou wetland, at least 

3 high water periods with humid climate and at least 2 dry periods during the Late Holocene were identified.  

Dry periods appear more suddenly and with more intensity and shorter duration than humid periods in the 

region and gradually lead to from very dry periods to semi-arid, semi-humid, and eventually humid periods. 

 

Key words: Abzalou wetland, Paleoclimatology, Paleogeography, Sedimentary core, Holocene 
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Wetlands are considered to be one of the most important non-replaceable ecosystems on the planet. 

Salehiyeh wetland is one of the most important wetlands located near the capital in Alborz province. In 

addition to hosting many migratory birds every year, this wetland plays an important role in adjusting the 

surrounding climatic conditions, and due to the vegetation around it and the proximity of the water, it is a 

shelter for many animals and is considered one of the natural attractions of the environment. The main 

purpose of this research was to investigate the sedimentological, geochemical and environmental 

characteristics of this wetland along with the role of anthropogenic activities in its contamination with 

heavy elements.  

Soil texture studies showed that the predominant soil texture in the wetland is silty and silty clay. Electrical 

conductivity of the soil in the eastern and northeastern parts of the wetland, sulfate in the east and calcium 

carbonate in the western and southwestern parts of the wetland are more than other parts. Total water 

hardness was also higher in the eastern and northeastern parts of the wetland than in other parts. 

Examination of heavy metals showed the greater impact of human activities than geogenetic effects in 

causing wetland pollution. Dispersion of high amounts of Fe, Ti, Va, Al, Br and Co throughout the lagoon 

environment, bismuth in the western and southwestern parts, chromium and zinc in the center, copper in 

the east, manganese in the east and Ni in the northwest with the activities of factories and industries, 

agriculture, road transportation and exploitation of mines were related. 

 The modified pollution degree index showed the high pollution degree of the lagoon with Cr, Mg, Va, Ba, 

zinc and Co. The enrichment index was also very high for vanadium, Ba, Mn, P, Y. In the accumulation 

land index, the values of the mentioned elements were higher than the standard value, which indicates the 

pollution of the wetland environment.  
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The Sabzevar Playa, located in the northeastern region of Iran, has the capacity to amass significant 

quantities of both natural and anthropogenic heavy metals and solutes. Presently, it is recognized as one of 

the dust generations inside the country of Iran. The playa exhibits several geomorphic surfaces that display 

varying degrees of susceptibility to wind erosion. These surfaces may be broadly categorized into three 

distinct groups based on their visual characteristics. The geomorphic surfaces known as salt crusts, puffy 

ground, and clay pan are characterized by the presence of potentially harmful trace elements. The objective 

of this study is to assess the levels of environmental and ecological contamination in the sediments of 

Sabzevar Playa. Therefore, 50 sediment samples, including both surface and deep layers, were gathered 

from various geomorphic facies. These samples were then subjected to analysis using the ICP-OES 

technique. Furthermore, several environmental pollution indicators, including the degree of contamination 

(Cd), geoaccumulation index (Igeo), enrichment factor (EF), pollutant load index (PLI), and potential 

ecological risk (PER), are assessed. Cluster analysis may also reveal the interconnectedness between 

pollutants and geomorphic surfaces associated with significant contamination.  

Key words: Heavy metals, Sediments pollution, Geomorphic surfaces, Sabzevar Playa. 
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Sefidrud delta is the largest delta in the South Caspian basin and as other rivers and deltas is a human 

populations and productive ecosystem services in the north of Iran. Experimental investigations show 

several delta lobes and migration through the time. Many processes control the river avulsion and delta-

lobe formation and their migrations, that may impact the human life. Climate changes, base-level and sea-

level changes and tectonic activities are the main controlling factors of the deltas changes. This study tries 

to investigate the latest delta lobe and channel migration of the Sefidrud delta based on satellite images and 

field investigations from 1970 to the present. Satellite image analysis show that the Sefidrud delta lobe has 

been started to migration from 1990. The first clue of the migration recorded by occurrence of the new 

narrow channel on the east of the delta in satellite images. Next year, there were two main channels, the 

previous channel and new one and a part of the sediment load deposited at the new channel mouth bar. On 

the 1992, the eastern channel acted as the main channel and new delta lobe has started to formation in new 

location. Flooding and deposition of the floodplain and crevasse splays are the other observable data. 

Channel and delta-lobe migrations are synchronous with the earthquake of 20 January 1990 of the Rudbār 

(Manjil) in Alborz Mountain region of Iran as the second largest strike-slip earthquake to have occurred in 

an intracontinental setting in the past decade. Based on literature, the earthquake was associated with 

faulting and folding, and with maximum 60 cm horizontal and 95 cm vertical surface displacement in more 

than 80 km NW–SE trending left-lateral strike-slip faulting. There were many small to large landslides 

along Qezel Ozan and Sefidrud rivers. Lake of the other controlling processes such as base/sea-level 

changes, sedimentological structures and facies changes can be conclude that the related Rudbar earthquake 

faulting and folding were the main factor for increasing of the sediment supply and Sefidrud delta lobe and 

channel migrations and flooding during 1990 to 1994 and formation of the current delta lobe. 

Key words: Delta; Tectonic activity; Earthquake; Sefidrud; Rudbar 
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Introduction: The main goals of this research are to investigate the origin of soil-forming carbonates in 

soils formed in glacial sediments, to study the effect of glacial processes on the formation of pedogenic 

carbonates and the resulting micromorphological complications, and to explore the possibility of pedogenic 

carbonates forming directly through the dissolution of carbon dioxide in cold glacial waters. 

Methods and Materials: This study was conducted in the year 2021 in Alborz Province, and eight profiles 

located in the Karaj and Hashtgerd regions with glacial-alluvial parent materials were described and 

sampled. Physical and chemical characteristics, including soil texture before and after the removal of 

carbonates by the hydrometer method, pH, and EC in saturated extract, organic carbon by the Walkley-

Black method, Calcium Carbonate Equivalent (CCE) measured by the calcimetric method, and Cation 

Exchange Capacity (CEC) measured by the ammonium acetate method, were carried out on 27 samples. 

Soil description and classification were performed based on the American classification system. A 

micromorphological study of undisturbed samples, before and after the removal of carbonates, was carried 

out following their impregnation with polyester resin, cutting, sawing, mounting on glass slides, and 

reducing the thickness to about 30 microns. Imaging was done with a polarizing microscope, and the 

analysis and interpretation of the results were conducted according to the guide for the analysis of thin 

sections. 

Results and Discussions: Examining the particle size distribution of the soils developed on the glacial 

sediments before and after the removal of carbonates revealed that most of the carbonates in these soils are 

in the clay fraction (and to some extent in the silt fraction). With the removal of carbonates, the percentage 

of clay decreased drastically, and the particle size distribution class changed from loam and clay-loam 

classes to coarser texture classes of loamy-sand, sandy-loam, and even sandy. The percentage of clay in the 

middle part of the profiles before and after the removal of carbonates determines the characteristics of the 

argillic horizons. The thin sections before the removal of carbonates did not show clay coating pedo-

features. Examination of the thin sections after the removal of carbonates showed that the crystalline b-

fabric in the micromass was removed and turned into an undifferentiated b-fabric. A speckled b-fabric with 

phyllosilicate clays and weak clay coatings on some parts of the sections appeared. Of course, the possibility 

of transporting phyllosilicate clays together with the water resulting from the melting of glaciers and their 
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co-precipitation with carbonates in the petrocalcic horizons is not far from expected. The petrocalcic 

horizons formed on glacial tills and moraines result from the long-term infiltration of cold water rich in 

dissolved carbonates into the soil. This model of secondary carbonate formation in the soil differs from 

other models that mainly consider the origin of carbonates to be the dissolution and recrystallization of 

primary carbonates or the biological respiration of roots and living organisms. 

Key words: Carbonates, Carbon Dioxide, Glacial sediments, Micromorphology, Removal of Carbonates. 
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Introduction: Biological soil crusts are formed on the soil surface in many low-productivity ecosystems 

Biological soil crusts are formed on the soil surface in many low-productivity ecosystems around the world, 

including dry and cold environments Vegetation is limited in these areas due to unsuitable environmental 

conditions, inadequate rainfall, and acute shortage of soil moisture (Jha & Srivastava, 2018; Azhdari & 

Bazrafshan, 2022). They may be composed of any type of cyanobacteria, eukaryotic algae, lichen, moss, 

and the collection of decomposing organisms including bacteria, fungi, and animal food webs on the soil 

surface (Belnap, 2003). These organisms on the soil surface have great importance, as it was recently 

estimated that they cover about 12% of the Earth's surface (Naylor et al., 2020). Biocrusts improve the 

soil’s physical properties. Because their microorganisms adhere to the soil or contact directly with the soil 

surface. This activity of microorganisms that are accumulated in the surface layer of the soil and promote 

its preservation and stability, is known as the biological crust (Belnap, 2003). The group of autotrophs and 

heterotrophs of biological crusts stabilize the soil, increase soil nutrients and are effective in the carbon 

cycle. They also help determine the amount of atmospheric precipitation. The ability of biological crusts in 

soil stabilization has been studied and identified in the past years, and it is suggested that crusts may be 

used an effective management measure for arid regions. Feldeh et al. (2018) investigated the capacity of 

biological crusts to stabilize the soil of the Naqf desert, through the measurement of penetration resistance 

and cementing factors and their mutual relationships with soil characteristics. In addition to soil 

stabilization, biocrusts affect carbon and nutrient cycling, as well as microbial communities. The role of 

biocrusts on soil nutrient status was reviewed more than 25 years ago (Bellnap and Harper 1995). With the 

continuation of studies in the following decades, this was hypothesized that biological crusts result in 

exchange of carbon through a symbiotic fungal network (Green et al. 2008). Loess plateau is one of the 

most severely eroded areas in the world and biological soil crusts are important components of this fragile 

environment. The role of biological soil crusts in this ecological system has been studied previously. The 

objective of this study was to investigate the different sequences of biological crusts on soil organic carbon 

to identify the effect of biocrusts on the development and evolution of soil in the Incheh Borun region, 

Golestan province, Iran. 



  

 

Methods and Materials: The study area is located in Incheh Borun city (Golestan province, Iran) with a 

latitude of 37° 28” N and a longitude of 54°42” E and an elevation of -10 m below sea level.  Due to the 

abundance of biological crusts in the loess plateau of northeastern Golestan province, the Incheh Borun 

region was selected as the study area (Fig. 1). This loess hill has an area of about 2250 km2 in the east of 

Golestan province and it is located in the northern part of the Alborz Mountain and the western part of the 

Kopeh Dagh Mountains (Freshen et al., 2009). According to meteorological statistics from the Incheh 

Borun synoptic meteorological station, the average annual rainfall is 253 mm and the average annual 

temperature is 19.2 °C. The soil moisture and thermal regimes of this area are aridic and thermic 

respectively. The parent material of the study area is mainly loess sediments Also, this area has parabolic 

dunes in which a layer with a thickness of 0.5 m is covered by silty-loess sediments (Rahimzadeh et al., 

2019). The Soil under biological crusts: To investigate the biophysiological properties of bio-crusts in 

subsoils of all three plots (25 m × 25 m and in the same 10 sampling areas for each crust), soil samples 

were taken from 0-2, 2-4, 4-8, 8-10, 10-25 and 25-50 cm depths, Then, these 10 samples were mixed 

separately and samples were prepared for each soil depth. Also, samples were taken from the crust-free soil 

to serve as a control in the same manner as described above. Soil organic carbon was determined by Walkley 

and Black (1934) method. Statistical Analysis: The experiment was carried out as a factorial based on a 

completely randomized design and was analyzed using the SAS v.9.0 software (SAS Institute, Inc., Cary, 

NC).  

 Results and Discussions: The results of the OC content in the soils below the surface of the biocrust and 

physical crust at the different depths studied are provided in Fig. 3. The highest OC content was observed 

in the soil covered with moss biocrust at a depth of 0-2 cm, which had a significant difference (p<0.01) 

with other cyanobacteria and lichen biocrusts. The lowest amount of organic carbon was observed in the 

soil below the surface of the physical crust at a depth of 50 cm. On the other hand, with the increase of soil 

depth, the amount of OC content decreases in the soil covered with biocrusts and physical crust, and the 

intensity of this reduction is higher in the case of biocrust compared with the physical crust. Biocrust 

increases soil OC content by maintaining the soil and also through carbon deposition over time. Therefore, 

with the increase in soil depth due to the absence of these crusts, soil OC content decreases. Lichen is 

composed of two parts: cyanobacteria or algae and fungi. Since cyanobacteria and algae are 

photoautotrophs, they cause carbon deposition by performing the photo center action. Also, cyanobacteria 

crusts are considered the main source of soil OC in arid and semi-arid ecosystems. These crusts increase 

soil organic carbon by carrying out photosynthesis and making carbon compounds (Mager 2010).  In dry 

lands, autotrophs (cyanobacteria and mosses) play a crucial role in determining soil organic carbon content 

and soil carbon dynamics. It is unknown, however, whether increased carbon availability would mitigate 

microbial carbon limitations (Su et al. 2022). Therefore, it can be stated that the soil covered with a dense 

cover of biocrusts has been less affected by soil erosion and salinity compared to the biocrust-free soils. 
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Deforestation greatly affected soil properties. Soil samples were collected from six land uses of the forest, 

pasture, maize+C3, maize+C3 (R), Oat, and garden with three replications at 0-30, 30-60, and 60-100 cm 

depths. Statistical analysis was performed using cluster (CA) and principal component analysis (PCA). The 

purpose of this study was to investigate the effect of deforestation on soil properties using cluster (CA) and 

principal component analysis (PCA). Results show that the forest and pasture at 0-30 cm depth are located 

in separate clusters, but the maize+C3, maize+C3(R), oat, and garden lands at 0-30 cm depth are located in 

one cluster. The other land uses in lower depths are located in a cluster. The PCA results showed that the 

soil chrasticrics in the forest and pasture land uses are more similar than the agricultural and garden lands. 

The variables more associated with the forest and pasture were different carbon forms, organic carbon in 

aggregate with 2-4.75 mm size, soil respiration, MBC, and Cellulase enzyme activity (CEL). Conversely, 

the variables associated with the maize+C3, maize+C3(R), and garden were Invertase enzyme activity 

(INV), organic carbon in aggregate with the size of 0.25-2 and 0.053-0.25 mm. 

Key words: Deforestation, soil, cluster analysis, principal component analysis. 
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Quaternary loess- paleosols sequences in the southern Tajikistan carry detailed paleoenvironment records 

of Central Asia. Micromorphological studies of loess and paleosols provide accurate information of the 

past pedogenic processes which are suitable for paleoenvironmental reconstruction. The 

micromorphological index of soil development (MISECA) demonstrated a good correlation between the 

degree of soil development and pedogenic features. The objective of this study was to investigate the 

micromorphological properties of Khonako II section to reconstruct paleoinvironmental changes of 

southern Tajikistan. The physical and chemical properties (e.g. soil organic carbon, calcium carbonate 

equivalent and soil pH), which are sensitive to environment and climate changes, are reliable to determine 

the paleoenvironmental changes. Four represenrative pedocomplexes (PC5, PC6, PC7 and PC8) which 

separated by loess units (L5, L6, L7, L8) were selected to study pedogenic processes and 

paleoenvironmental interpretation.Increasing precipitation and available soil moisture was the main reason 

for calcium carbonate depletion and pH decreasing in pedocomplexes in comparison to the loess units. The 

most developed and preserved clay coatings were found PC5 due to the higher soil moisture and lower 

shrink-swell properties. The accumulation and depletion of carbonates in the soil can be attributed to 

leaching intensity. Calcite depletion pedofeature is mostly observed in PC5 which had been affected by 

humid periods. Based on MISECA values, pedogenic development of the soils was in order of   PC5> PC6> 

PC7=PC8. The appearance of numerous redoximorphic features in PC7 and PC8 in comparison to the other 

pedocomplexes demonstrates periodical saturation due to higher precipitation. This study was supported by 

of INSF (Iran National Science Foundation Project № 99006758) and NordForsk (THOCA project № 

96926). 

Keywords: Loess section, Paleopedology, Micromorphologhy, Climate change. 
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Loess and paleosols are terrestrial archives of past climate changes in arid and semi-arid regions of Asia. 

However, most of the available records are located in Central Asia and China, and few are available from 

West Asia. In this paper, we report a loess-paleosol sequence from the Gorgan Plain in the southeast of the 

Caspian Sea, named Saadabad 3, which probably spans up to MIS7. For this purpose, we identified and 

recorded 56 horizons in the sequence wall and their characteristics, and collected intact samples from those 

horizons for thin section preparation. We also collected samples for physicochemical analyses from each 

horizon. Time and climate changes affect the soil micromorphology, such as bi-fabric, pedofeatures, 

microstructure, etc. Therefore, we evaluated this sequence in terms of micromorphology, secondary fabrics 

and physicochemical conditions. To establish a more reliable chronological framework, we compared the 

Saadabad 3 sequence with two existing sequences in the Saadabad area 1 and 2. The results show that in 

the undeveloped horizons, with almost no secondary structure and massive texture, a dry and cold glacial 

period occurred, characterized by steppe vegetation and loess deposition. Climatic conditions in the 

developed soils, with channel voids, vughs, speckled bi-fabric and high percentages of iron and magnesium 

nodules and clay coatings and ... indicate wet periods. Our records indicate repeated dry and wet periods 

consistent with global MIS periods. 

Keywords: Loess-paleosol; Micromorphology; Paleoclimate; Caspian Sea; Saadabad 3. 
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The Quaternary period includes various glacial and interglacial cycles, with glacial periods characterized 

by loess deposits and interglacial periods featuring paleosols. The most comprehensive Quaternary archive 

on land, is located inside loess deposits. In this way, loess is known as one of the most important archives 

of climate changes on land, which has utilized for climate reconstructions even beyond the Quaternary. In 

northern Iran, loess-paleosol sequences reveal multiple cycles of Quaternary climatic variations, studied 

through various approaches including micromorphology, mineralogy, magnetic properties, systematic 

luminescence dating, and radiocarbon dating. However, biological studies directly related to climatic 

conditions in this region are scarce. To address this gap, a 23-meter-thick sequence located at geographical 

coordinates North "03 '49°36 and East"46 '22°54 near the village of Saadabad in the Gorgan County of 

Golestan Province, northern Iran, was studied. In this research, Quaternary loess-paleosol sequences are 

examined based on biological proxies within the framework of land snails (mollusks). These fossil records 

enable us to investigate environmental and climatic conditions related to past glacial-interglacial cycles up 

to approximately 300,000 years ago. For this purpose, 230 samples with a total weight of 2300 kilograms 

of sedimentary materials were processed and moist-sieved. They contained mollusk shells from 11,695 

individuals representing a minimum of 34 species. Species such as Truncatellina cylindrica, Buliminus 

labrosus, Chodrula tridens, Zebrina detrita and … associated with dry climates and species such as Vitrea 

crystallina, Hygromia cinctella and … Trichia striolata, Papuina, Ganesella associated with warm and 

humid climates were identified, aligning perfectly with our soil and stratigraphic horizons. Our data cover 

up to Marine Isotope Stage 7 (MIS7). 
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In this research, five lithium-bearing Iranian playas are first sampled 79 brines for measuring the lithium 

content through the flame photometry method and then investigated in the tectonics aspect. These five salt 

lakes are Haj-Aligholi, Namak, east of Khur, Gawkhuni, and Sirjan, from north to south respectively, 

bounded by active strike-slip and transtension faults. Haj-Aligholi Salt Lake with a maximum of 79 ppm 

Lithium content is structurally formed in the overlap of NE-SW-trending Mayamey-Damghan and Anjilu 

right-lateral faults in a pull-apart basin style. Namak lake with a maximum of 54 ppm Lithium content is 

formed in southwestern footwall of NW-SE-trending Siahkuh fault. The East of Khur Salt Lake with a 

maximum of 104 ppm Lithium content is formed along the NE-SW-trending right-lateral great Kavir fault. 

The Gawkhuni Salt Lake with a maximum of 240 ppm lithium content is structurally formed in between 

the N-S-trending right-lateral transtensional East and West Gawkhuni faults. The Sirjan Salt Lake with a 

maximum of 27 ppm lithium content is structurally formed in the eastern shoulder of the N-S-trending 

right-lateral transtensional Kheirabad fault. Worth noting that, those five lithium-bearing Iranian salt lakes 

that are shaped by active strike-slip faults spatially are located adjacent to the volcanic arcs which can be 

proposed as a possible source of lithium contents. 
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Introduction 

A landslide is a type of mass-wasting process that acts on natural and engineered slopes. It is the movement 

of a mass of rock, debris, or earth down a slope, under the influence of gravity (Cruden and Varnes, 1996). 

Landslides constitute one of the most hazardous geomorphic processes in mountainous areas, which can 

result in serious injuries, human casualties, and cause environmental and economic damage every year (Fell 

et al., 2008). Iran, having vast mountainous areas, high tectonic and seismic activity, diverse geological and 

climatic conditions, has most of the natural conditions for creating a wide range of landslides. Also, due to 

the lack of comprehensive management and non-compliance with environmental thresholds, it is considered 

a high-risk country, so it is regarded as one of the 10 most high-risk countries in the world (Davari Sarem 

et al., 2022). For this reason, most towns and villages in mountainous and steep parts of the country's north 

are prone to landslides. Depending on the intensity and magnitude of the secondary driving factor 

(deforestation, road construction, development of cities and villages, intensity and durability of rainfall, 

earthquake, and other driving factors), the size of landslides that occur in these susceptible lands can be 

different. In the meantime, rainfall and land use and land cover (LULC) are the most important in such 

areas. However, little is known about the relationship between these factors with slope instability and 

landslide occurrences. LULC, as well as its geographical and temporal variations, are known to influence 

landslide occurrences. They act as landslide predisposing factors, contributing to the control of landslide 

hazards, and affect the distribution of the vulnerable elements, contributing to determining landslide risk. 

While most of the geological and geomorphological factors change in relatively long periods, LULC is a 

highly dynamic factor that may change in a short time due to natural and anthropogenic actions. Changes 

in LULC, including urbanization in hazardous areas, abandonment of rural and mountain areas, agricultural 

and forest practices, irrigation, deforestation, and afforestation, affect the distribution, abundance, and 

activity of landslides. The impact of the changes can be exacerbated or reduced by concurrent variations in 

the precipitation regimes, foreseen under the effects of the changing climate. Human activities play a major 

role in LULC changes and related consequences of slope stability. For example, an increase in shallow 

landslides can be associated with accelerated deforestation (Glade, 2003; Beguería, 2006). Also, rainfall is 

the most important factor triggering landslides in mountainous and steep areas, so the number of landslides 

mailto:habibiatefe@ut.ac.ir


  

 

often increases after intense and continuous rainfall. Landslides induced by rainfall are caused due to the 

saturation of the slope and as a result of the reduction of the capillary force in the soil and the increase of 

the pore water pressure in the slope materials (the result of all of which is the reduction of the shear strength 

of the materials). The sensitivity of landslides to climate change may depend on their type, especially on 

the size and depth of the landslide (Crozier, 2010). As shallow landslides are generally governed by shorter-

duration rainfall, they may be more influenced by the evolution of parameters in the short-term parameter 

evolution, such as changes in the intensity of rainfall. Davari Sarem et al., 2021, after studying engineering 

geological characteristics and stability analysis of the Sipey landslide, concluded that poor quality of slope 

materials, long-term rainfall, and LULC change due to construction and deforestation have been the most 

important factors in landslide occurrence and played an important role in the reduction of the safety factor 

of this slope. In this regard, the present study investigates the quantitative relationship between three factors 

of rainfall, LULC, and ground displacement with the occurrence of the Sipey landslide. Investigating this 

landslide as an example of similar landslides that have the potential to occur in this region can be an 

experience to better understand the factors that could be a serious risk to the region in the future. The 

innovation of this paper compared to similar research is the use of a comparative perspective so that 

quantitative calculations are adapted to Sentinel-1 radar satellite images that show ground realities. 

Methods and Materials: The landslide was studied in Sipey village, Savadkuh County, Mazandaran 

province (Figure 1). Structurally, this region is located in the eastern part of the central Alborz zone. From 

a lithological point of view, it consists of rocks from the Cretaceous to the Miocene, which mainly include 

marlstone, silty marls, marl limestone, calcareous sandstone, conglomerate, and mudstone. The present 

study is applied and descriptive-analytical in terms of purpose and method, respectively. In this paper, the 

impact of the three factors of rainfall, LULC change, and ground displacement in three years from the 

beginning of 2017 to the end of 2019, within a radius of 2000 meters of the Sipey landslide is investigated. 

Figure 2 shows the flowchart of the research method used in this paper. In this study, the meteorological 

statistics of the Pol-Sefid synoptic station available in the statistics collection of the National 

Meteorological Organization have been used to investigate the effect of rainfall on the Sipey landslide. 



  

 

 

Figure 1. Location of the study area. (a) The black area shows the location of the Qaemshahr-Juybar basin in Iran. 

(b) The red buffer shows the radius of 2000 meters of the study area (c) A view of the Sipey village landslide 

The LULC map was also downloaded from the Esri Land Cover website1. The maps are derived from ESA 

Sentinel-2 imagery at 10m resolution. Each map is a composite of LULC predictions for 9 classes (which 

this study includes 5 classes) throughout the year in order to generate a representative snapshot of each 

year. Sentinel-1 images have also been used to calculate ground displacement. The method used is 

Differential Synthetic Aperture Radar Interferometry (DInSAR). This method uses the phase difference 

between two images taken at two different times in the same area to calculate displacement. In this research, 

the displacement of the earth's surface has been investigated using the Sentinel-1 radar images, through the 

Copernicus website2, and the specifications of the images are listed in Table 1. ESA-SNAP Desktop 9.0 

software was used to process the images, and the steps of processing to estimate the displacement of the 

earth's surface are presented in Figure 2. 

 
1 https://livingatlas.arcgis.com/landcover 

2 https://scihub.copernicus.eu 

https://livingatlas.arcgis.com/landcover
https://scihub.copernicus.eu/


  

 

 

Figure 2. Flowchart of research method and components used in this study 

Results and Discussions: The Sipey landslide is one of the small but destructive landslides with a complex 

mechanism (rotational slide with minor flow movement) that occurs in soils with weak geotechnical 

properties (in the saturated state). Based on the measurements, the length of this landslide is about 35 meters 

and its width is about 40 meters (with an area of 1300 to 1400 square meters).According to the 

characteristics of this landslide, it can be named as follows:Composite, very slow, wet, earth slide- very 

wet, earth flow the results of the studies conducted on the impacts of three factors of rainfall, LULC, and 

ground displacement in the occurrence of the Sipey landslide show the effective role of the mentioned 

factors in the occurrence of this natural hazard.  As can be seen in Table 2, the rainfall of this region in 2019 

has grown by 55% compared to 2017. Also, according to the statistics of the maximum 24-hour rainfall in 

the studied area, an exponential increase of 200% in a period of three years is understandable. It is obvious 

that during long-term rainfall, due to the rise of the groundwater level and the presence of runoff, parts of 

the slope are saturated and the shear strength parameters of the materials drop sharply, which is facilitated 

and possible as a result of sliding and Changing LULC and deforestation cause the slopes to be triggered 

and the occurrence of mass movements in them. In the Sipey landslide, due to LULC changes and extensive 

construction, the vegetation of the village has completely changed. In the survey, we saw an increase in 



  

 

built areas over a three-year period (Table 3). Figure 3 shows the changes in LULC within the radius of the 

study. Of course, the study of the impact of LULC on landslide occurrences should be done over a longer 

time period, because in the mentioned area, in less than six years (2013 to 2019), a large part of vegetation, 

especially trees, has been lost and residential houses have been built instead. The loss of vegetation, caused 

by non-absorption of rainfall by trees and their roots, the removal of roots that have been responsible for 

the maintenance and reinforcement of soil, further development of fine cracks in the soil, and greater 

permeability of the surface layers of the soil and consequently, most of the surface water has been conducted 

into the slope. Constructing residential buildings on landslide slopes has also increased mass weight and 

extra overhead, which has been effective in reducing the slope safety factor. Flowing movement. Therefore, 

this factor plays an important role in the occurrence of this hazard. 

Table 1. Specifications of sentinel-1 images 

S1A_IW_SLC__1SDV_20170320T142725_20170320T142753_015777_019FAE_C0F7 
Image-1 

(Master) 
Serie

s-1 

S1A_IW_SLC__1SDV_20180102T142732_20180102T142800_019977_022071_EDDD 
Image-2 

(Slave) 

S1A_IW_SLC__1SDV_20180102T142732_20180102T142800_019977_022071_EDDD 
Image-1 

(Master) 
Serie

s-2 

S1A_IW_SLC__1SDV_20181110T142741_20181110T142809_024527_02B0F6_F342 
Image-2 

(Slave) 

S1A_IW_SLC__1SDV_20190226T142738_20190226T142806_026102_02E97E_E78B 
Image-1 

(Master) 
Serie

s-3 

S1A_IW_SLC__1SDV_20190415T142738_20190415T142806_026802_030316_03BF 
Image-2 

(Slave) 

S1A_IW_SLC__1SDV_20181228T142739_20181228T142807_025227_02C9FC_1D2C 
Image-1 

(Master) 
Serie

s-4 

S1A_IW_SLC__1SDV_20200104T142745_20200104T142813_030652_038350_1459 
Image-2 

(Slave) 

Synthetic Aperture Radar (C-band) Instrument name 

693 Kilometer Orbit height 

IW (Interferometry Wide swath) Sensor mode 



  

 

SLC (Single look Complex) Product type 

5×20 meter Spatial resolution 

VV Polarization 

 

Table 2. Meteorological statistics of Pol-Sefid synoptic station in the studied buffer 

Max. Precipitation 24 h 

(mm) 
Precipitation (mm) Mean Moisture (%) 

Mean Temperature 

(℃) 
Year 

47.4 425.42 64.98 16.85 2017 

28 545.3 70.08 16.75 2018 

142 657.53 72.48 14.41 2019 

 

Table 3. Area of the LULC classes in the studied buffer 

Rangeland (m2) Built Area (m2) Crops (m2) Trees (m2) Water (m2) Year 

1409900.00 1307600.00 2952600.00 6888500.00 0.00 2017 

1405800.00 1374900.00 2652800.00 7123300.00 100.00 2018 

1408500.00 1394200.00 2714900.00 7038600.00 700.00 2019 

 



  

 

  

(a) 

  

(b) 

  

(c) 

Figure 3. LULC changes in the period; (a) 2017 to 2018 (b) 2018 to 2019 (c) 2019 to 2020 



  

 

Table 4 shows an area of the study buffer that has a specific displacement of three years at centimeters per 

year. In the studied period, the areas with displacement less than -15 cm per year had a decrease of 64%. 

Also, areas with displacement greater than -15 and less than -5 cm per year experienced an increase of 33%. 

Ground displacement in the radius of 2000 meters is shown in Figure 4. As shown in Figure 5(c), the vertical 

displacement of the Sipey landslide was about -20 cm per year. On the other hand, there is a significant 

linear relationship between the percentage of changes of 24-hour maximum rainfall and the displacement, 

so with increasing rainfall, the downward displacement of the earth's surface will increase. 

 Therefore, if we consider the displacement as a sign of landslide occurrence, the maximum 24-hour rainfall 

and LULC (especially trees, and crops) show the highest correlation. For further evaluation of this subject, 

it is suggested to collect the data monthly and determine the numerical relationship between these 

parameters. Undoubtedly, determining the relationship between these factors and the occurrence of 

landslides is an important step in predicting and preventing this hazard. 

Table 4. Area of the study buffer that represents the specific displacement value 

Displacement (cm/year) 

Year 

≥ 0 (m2) [-5, 0] (m2) [-10, -5] (m2) [-15, -10] (m2) [-20, -15] (m2) < -20 (m2) 

8135.13 1345618.08 4106573.29 3570468.95 2780340.94 744315.12 2017 

597454.47 2190710.22 2734122.90 2927848.05 3556980.94 552715.98 2018 

39894.61 1006294.98 5715917.26 4514928.45 1165911.20 114069.81 2019 

 

  



  

 

(b) (a) 

  

(d) (c) 

Figure 4. Displacement value in the period, (a) 2017 to 2018 (b) 2018 to 2019 (c) Landslide occurrence (d) 2019 to 2020 

Key words: Landslide, Rainfall, Land use and land cover (LULC), Displacement, DInSAR. 
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The tectonic structures of the study area in the northern Dezful Embayment show a complex evolution 

regarding the concurrence of folding, faulting, morphology and halokinetics of Neogene Formations (Najafi 

et al., 2017; McQuillan, 1991). In this regard, deformation of Neogene Formations in Gotvand – Lali region 

is investigated here based on field studies and remote-sensing mapping and morphotectonic analysis 

(Fathizadeh Ramhormozi, 2017). The area is an economically important region regarding the occurrence 

of three oil fields in addition to the highest storage dam of the country. The location of the study area in the 

Zagros Active Belt as the most active seismotectonic zone of the country (Berberian, 1995) is another 

prominent feature of this region. The region is characterized by well-known active faults say Lahbari and 

Pir-Ahmad thrust faults, a newly introduced tectonic lineament named as Lali-Ahvaz trend and 1.5 km thick 

Miocene Gachsaran evaporites. A thick sequence of Agha Jari, Lahbari and Bakhtyari formations is cropped 

out in the study area. Neotectonic movements that affected the region are manifested as faulting and folding, 

deflection of the river courses, rough topography, straight river courses and fault scarps (Oberlander, 1985; 

Barjasteh, 2017). 

Key words: Neogene, Dezful Embayment, Deformation, Active fault, Lali-Ahvaz Trend. 
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An assessment of neotectonic activity and seismicity around the Torud 

fault, south of Damghan 
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Located at the south of Damghan and at the northern border of the Central Iran seismotectonic province, 

the NE-SW trending Torud fault is known as one of the major active faults of Iran. During the past century, 

the Torud region has been subjected to many destructive earthquakes (e.g., 1915, 22 July 1927, 11 April 

1928, 6 April 1939, 12 February 1953 and 27 August 2010). The 12 Feb. 1953 Torud earthquake with 

Mw=6.4 was the largest recorded earthquake that occurred in this area. In this research, the seismicity and 

neotectonic activity of this area have been studied by analyzing earthquake catalog data of this region as 

well as by detailed morphotectonic study of the aerial photographs and satellite imageries of the region. For 

this purpose, the recorded earthquake data of the areas around the Torud fault zone was derived from 

national and international data catalogs and the seismicity map of the region was prepared. By analyzing 

this data catalog, the seismicity parameters, quantitatively showing the seismic activity behavior of the 

region, were estimated. Additionally, based on the detailed study of different geomorphological features, 

the evidences of neotectonic activities for the region were investigated. Neotectonic landforms of the area 

and quantitative morphotectonic indices calculated for this region demonstrate a present-day tectonic 

activity for the region. Finally, results obtained indicate that the areas around the Torud-Reshm fault zone 

show a high level of neotectonic activity and also, these areas have a high potential of occurrences of 

destructive earthquakes in the future.  

Key words: Neotectonics, Active faulting, Active tectonics, Seismicity parameters, Torud area, Quaternary 

faults. 
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Chal Nakhjir karst formations are mainly developed in Cretaceous limestones (Coniacian to Santonian) and 

parts of limestone and shale layers of Shamshak Formation (Jurassic). The effective mechanisms on the 

development of the Chal Nakhjir cave karst network are expressed based on the combined models of 

tectonics, fault movements and chemical dissolution. This cave has various rock deposits including; they 

are stalagmite, stalactite, flowstone, drapery, rim stone, popcorn, stars, and calcite. The initial stage of the 

formation of this karst cave started with the direction and activity of a reverse type of fault, and the 

compressive forces along the northeast-southwest direction caused the displacement of Cretaceous 

limestone layers along the fault plane. Erosion regimes have caused the formation of numerous cracks and 

joints, all of which follow the mentioned fault movements, and in these limestones, they have increased the 

porosity and secondary permeability of the rock mass. Using Xiong's equation, the development rate of this 

karst can be calculated. 

Key words: Karst, Chal Nakhjir, Xiong's Equation. 
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Introduction: The tourism industry, the largest service industry in the world, has a special place in different 

fields of every country. This industry is one of the primary sources of foreign exchange in more than 150 

countries and the primary source in more than 60 countries (Camilleri, 2018). Iran is a dry and semi-arid 

country due to its location in certain geographical latitudes (Amiri & Eslamian, 2010). In the east and center 

of the Iranian plateau, due to deficient annual rainfall, surface water flows such as permanent rivers and 

springs have been very limited (Modarres et al., 2007; Jamshidipour et al., 2022). Life in this area depends 

on underground water. The qanat and its system can be called the most efficient underground water 

extraction system in the desert areas of Iran (Papli-Yazdi et al., 1999). Gonabad's catchment area is 1872 

square kilometers; almost half is in the highlands (mainly in the south), and the other half is in the plains. 

This area has 300 qanats with an annual discharge of 30 million cubic meters (Mirani Moghadam et al., 

2021). The length of Qasbah Qanat is more than 33 km, its wells are more than 400 rings, and its mother 

well is more than 300 meters at the deepest point (Papli-Yazdi et al., 1999). Qanats can be studied as 

geological sites from hydrogeological, historical, and cultural geological aspects (Gray, 2008; Jamshidipour 

et al., 2022) (Figures. 1 and 2). In this research, the geotourism potential of Gonabad Qasabeh Qanat has 

been investigated from the perspective of scientific values, representativeness, economics, Potential for use, 

and tourism views. 

Methods and Materials: Fassoulas et al. (2011) designed a quantitative evaluation model to evaluate the 

geomorphosites of Silvertis Geopark, Greece. This method is an analytical model based on parameters 

related to different fields (scientific, ecological, cultural, aesthetic, economic, and efficiency) of a geopark. 

In order to collect information from 109 visitors of the Qasabeh Qanat in 2021, and combining their 

opinions with the visits and library studies of the author in this research will determine the overall 

geotourism value of the Qasabeh Qanat (Table. 1). 

Results and Discussions: The Gonabad Qasabeh Qanat is one of the oldest qanats in human history, with 

a history of 2500 years. However, geological history defines its duration as concise and limited to the 

straightforward, civilized age. Its representativeness is relatively high. The geomorphological diversity of 

this qanat is minimal because of human constructions in its corridors. This qanat was a very rare geological 

artifact and is very unique globally. Because this qanat is not a natural phenomenon, the parameter of 



  

 

inviolability cannot be used for it. He scored 19.5 points out of 4 parameters in the scientific section. 

Ecology was also investigated as one of the Fassoulas et al. (2011) model indicators in Gonabad Qasabeh 

Qanat. This qanat primarily supplies water in the surrounding area and has a very high ecological impact. 

This qanat is highly protected. In the ecology section, this qanat scored 17.5 points. The Gonabad Qasabeh 

Qanat is a perfect example of the ancients' culture in the use of water resources, which, due to its great age, 

represents the native culture in this region. 

On the other hand, it is evident in this work based on religious teachings, and evidence of cultural and 

religious works can be seen in this area. In this section, a total score of 40 is given to it. The aesthetics of 

this geosite, due to its underground nature, has perspectives limited to the entrance and its manifestation (2 

points of view) and needs a suitable perspective difference. In this section, it is given a score of 6. From an 

economic point of view, this qanat currently has more than 5,000 visitors per year, but due to its high level 

of attraction, it can attract many international visitors. According to the regional protection level in this 

qanat and according to the average intensity of use, the damage level is limited to seasonal floods. Of 

course, due to the average resistance level of this qanat and full access to Gonabad city, it can be easily 

protected. Compared to the last decade, the changes in its protection and exploitation have been significant 

and impressive. This geosite scores 16 points in terms of economic value and 37.5 points in terms of 

potential use. Due to its high scientific, ecological, and cultural values, Qanat Kasbah Qanat can provide 

the basis for sustainable urban development and the region's economy if the government pays more 

attention. 

Key words: Gonabad Qasabeh Qanat, qanat, geoturism, Iran 
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         Figure 1. Location map of Gonabad Qasabeh Qanat, Eastern Iran. 

 

 

Figure 2. A view of Gonabad Qasabeh Qanat (Mazhar qanat section). 

 

 



  

 

Table 1. Summarize list of criteria and scoring system based on Fassoulas et al. (2011). 

Criteria Score 

1. Scientific  

1.1 Geologic history 

1 

Single 

type 

history 

1.2 

Representativeness 
10 High 

1.3 Geodiversity 1 <5% 

1.4 Rarity 10 Unique 

1.5 Integrity -- unusable 

2. Ecological  

2.1 Ecological impact 10 Very high 

2.2 Protection status 7.5 In large parts 

3. Cultural  

3.1 Ethics 10 Very high 

3.2 History 10 Very high 

3.3 Religious 10 Very high 

3.4 Art and culture 10 Very high 

4. Aesthetic  

4.1 Viewpoints 5 2 

4.2 Landscape 

difference 
1 No 

5. Economic  

5.1 Visitors 2.5 > 5000 

5.2 Attraction 10 International 

5.3 Official 

protection 
5 Regional 

6. Potential for use  

6.1 Intensity of use 5 Moderate 

6.2 Impacts 5 Moderate 

6.3 Fragility 2.5 Low 



  

 

6.4 Accessibility 

10 

Close to 

highway or 

town 

6.5 Acceptable 

changes 
7.5 High 
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Introduction:  

InSAR, a revolutionary technique utilizing multiple radar images to precisely measure ground surface 

deformation, has transformed radar imaging and monitoring, enabling diverse applications like radar-based 

surveillance and earthquake monitoring. InSAR's exceptional precision allows for detecting and monitoring 

subtle changes in the Earth's surface, including subsidence, landslides, and infrastructure changes. Radar 

interferometry has witnessed significant advancements and diverse applications in various fields. Radar 

interferometry is a powerful tool that can be used to monitor natural hazards such as earthquakes. It offers 

several advantages, including easy and free access, and high-quality data. Radar interferometry can be used 

to track surface deformation, which can be used to identify potential earthquake hazards.  Radar 

interferometry has emerged as a revolutionary tool for monitoring ground surface deformation, offering 

exceptional precision and cost-effectiveness. Its diverse applications in surveillance, earthquake 

monitoring, and geodynamic studies have revolutionized our understanding of Earth's dynamic processes. 

As radar interferometry technology continues to advance, its impact on scientific research and practical 

applications will only grow, further  To improve the accuracy of radar interferometry for earthquake 

monitoring, it is important to analyze the structural geology and seismotectonics of the faults that are located 

in the earthquake-prone area. This analysis can help to identify the areas that are most likely to be affected 

by an earthquake.  The use of Sentinel-1 interferometry data and its integration with GPS data showed that 

the cause of the movement and rupture caused by 4 powerful earthquakes in the Philippines in 2019 was 

the activation of a dual fault structure (Li et al., 2020). Radar interferometry using Sentinel-1 data on the 

Nora earthquake in the Pamir Mountains showed that the shaking caused a 75-centimeter slip over a range 

of about 14 kilometers  (He et al., 2018). Studies with Sentinel-1 data on the 6.3 magnitude Taiwan 

earthquake showed 12 centimeters of displacement in the northwest, 8 centimeters in the west, and 6 

centimeters in the east(Qu et al., 2017). Sentinel-1 interferometry data for investigating the ground 

deformation caused by the Sefid Sang earthquake in Khorasan showed that the ground displacement for 

ascending and descending data was 10.5 centimeters and 13.7 centimeters, respectively(Xu, Xu and Wen, 

mailto:Alighorbani68414@yahoo.com


  

 

2018). Sentinel-1 data recorded a 68-kilometer-long and 40-kilometer-wide slip with a maximum 

displacement of 59 centimeters in the Xinjiang earthquake in China(Ma et al., 2018). Using Sentinel-1's 

ascending and descending data in the Qinghai earthquake in China, the displacement recorded in the 

satellite's line of sight was 58 and 68 millimeters, respectively(Wang et al., 2017). Studies using Sentinel-

1 on the Ezgeleh earthquake showed a displacement of 97 centimeters in the satellite's line of sight(Ding et 

al., 2018). Kim and Han investigated the displacement and mechanism of the Hovsgol earthquake in 

Mongolia using Sentinel-1 and ALOS-2 data(Kim and Han, 2023). this study, we use InSAR data from 

Sentinel-1 to investigate the ground displacement caused by the two earthquakes that occurred in Shusf, 

South Khorasan province, Iran, in October 2023. 

Methods and Materials: 

Operating in the C-band, the Sentinel-1 satellite provides high-resolution radar data of the Earth's surface 

under all weather conditions, enabling applications such as monitoring ground surface deformation, land 

cover changes, and maritime activities. Radar interferometry (InSAR) utilizes phase differences between 

SAR images to measure ground surface deformation, providing valuable insights into Earth's dynamic 

processes. InSAR data from the Sentinel-1 satellite was used to investigate the ground surface deformation 

caused by the two earthquakes. The specifications of the radar interferometric images used in this study are 

given in Table 1. 

 

Table 1: Specifications of Radar Interferometric Images 

Track 
Orbit 

Direction 
Orbit Acquisitions Type Ref/Sec Satellite 

20 Descending 50842 20 Oct 2023 SLC Reference 
Sentinel-

1 

20 Descending 51017 
01 Nov 

2023 
SLC Secondary 

Sentinel-

1 

 

The study area, located near the city of Shusf in South Khorasan Province, Iran, is situated within the 

tectonically active flysch and mélange zone of eastern Iran. The region experienced two earthquakes in 

October 2023: a magnitude 5.4 earthquake on October 27 and a magnitude 5.2 earthquake on October 31. 

The fault trends in the region are predominantly oriented in a north-south direction and extend into 

Quaternary units(GSI, 1973). This suggests that the region is seismically active (Figure 1). 



  

 

 

Figure 1. Study Area 

 

Results and Discussions: 

In Figure 2, the displacement map obtained from satellite radar interferometry in the satellite line of sight 

and the magnitude and epicenter reported by various sources are shown. As can be seen, in Figure 1, the 

maximum uplift is shown in brown, with a maximum uplift of about 29+ millimeters in the satellite line of 

sight. The areas shown in yellow, green, turquoise, and blue have also experienced uplift, but with smaller 

amounts. The areas that appear pink to white have experienced subsidence, with a maximum of about 50- 

millimeters in the satellite line of sight in white areas. In Figure 2, the displacement profile along the A-A' 

path is shown with a black line. As can be seen, the part that has experienced uplift is concentrated in a 

relatively small area, and with increasing distance from it, the amount of uplift gradually decreases, and the 

surrounding areas experience subsidence. 



  

 

 

Figure 2. Location of Reported Magnitude and Epicenter of the Shusf Earthquakes in South Khorasan 

Province, Iran, on a Displacement Image Obtained from Insar Data 

It is also important to note that the number of seismic stations in Iran is much lower than the required 

number. This limits the ability of scientists to accurately assess the seismic hazard in Iran. 

 

Keywords: INSAR, Sentinel-1, Earthquake of Shusf, Movement of the Earth's crust 
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    Studying about bloom of dinoflagellate HAB species have been conducted by several authors in the 

Persian Gulf often after each bloom events occurred in the region. However, few blooms occurred in the 

Persian Gulf compared to other regions like the Gulf of Oman in its neighborhood. Two main Paralytic 

Shellfish Poisoning toxin producer (PSTs) dinoflagellate Pyrodinium bahamense and Gymnodinium 

catenatum, which both produce resting cysts as part of their life cycle, are present in the Persian Gulf. There 

is no large-scale bloom reported caused by either of these species, this is in spite of the fact that resting 

cysts of P. bahamense is abundant in surface sediments. Lingulodinium polyedrum and Gonyaulax spinifera 

are two other dinoflagellate bloom forming species, which can produce yessotoxins, and their resting cysts 

are abundant in the surface sediments of the Persian Gulf. In 2008-2009 bloom of toxic dinoflagellate 

Cochlodinium polykrikoides occurred in the Gulf region and lasted for 8 month; however its resting cysts 

is almost absent in the surface sediments in the studied area. 
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