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Avicenna: The Legendary Philosopher-Physician

and His Insights into Earth Sciences

Mansour Ghorbani!"™”

Abstract

Avicenna, known in the Islamic world as Ibn Sina, is one of the most prominent philosophers,
physicians, and scientists of the Islamic Golden Age. His influence on both Islamic and global
intellectual traditions is often compared to that of towering figures like Plato, Aristotle, and
Kant. Born in 980 AD in Afshana, near Bukhara (in present-day Uzbekistan), Avicenna
displayed exceptional intellectual abilities from a young age. Gifted with a sharp mind and an
extraordinary memory, he quickly mastered diverse fields such as logic, mathematics,
philosophy, and medicine. By the age of 18, his medical expertise earned him recognition when
he successfully treated the Samanid emir, which granted him access to the royal library of
Bukhara. This opportunity allowed him to further expand his knowledge and solidify his
reputation as a scholar. Over the course of his prolific life, Avicenna authored more than 450
works and treatises spanning a wide range of disciplines, including medicine, philosophy,
astronomy, mathematics, music, and the natural sciences. Among his most renowned works are
The Book of Healing (a comprehensive philosophical encyclopedia) and The Canon of
Medicine (a monumental medical encyclopedia). These texts became foundational sources of
knowledge in both the Islamic world and medieval Europe. The Canon of Medicine, in
particular, served as the primary medical textbook in European universities for centuries and
was one of the most widely printed books in Europe after the Bible. Avicenna’s contributions
to philosophy were equally groundbreaking. By synthesizing the ideas of Aristotle and Plato
with Islamic thought, he developed a unique philosophical system known as Masha'i philosophy
(Peripatetic philosophy). His theories in metaphysics, psychology, and cosmology had a lasting
impact on later thinkers, including Islamic philosophers like Mulla Sadra, Christian theologians
like Thomas Aquinas, and even Enlightenment figures like Descartes. In addition to his
philosophical and medical achievements, Avicenna made significant contributions to the natural
sciences and geology. He was among the first to study fossils and geological processes such as
erosion and mountain formation, proposing theories that foreshadowed later scientific
advancements in these fields. His holistic approach to knowledge and his ability to bridge

diverse disciplines cemented his legacy as one of history’s greatest polymaths..
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Geomythology and Aspects of Sacredness: Jam and
Riz Caves, Bushehr Province, Southern Iran

Abdolreza Dashtizadeh!""

Abstract

Caves have long held significant importance for humans due to their unique natural features.
Their structural resemblance to shelters, often with a single entrance, has made them secure
living spaces, particularly when situated in elevated mountainous regions. Beyond their physical
utility, caves possess a timeless quality, offering a serene and secluded environment that has
inspired humans to mentally conceptualize and artistically depict the world around them. Over
the past century, caves have drawn the interest of diverse groups, including mountaineers,
adventurers, archaeologists, geologists, biologists, and treasure hunters. Among these,

archaeologists have focused on studying the remnants of Paleolithic societies, later historical

periods, and ancient animal remains preserved within these spaces. This paper explores the ARTICLE HISTORY
sacred significance of caves in Iranian mythology and examines their cultural and historical Received:
importance across various periods. The study focuses on the Jam-o-Riz Plain in Bushehr 31 August 2024
Province, a region renowned for its Paleolithic remains in the northern Persian Gulf. The Revised:
primary objective of this research is to investigate the caves of this area through the lens of 8 December 2024
religious ethnography. Among the more than 30 caves and rock shelters in the study area, only Accepted:
two—Pir Biraheh and Ashkfat Das-Shor—were identified as sacred by the local community. 14 January 2025
Both caves share a common narrative: they are believed to be sites where holy men appeared. Published:
These caves serve as places where locals make vows, and each is associated with a sacred spring 14 January 2025
and tree, further emphasizing their spiritual significance. This study sheds light on the enduring
cultural and religious connections between humans and caves in this historically rich region. KEYWORDS
Geomythology,

Cave, Sacredness

Jam and Riz Caves
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A Comprehensive Review of Iran's Water
Resources: Challenges, Utilization, and the Urgent
Need for Watershed-Based Management

i1

Touraj Fath

Abstract

In addition to population growth, migration, and urbanization, the past decade has seen drought,
unsustainable development, and climate change exert increasing pressure on Iran's water resources. Over .. ;
this period, average annual rainfall has been 228 mm-—nearly 6% lower than the long-term average of 242 Journal of
mm. Surface runoff has also significantly declined: while the long-term average was approximately 85
billion cubic meters, the most recent 14-year average stands at about 57 billion cubic meters—a reduction
of over 46%. Comparing the total reservoir capacity under construction and operation with the adjustable
water volume in 2013 highlights a water shortage of approximately 15,125 million cubic meters against
projected capacity. Groundwater tesources are also in critical condition, with 291 of Iran's 609 plains
classified as prohibited or critically overexploited. The agricultural sector, which consumes 90% of the
country's water, is the largest contributor to this crisis. Over the past few decades, a significant increase in
cultivated land has driven excessive water usage, with agricultural water demand growing by 7.5% in the

Pars Arian Territories

ARTICLE HISTORY
Received: 31 August

last decade. Over-extraction of groundwater, unauthorized well drilling, the establishment of water- 2024
intensive industries in arid regions, and insufficient oversight of water withdrawals have led to declining Revised: 8 December
groundwater levels and quality. This has resulted in land subsidence across numerous plains and a 2024
substantial decrease in well water yields. Additionally, excessive groundwater usage has disrupted aquifer Accepted: 14 January
recharge cycles, reducing spring water flow to rivers. The effects of recent droughts are far more severe 2025
than those observed in the late 1930s. To address Iran's water crisis, national water management must Published: 14 January
undergo fundamental Fhanges, focuﬁing on bc')th'supply and d.ernand management. A hplistic approach to 2025
the entire water cycle is needed, guided by principles of sustainable development and integrated land use
planning across the country’s watersheds. Crucially, a thorough review of laws and regulations is required.
I . PR . KEYWORDS
ntegrated water resource management at the watershed level necessitates establishing coordinated systems
Geomythology,

that align the efforts of economic, social, infrastructure, and setvice sectors with those of the water sector.

Given water's cross-sectoral natute, all laws and policies across institutions should align with the Cave, Sacredness

overarching policies of the water sector, requiring approval and oversight at the levels of Parliament, the Jam and Riz Caves
Government Board, or the Supreme Water Council. Bushehr Province
Archaeology

Cite this article: B4 ORRESPONDING

AUTHOR AFFILIATION
Head of Cultural
Heritage Qeshm Island

Fathi, Touraj (2024) A Comprehensive Review of Iran's Water Resources: Challenges,
Utilization, and the Urgent Need for Watershed-Based Management Journal of Pars Arian
Territories 3: 35-50 Tran

DOI: 10.61186/jpat.2024.3.2
Publisher: Pars Arian Insistue © The Authot(s). BY NC OF*d0]|

! adashtizadeh@gmail.com 62



JPAT ISSN: 3041-9344
Journal of Pars Arian Territories (2024) 1:3, 1-21
https://doi.org 10.61186/jpat.2024.3.1

Research Paper _'m-

Determining the Core and Buffer zones of Kouhin
Mountain Caves in Tafresh County with a karst-
based approach

Ali Hozhabri'"*, Habibeh Nawrouzi, Maryam Moheb Alj,
Ghasem Issa Abadi, Saeid Fath Alj, S. Ali Fazeli

Abstract

Determining the core and buffer area for the protection of cultural heritage is a crucial executive
and legal activity. Among the most captivating aspects of geomorphology, geology, and i
hydrogeology are karst caves, which, in addition to their value as tourist and historical-cultural Pars Arian Ter.ritnﬂgs
attractions, serve as archives of paleoclimatic data, archaeology, geology, and environmental
changes. They provide invaluable insights for exploring numerous scientific unknowns. This

study focuses on the karst caves of Kohin Mountain in Tafresh city, using a karst-oriented
approach to establish their protection area and boundaries. These caves formed through
chemical interactions between atmospheric and subsurface waters and carbonate rocks. Their

formation dates back to the Quaternary period, following orogenic and tectonic processes, and ARTICLE HISTORY
certainly postdating the Eocene epoch. The limestones of the Nayband Formation played a Received: 31 August
pivotal role as hosts for fluid waters, while fault erosion facilitated the development of these 2024

caves. Faulting, particularly the Ezzeddin-Rahejerd and Tafresh faults, induced lithological Revised: 8 December
displacements, enhancing water penetration into the pores and fractures of limestone rocks. 2024

This process expanded cave spaces within the Nayband Formation. The region's geological Accepted: 14 January
complexity, characterized by concurrent volcanic and tectonic activities, diverse rock structures, 2025

plains and mountain landscapes, aqueducts and karst springs, travertine deposits, and evidence Published: 14 January
of human-nature interaction from prehistoric times to the late historical period, underscores the 2025

significance of Tafresh city and its karst caves as a valuable tourist destination. To determine

the area and boundaries for protection, four critical and effective digital layers were prepared KEYWORDS

and digitized: elevation, geology, geomorphology (watersheds), and faults. Expert analysis Area and Privacy
categorized elevation, geology, and fault density into five groups, while watersheds were divided Karst Caves

into three major basins. Using Boolean logic and the AND operator, the four weighted maps Tafresh Caves

wete supetimposed. After expert revisions, the protection area was determined to be 42.4 square Ali Khorandeh Cave
kilometers, and the boundary was set at 82.3 square kilometers. Based on these findings and

local conditions, criteria for the legal protection of this geological heritage were proposed. The B CORRESPONDING
study emphasizes the importance of safeguarding the unique natural and cultural attributes of AUTHOR AFFILIATION
the Tafresh karst caves for future generations. Cultural Heritage

q . . Research Institute,
Cite this article: Ali Hozhabri, Habibeh Nawrouzi, Maryam Moheb Ali, Ghasem Issa Abadi, Saeid

Fath Ali, S. Ali Fazeli (2024) Determining the Core and Buffer zones of Kouhin Mountain Caves in
Tafresh County with a karst-based approach. Journal of Pars Arian Territories 3: 1-21

Tehran, Iran

DOT: 10.61186/jpat.2024.3.1 3

Publisher: Pars Atian Insistue © The Authot(s). E

! ali.hozhabri2011 @gmail.com

61



Hassanzadeh et al., (2024)

2013 “Preliminary report on test excavations and relative
dating at Tappeh Mousaei, Rawansar country,
Kermanshah province”, Iranian Archaeology 4: 77-96.

Goff, C.

1971 “Luristan before Tron Age”, In: Iran, vol. 9, 131-152.
Hassanzadeh, Y.

2016 “A survey on an Assyrian glazed pottery type in the

Zagros mountains”, in The provincial archaeology of the
Assyrian empire, edited by John MacGinnis, Dirk
Wicke and Tina Greenfield, 371-383, Cambridge
University publications.

Henrickson, R.

1985 “An Update chronology of the Harly and Middle
Chalcolethic of the central Zagros Highlands,
western Iran”, In: Iran, vol. 23, 63-108.

1986 “A regional perspective on Godin III: cultural
development in central western Iran”, In: Iran, vol.
24, 1-55.

1987 “Godin IIT and the Chronology of central western

Tran circa 2600-1400 B.C.”, In: The Archaeology of
Western Iran, Settlement and Society from Prehistory fo the
Islamic Conquest, F. Hole (ed.), 205-227.

1993 “The Chalcolethic Period in the Zagros Highlands”,
In: Encyclopedia Iranica, by: Ehsan Yarshater, vol. V,
278-282.

Haerinck, E. and Overlaet, B.

2004 “The Tron Age TIT Graveyard at War Kabud, Pusht-
1 Kuh, Luristan”, In: Acta Iranica, vol. XXVII: 31,
Fig. 9.

Henrickson, E. F. and Vidali, V.

1987 “The Dalma tradition: prehistoric interregional

cultural integration in the highland of western Tran”,
In: Paléorient, vol. 13, 37-46.

Hole, F.

1987 “The Archacology of Western Iran: Settlement and
Society I'rom Prehistory to the Islamic Conquest”,
Edited by F. Hole, Simithsonian Series in
Archacological  Inquiry, Washington, D. C,
Smithsonian Institute Press.

Kargar, B.

2004 “Qalaichi / Zirtu: a Mannean Center, Period Ib”, in
M. Azarnoush (ed.), Proceedings of the International
Symposinm on Iranian Archaeology: North-W estern Region,
Tehran, Iranian Center for Archacological Research:
229-245 |in Persian]|.

Levine, L. D.

1974 “Archacological investigations in the Mahidasht-
Western Iran”, In: Paléorient, vol. 2, no. 2, 487-490.

1976 “The Mahidasht Project”, In: Iran, vol. 14, 160-161.

Levine, L. D. and McDonald, Mary M. A.

1977 “The Neolithic and Chalcolithic Periods in the
Mahidasht”, In: Iran 15: 39-50.

Levine, L. D. and Young, 1. C.

1986 “A Summary of the Ceramic Assemblages of the
Central Western Zagros from the Middle Neolithic
to the lLate Third Millennium B.C.”, Collogues
Internationanx CNRS, Prebistore De La Mesopotamie,
Paris: editions du CNRS Paris 1986, 15-53.

Miroschedji, P.

1978 “De stratigraphic de la periode Neo-Elamite 4 suse”,
In: Paléorient, vol. 4, 213-228.

Mo’tamadi, A.

1997 “Ziwiye 1995, [ixcavations, Architecture and
pottery”, Archaeological Reports of Iran,Vol. 1, Pp.: 143-
170 |in Persian].

Mortensen, P.

1964 “Additional Remarks on the Chronology of Harly
Village forming communities in the Zagros area”, In:
Sumer, vol. 20, 28-36.

1974 “A survey of carly prehistoric sites in the Holailan
valley in Luristan”, In: Proceeding of the 1Ind Annual
Symposinm on Archaeological Research in Iran, 34-52.

1976 “Chalcolithic settlements in the Holailan valley”, In:
Proceeding of the IV th Annual Symposinm on Archaeological
Research in Iran, 42-62.

Moshtagh Khorasani, M.

2006 Arms and Armor from Iran: The Bronge Age to the end of
the Qajar Period, Legal press, Germany.

Parpola, S., and Porter, M.

2001 The Helsinki Atlas of the Near East in the Neo-Assyrian
Period, Edited by: Simo Parpola & Michael Porter,
The Casco Bay Assyriological Institute The Neo-
Assyrian Text Corpus Project, Finland.

Renette, S., & Ghasrian, S. M.

2020 “The central and northern Zagros during the Late
Chalcolithic: An updated ceramic chronology based
on recent fieldwork results in western Iran”.
Palcorient, 46(1-2), 109-132.
https://doi.org/10.4000/palcorient.366

Rezvani, H., & K. Roustaet

2007 “A Preliminary Report on Two Secasons of
Excavations at Kul Tarike Cemetery, Kurdistan,
Iran”, Iranica Antigna, Vol. XLII: 139-184.

Shidrang, Sonia

2006 “Warkaini: a new Palacolithic Site near Kermanshah
in West Central Zagros, Iran”, Antiquity 80 (310),
Project Gallery.

Stronach, D.

1978 Pasargadae. Oxford.

Taheri, K.

2001 Rawansar: Archaeology, Geology, Geography and Cultnre,

Tag-bostan Publication center, Kermanshah.

Weiss, H., and Young, T. C.

1975 “The Merchants of Susa: Godin V and Plateau
Lowland Relations in the Fourth Millennium B. C.”,
In: Iran, vol. 13, 1-17.

Young, T. C.

1969 Excavations at Godin Tepe: First Progress Report, Royal
Ontario Museum, Art and Archaeology, Occasional
Paper, No. 26, Toronto: The Royal Oantario

Museum.
Young, T.C. and Levine, L. D.
1974 Excavations of the Godin Project: Second Progress Report,

Royal Ontario Museum, Art and Archaeology,
Occasional Paper, no. 26, Toronto: The Royal
Ontario Museum.

Zagarell, A.

1975 “An archaeological survey in the northeast Baxtiari
mountains”, In: Proceeding of the 111rd annual symposinm
on archaeological research in Iran, Bagherzadeh, I. (ed.),
Tehran, Iranian center for archacological Research,
145-156.



Journal of Pars Arian Territories (2024) 3: 41-60

Parpola’s (Parpola 2001: Map 11) theory regarding the location of the Assyrian state of Nikkur. However,
since little relevant archaeological evidence was found during this initial survey, the results were ultimately
disappointing. Nevertheless, given the existing evidence from the first millennium BCE in the region (Figure
5: 23 and 24), there is hope that a more focused sutrvey or excavation could provide clearer insights into this
petiod and location.

Targeted excavations along with the application of new analytical techniques, could help address additional
questions about the technological aspects of cultural material production, subsistence strategies, and the
socio-political positioning of Khanileh relative to similar cultures to the south and southeast. Based on the
cultural materials discovered so far, it can be hypothesized that Khanileh played a significant role in regional
networks for the production of ceramics. The presence of a permanent spring, access to fertile plains with
productive pastures, and proximity to the highlands provided an ideal environment for settlement, starting
as eatly as the Middle Chalcolithic and continuing through to the historical periods. By the first millennium
BCE, the settlement at Khanileh appears to have shifted eastward to the site of the present-day village, where
it remained occupied into the historic period.

Khanileh has yielded evidence that can help supplement and refine the chronology of the intermontane
regions of the Central Zagros, particularly for the Chalcolithic period.

With regard to the richness of the remaining materials at Khanileh and the risk of destruction of these sites,
the first steps have been taken to confirm its structural integrity and to enter it on the National Historical
Register. Because of the construction of livestock and poultry pens, as well as due to agticultural activities
on the surface of the mound, and the mound’s use as a graveyard for the nearby village, a great deal of the
surface and subsurface deposits have already been disturbed. It is imperative to generate a detailed plan for
future excavations of the Iron Age Graveyard in the village and at Tappeh Khanileh itself.
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FIGURE 10. A broken animal figurine from the possible Iron Age Graveyard, Khanileh

Special find

One of the other finds recovered from the agticultural lands about 700 meters south of the village in 1986
was a bronze socketed trilobite (‘three — bladed’) arrowhead, 3 cm in length (Figure 11).

Its blades form a rhomboid shape. Trilobate arrowheads were once thought to be associated with the
Scythians and Cimmerians, but they were also a common type during the Achaemenid period, where they
became a standard form of (Moshtaq 2006: 308, 744). Similar arrowheads are reported from Pasargadae

(Stronach 1978: 218-219, pl. 165: a,b)

FIGURE 11. Different views of the Trilobate arrowhead from the south of Khanileh

Concluding Remarks

The discovery of two glazed vessels at Khanileh is significant, as it suggests the presence of a site associated
with the Iron III historical period.

This period witnessed many socio-political transformations in the region, characterized by the appearance
of the Medes, the encroachment of the Assyrians and finally the Achaemenid occupation. Although the main
goal of Louis Levine during the Mahidasht Project was to elucidate some of the uncertainties regarding the
historical geography of Assyrian military campaigns, until now, this issue has not been intensively
investigated. It should be noted that the original aim of surveying the Rawansar region was to assess Simu
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FIGURE 9. Different views of the Glazed Iron Age vessel.

Possible Iron Age Graveyard

Among the other finds from Khanileh were two glazed vessels discovered by a villager during the clearing
of abandoned ruins in the village in 1998 (Figure 11). These two glazed ceramic vessels belong to the
‘Eggshell’ ware type dating to Iron III (Hassanzadeh 2016). Similar examples are commonly found at sites
in northwestern Iran (Hassanzadeh 2016), including Ziwiye (Mo’tamadi 1997), Changbar Cemetery, and
Kultarikeh (Rezvani and Roustaei 2007) in Kurdistan, as well as at the Qelaichi in Bukan (Kargar 2004) and
the Varkabud cemetery (Haerinck and Overlaet 2004: 31, Figure 9) in Lorestan.

These finds consist of small glazed cups with an average height of 9-10 cm and rim with a diameter of 4 cm,
decorated with vegetal motifs on the body that resemble a layer of glass® (Figure 5: 23 and 24).

A broken animal figurine was found near the findspot of the two glazed vessels. It consists only of the
front portion, including the head, neck, two forelegs, and the front half of the torso (Fig. 10). The
animal's eyes and nostrils are formed by simple, shallow indentations, while its snout was shaped by
finger pressure from both sides. The maket's fingerprints are visible on parts of the surface. The broken
sections are light cream in color, while the surface ranges from dark gray to black. The figurine measures
58 millimeters in height. Based on the shape of the forward-facing ears and snout, it appears to represent
a dog, though it could also represent another animal species.

The production of such animal figurines was widespread in the Zagros region during the Neolithic and
Chalcolithic periods, and they remained relatively common in the later Bronze and Iron Ages.

8 During a recent visit to the site, it was noted that a large portion had been damaged during the digging of an
agricultural pit. Similar glazed wares were observed in the eastern wall of the pit.
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The fine wares are mostly cream/buff colored with black painted decorations (Henrickson 1993: 278).
Unfortunately it is exceedingly difficult to use these wares in a comparative framework for typological and
chronological studies due to a lack of analytical results, unsystematic surveys and the small number of
published excavations (Mortenson 1976).

That in mind, the similarities and differences in the production of cultural materials can be taken as
differences in regional ceramic-making traditions in the intermontane Zagros valleys. However, major
differences in production styles of cultural materials, especially in pottery, can be cleatly exhibited even
among contemporaneous sites of the same region. For example, compatison of two contemporaneous sites
shows that at Tappeh Kazabad® B during the Late Chalcolithic ceramics with red slip and coarse sand/grit
temper were produced, but at the same time at the site of Kahreh,S fine cream wares comparable to types
similar to the lands immediately south of the site were being produced. It is worth mentioning that some
scholars have argued that these fine wares at this site are related to the Early Chalcolithic period (Mortenson
1974: 37). The presence of the same kind of fine cteam/buff wares with black painted decorations has caused
archaeologists to draw parallels between these cultural materials in their regional, but also macro-regional
context within the Zagros (Mortenson 1974, Levine 1974, Zagarell 1975).

Instead of intensive regional surveys of the intermontane valleys of the Zagros that are used to identify the
vatrious cultural petiods and then excavate their layers, these surveys can be used as a key to intraregional
chronological comparison. Likewise, when looking at a broader perspective, sites whose stratigraphy and
chronology (both relative and absolute) have been analyzed separately can be used as comparative samples
to other regions in the Zagros. Based on this, it should be possible to conceive of a relatively coordinated
chronological sequence in the Central Zagros region. Now, with regards to the aforementioned materials
from the site of Khanileh in the Rawansar plain, and with attention to its multi-period sequence, and not
forgetting its highly favorable location in an area that a crossroads for a much larger region, Khanileh serves
as a relatively suitable chronological and cultural index in the region from the Late Neolithic to the Iron
Age.”

Other sites and unique finds

Geleh-Jana

This site, of which little remains, lies east of the village near the country road. According to locals, between
the 1940s and early 1960s, soil from the mound was used for plastering house walls. It is said that each year,
during this process of sediment removal, metal and ceramic would surface. A 1964 map of the area depicts
the mound as significantly higher than the surrounding springs (Figure 3). In the late 1980s, parts of the
mound were partially destroyed and leveled during the construction of the country road, though cultural
deposits may still remain beneath roadbed.

Tappeh Bawa

This mound is located approximately 20 meters south of the village and has a height of less than one meter.
It covers an area of about one hectare, and its surface is plowed annually. Numerous small ceramic fragments
and broken bones, both burned and calcified, are visible on the surface. Based on the shape of the rims of
several potsherds, it is possible that this settlement dated to the Historic periods, especially the Parthian
period. However, the presence of straw-tempered and handmade pottery suggests the possibility of older
settlements at the site, potentially from the Chalcolithic period. A pit is situated in the northern half of the
site, though no pottery was found in the pit’s walls.

5> Tappeh Kazabad is a site related to the Chalcolithic that was identified by Aurel Stein in 1936 in the Holailan region
during his surveys of Central Zagros in Western Iran. The site of Kazabad is divided into Mound A and Mound B. The
oldest ceramics on the surface of KazabadA are comparable with Hajji-Firuz Tappeh in Western Azerbaijan and the oldest
ceramics from the surface at Kazabad B are comparable with Susa B and C.

¢ Tappeh Kahreh is located approximately 6 kilometers south-southwest of Tappeh Gouran in Kermanshah Province.
This site was surveyed for the first time by C. Goff (Goff 1971: Figure 2). The surface ceramics from Kahreh have many
similarities with contemporaneous sites on the Susiana Plain (Late Susa period or Susa A).

7There is the possibility of ceramics of the Middle Elamite period at the site — which if confirmed would demonstrate
the influence of the Elamites on the north central part of the Zagros.
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FIGURE 8. Exposed Radiolarite near Tappeh Khanileh
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FIGURE 5b.

FIGURE 6. lithic artifacts were collected from the surface at Tappeh Khanileh
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consumption. These types of wares have been identified at a number of sites in the intermontane valleys of
the Zagros. The coarse wares range in color from cream to yellow or red to pink and have coarse straw
tempers.

VA

FIGURE 5a. Diagnostic Samples of Ceramics from Surface Survey at Khanileh
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one awl/borer (Figure 7: 2-4). Additionally, a small broken bladelet with inverse retouch along a lateral edge
was identified (Figure 7: 1).

The lithic assemblage primarily consists of locally available raw materials, which required minimal time and
effort to procure. Although the collection is small, its techno-typological characteristics suggest that
toolmakers at Khanileh may never have developed advanced craftsmanship in lithic tool production.
Instead, they likely produced simple, ad hoc tools as needed, relying on readily accessible materials. Given
that the collection originates from a surface context and is likely multi-period, this pattern appears to have
persisted across different petiods. It is probable that tool production was catried out at the household level
on a daily basis, with minimal time investment.

In sum, assuming this observation is unbiased, lithic tool production at Khanileh was likely predominantly
flake-based. The only artifact suggesting specialized production is a small broken bladelet with inverse
retouch, which was detached from a prismatic bladelet core (Figure 7: 1). It is possible that this isolated
specimen was produced at another settlement site in the area, such as Tappeh Mousaei?, and transported to
Khanileh.

Chronology of Khanileh

Thermoluminescence Dating

Ten potsherds wete selected from a group of ceramic fragments collected from the backdirt of illicit
excavations on top of Tappeh Khanileh for dating using the thermoluminescence technique. In choosing
these samples, the authors aimed to select body shetds thicker than two centimeters, allowing for the removal
of the surface layer to date the inner matrix of the ceramics.

After having their surfaces shaved off, these ceramics were ground to a power and treated with 5% Acetic
Acid. From each sample, at least forty pellets were prepated for testing. The luminosity diagram of 15
samples was measured after they were placed in the oven on a Nickel-Chromium sheet in a pure nitrogenous
environment. In the subsequent phase, different numbers of the pellets are exposed to beta streams of
Strontium® isotopes at different doses. Half of the samples are measured two days after the exposure, and
half of the samples are measured at one month after the exposure in order to account for the loss in
petceptibility of the samples. Then, 15 of the pellets are exposed to Americium?*! in different dosages. With
the use of these measurements, the amount of effective energy of the alpha radiation and sensitivity relative
to the alpha radiation can be measured. In comparison to the first luminosity diagram (the
thermoluminescence of the natural samples) and the luminescence of the samples exposed to beta radiation,
the amount of stored energy in the samples can be calculated. The density of the trace elements Potassium,
Uranium, Thorium and the lack of the gas Radon were also investigated in these samples using Photometry
(Bahrol’oloomi 1999).

Given that the samples used for dating were remnants left behind by illicit smugglers, there is a possibility
that the dosimeter’s origin could be from the site itself. Based on this, for environmental data collection,
such as annual rainfall, the Climate Research Center, located 6 km north of Khanileh in Rawansar, should
be consulted. Of the 10 ceramic samples selected, only three were successfully dated. The analysis of the
remaining samples was hindered by various issues, including the effects of heat and light over time on the
surface of the mound. The resulting chronology of the finds can be divided into two groups: one
corresponding to the mid-4® millennium BCE, and the other to the mid-first millennium BCE (Table 1).

Relative Dating (Typology)

Between the second half of the 7t millennium BCE and the beginning of the 6t millennium, a new style of
decorated pottery appeared in the Central Zagros region, replacing the preceding simple undecorated style
(Mortenson 1964: 33; Levine and McDonald 1977:40). Examples of this style can be found at Tappeh
Gouran, Tappeh Sarab, and a number of other sites on the Holailan, Harsin, and Mahidasht (IKermanshah)
plains. Following this further, during the Chalcolithic period, which encompasses 2 millennia between
approximately 5500 and 3000 BCE, both fine and coarse ceramics were produced at their locus of

+ Tappeh Mousaei is contemporaneous with Khanileh and lies 6 km distant in the middle of the city of Rawansar
(Garavand et al. 2013).
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This type of pottery is comparable to different types of button-base wares from other sites in southwestern
Iran (Carter 1978: Figure 9, #47). Among the other diagnostic ceramics that herald the arrival of the Middle
Elamite phase that were found at Tappeh Khanileh include ceramics with applique bands across the body
of the vessel into which fingers were pressed. This type of pottery mostly has a brown matrix with a temper
of coarse straw. Most of these wares are dark grey on the inside, and some are covered in a thick cream slip
on their outer surfaces (Figure 5: 3 and 14). Other diagnostic features include the imprints left by coarse
straw on both the outer and inner surfaces of the wares. Also a number of vessel rims are obsetrved in this
collection, which with attention to their form and matrix may be considered to belong to the 15t millennium
BCE. The matrix of these wares is either grey or light brown and has a temper of fine sand. The outer surface
of these wares is always burnished and in some cases seems to have white sand trapped inside the matrix
(Figure 5: 13,19 to 24). In a small number of cases, the inner surfaces of these wares have also been decorated
with burnished designs (Figure 5: 10). Most of these vessels have wide mouths and include cup-shaped and
trough-shaped vessels. Some of the types of these cup-shaped vessels are also very commonly observed
during historical periods. Comparative thermoluminescence dating will help confirm the age of these samples
(Figure 5: 21).

Group 4: Ceramics of the Historic and Islamic Eras

The number of ceramics relating to the Historical and Islamic Eras at Tappeh Khanileh is very small, and
diagnostic pieces are rarely observed. As a result, the two periods have been lumped together into one group
containing 10 samples. The samples likely related to the Historical period are mostly either light grey or
terracotta colored with a temper of coarse sand. These vessels typically lack necks, but rather have a straight
rim. The presence of black blotches and traces of burning suggest these wares were used as cooking vessels.
Three samples which are possibly of the Clinky (Jalingi) type, and therefore related to the Parthian period,
are wheel thrown and have a reddish brown appearance with an unidentifiable temper and a light grey matrix.
The firing technique used has made these wares very strong and durable (Figure 5: 11). There is only one
sample of a Grey Ware with a fine white sand temper, the outer surface of which is decorated with diagonal

incised decorations in points and parallel lines, which could possibly be related to the Islamic petiod (Figure
5:9).

Chipped stone artifacts

A small collection of 42 lithic artifacts were collected from the surface at Tappeh Khanileh (Figure 6 and 7).
This collection includes cores (5 pieces), core fragments (2 pieces), simple flakes (12 pieces), broken flake (6
pleces), flake fragments (5 pieces), debitage (3 pieces) and retouched tools (10 pieces). Other than the several
pieces of quartz, this collection is composed entirely of chert. The large majority of the chert is brown in
color, though there is also radiolaritic green of the Kermanshah type, a vein of which lies exposed near the
site. The location of the site along the northern slope of Salakan provided an easy access to lithic raw
materials sources for the inhabitants of the site. The raw material is found as tabular pieces and chunks on
the slopes, consisting of coarse to medium-grained, opaque cherts, as well as fine grained cherts with glossy
surfaces. However, some of the cherts are not suitable for knapping as they have many veins and seams of
other minerals running through them (Figure 8). The high quality reddish brown chert forms approximately
39% of the collection. Other types of chert are observed in the collection, such as matte grey chert and
whitish-grey chert, as well as high quality grey translucent chert. The second type of rock present in the
collection, though less abundant, is milky quartz with red veins. This material is well-suited for producing
flake tools and is found in limited quantities scattered across the site. The primary source of this quartz is
local, as it is readily available in the foothills surrounding the area. Approximately 22% of the artifacts
collected from the site's surface exhibit cortex. The relatively low proportion of cortical pieces can be
attributed to the structural properties of the chert veins in the region, which are distributed across the slopes
and lack weathered cortex due to their geological characteristics.

All the cores found were of the flake core type, specifically multidirectional irregular flake cores (Figure 7:
5). Only one core exhibited flakes detached in a parallel pattern along the length of one side. Flakes made up
a significant portion of the collection (approximately 75%), with 29% showing retouch. The retouched flakes,
in order of frequency, include denticulated flakes (4), truncated flakes (2), partially retouched flakes (2), and
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coarse plant material are visible on the surfaces of some of these ceramics and their insides are mostly light
or dark grey. All of them seem to be wheel-thrown and slipped with a brick red or sometimes thick cream
color. One of the diagnostic samples of this collection, which is connected to the Middle Elamite Period,
has a bottom button resultant from the process of its cutting (String-cut base), a technique often seen to be
used with wheel-thrown ceramics (Figure 5: 17).

Table 1: Description of the Ceramic finds from Figure 8. Numbered from top to bottom, left to right on Figure 8.

#

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Relative Chron

Late Chalcolithic

Middle
Chalcolithic

Middle Elamite

Middle
Chalcolithic

Late Chalcolithic
Late Chalcolithic?

Middle
Chalcolithic

Tate Chalcolithic

Tslamic
1st mill. BCE

Parthian

Middle
Chalcolithic

1st Mill. BCE

Middle Elamite

Late Chalcolithic
Late Chalcolithic
Middle Elamite

Late Chalcolithic

1st Mill. BCE

1st Mill. BCE

Mid-Tate 15t mill
BCE

Possible Early 3t
Mill BCE

Iron III (8 — 7t
Century BCE).

Iron III (8h — 7
Century BCE).

Description AABSOINEE
Chron

Light Brown Matrix, Fine sand temper, light cream slip on inner

surface, red-brown slip on outer surface, black painted

decorations, possibly wheel thrown

Light Brown Matrix, Coarse and Fine straw temper, Light cream

slip on both surfaces, black painted decorations

Light Brown Matrix, Coarse straw temper, White inclusions,

Grey pith, Wheel fired, wet slipped exterior

Light Cream matrix, Coarse straw temper, hand thrown, straw

marks on inner and outer surfaces, dark brown painted

decorations

Light Brown matrix, fine straw temper, Grey Pith, thin brick-red

slip on inner surface

Brown matrix, fine straw temper, slip on outer surface,

burnished inner surface, possibly wheel thrown

Brick red matrix, Coarse sand temper, fine white inclusions in

matrix, dark cream slip on inner surface, handmade, dark brown

painted decorations

Brown Matrix, Coarse sand temper, Grey pith, white inclusions

in matrix, wheel thrown, hand applied slip on inner and outer

surfaces

Grey Matrix, Fine sand temper, fine white inclusions in matrix,

wheel thrown

Light Brown Matrix, coarse sand temper, white nodules in

matrix, both surfaces grey with burnishing, wheel thrown

Grey Matrix, Unidentifiable temper, Brick red slip on inner

surface, wheel thrown

. : : 3600 +

Dark Cream matrix, Coarse sand temper, Light cream slip 165 BCE

Light Brown Matrix, Coarse sand temper, wheel thrown, black

blots on outer surface, black pith

Brown Matrix, Coarse Straw temper, incompletely fired, wheel

thrown, cream slip on both surfaces, straw impressions visible

on both surfaces

3520 +

290 BCE

Light brown matrix, Fine straw temper, white inclusions, light
grey pith, slip on outer surface, wheel thrown

Dark cream matrix, coarse sand temper, white inclusions, slipped
on both surfaces

Brick red matrix, fine straw temper, wheel thrown, slip on outer
surface

Dark Cream matrix, Fine Sand temper, Brick Red slip on inner
surface, wheel thrown

Light Brown matrix, fine sand temper, wheel thrown, white
inclusions, completely fired, fine straw impressions visible on
both surfaces, both surfaces seem to be burnished

Light brown matrix, fine sand temper, white inclusions,
completely fired, outer surface burnished

Light grey matrix, fine sand temper, wheel thrown, completely 450 + 180
fired, outer surface burnished, white inclusions in matrix BCE
Light Brown matrix, Fine sand and straw temper, wheel thrown,

completely fired, outer surface slipped with thick brownish red,

outer surface burnished over the paint

Diameter of mouth 4.9, Height 9.8, body diameter 7.7 cmy

glazed small pitcher, decorated, completely figred, wheel thrown,

matrix light cream

Diameter of mouth 4.6, Height 10.5, body diameter 7.6 cmy

glazed small pitcher, decorated, completely figred, wheel thrown,

matrix light cream

Comparanda

Levine & Young 1986: Fig 31. #3

Levine &Young 1986: P. 4 Fig 7
Levine & McDonald 1977: 1, Ta

Similar to: Carter 1978: Fig 47, #9

Levine & Young 1986: Fig. 9, #35.2

Wright et al. 1975, Fig. 7: F

Levine & Young 1986, Fig 8: b

Similar to: Zagatell 1975, Fig 3: 4

Zagarell 1975, Fig. 3: 2

Zagarell P. 15b, Fig 3: 4

Similar to: Miroschedji 1978, Fig 50:
b

Wright et al. 1975, Fig. 7: F
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Ceramics

In terms of the chronology of the Central Zagros, the ceramics collected from the surface at Tappeh
Khanileh can be divided into four groups, the earliest of which is related to the Chalcolithic, and the most
recent of which belongs to the Islamic era (Figure 5 and Table 1).

Group 1: Middle Chalcolithic

Seven pieces of decorated ceramics were identified as part of this group. The paste of these wares is cream
and brick red with a very fine vegetal inclusions. The decorations on the ceramics are all geometric, and
include horizontal lines, vertical lines, and cross hatched patterns, executed in either dark brown or black.
None of the sherds is decorated on the inner side. This type of pottery is comparable to the monochrome
wares of Dalma and Godin VIII and IX (Mortensen 1976: 55, Levine and Young 19806: 21), (Figure 5: 2,
Table 1, Figures 4 and 7).

Group 2: Late Chalcolithic

The largest percentage of ceramics (39% or 23 sherds) belongs to the group of Late Chalcolithic wares. The
ware color varies from dark cream, brick red to light brown, and the temper is either straw ot fine sand. Most
of the potteries of group 2 seem to be wheel made. Vegetal inclusions sometimes create spongy surface on
the sherds. Often the outer surface of the potteries had thin slip or wash. Only two cases of thick red slip
are observed (Figure 5: 1 and 18). One example, of which thete is doubt in its Late Chalcolithic attribution,
is a decorated ware with a thick red slip with a musk-colored band on the lip and neck of the vessel (Figure
5: 1). Thete was also a specimen with a short spout, the surface of which was slipped as well (Figure 5: 12).
Based of the rim shapes, both open and closed pottery forms occur in the collections, from which the second
type tends to be the more common. Most of the rims tend to be everting. In some of the cases the rim may
evert quite shatply, whereas in others it is more gradual. In this collection, two samples with different
tempering agents were observed (for instance, fine sand with white grains), the outet surface of one of which
had been burnished. The matrix of these ceramics is more of a light grey.> However, except for the short
spouts and some special rim forms the potteries of the group can not be easily attributed to this period, due
to the fact that these forms again appear in later periods.

Group 3: Middle Elamite Period and the 1st Millennium BCE

Before dealing with the possible Middle Elamite period potteries, it is necessary to first briefly discuss a piece
of the Bronze Age pottery. This sherd is part of a rim of an open-mouthed vessel with a light brown matrix,
whose paste was tempered with sand and fine straw. The firing of the piece is complete and it seems to have
been wheel-thrown. This piece is therefore attributed to the third millennium and is in many ways very similar
to the ceramics of the Late Chalcolithic period. On the other hand, however, the matrix and the tempering
materials, as well as the type of slip on the piece are not comparable to the aforementioned Chalcolithic
wares (Figure 5: 12).

After the Late Chalcolithic wares, ceramics considered to belong to the Middle Elamite period compose the
largest percentage of the sample (20 pieces), however, unfortunately most of these pieces are body sherds of
vessels and mostly non-diagnostic. The matrix of this group of wares ranges in color from bricky red to
creamy light brown. Some of the diagnostic features of this group include relatively round and everting rims
with striking linear decorations, with both blocky and cord-like shapes (Figure 5: 3 and 14). The imprints of

3 The term “incompletely fired” is used in archaeological texts, and is also known as a “mis-firing”. This is important to
note, because the degree of firing is meaningful for consideration of the ceramics. The existence of a black or grey matrix
in the ceramics is caused by a rapid temperature increase and a lack of ability for gasses to escape completely during the
glassification process. Based on this, our suggestion is mention the color of matrix in the ceramics instead of use the term
“incompletely fired” (F. Bahrol’oloomi).
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FIGURE 4. Illicit excavations on top of Tappeh Khanileh reached virgin soil at a depth of approximately 6
meters. Most of the finds were collected from the backdirt of this deep pit.
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Stable-Barn

FIGURE 3. Right. Plan map of the village (cluster of boxes), mound (grey oval) and graveyard (dotted oval) From
left: Tappeh Khanileh, Tappeh Bawa, Locus of Glazed Iron Age vessels, destroyed ancient burial ground Left top.
Aerial image (Google Farth) of the Rawansar region, highlighting the locations of Khanileh and Tappeh Mousaet,
Left down. Aerial image (Google Earth) of the Khanileh, indicating the locations of the sites discussed in the

paper.

During the 2006 survey two illicit pits dug into the top of the mound were observed (Figs. 1b and 4). The larger
trench was located in the northern part of the mound and measured 2X2.5 meters wide and almost three meters
deep (Fig. 4). The remains of several stone walls were visible in the section of the trench. A number of ceramic
sherds (seemingly Chalcolithic), lithic artifacts, and animal bones were also found in the backdirt adjacent to
the pit. In the smaller trench, which was less than one meter wide, the remains of a burial, including the femur,
mandible, skull fragments, and phalanges were visible; these remains were likely related to the Islamic period,
and this is the probable reason the pit was abandoned. The faunal remains collected during the 2006 survey
were identified by Dr. Marjan Mashkour and included a cattle’s knuckle (about three years old), and one of a
goat as well. A shell of a freshwater bivalve was also found, which likely came from the Qara-Su River 2.5
kilometers to the east or from the Garab stream (Awi-Kher) 2 kilometers to the south. In 2009, illegal excavators
opened a deep pit on the mound that was approximately 2X2 meters with a depth of eight meters, and arrived
at likely virgin soil at 6 meters below the surface. This trench demonstrated the thickness of deposits at Tappeh
Khanileh.
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FIGURE 2. Up. The Khanileh location, the used base map: COP30; https://opentopography.org/; accessed
2025-02-01, Right. Location of Tappeh Khanileh and identified sites in the Mahidasht; Squares are Ubaid period sites,

Triangles are Uruk period sites. Kermanshah lies to the southeast, Rawansar to the north, the big arrow points to
Khanileh, and Mahidasht is to the south (Updated based on Levine 1977).
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Triassic to Late Cretaceous. This formation lies adjacent to the Kermanshah Radiolarite Basin and was
influenced by the tectonic evolution of the Zagros orogeny, which is part of the broader Alpine-Himalayan
belt. The Bisotun limestones were deposited on a homoclinic carbonate ramp, indicating a relatively stable
marine platform environment with gradual facies transitions. The depositional setting includes open marine,
shoal, lagoon, and tidal flat environments, suggesting a shallow, warm-water carbonate system with limited
siliciclastic input (Azimi et al., 2017). Lithologically, the Bisotun Formation is composed predominantly of dark
gray, medium- to thick-bedded massive limestones. Petrographic analysis has identified eight carbonate
microfacies, including bioclastic wackestones, packstones, and rudist-bearing grainstones. Diagenetic processes
such as micritization, dolomitization, silicification, stylolitization, and various forms of cementation have
significantly altered the original textures. The presence of dolomite, iron oxides, and bioturbation structures
further reflects complex post-depositional histories, making the Bisotun carbonates a valuable archive for
reconstructing paleoenvironmental and diagenetic conditions in the Zagros region (Azimi et al., 2017).

The Kermanshah Radiolarite Formation, located in western Iran within the Zagros orogenic belt, represents a
significant Mesozoic deep-marine sedimentary sequence deposited along the northern margin of the Neo-
Tethys Ocean. This formation is part of a broader tectonic framework shaped by the convergence of the
Arabian and Eurasian plates. The radiolarites are associated with the Harsin—Sahneh ophiolitic complex and
reflect a geodynamic evolution tied to subduction-related processes and back-arc basin development during the
Jurassic petiod. The region expetienced episodes of volcanic activity and internal wave dynamics, which
influenced sedimentation patterns and nutrient fluxes, particularly during the Pliensbachian to Aalenian stages
(Abdi et al., 2014). Lithologically, the Kermanshah Radiolarite succession comprises a 40-meter-thick sequence
of sponge spicule—radiolarian limestones, ribbon cherts, and interbedded pyroclastic deposits. These facies
reflect varying environmental conditions: low radiolarian productivity in oxygen-deficient bottom waters during
greenhouse phases, and higher productivity linked to volcanic nutrient input and internal wave activity. (Abdi
et al,, 2016). Radiolarite successions exposed in the outcrops of Khanileh village have served as a valuable
source of raw material for the production of stone tools. In contrast, the adjacent limestone sequences have
facilitated the formation of small aquifers where they come into contact with the radiolarites, giving rise to
several localized springs. Geomorphologically, the radiolarites form a distinct crescent-shaped pattern in the
landscape. Due to their higher susceptibility to erosion compared to the more resistant limestones, these units
commonly appeat as brown-to-purple landforms, creating a striking visual contrast in the terrain.

Based on several different statistical measures, the region's climate is relatively cold and only somewhat wet.
Using De Marten’s method of the Climatic Dryness Coefficient, the area is dry from May to September, desertic
from September to October, somewhat wet during April-May, and very wet during all the other months. In
other words, for five months of the year, it is relatively dry, and for seven months of the year, it is wet. Another
study using Conrad’s Coefficient found that the climate in the region is trending toward becoming wetter. The
amount of annual rainfall has now reached almost 600 milliliters. The temperature in summer has been reported
to maximize at 45°C and to minimize at -27°C in wintet.

Tappeh Khanileh

Tappeh Khanileh is located approximately 200 meters west of the village of Khanileh, on the eastern side of a
seasonal stream and adjacent to the road between Khanileh and Kani-Kaboud (Figures 1b and 1c). This mound,
which is located 1405 meters above sea level, covers one hectare and rises five meters above the surrounding
ground (Fig. 3). The village graveyard is adjacent to the eastern edge of the mound, and the mound plowed
annually across its entire surface, significantly contributing to the erosion of its archaeological deposits. Several
hundred meters to the north, there is a permanent spring, whose water is piped into the village of Khanileh.
This spring exposes a band of Kermanshah Radiolarite with a large mass of limestone. During the two surveys
of 1986 and 2000, seventy pieces of ceramics and forty-one chipped stone artifacts were collected from the
surface of the mound, which are now kept at the National Museum of Iran.
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Discovery site of Iron
Age glazed pottery Iron Age graveyard

Tappeh Khanileh

Tappeh Khanileh

Figure 1: General View of Khanileh from the South and the locations under discussion, a) Tappeh Khanileh, Tappeh
Bawa, Locus of Glazed Iron Age vessels, destroyed ancient burial ground, b) General view of Tappeh Khanileh and
the Village, Illict pits dug mentioned on top of the mound, ¢) Image of Tappeh Bawa showing the location of the
excavated pit, with Tappeh Khanileh visible in the background

Geographic Setting and Geomorphology of the Region

The Khanileh village fall into what is called the Zagros’s Crushed Zone or the High Zagros. The sequence of
rocky strata is mostly connected to the Kermanshah Radiolarite Formation and Bisotun formation. The Bisotun
Formation, located in the High Zagros zone near Kermanshah in western Iran, represents a significant
carbonate succession deposited along the southeastern margin of the Neo-Tethys Ocean during the Late
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INTRODUCTION

The Central Zagros region has been witness to multiple archaeological field projects over the course of the last
150 years, and as such, it holds a special place within the field of Iranian Archaeology. In 1959-1960, the Iranian
Prehistoric Project under Robert Braidwood (Oriental Institute, University of Chicago) and Ezzatollah
Negahban (Tehran University Archaeological Institute) surveyed the region along the Great Khorasan Road in
the Central Zagros and excavated at several sites in the Sarpol-Zehab, Islamabad, Mahidasht, and Kermanshah
plains (Braidwood et al. 1961). The goal of this project was to elucidate the details of the socio-economic
systems during the transition from the Paleolithic to the Neolithic, or from the period of hunting and gathering
to the period of settled food production.

The field activities of the Prehistoric Iran Project were followed with surveys and excavations by Iranian, British
(Goft 1971), Canadian (Young 1969, Young and Levine 1974) and American (Hole and Flannery 1967) research
teams in the 1960s and 1970s (Abdi 1999, Biglari 2001; Biglari and Haydari 2015; Biglari and Shidrang 2019;
Shidrang 2006; Abdi 2003). Through these extensive and continuous projects, our knowledge of the Paleolithic,
Neolithic, Chalcolithic (Levine and McDonald 1977, Henrickson 1985, Abdi 2003, Renette and Ghasrian 2020),
and Bronze Ages (Henrickson 1987), as well as their concomitant processes of political, social, and economic
transformation in this region has greatly increased (Hole 1987, Alibaigi and MacGinnis 2022, Alibaigi et al.
2023). Despite the many efforts still ongoing on archaeology, however, many important questions regarding
these petiods in the Central Zagros remain, including those such as: the nature of the process of development
of “]” wates, the distribution of “Dalma” (Hentickson and Vidali 1987) decorated ceramics, the influence of
Kura-Araxes ceramics on the region, the use of Urukian stations (Weiss and Young 1975) and the nature and
political structures of Godin III (Henrickson 1986) society, all of which require much further research.
Accordingly, future surveys in the Central Zagros must retire from the transient and expetrimental phase and
take themselves into the targeted methodical era in order to collect the data necessary to propose theories and
answers to the aforementioned questions.

STUDY AREA

Tappeh Khanileh is located at 46°37°10” East Longitude and 34°40°33” North Latitude, 200 metets west of
the village of Khanileh, approximately six kilometers southwest of Rawansar, 56 kilometers northwest of
Kermanshah, along the southern flank of the Salakan mountain range in the northwestern margins of the
Mahidasht survey area (Figures 2 and 3). The archaeological complex of Khanileh consist of two mounds
(Tappeh Khanileh and Tappeh Bawa), one destroyed mound (Tappeh Gella-Jana), and one probable Iron Age
graveyard, all of which are located around or in the village of Khanileh (Figure 1). These sites were identified
and sampled by Fereidoun Biglari in 1986! The cultural materials gathered during the 1986 survey were re-
investigated by Yousef Hassanzadeh during the course of his research on the first millennium occupation of
the Rawansar region. The collection’s variety and richness convinced him to return to Khanileh during his short
sutveys of the Rawansar region in May/June 20062. Although the aforementioned sutvey was initially intended
to search for Assyrian encroachments into the region, it was successful in identifying ceramics related to various
petiods at Tappeh Khanileh, as well as other sites in need of identification and analysis, locales which will be
followed up on in this paper. The overall goal here is to introduce and analyze the diagnostic cultural materials
produced by the investigation at Tappeh Khanileh and to discuss the other finds connected with the village.

1 At the recommendation of Shahin Kermanjani at the Organization of Cultural Heritage, Handicrafts, and Tourism of
Kermanshah Province, Tappeh Khanileh was listed as #10160 in the National Historic Register on June 23, 2003.

2 We thank Dr. Marjan Mashkour for identifying several zoological samples. We also greatly thank Dr. Kamyar Abdi for
reviewing this text and suggesting revisions. We are also extremely grateful to Mr. Khodadad Yarveisi for donating the

two Iron Age glazed ware from Tappeh Khanileh to Iran National Museum collection.
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Abstract

Tappeh Khanileh is located six kilometers to the southwest of Rawansar and approximately
56 kilometers to the northwest of Kermanshah. The presence of nearby natural springs and
its commanding view over the plain attracted people to Khanileh beginning in the
Chalcolithic period and through the Bronze, Iron, Historic and Islamic periods. There are
two mounds, a possible cemetery, and a destroyed mound surrounding the modern village
of Khanileh. Of these, the largest is a mound located west of the village with an
archaeological sequence from the Chalcolithic to the Iron Age. The site was located and
sampled by F. Biglari in 1984 and later Y. Hassanzadeh in 2004. TL dating of a number of
sherds from the 2004 sample has revealed two seties of dates: 4™ millennium BC and 1+
millennium BC. There is also a low mound with a historic occupation south of the village
called Tappeh Bawa, which was surveyed but not sampled. Local inhabitants found two
glazed short-necked jars of Neo-Assytian type dating back to around the 7% century BC.
The discovery of these glazed jars and some sherds with similar age have indicated the
presence of a cemetery or a village during the first half of the 15t millennium BC at Khanileh.
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Table 1- the daily thermal statistics of Shahdad meteorology on years of 1990-2003, October as measuring month and July
as a month with maximum temperature during year.

NAME OF STATION ZONECODE LATITUDE LONGITUDE ELEVATION

ZIYARATGAH-DEH-SEYF 3034 5749 353

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEP oCT Nov DEC | ANNUAL
1990 21.5 24.2 28.7 36.2 44.3 46.8 46.5 48.4 44.4 38.3 317 253 36.4
1991 21.9 233 26.5 37 42.6 49.8 48.7 46.4 43.4 37 30 24.4 359
1992 19.3 24.6 253 37 40.8 48 49.1 44.8 42.9 36.7 28.8 22.4 35
1993 18 26.4 26.2 38.6 43 49.3 49.7 47.8 43.8 855 28.1 22,5 35.7
1994 23.2 243 316 38.1 44.3 49.3 49.6 47.7 40.6 34.8 314 21.6 36.4
1995 20.7 24.4 28.1 36.1 39.2 44.9 48.5 46.3 41.8 36.7 29.1 19.7 34.6
1996 17.5 19.4 27.7 353 41.4 46.7 525 45.6 45.8 36.6 28.7 21.4 34.3
1997 20.7 22.6 25.9 332 38.8 44.6 47.4 45.3 42.3 35.2 25.7 20.7 335
1998 20.2 22.4 28.4 36.3 41.4 43.8 46.9 45.1 42.1 859 30 24.5 34.7
1999 19 23.4 26.5 36.2 41.1 47.2 47.3 44.8 42.4 36.6 28.1 213 34.5
2000 ok 23.4 28.5 39.4 45.4 45.3 44.7 44.6 43.2 36 26.4 22.4 ok
2001 18.9 22.8 313 38.8 43.6 45.5 47.2 45.2 43.8 37 25.2 28.3 35.6
2002 20.9 24.3 319 36.4 42.2 44.9 45.7 45.8 42.6 37.8 26.1 20.4 34.9
2003 19.6 26 29.4 373 39 46 48 44.6 41 36.7 27.4 20.4 34.6
MEAN 20.02857 23.67857 28.28571 36.85 41.93571 46.57857 | 47.48571 | 45.88571 | 42.86429 | 36.48571 |28.33571 |22.52143 | 35.00714

CONCLUSION

It is usable to approximate the temperature of earth surface using satellite image, especially on sites
that there is not possible to measure directly low or high temperatures. The basalts of Kerman Gandom
Beryan always, have considered because of surface temperature, but until now, the temperature of this
region has not reported exactly. In the present research, by using thermal remote sensing along with
tield measurements and local meteorology statistical date the high surface temperature of region as hate
pole of earth has measured. Location Latitude and low elevation of the region in heart of desert are of
general factors, which along with specific surface absorption of basalt, cause to higher temperature of
basaltic Messa level of Gandom Beruyan.

By considering daily and monthly thermal corrections, the calculated final temperature equals to at least
760C as highest finally temperature of Gandom Beryan’s basaltic Messa, thus, it is so plausible to name
Gandom Beryan region as hot pole of earth. One of most important influence factors on uneven of
thermal distribution on basaltic Messa of GandomBryan is unlike diffusivity of fractures on the surface
of basaltic rocks that caused to weathering basaltic dark rocks. In the present study, we created
photoliniement factor map of fractures in region's surface and with compate by isotherm map of area
finding that the most important factor in hate distribution on surface of hot pol of earth is fractures
distribution.
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20/092013 7:00  8:00  9:00 10:00 11:00 12:00 13:00 14:00 16:00 17:00
1- GandomBeryan sample-A 9 23 35 43 48 50 51 51 37 23
2- GandomBeryan sample-B 9 25 37 45 47 48 49 49 35 22
3- GandomBeryan sample1-C 13 28 42 51 53 54 56 57 40 25

4- Mesocrat Andesitic sample-D 10 23 36 42 46 48 49 49 34 22
5- Mesocrat Andesitic sample1-E 10 16 34 41 45 46 48 46 33 20
6- leucocratic Lim.stone sample-F 6 14 25 31 37 38 40 39 29 21
7- leucocratic Lim.stone sample-G 7 17 27 34 35 38 42 42 30 19
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Figure 15: images from field measuring time
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station of Shahdad shows thermal increase equals to 50C from 10 A.M (satellite photography hour)
until 2 P.M (Maximum solar radiation hour) (figure 13).

This conclusion for daily temperature changes are correlated with field measurements that we done at
September. Our field measurements (figure 14 and 15). illustrate that surface temperature in region have
60C deferential from 10 A.M to 2 P.M. Based on given points about hour and day of satellite
photography and hour and day of maximum temperature of region, 50C is plus to obtained thermal
data on 10 A.M in order to reach maximum daily temperature on the day of satellite photography. Based
on regional statistic data in 14 year, the average monthly thermal variance of October and July equals
to 110C (Table 2). This difference also has calculated as monthly positive correction temperature until
hottest time over of year. By figuring in given daily and monthly corrections, the calculated final
temperature would be as highest temperature of Messa of Gandom Beryan on year equals to 760C.
Whereas the diagram of daily thermal rise on black basaltic Messa of Gandom Beryan show able to
arrive to more than one which has been provided in measurements of this study.
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Figure 13- Average daily thermal changes in Shahdad station on Mehr 89 (Meteorology site of country)

With regard to season and hour of satellite photography, the temperature of Messa surface is
generalizable to higher levels. In the present study, the daily thermal changes were reviewed on nearest
meteorology station. It is clear that, special situation of thermal absorption on black Messa of Gandom
Beryan isn’t comparable with meteorology station location, thus, temperature of dark and uniform
Messa of Gandom Beryan on hottest times of year will reach over than 800C easily.
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Figure 12- final map of linearity factor index of studied region

Daily and monthly temperature changes in the region:

The conducted studies based on satellite thermal data then the calculations limited to time interval
(hour, season) of satellite photography. The temperature of photography hour by documental statistical
data obtained from meteorology station of Shahdad, was generalized to more hot hours of day and hot
months of year. The diagram of monthly thermal changes of Shahdad meteorology, shows thermal
variance equals to 110C for October (Mehr) in contrast with July (Mordad) which includes maximum
temperature of year. In order to generalization of daily temperature to hottest circadian times, the daily
changes of temperature in moderate months of year were reviewed. This review was conducted through
meteorology satellite data. The diagram of thermal changes on circadian times given from meteorology
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The comparison of linearity factor map and related map on thermal diffusivity on basalts level shows
partial correspondence of reverse relation of linearity factor and surface temperature of basaltic Messa. It
is necessary to say that, given correspondence should be addressed on basalts which have similar thermal
absorption. Thus, one of most important factors in thermal distribution on basaltic Messa surface of
Gandom Beryan is unlike diffusion of fractures on the surface of basaltic rocks. The fractures as well as
surface fine and coarse faults provide erosion situations on the surface of regional dark rocks. The erosion
and physical & chemical weathering decrease darkness of rock’s surface. Thus, the thermal absorption
intensity by dark basaltic rocks decreases with susceptible to weathering. Therefore, the linearity factor is
the main factor in unlike thermal on the surface of basalts.
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Figure 11- filtered satellite image under cell network and described points to calculate linearity factor
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Relationship of linearity factor with thermal distribution on basaltic Messa

The linearity factor is an index that indicates emissivity intensity and wreck on an area (Hardcastle,
1995). In calculation linearity factor, the different components is considered, Here, in order to review,
the number, length, and cross- sections of lines on the surface of Messa 2 were calculated and
considered. For creating linearity factor, firstly, the network 5.7 was designed and set on regional satellite
image, for any of given network cells, the point file is described which in related data to file table, tines
concentration on that cell, was saved. Then by using regional filtered satellite image, the map 1: 100000
of Laker Kooh and previous studies by (walker, 2002, 2009), the image of regions faults map was
obtained. In filtration of regional satellite image, the Direction filtration and Kernels 3.3 in three main
directions of linearity was used. In final, the cross- section, faults number in any of given cells was
calculated by following formula and the final map of linearity factor of region was obtained (figures 10-
12).

pf=I/L+n/N+c/C

where I is faults length in any cell, L= average fault length in total studied area, n, number of faults in
any cell, N, average number of faults in total area, C, number of faults cross- sections in any cell, C,
average number of faults cross section in total studied area.

Figure 10- Images of regional faults along with cell network and calculation points of linearity factor
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In provide diagrams from thermal image of the region, it is observed that highest reflection intensity
related to south section of Gandom Beryan basalt which is a table covered by basalt. As observed, in
north section of basaltic Messa and old basalts bounds, normally reflection intensity is weaker because
of low outcrop of basalts on the earth and more transformation in these bands. The partially high
reflection intensity on east border and weaker reflection on west border could be result of basaltic flow
direction and possibly topography slope towards east- south of region which in the studding region was
caused to high diffusivity of basalts blocks on eastern section of Gandom Beryan, while on western
section, of region, these rocks have lower diffusivity. The thermal variance of basaltic region and side
surfaces of basaltic Messa in temporal section has been showed in the figure 8. The solar radiation
absorption variance and temporal emissions for regional basaltic rocks and desert normal surface is
distinguishable in figure 9 as well.
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thermal absorption variances, the surface thermal reflection altitude model diagram of Messa also was
provided which explicitly, the regions with more rise show higher thermal absorption (figure 7).
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Figure 5. The thermal band display of Gandom Betyan, A. thermal band with red color, B, thermal band with green color,
C, thermal band with Hue composition in decartian color system HSV, D, thermal band with blue color.
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Where:

LA is receiving reflection intensity by estimating in m-2.stet-1. pm-1,

L min is minimum receiving reflection intensity by estimating of taken shot,
L max, maximum receiving reflection intensity by estimating of taken shot,
DN max is maximum pixel value in 0-255 level.

The conversion of spectrum reflection intensity in special wavelength to unit of temperature measuring
units is possible by considering median reflective light spectrum and obtained radiation intensity from
plank rule. Thus the median wavelength of Landsat's band 6 is obtained and substitute along with
calculated radiation intensity in the following equation:

T=c2/[AMn{(theAcIA-5/mLA)+1}],
C1= 21thc C2=hc/k A= (12.5+10.4)/2

In the present study: The TA or atmosphere clatity effect, is considered 0.93. The given value is for

median Geogtraphic latitudes on, international resoutrces. €A ot spectral diffusive effect here is taken
0.98 based on available resources (Suga et al 2003). Based on results of Suga and et al studies (2003)
during study which have conducted in order to review thermo metering possibility through Landsat
thermal infrared images around the Hiroshima, the thermal correction coefficient for given calculations
has been provided. The given coetficients were obtained through precise and repetitive compatison of
signaled data from estimating and direct measuring. The exercise of given measurements on thermal
image 1s possible through mote telemetering software. In the present research, the calculations were
exercised through software ENVI4.8 on regional thermal image. The algorithm and menu directions of
software have been provided in following to create and radiance radiation intensity based on Kelvin. In
order to create image of radiation intensity, the following pattern in software is used.

Basic Tools or Spectral> Preprocessing> Calibration Utilities> Landsat Calibration

In order to convert radiance data into Kelvin unit, the following path 1s used.

Basic Tools or Spectral> Preprocessing > Data- Specific Utilities> Thermal IR> Emissivity
Normalization.

In studies of Suga and et al (2003), the obtained correction coefficients are calculated for pixel values
0£0.9891-0.9994. The average temperature variance values obtained from conversion of estimating data
to measured exact temperature, are calculated directly at seasons of summer (+0.7 -1.5), autumn (+0.4
-0.9), winter ((-1.6)-(-3.4) and spring ((-0.5)-(+0.6)). Although, in contrast with the calculated
temperature of given area, this variance isn’t so significant but as approach to cold season of year, the
most positive correction on data should be exetcised for example, at winter, it ought to add 1,6-3-4' to
calculated data. In order to show heat reflective intensity from basalts of Sarthakht, the false color
images in different wavelengths along with band 6 are displayed. In provided images, it is observed the
difference on heat band reflective surface from basaltic rocks than other wavelengths. In (figure 5-A),
the thermal band is displayed with red color, in (figure 5B) green, in (figure 5C) with Hue composition
in HSV color system and in (figure D) thermal band with blue color. In selection of color composition,
it is tried to select integrating bands with thermal band so that but false color of band 6, the remaining
colors are with lowest exaggeration. The temperature distribution diagram on Messa level also, was
created by conversion emissive rate to surface temperature (figure 6). In order to illuminating surface
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Methodology

The calculation of electromagnetic waves energy and its temperature rate for spectrums with short
wavelength shows more bias. The best areas which could be calculated its energy and temperal rate with
lowest bending from plank rule are spectrums 3-5 micrometer and 8-14 micrometer from heat infrared
limit (Sabins, 1997). The missioned electromagnetic waves in heat wavelengths are emissive which
indicate emission electromagnetic waves from surface. The provided images by ETM+ in distinct
wavelengths and in the form of 6 reflective bands, are two thermal bands and one panchromatic band
that through heat bands are suitable for the present research, the provided images in wavelengths SWIR,
NIR, VISIBLE, because of absorbance power of waves with lower wavelength could have higher
resolution but images in TIR wavelengths which have higher waves, possess lower resolution until
provide necessary energy to reach estimation from broadest surface. In estimating ETM+, the bands
have resolution of 30 m along with estimating panchromatic band that have resolution of 15 m. the
ETM+ estimating in band 6, has two images with heat wavelength which is provided with resolution
of 90 m (USGS, 2000). The given images are called low gain, High gain that one of them, has been
designed for higher sensitivity and lower data range and other one for lower sensitivity and more data
In LST studies, often the image with higher sensitivity is used (Suga et al, 2003) In the present research
also, the low gain image of band 6 has been used.

Calculation of surface temperature using thermal image

In the present study, the surface temperature of region’s basaltic rocks using images of estimating
thermal infrared band ETM+ has been used that was taken in moderate times of a year. The studding
thermal infrared image an 10 AM in Wednesday, 29 September 2010 has been considered by measuring
from the tegion. In northern hemisphere and latitudes about 30, the end of September is considered
moderate times of a year which indicates onset of autumn. The temperature higher than 60' to region
on latitude 30" and in the season of autumn is an unique phenomena that only is appeared in the broad
and black Messa of Gandom Beryan. In order to recovering surface temperature of basaltic Messa from
measuring thermal data of ETM+, the plank rules are used. The light equations and plank radiation are
of most basic ones of light physics could be used in calculation of radiation intensity based on radiance.

L, =2nhc’At,¢, /[n{exp(hc/AkT) - 1}],
Where:

A is wavelength in micrometert,

T is temperature in Kelvin

LA, reflection intensity in m-2-stet-1, pm-1,
C, speed of light equals to 2.998, Lo 8 ms-1,
h, Plank constant equals to 6.626* 10-34,

TA; Radiations transmission rate in atmosphere,
k is Boltzmxan constant equals to 1.380* 10-23jk-1,

€A is spectrum diffusion rate.

The result of plank equation of pixels’ radiation intensity is according to radiance. In order to calculate

radiation A or L intensity of from communicated data from estimating ETM+ which are imagen based
on 8 bit’s technology with pixel values (DN value) between 0-256, the following equation is used

LA=Lmin+(Lmax-Lmin)xDN/DNmax
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Figure 3: Images of Gandom Beryan region
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Figure 4: World map of maximum land sutface temperature for 2003-2009 using satellite data Aqua/ Modis. The red
regions show highest surface temperature (Mildrexler et al, 2011).
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MATERIALS and METHODS
Study Area

Gandom Beryan is an area covered by basaltic magmas in Lut desert (north of Kerman) and is located
on 80 km of Shahdad and belonges to Lut zone geologically (figures 1,2). It’s a proximal area is 480
km?2. The man phases of eruption in the region of Gandom Beryan, are basaltic magmas belts which
developed on north and south of craters. The north section of these magmas are older than south one,
because main sediments was covered them and only in some parts, the basaltic belts was remained as
sequences with about 18 m thickness, the flows of south section, enclosed an bounds with area of 350
km?2. The thickness of given current is about 4 m and the residual of ripped beneath sediments of basalt
is observed on ridge of takht, which is result of high temperature of basaltic magma during outpouring
(figure 3).

This region which was called Rig Sukhteh in the past has about 400 m altitude from sea level. The higher
dryness, lower cloudiness and more sunny hours are dominant in all areas which have limited situations
and located in latatiude of 25-38 and the region of Gandom Beryan also is benefit from high solar
radiation rate, sunny days because of locating on Lut desert and geographical specific location, which
led to being one of hottest spots of the earth. Based on Mildrexler (2012), the Lut desert of Iran is
known as thermal pole of the earth. Gabriel (1938) and Alavi Panah and et al (2007) also introduce Lut
desert as of hottest desert of the earth (Ehsani et al, 2008). The Lut desert with temperature about 690C
has been designed as hottest spot of earth in 2004-2009 (Milderalerm, 2011- figure 4).
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Figure 1. Diffusivity map of volcanic rocks (extracted from geology agency site www.GSLIR)
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NTRODUCTION

Chaleh lut consists of their north, south and central parts situation ally. These parts in total make great
pit where, the slopes are toward pit, and its lowest point has about 200 m from sea level. The central
lut is the broadest part of given desert and its lowest point from sea level is at least 190 m high (Ahmadi
1998, Alavi Panah 2002). This pit is a broad and hot field region which has specific goo morphological
characteristics and based on Mahmoodi (1971), the regional and local winds, high heat, intensive dryness
and being of salt domes are of factors in making and extending of Lut desert. The basaltic Messa of
Gandom Beryan in Kerman is one of notable phenomena of Lut desert nature. This plane covered
black rocks which by locating on heart of desert, absorbs significant heat of sun radiation.

The desert location, latitude, and altitude of region are of factors which along with specific surface
absorption of basalt, cause to too high temperature of basaltic Messa surface. The geographical situation
and approach ways to the region is such that direct measuring of most spots isn’t possible. In the present
study, in order to measuring of basaltic Messa surface temperature and review of temperature
distribution on broad surface of the region, the indirect method of radiated waves from its level in heat
infrared wavelengths has been used. The temperature and its behavioral pattern in biological systems,
physical (distortion and erosion) and chemical as well as humidity (evaporate and transpiration) in
special in the hot and dry weather is most important. The phenomena and bodies, absorb, reflect, pass
or radiate.

Thus the most important factor in surfaces temperature, is the resultant energy of solar electromagnetic
waves, absorb, the other influence factors on surface temperature ate result of heat and physical
characteristics of phenomena and dominant weather conditions. Thus by considering radiated waves
relations of body's surface, could calculate and render surface temperature based on determinant units
of temperature. Up to now, this method has been used in most studies such as Military cases, finding
potential spots of geothermal resources environmental problems and civil planning (Artis et al, 1982;
Rothery et al, 1988; Schneider et al 1996; Urai, 2000; Franca et al, 2002; Suga et al, 2003; Yang et al,
2003; Wan et al, 2005; Coolbaugh et al, 2007; Zheng and Shao, 2007; Srivastava et al, 2009; Boudhar et
al, 2009). It could be analyzed the reflective waves from region surface through signaled multispectral
from satellites. In the present study, the measuring thermal images ETM+ in high wavelengths of
infrared spectrum to measure thermal radiations level from Messa of Gandom Beryan. The satellite data
1s recetved as pixel digital values (DN Value).

These values are a function of light radiation intensity in given wavelength. The conversion of pixel
values unit to modular radiation intensity based on radiance, make possible to calculate the energy of
light radiation intensity with any certain frequency. The obtained energy of any pixel radiation intensity
also could be provided as one unit of temperature determinant units. The generalization of calculated
temperature from satellite image to hot hours of day and hot reasons of year through meteorology data
has been used in the present research. For this reason, the daily and yearly statistical data of local
meteorology has been reviewed. Then the map of temperature distribution in different spots of Sartkht
has been provided as isotherm map and diffuseness of heat energy absorbance distribution on the
surface of rocks reviewed. With regard to that one of influence factors in difference of heat energy
absorbance on basaltic Sarthakht surface, especially on regional craters location could be faulting and
erosion of basaltic rocks, in order to adjust solar energy absorption rate with erosion surface rocks, the
map of linearity factor of given area has been provided.
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Abstract

The region of Gandom Beryan, also known as burned sand, is a mesa covered with basaltic
magma in the northeast of Kerman, situated in the heart of the Lut Desert. This area has always
been recognized for its high temperatures. In this study, we utilized thermal remote sensing and
field studies to measure the surface temperature of the Gandom Beryan region through both
direct and indirect estimation methods, along with exclamation methods. The mountains
surrounding Lut in all directions limit the permeation of TIR images (photographed at 10 A.M.
on Wednesday, October 7, 2010) and field measurements of sea humidity from the Hend
Ocean, contributing to increased dryness and decreased surface absorption of basaltic rocks in
the region. These factors have led to exttemely high temperatures, cloudiness, and prolonged
sunlight hours. Generally, the desert's location, low latitude, low altitude, and the specific
characteristics of the Gandom Beryan surface contribute to these conditions. After considering
daily and monthly cotrections, the final measured temperature reached a peak of at least 76°C,
making Gandom Beryan basaltic mesa a potential hot pole of the Earth based on conducted
reviews. The temperature distribution on basaltic rocks is influenced by factors such as erosion
and the fragmentation of rocks on the surface of Gandom Beryan. Consequently, the measured
surface temperature in the southern section of Gandom Beryan, which is covered by dark,
homogeneous basaltic rocks, exhibits higher heat reflection than the northern section.
Therefore, a comparison between the generated photoluminescent factor and the isotherm map
of this region indicates that areas with high breakage intensity have lower surface temperatures
than their peripheries.
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Table 3. (Continue)
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Total 3.000 3.001 3.001 3.002 3.001 3.002 3.000 3.003 3.001
titanomagnetites WA 2.334 2.316 2.331 2.293 2.296 2.320 2.334 2.331
FeO (%) 48.535 48.824 49.133 49.742 73.822 74.835 49.669 48.981 49.287
Fe203 (%) 18.976 20.715 17.270 16.526 31.199 31.283 17.041 18.146 18.107
Total 95.036 95.930 95.565 95.223 95.087 95.338 95.494 95.381 95.560
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Table 3. Representative microprobe analysis of magnetite in the JavaherDasht basaltic rocks (oxides are in wt. % and
elements are in apfu).

Jdi Jdi Jdi Jdi Jdi Jdi Jdi Jdi Jdi

0.636 0.597 0.14 0.312 0.605 1.495 0.100 0.317 0.201

21.282  16.525 22.206 16.952  20.740 22.187  21.023  21.497  23.337

2.599 5.702 1.766 5.733 1.190 1.889 1.852 1.665 1.797
0.1 0.815 0.1 0.825 0.101 0.132 0.134 0.185 0.174
65.686  63.238 66.777 62.877 65.852 64.235 67.508 67.373  64.653

1.808 0.379 2.034 0.385 1.867 1.851 1.836 1.878 2.055

0.078 3.684 0 3.658 0.163 0.072 0.000 0.016 0.000
0 0.039 0.082 0.061 0.103 0.090 0.078 0.065 0.080
0.236 0.067 0.07 0.080 0.156 0.455 0.141 0.204 0.165
0.026 0.049 0.02 0.023 0.071 0.044 0.000 0.000 0.025
0.3 0.050 0.27 0.131 0.242 0.328 0.339 0.318 0.301
0.37 0.969 0.33 0.942 0.158 0.534 0.484 0.407 0.368

93.50 92.114  93.80 91.979 91.248 93.312 93.495 93.925 93.156
0.025 0.022 0.005 0.012 0.024 0.058 0.004 0.012 0.008
0.623 0.466 0.650 0.479 0.623 0.649 0.616 0.627 0.688
0.119 0.252 0.081 0.254 0.056 0.087 0.085 0.076 0.083
0.571 0.717 0.595 0.710 0.639 0.476 0.655 0.626 0.507

1.564 1.266 1.577 1.267 1.559 1.613 1.543 1.559 1.611
0.003 0.024 0.003 0.025 0.003 0.004 0.004 0.006 0.005

0.060 0.012 0.067 0.012 0.063 0.061 0.061 0.062 0.068
0.005 0.206 0.000 0.205 0.010 0.004 0.000 0.001 0.000
0.010 0.003 0.003 0.003 0.007 0.019 0.006 0.008 0.007
0.002 0.004 0.002 0.002 0.005 0.003 0.000 0.000 0.002
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001
0.009 0.001 0.008 0.004 0.007 0.009 0.010 0.009 0.009
0.011 0.029 0.010 0.028 0.005 0.017 0.015 0.013 0.012
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3.001 3.002 3.001 3.001 3.004 3.002 3.000 3.000 3.001

2.336 2.252 2.336 2.259 2.399 2.337 2.340 2.330 2.354

FeO (%) 48.113  40.376  48.491  40.291  46.703  49.589  47.385  48.069  49.173
Fe;03 (%) 19.529  25.408 20.322  25.101 21.282  16.276  22.364  21.453 17.203

94.975 93.845 95731 93.669 93.279 94.811 95.602 95.889  94.706
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Figure 3. a: Classification diagrams are used for clinopyroxene, with the adopted classification scheme adopted coming
from Morimoto et al (1988) b: The Plot of clinopyroxene compositions (Deer et al., 1992) on the pyroxene isotherm
curves (Lindsley and Andersen, 1983). c: The ternary diagram illustrates that titanomagnetite is the predominant iron
titanium oxide in JavaherDasht samples (After Droop, 1987). d: Feldspars are classified based on the end members of the
NaAlSi;Og (Albite, Ab) — CaALSi,Og (Anorthite, An) — KAISi305 (Orthoclase, Or) solid solution (after Deer et al., 1992;
Gunduz et al, 2023).e: Evaluation of Oxygen Fugacity in magnetite reveals that the samples from JavaherDasht fall into
the HM category, indicating high fugacity (Andersen and Lindsley, 1985). f: We calculated the crystallization temperature
and barometry of clinopyroxene phenocrysts using the method proposed by Putirka (2008).
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the M2 site, though Morimoto et al. (1988) assumed that the M1 and M2 sites were a single M site because
T, M1, and M2 sites are a function of temperature in pyroxenes (Yavuz, 2013). In MagMin_PT, a pyroxene
formula is recalculated based on six oxygens according to the scheme of allocation of cations by Motimoto
et al. (1988), and the estimation of Fe?* is made using the following equation given by Droop (1987):

F = 2X (1-T/S)

Where T represents the ideal number of cations per formula unit, and S denotes the observed cation total
per X oxygens, calculated assuming all iron to be Fe?* (Figure. 3b). The results imply that the samples formed
in three stages at temperatures ranging from 1000°C to 1200°C at low to medium pressures. A temperature
range of 1000°C —1200°C was obtained for clinopyroxene crystallization from analyses plotted on a Wo—En—
Fs diagram (Lindsley and Andersen, 1983). In Figure 3b clinopyroxene thermometry can be observed.

Pyroxene thermometry has proven to be a powerful tool for determining the temperature conditions under
which clinopyroxene crystallized. We calculated the crystallization temperature of clinopyroxene phenocrysts
using the equation proposed by Putirka (2008) (Figure. 3f) at estimated pressures ranging from 1 to 8 kbar.
In this study, the trachybasalts and alkalibasalt rocks exhibit the highest formation temperature,
approximately 1000-1200°C. Additionally, based on the approaches by Aoki and Shiba (1973) and Helz
(1976), the pyroxenes in the study area span a wide range of pressures, typically averaging around 5 kbar
(Figure. 3f). This suggests that their crystallization occurs while they are arrested during the magma ascent.
Itis believed that this temperature range is conducive to the crystallization and equilibrium of clinopyroxene
crystals within a basaltic melt (Sisson and Grove, 1993).

Based on barometric data, it is possible to estimate the depth of crystallization mineral balance or the depth
of the magma chamber. In general, in the continental crust with a depth of less than 10-15 km for the upper
crust, a depth of 10-15 to 20-25 km for the middle crust, and a depth of more than 20-25 km for the lower
crust (Rudnick and Fountain, 1995). Assuming an average density of 2.8 grams per cubic centimeter for the
continental crust, each kilobar of pressure is equal to a thickness of 3.7 kilometers (Rudnick and Fountain,
1995). Therefore, the crystallization of some crystals that show a pressure of less than 2.5 kbar (samples Jd1
and NL4) occurred at a depth of less than 10 km. This feature indicates a magma chamber in the upper crust
(Chaussard and Amelung, 2014). On the other hand, some other crystals that shows a higher pressure equal
to 2.5 to 7 kilobar (NL7, NL8, NL15) are considered to be close to 10 to 25 km deep. So we suggested that
the magma chamber of the crystallization of our clinopyroxene is in the upper crust to middle crust.

CONCLUSION

Our samples fall into the high-Ti basalt category based on the following evidence: we observe both
titanomagnetites and clinopyroxenes in the augite zone. These high-Ti basalts originate from an enriched
and fertile asthenosphere mantle source form through the melting of a mantle plume that contains
delaminated lower crust.

The depth of magmatic chambers and clinopyroxene crystallization in the basaltic rocks of the northern
Alborz is related to the middle to upper crust. The depth of the magma chambers is likely associated with
the age of the area, the crust’s structure, and the stresses within the crust. Shallow magmatic chambers, which
are linked to thinner crusts (we suggest a crustal thickness of less than 25 km in our study area), are associated
with extensional environments. From a tectonic perspective, the Cretaceous intraplate alkaline basalts in the
northern Alborz area are probably connected to extensional tectonics, uplift, and a mantle hot spot plume
due to an Intraplate volcanism.
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The calculation results are shown on ternary diagrams for FeO—Fe,O3—TiOz in Fig3.c. Fe3* separation
is determined according to the equation of Droop (1987). 25 points of magnetite of JavaherDasht, have
been studied, and the mean values of some points are listed in Table 3. The titanomagnetite series is
the only opaque mineral present in the Cretaceous basalt samples from the study area. The composition
of the magnetite (Mt)-ulvospinel (Usp) solid solution has been recalculated following the reference by
Gunduz et al. (2023). The ternary diagram reveals that titanomagnetite is the predominant iron titanium
oxide in JavaherDasht samples.

The chemical composition of magnetite is Fe?™ (Fe3*) »(O%) 4. This indicates that magnetite contains
both ferrous (divalent) and ferric (trivalent) iron, suggesting crystallization in an environment with
intermediate levels of oxygen (Kesler et al, 2015). As a member of the inverse spinel group, magnetite
can form solid solutions with similarly structured minerals, including ulvospinel (Fe,TiOs) and
magnesioferrite (MgFe>O4) (Nesse, 2000). Titanomagnetite, also known as titaniferous magnetite, is a
solid solution between magnetite and ulvospinel that crystallizes in many mafic igneous rocks. During
cooling, titanomagnetite may undergo oxy-exsolution, resulting in ingrowths of magnetite and ilmenite
(Nesse, 2000). Titanomagnetite is a mineral that is a solid solution of magnetite and ulvospinel, and is
the primary source of remanent magnetization in most rocks. It is commonly found in high to very high
magnetic susceptibility rocks, particularly igneous rocks, and can sometimes be found in an oxidized
state in continental basalts and soils (Mogensen, 19406).

Evaluation of Oxygen Fugacity in Magnetite

Oxygen fugacity plays an important role in altering the liquidus temperature, melt and crystal composition,
magmatic processes, crystallization sequence, and types of crystallized minerals (Moretti, 2005; France et al.,
2010). The compositions of coexisting ilmenite and magnetite have been extensively used as a
thermobarometer because their compositions strongly depend on oxygen fugacity and the temperature at
which they are equilibrated. Magnetite has been crucial in understanding the conditions under which rocks
form (Stormer, 1983).

In natural magmatic systems, several buffer reactions involving magnetite can be used to characterize the
oxidation state of magma. These reactions include the hematite—magnetite (HM), quartz—fayalite—magnetite
(QFM), and magnetite—wustite (MW) reactions (Gunduz et al., 2023). Magnetite reacts with oxygen to
produce hematite, and this mineral pair forms a buffer that controls the oxidizing conditions (oxygen
fugacity) of its environment. This buffer is known as the hematite-magnetite or HM buffer. At lower oxygen
levels, magnetite can form a buffer with quartz and fayalite, referred to as the QFM buffer. Further reducing
conditions lead to the formation of a buffer between magnetite and wustite, known as the MW buffer. The
QFM and MW buffers have been widely used in laboratory experiments to study rock chemistry. Notably,
the QFM buffer closely approximates the oxygen fugacity of most igneous rocks (Philpotts et al., 2009).

We calculated the temperature (T) in degrees Celsius and oxygen fugacity (fO;) values, calibrated according
to Andersen and Lindsley (1985) (Figure. 3e). The samples from JavaherDasht all fall into the HM category,
indicating high fugacity (Figure. 3¢) and temperatures ranging from 700°C to 800°C. Petrographic evidence
from our samples also supports the observation of increased oxygen fugacity in the magma.

Geothermometry and Barometry

MagMin_PT is primarily designed mainly as a comprehensive geothermobarometry tool for igneous systems
(Gunduz et al, 2023). It is a Microsoft® Excel® workbook specifically tailored for pyroxenes, whose general
chemical formula is M2M1T>0¢ (Gunduz et al, 2023). Pyroxenes are classified based on the occupancy of
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Table 2. Representative microprobe analysis of plagioclases and alkalifeldspart in the northern Alborz basaltic rocks (oxides

are in wt. % and elements are in apfu). Calculation is based on 8 oxygen atoms.

Sample Jd1
57.506
TiO: 0.064
25.888
0.367
0.033
0.036
0.054
7.689
5.993
0.794
0.116
Total 98.54
10.518
Ti 0.009
5.581
C 0.000
Fe3* 0.000
Fe?* 0.056
0.005
0.010
1.507
0.004
2.125
0.185
Total(cat) 20.000
Total(oxy) 20.000
55.674
39.472
4.853
NL7
67.875
0.003
19.92
0.11

-

(e]

0
0
0.

026
0.541
11.311
0.326
0.291
Total 100
11.868
Ti 0.000
4.105
Cr 0.000
Fe3* 0.000
Fe?* 0.016
0.000
0.000
0.101
0.002
3.835
0.073
Total(cat) 20.000
Total(oxy) 20.000
95.658
2.528
1.814

Jdi
41.101
0.025
15.712
10.258
0.054
18.315
0.014
0.989
1.116
0.651
0.065
95.00
10.961
0.005
5.016
0.000
0.000
0.074
0.000
0.026
1.046
0.014
2423
0.434
20.000
20.000
62.077
26.797
11.127
NL7
65.33
0
20.57
0.234
0.005
0.031
0.199
0.638
10.173
1.159
0.506
98.50
11.689
0.000
4.338
0.000
0.000
0.035
0.001
0.008
0.122
0.014
3.529
0.265
20.000
20.000
90.121
3.123
6.756

Jd1
65.626
0.05
18.923
0.723
0.029
0.273
0.028
0.604
5.531
8.12
0.004
99.91
11.852
0.007
4.028
0.000
0.000
0.109
0.004
0.073
0.117
0.002
1.937
1.871
20.000
20.000
49.351
2.978
47.671
NL7
66.124
1.137
19.335
0.251
0
0.016
0
1.649
11.099
0.134
0.296
100
11.656
0.151
4.017
0.000
0.000
0.037
0.000
0.004
0.311
0.000
3.793
0.030
20.000
20.000
91.739
7.532
0.729

NL4
60.408
0.019
23.697
0.347
0
0.017
0.156
6.189
7.443
0.725
0.289
99.29
10.912
0.003
5.045
0.000
0.000
0.052
0.000
0.005
1.198
0.011
2.607
0.167
20.000
20.000
65.634
30.159
4.207
NL8
54.244
0.025
28.049
0.564
0.000
0.045
0.000
10.597
5.334
0.302
0.135
99.30
9.868
0.003
6.014
0.000
0.000
0.086
0.000
0.012
2.065
0.000
1.881
0.070
20.000
20.000
46.836
51.419
1.745

NL4
53.172
0.048
27.796
0.652
0
0.118
0
12.349
4.016
0.245
0.11
98.50
9.845
0.007
6.066
0.000
0.000
0.101
0.000
0.033
2.450
0.000
1.442
0.058
20.000
20.000
36.505
62.030
1.465
NL8
53.945
0.060
28.539
0.567
0.005
0.079
0.000
11.397
4.773
0.267
0.067
99.70
9.806
0.008
6.114
0.000
0.000
0.086
0.001
0.021
2.220
0.000
1.682
0.062
20.000
20.000
42.439
55.999
1.562

NL4
52.882
0.021
27.577
0.643
0.009
0.156
0.057
12.216
4.2
0.237
0
98.00
9.817
0.003
6.034
0.000
0.000
0.100
0.001
0.043
2.430
0.004
1.512
0.056
20.000
20.000
37.816
60.780
1.404
NL8
59.662
0.000
24.484
0.538
0.006
0.028
0.083
5.770
8.112
0.748
0.065
99.50
10.662
0.000
5.157
0.000
0.000
0.080
0.001
0.007
1.105
0.006
2.811
0.171
20.000
20.000
68.788
27.038
4.174

NL5
52.976
0.071
28.195
0.756
0
0.166
0.024
10.615
4.986
0.284
0.19
98.90
9.761
0.010
6.122
0.000
0.000
0.116
0.000
0.046
2.095
0.002
1.781
0.067
20.000
20.000
45.168
53.139
1.693
NL15
52.709
0.168
28.782
0.621
0.018
0.092
0.000
11.578
4.251
0.315
0.000
98.50
9.718
0.023
6.254
0.000
0.000
0.096
0.003
0.025
2.287
0.000
1.520
0.074
20.000
20.000
39.157
58.934
1.909

NL5
56.489
0.034
22.629
0.324
0.01
0.048
0.047
1.531
11.945
0.279
0.143
95.00
10.393
0.005
4.907
0.000
0.000
0.050
0.002
0.013
0.302
0.003
4.261
0.065
20.000
20.000
92.064
6.521
1.415
NL15
51.143
0.100
29.780
0.726
0.044
0.126
0.007
12.600
3.772
0.249
0.189
98.70
9.446
0.014
6.483
0.000
0.000
0.112
0.007
0.035
2.493
0.001
1.351
0.059
20.000
20.000
34.610
63.887
1.503

NL5
58.918
0.087
24.538
0.503
0
0.005
0.078
6.59
6.927
0.744
0.156
98.99
10.732
0.012
5.268
0.000
0.000
0.077
0.000
0.001
1.286
0.006
2.446
0.173
20.000
20.000
62.641
32.932
4.427
NL15
56.377
0.124
26.519
0.527
0.004
0.078
0.005
9.066
5.801
0.715
0.185
99.00
10.235
0.017
5.674
0.000
0.000
0.080
0.001
0.021
1.764
0.000
2.042
0.166
20.000
20.000
51.421
44.409
4.170
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Table 1. (Continuc)

NL7 NL7 NL7 NL8 NL8 NL8  NLI5  NL15  NLI5
50.502 50.851 48.924 48277 49.955 50.368 46.896 48.250  44.722
0835 0785 1126 1154 0719 0782  3.037 2780  4.309
3582 3489 4975 4599 2634 2659 5670 5984  7.447
0443 0442 0215 0539 0057 0083 0077 0064  0.097
6557 6555 7190  7.181 10223 8192  9.063 9351  9.652
0117 0144 0115 0124 0259 0174 0163 0127  0.81
15333 15648 14.440 13583 12.866 14.432 12.637 13580 11.774
21145 21026 21.435 20487 20421 20785 21.027 19.126  20.699
0316 0314 0337 0361 0430 0333 0441 0573 0546
0.005 0003 0000 0001 0016 0000 0006 0052  0.000
0.045 0022 0044 0082 0043 0070 0066 0086  0.094
0000 0042 0012 0044 0000 0000 0000 0020 0018
0038 0062 0008 0000 0000 008 0000 0058  0.000
0000 0000 0000 0000 0088 0000 0000 0036  0.048
98.92  99.38 9882 9643 9771 9797  99.80  99.99  99.59
1881 1884 1828  1.857 1915 1908 1772 1799  1.690
0119 0116 0172 0143 0085 0092 0228 0201 0310
2000 2000 2000 2000 2000 2000 2000 2000  2.000
0023 0022 0032 0033 0021 002 008 0078 0122
0038 003 0047 0065 0034 0027 0024 0062  0.022
0013 0013 0006 0016 0002 0002 0002 0002  0.003
0.045 0046 0080 0022 0040 0042 0062 0025  0.080
0129 0125 0118 0180 0260 0.8 0199 0222  0.198
P 0742 0747 0708 0680  0.649 0715 0627 0614  0.577
0990 0989 0991 0997 1005 0997  1.000  1.002  1.002

F 0031 0033 0027 0029 0028 0030 0026 0045  0.027
0004 0005 0004 0004 0008 0006 0005 0004  0.006
0109 0117 0097 0098 0087 0100 0085 0141  0.087
0844 0835 0858 0844 0839 0844 0851 0764  0.838
0023 0023 0024 0027 0032 0024 0032 0041  0.040
0000 0000 0000 0000 0001 0000 0000 0002  0.000
1.010 1011  1.009 1003 0995  1.003  1.000 0998  0.998
4000 4000 4000 4000 4000 4000 4000  4.000  4.000
0193 0190 0218 0229 0308 0242 0287 0279 0315
0158 0154 0153 0212 0281 0210 0240 0261  0.254
PNER 44.425 43.882 45472 45535 44104 43980 46.027 42.202  46.395
[0 44822 45440 42622 42.007 38.663 42.490 38488 41.693  36.719
& ]

10.753  10.678 11.906  12.458 17.234 13.530 15485 16.105 16.886

Magnetite

Ilmenite and magnetite are generally termed as Fe—T1 oxides with the idealised formula of FeTiO3 and
FesO4, respectively. Two major solid-solution series occur as ‘ulvospinel-magnetite’ and ‘ilmenite—
hematite’ in the FeO—Fe2O3—T10; system. The formulae for magnetite and ilmenite are calculated based
on 4 and 3 oxygen atoms, respectively, in MagMin_PT (Gunduz et al, 2023).
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elements are in apfu). Formula unit calculated on the basis of Pyroxen 6 oxygen atoms.

Sample Jdi Jd1 Jdi NL4 NL4 NL4 NL5 NL5 NL5
48.443  47.427 49.493 48929 48.541 49.322 50.714 49.480  49.534
TiO; 1.679 1.965 1.268 2.097 1.916 1.254 1.049 1.259 0.917
4.463 5.584 4.121 5.329 4.256 3.995 3.975 4.622 3.491
Cr;03 0.075 0.056 0.122 0.697 0.069 0.021 0.118 0.060 0.027

9.364 9.367 8.693 6.988 9.255 9.450 7.883 9.438 11.039
0.272 0.222 0.187 0.074 0.144 0.189 0.139 0.225 0.293
12.792  12.541 13.292 14.792 13.380 13.275 14.635 13.495 13.544
21.299 21.153 21.396 20.820 21.259 20.549 21.356 20.072  19.357
0.445 0.417 0.351 0.393 0.394 0.435 0.366 0.360 0.411
0.002 0.006 0.000 0.001 0.004 0.000 0.003 0.000 0.004
0.063 0.105 0.081 0.065 0.064 0.060 0.054 0.048 0.024
0.000 0.051 0.018 0.036 0.035 0.000 0.000 0.082 0.015
0.087 0.019 0.024 0.000 0.011 0.000 0.000 0.017 0.033
0.000 0.176 0.000 0.000 0.087 0.038 0.089 0.000 0.049
Total 98.98 99.09 99.5 99.90 99.42 98.59 99.90 99.16 98.74
1.831 1.794 1.863 1.806 1.825 1.866 1.871 1.861 1.877
0.169 0.206 0.137 0.194 0.175 0.134 0.129 0.139 0.123
Sum T(IV) 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
0.048 0.056 0.036 0.058 0.054 0.036 0.029 0.036 0.026
0.030 0.043 0.046 0.038 0.013  0.045 0.044 0.066 0.033
0.002 0.002 0.004 0.020 0.002 0.001 0.003 0.002 0.001
Fe3* 0.075 0.080 0.041 0.047 0.081  0.049 0.049 0.025 0.068
Fe?* 0.199 0.192 0.208 0.134 0.184  0.220 0.165 0.235 0.241
0.647 0.627 0.666 0.693 0.664  0.652 0.704 0.641 0.637
Sum M1(VI) 1.000 1.000 1.000 0.991 0.998  1.002 0.995 1.005 1.006
Fe?* 0.023 0.025 0.025 0.034 0.026  0.030 0.029 0.037 0.041
0.009 0.007 0.006 0.002 0.005 0.006 0.004 0.007 0.009
0.074 0.080 0.080 0.121 0.086  0.097 0.101 0.116 0.128
0.862 0.857 0.863 0.823 0.856  0.833 0.844 0.809 0.786
0.033 0.031 0.026 0.028 0.029 0.032 0.026 0.026 0.030
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N PAL)EE 1.000 1.000 1.000 1.009 1.002  0.998 1.005 0.995 0.994
Total 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
Fer/Fer+Mg [opE)E 0.295 0.268 0.209 0.280 0.285 0.232 0.282 0.314
Fe2*/Fe**+Mg [NoPEL] 0.234 0.238 0.171 0.219  0.250 0.194 0.264 0.269
45.896 46.071 45.840 44.434 45.136 44.291 44.612 43431 41.345
38.354 38.005 39.623 43.925 39.526 39.811 42.535 40.629 40.251
15.750 15.924 14537 11.641 15338 15.898 12.853 15.941 18.404
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Electron microprobe analyses of clinopyroxenes from 755 samples from the northern Alborz Cretaceous
basalts reveal that their composition ranges between augite to diopside (Figure. 3a). Most of these
clinopyroxenes are enriched in Ti (titanaugite) (Deer et al, 1992). Augite is commonly associated with high
Ti basalts (Golowin et al, 2017). The average TiO> content in the clinopyroxenes varies from 0.51 to 4.309
wt. %, corresponding to an average Al O3 content of 1.52 to 5.90 wt. % (Table. 1).

High-Ti basalts originate from an enriched and fertile asthenosphere mantle source (Hofmann, 1997; Hoang
etal., 2016). These high-Ti basalts form through the melting of a mantle plume that contains recycled oceanic
crust or delaminated lower crust (Spandler et al., 2008). These high-Ti basalts originate from an enriched and
fertile asthenosphere mantle source form through the melting of a mantle plume that contains recycled
oceanic crust or delaminated lower crust (Spandler et al., 2008). Hofmann (1997) suggests that plumes may
originate from both the 660-km discontinuity and the core-mantle boundary. Small, short-lived plumes,
which do not carry enrichment in primordial helium, are most likely to have a shallow origin. On the other
hand, large, long-lived, helium-rich plumes—especially those responsible for generating enormous volumes
of oceanic or continental flood basalts—are more likely to have emanated from the base of the lower mantle
(Campbell et al., 1990; Hofmann, 1997; Hoang et al., 2016).

Plagioclase and Alkali feldspar

Microprobe analyses of 400 points of plagioclase megacrysts and 40 points of alkali feldspar from the
northern Alborz basalts have been conducted. The mean values of microprobe analyses for plagioclases and
alkali feldspar from the basaltic inclusions are listed in Table 2. Crystals were probed at several points
between the core and rim.

Feldspars are classified according to the end-members of the NaAlSi;Os (albite, Ab) — CaALSi>»Og (anorthite,
An) — KAISi;0s (orthoclase, Or) solid solution (following Deer et al., 1992; Gunduz et al, 2023).
Compositions between Ab and An are referred to as plagioclases while those between Ab and Or are
considered alkali feldspars (Figure 3d). In this article, the feldspar formula is recalculated based on 8 oxygens
atoms, allowing the Ab—An—Or components to be calculated and plotted in the feldspar ternary diagram.

Feldspar classification, as plotted on an Ab—An—Or triangular diagram in Figure 3d, demonstrates how
feldspar minerals are categorized based on their chemical composition. The sequence of minerals along the
base of the triangle represents the solid solution series of plagioclase between albite and anorthite. Plagioclase
exhibits pronounced normal zoning, and its composition shifts from bytownite to oligoclase in the ternary
feldspar diagram (Figure. 3d). When grading from core to rim, the amount of bytownite (By) decreases
significantly, while oligoclase (Olig) slightly increases (based on a formula considering 8 oxygen atoms).The
alkali feldspar is characterized by core-to-rim compositions, with sanidine dominating (Figure. 3d). Due to
its small crystal size, both the microphenocryst mantle and rim compositions overlap at the scale of the
microprobe analysis.

Table 1. Representative microprobe analysis of pyroxenes in the northern Alborz basaltic rocks (oxides are in wt. % and
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Figure. 2: a: Idiomorphic clinopyroxene is observed in the alkalibasalt sample from JavaherDasht, which was used for EPMA.
b: Automorphic-grained plagioclase from JavaherDasht was also used as a point for EPMA. c: The dominant texture in the
trachybasalts of the JavaherDasht area is trachytic. Fig. 2d: Clinopyroxenes with a purple-brown border are found in the

Narenjlengeh village, south of Lahijan.

Preliminary classy cations construction of the Q-] diagram for our pyroxenes in the studied area. These
pyroxenes are classified on the pyroxene quadrilateral Wo-En-Fs diagram, with normalized Ca, Mg, and Fe
(= Fe 2+ +Fe 3* +Mn) atoms (Figure. 32) (Morimoto and Kitamura, 1983; Morimoto et al, 1988). The
composition ranges of the clinopyroxenes within the Ca-Mg-Fe quadrilateral are indicated in Figure 3a.
Therefore, the Ca-Mg-Fe pyroxenes are defined based on symmetry and the relative amounts of CaxSix0s
(Wo), MgxSi20Os (En), and Fex? + SixOg (Fs) (Morimoto et al, 1988). In our studied amount of Wo and Fs
and En falls within the following ranges: Wo 41/2.45/9, F's 8/90-15/70, En1 40/00-38/00.
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Petrography
Javaher Dasht:

Alkali basalt: The most common texture in alkali basalt (basanite) in JavaherDasht is porphyritic and
trachytic, featuring microlites and glass. Additionally, in these samples, epidote is observed as a
secondary mineral resulting from the alteration of plagioclase. Automorphic-grained clinopyroxene and
plagioclase (Figure. 2a-b) are observed, with some clinopyroxene mostly altered to iron oxide. The
increase in iron oxide content in the sections indicates a high level of oxygen in the magma. In these
alkalibasalts, a glomeroporphyric texture is observed, indicating the accumulation of some phenocrysts
such as pyroxene and plagioclase.

South of Lahijan in NarenjLengeh village:

Trachybasalt: Trachybasalt in NarenjLengeh is used to describe alkaline basaltic rocks that are
intermediate between alkali basalts, tephrites, and trachyandesites in terms of composition (Girum et
al., 2023). The dominant texture of these trachybasalts is trachytic (Best, 2003). The absence of
phenocrysts in these samples suggests rapid magma ascent and high temperatures. The matrix has
undergone some flow (Figure. 2c). Trachybasalt samples exhibit severe alteration and secondary
mineralization, including carbonate and chlorite. Sanidine is present in the trachybasalt matrix, which
flows in a specific direction.

Alkalibasalts: The dominant texture of alkalibasalts (basanite) in the NarenjLengeh region is intersertal.
The space between the plagioclase crystals is filled with secondary minerals, including chlorite and
calcite, in these samples. Within this matrix, pyroxene minerals exhibit different interference colors,
especially purple (purple clinopyroxene, corresponding to the color of titanaugite), along with olivine.
Some clinopyroxenes display a purple-brown border, formed due to the addition of aluminum (Al) and
titanium (T1) resulting from pressure reduction and depth (Figure. 2d) (Jung, 2003).

Most of the basanite samples contain the secondary mineral calcite, which may contribute to their
resistance within the magma chamber. Epidote is also observed as a secondary mineral resulting from
the alteration of plagioclase. Due to the high temperature of the magma and an increase in oxygen (O2),
olivine and pyroxene in the alkalibasalts (basanite) of NarenjLengeh have altered into iddingsite (a red
pseudo-mineral containing trivalent iron oxide) (Morse, 1980). This texture could be indicative of crystal
fractionation. Similar to this texture, Hawaiian alkali basalts, such as the Hualalai volcanic rocks (Kaula
etal., 1981), exhibit glomerocrysts of clinopyroxene-plagioclase and microphenocrysts of clinopyroxene
against a background of olivine, plagioclase, clinopyroxene, and titanomagnetite. Additionally,
chromium spinel is the first crystallized phase in the liquid. In the alkaline types of Hualalai volcano
basalts studied by Kaula, the crystallization process may be similar to our study area.

Chemistry of Minerals
Clinopyroxene

Microprobe analyses of clinopyroxene megacrysts from the northern Alborz basalts have been
conducted. The mean values of microprobe analyses from the basaltic inclusions are listed in Table 1.
Crystals were probed at several points between the core and rim.
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A total of 1220 points were analyzed. The mean values of results from this analysis are provided in
Tables 1-3.

We have utilized MagMin_PT for calculating our data. MagMin_PT is a Microsoft® Excel© workbook
specifically designed to meet the needs and demands of researchers working with mineral compositional
data and the geothermobarometry of magmatic rocks (Gunduz et al., 2023).
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Figure 1: a: Location of the studied area (modified from the structural map of the National Geoscience Database of Iran,
NGDIR,; http:/ /www.ngdir.ir, modified by Teknik et al., 2017). Fig. 1b: Basaltic rocks in the JavaherDasht region. Simplified
geological map of JavaherDasht (based on the Javaherdeh 1:100,000 geological map created by Baharfiruzi et al., 2003). Fig.
lc: Simplified geological map of the southern Lahijan area, which contains volcanic rocks from the Cretaceous period
(modified from the 1:250,000 geological map of Ghazvin-Rasht created by Annells et al., 1975).
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eruptions occurred locally in the northern parts of the Alborz (Stocklin, 1974). The Cretaceous system
in Iran is characterized by marine sediments that cover most of the country. This system includes deep
marine sediments, diabase pillow lavas, and continental slope sediments (Berberian and King, 1981).

The Mesozoic begins with the sedimentation of carbonate-clastic facies in the continental margin basins.
Towards the end of the Triassic, it transitions to clastic facies and turbidites of the Shamshek complex
and its time-equivalent facies. Alkaline lavas and pyroclastics, along with Jurassic turbidite facies,
indicate the onset of a shear-tension system during this period. This system reached its peak of
formation in the Late Cretaceous, marked by the appearance of sedimentary layers from divergent
(alkaline) volcanoes in the northern western Alborz (Nazari et al., 2004). Upper Cretaceous magmatic
activity, characterized by alkaline features and signs of an intracontinental tectonic environment, has
been reported mainly around Chalus, Amol, Lahijan, Javaher Dasht, and other areas (Aghazadeh, 2002;
Haghnazar et al., 2009; Haghani et al., 2012; Haghnazar et al., 2015; Doroozi et al., 2015; Doroozi et
al., 2016; Taki, 2016; Akmali, 2016; Haghnazar et al., 2016; Arghaee, 2017; Moradi, 2017; Delavari et
al., 2018; Amani et al., 2020; Arghaee, et al. 2024). Finally, in the late Cretaceous, the Laramide orogenic
phase terminated the rifting extensional system and volcanism (Masoudi and Doroozi, 2014; Doroozi
et al., 2015; Haghnazar et al., 2015; Arghaee, 2024).

Geological Setting

The Alborz Mountain range extends from Azerbaijan in the northwest to KKhorasan in the northeast
(Jackson et al. 2002; Zanchi et al. 2000; Sheikholeslami et al., 2013; Malackeh et al., 2021(. Alborz's
structural zone is classified as Western, Central, and Eastern, which is limited to the west-central and
eastern Alborz Mountains. The studied areas are located in the northern Alborz, which is part of the
Central Alborz zone. This zone is the main part of the Alborz Mountains of northern Iran, determined
as a part of the Alpine-Himalayan orogenic belt's northern margin (Zanchi et al. 2006; Malackeh et al.,
2021). The study samples are situated within the Alborz structural zone (Figure. 1a). The present paper
focuses on the mineral chemistry of Cretaceous basalts in two different regions of northern Alborz,

which have large outcrops of Cretaceous volcanic rocks. The two study areas are as follows (Figure.
1a):

1) The basalts in the JavaherDasht area. JavaherDasht is a village in the Siahkalrud rural district with
considerable outcrops in the northern part of the Alborz Mountains in the east of Gilan province. It is
located on the Javaherdeh map (Baharfiruzi et al., 2003) (Figure. 1b).

2) The volcanic rocks in the south of Lahijan, specifically in NarenjLengeh village in the west of Gilan
province, are part of the northern Alborz region. These rocks have been identified on the Qazvin-Rasht
geological map (Annells et al., 1985) (Figure. 1c).

Methods

75 rock samples were selected from Cretaceous basalts and associated volcanic rocks in two regions, in
the northern Alborz. These samples were collected from the geological field, with 6 of them chosen for
polished section study at the University of Aveiro in Portugal. Regarding the rocks in the area, 6 specific
rock types were selected, including Alkali Basalts (Basanite, Tephrite), and Trachybasalt. These 6
polished section samples were chosen for electron microprobe analysis of their magnetite,
clinopyroxene, plagioclase, and alkali feldspar minerals. Microchemical analyses of minerals were
conducted at the faculty of sciences of the University of Lisbon.
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interlayered limestones and pillow lava structures, indicates that the volcanic rocks erupted in a
submarine environment. She designates her study area as late Cretaceous due to the presence of
planktonic microfossils in the calcareous units. Most volcanic samples belong to the transitional
magmatic series, while trachyte falls within the alkaline series. The enrichment of Light Rare Earth
Elements (LREE:s) relative to Heavy Rare Earth Elements (HREESs) in her samples may be attributed
to two factors: low (~2.5%) partial melting of the mantle source and/or contamination of magma by
crustal components. Consequently, she suggests that Cretaceous magmatism in the western Alborz zone
may be linked to intercontinental rifts, where transitional basaltic magma from a Mid-Ocean Ridge
Basalt (MORB) source (or depleted mantle) became contaminated with lower and middle continental
crust. The studied samples are situated within intraplate basaltic rocks and exhibit similarities to
Ethiopian rift basalts.

Arghaee (2017), based on geochemical analysis for her mastet’s thesis, contends that Cretaceous
volcanic rocks in southern Amol (the northern Alborz) represent intraplate alkaline magma. She posits
that alkaline volcanism occurred when the parent magma was stored in a magmatic chamber. Fractional
crystallization played a role in this area, resulting in the formation of intermediate compounds such as
trachyte. The consistent ratios of compatible elements and the La/Zt, and Ce/”Zr ratios in her samples
indicate that fractional crystallization was more pronounced in the alkaline magma of the Amol region.
In a study by Delavari et al. (2018) in the Kojid area, located south of Lahijan in the northern Alborz,
various geothermal barometric methods applied to clinopyroxene and plagioclase in Cretaceous basalts
show good correlation. Thermometric calculations yielded temperatures in the range of 1100°C to
1250°C, consistent with temperatures of basic melts. Furthermore, clinopyroxene and plagioclase
barometry of phenocrysts (4 to 8 kbar) and interstitial phases (<5 kbar) respectively correlate with mid
to lower and upper crustal depths. The authors suggest that, based on clinopyroxene chemistry, the
composition of the melts corresponds to alkaline basalts formed in an intraplate (intracontinental rift)
volcanism setting.

Material and Methods
Regional geology

The Alborz Mountains are a geological structural zone in the north of Iran, considered part of the
northern margin of the Alpine Himalayan orogenic belt (Figure. 1a). The Alborz block is connected to
the Caucasus Mountains in the northwest and is bounded by the Hindu Kush Mountains in the east
(Zanchi et al., 2000). It was once part of the Gondwana plate during the early Paleozoic era. Comprising
mainly platform-type lithofacies from the Neoproterozoic to the Quaternary age, the Alborz range is
limited by the Caspian depression in the north and Central Iran in the south (Ghorbani, 2021). During
the Ordovician to Silurian periods, the Alborz separated from Gondwana and eventually collided with
the Eurasia plate in the Triassic (Alavi, 1991; Stampfli, 2000). Therefore, the Alborz can be considered
an active mountain belt resulting from the collision between the Gondwana and Eurasia plates during
the Triassic (Stocklin, 1974; Berberian and King, 1981; Sengor et al., 1988; Sengor, 1990; Stampfli et al.,
1991; Sengor and Natalin, 1996; Guest et al., 2006). The Alborz is characterized by the dominance of
platform-type sediments, including limestone and clastic rocks. Rock units from the Precambrian to the

Quaternary have been identified, with some hiatuses and unconformities in the Paleozoic and Mesozoic
(Ghorbani, 2021).

Volcanic activities during the Paleozoic and early Mesozoic in the Alborz were insignificant (Stocklin,
1974). However, in contrast, Upper Cretaceous volcanic rocks are widespread in Iran, particularly in
the northern Alborz (Aghanbati, 2013). During the Cretaceous period, significant submarine volcanic



Journal of Pars Arian Territories (2024) 3: 1-20

INTRODUCTION

Cretaceous volcanic rocks are widely developed in two structural zones of Iran: in the northwest of the
Sanandaj-Sirjan structural zone and the Alborz structure zone specifically in the northern Alborz
(Ghorbani, 2021). Basaltic intraplate volcanism is abundant both in ocean basins and on continents,
occurring throughout all geologic times. However, the cause for the generation of many intraplate
volcanic provinces remains pootly understood (Krienitz et al., 2009). Expansive spatially and across
geologic time, this phenomenon is complex due to both its causative magmatic processes and its
interplay with Earth’s mantle geodynamics and plate tectonic processes (Coffin et al., 2016). Hence, the
current study aims to fill this gap by studying mineral chemistry in two different regions of the northern
Alborz that have large outcrops of Cretaceous volcanic rocks.

Many researchers have studied the dynamic evolution of the northern Alborz Cretaceous basalts and
other volcanic rocks. According to most reports from our study areas, Cretaceous volcanic rocks in the
northern Alborz belong to continental intraplate alkaline volcanism and are associated in space and time
with extensional tectonics, specifically with rifting events (Aghazadeh, 2002; Haghnazar et al.,2008
Haghnazar and Malakotian, 2009; Haghnazar, 2009; Haghnazar et al., 2009; Haghnazar, 2011,
Haghnazar et al., 2011; Haghnazar, 2012; Haghani and Taki, 2012; Abdi et al., 2014; Doroozi; 2014;
Haghnazar et al., 2015; Doroozi et al., 2015; Akmali, 2016; Haghnazar et al., 2016; Doroozi et al., 2016;
Arghaee, 2017; Moradi, 2017; Taki, 2017; Delavari et al., 2018; Jafari Sough et al., 2018; Amani et al,,
2020; Arghaee and Ghorbani, 2021; Amani et al., 2021; Arghaee and Ghorbani, 2022; Arghaee, 2024).
Additionally, some researchers believe that the high volume of Late-Cretaceous volcanics in the
northern Alborz is probably related to a significant mantle thermal perturbation associated with
asthenosphere upwelling and plume activity (Arghaee, 2017; Delavari et al., 2018; Namvar, 2018§;
Arghaee et al, 2024).

Haghnazar (2009) conducted a study on the JavaherDasht area as part of his PhD thesis. According to
his research, the JavaherDasht Basalts exhibit a compositional range from olivine basalts to quartz
basaltic andesites. The investigation involved analyzing the incompatibility element patterns and
comparing the data with the crustal range. Additionally, the study explored the isotopic ratios
143Nd/144Nd and 87Sr/86Sr, which revealed that these basalts are associated with intra-continental
rift magmatism. Furthermore, the study indicates that the basalts formed at depths of less than 60 km
under pressures ranging from 15 to 20 kbar. In a separate work, Haghnazar et al. (2015) investigated
cretaceous pillow basalts in the northern part of the Alborz Mountains, located in the east of Gilan
province (north of Iran). Their research revealed that the pillow lavas primarily consist of olivine basalts.
Geochemically, these rocks exhibit transitional or alkali series characteristics and show evidence of
crustal contamination. When plotted on tectonic setting diagrams, the pillow lavas align with the terrain
of intra-continental rift basalts and are comparable to the transitional Ethiopian rift basalts.
Geochemical analyses suggest that the pillow basalts detive from a spinel-lherzolite mantle source and
originated at depths of less than 60 km, with less than 15% partial melting.

Doroozi et al. (2015) propose that Cretaceous basalts in the south Marzanabad area, located in the
northern part of the central Alborz, are associated with an extensional rift basin that originated during
the Cretaceous period. Based on Rare Earth Element (REE) data from the south Marzanabad region,
they believe that alkaline volcanism occurred due to the extension and partial melting of the
asthenospheric mantle within the rift basin. The presence of magmatic chambers along the ascent path
of magma could lead to crystal fractionation. Akmali (2016) conducted her master’s thesis on the
petrology of Cretaceous volcano-sedimentary rocks in the NatashKKuh district, situated in the eastern
Deylaman area of eastern Gilan. Her study area, known as NatashKubh, lies approximately 43 km south
of Syahkal City (near Lahijan City, where our samples are located). Field evidence, particularly
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Abstract

Cretaceous basaltic rocks are widely developed in the northern Alborz in northern Iran. The
study area consists of JavaherDasht area in the east of Gilan province and NarenjLengeh village
in the south of Lahijan in the west of Gilan province. In this paper, we present new geochemical
data from electron microprobe analysis (EPMA) of clinopyroxene, magnetite, plagioclase, and
alkali feldspar in Cretaceous basaltic rocks from the northern Alborz region of Iran. Electron
microprobe analyses of clinopyroxenes from the northern Alborz Cretaceous basalts reveal that
their composition ranges between augite to diopside. Most of these clinopyroxenes are enriched
in Ti. Augite is commonly associated with high Ti basalts. Based on the Geothermometery and
Barometry of clinopyroxene, a temperature range of 10000C—1200°C and estimated pressutes
ranging from 1 to 8 kbar were obtained for clinopyroxene crystallization. We suggested that the
magma chamber is in the upper crust to the middle crust for their crystallization. Plagioclase
exhibits pronounced normal zoning and its composition shifts from bytownite to oligoclase in
the ternary feldspar diagram. Core-to-rim compositions, with sanidine dominating characterize
the alkali feldspar. Titanomagnetite is the predominant iron titanium oxide in JavaherDasht
samples, indicating they were formed under elevated temperatures. The titanomagnetite from
the JavaherDasht area all fall into the HM category, indicating high fugacity and temperatures
ranging from 700°C to 800°C. Petrographic evidence from our samples also supports the
observation of increased oxygen fugacity in the magma. Mineral compositional data and the
geothermobarometry of basaltic rocks of the northern Alborz represent extensional tectonics
during the Cretaceous.
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consumes 90% of the country's water supply, has
exacerbated the issue through excessive water use,
groundwater extraction, and unauthorized wells. As a
result, land subsidence and aquifer depletion continue
to threaten Iran’s water security. Addressing this
crisis demands urgent national reforms in water
management, emphasizing integrated watershed
planning, sustainable development, and a
comprehensive legal framework to align cross-
sectoral policies.

The article Geomythology and Aspects of
Sacredness: Jam and Riz Caves, Bushehr Province,
Southern Iran, written by Abdi, explores

i

geomythology and its relevance within Iran’s cultural
landscape. The study draws comparisons with similar
cases across [ran’s historical and sacred sites. As part
of this issue’s thematic focus, it also highlights the
contributions of the renowned Iranian scientist
Avicenna, showcasing his perspectives on earth
sciences.

Mansour Ghorbani
Director-in-Charge
Tehran-1ran
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Preface

This issue of Pars Arian Territories features a diverse
selection of articles in Earth Sciences, highlighting
key regional studies that provide valuable insights
into geological and archaeological phenomena.
While many of these articles are case studies, their
broader implications and contributions to regional
generalizations made their publication a priority,
aiming to bridge existing research gaps.

Among the notable contributions, Arghaee et al.
examine the mineral chemistry of Cretaceous basaltic
rocks in Northern Alborz, Iran. Their study utilizes
electron  microprobe  analysis to  assess
clinopyroxene, magnetite, plagioclase, and alkali
feldspar composition. Findings reveal that
clinopyroxenes range from augite to diopside, with
significant Ti enrichment. Geothermometry and
barometry indicate crystallization temperatures of
1000°C-1200°C and pressures of 1-8 kbar,
suggesting magma chamber placement in the upper
to middle crust. Additionally, plagioclase exhibits
normal zoning, shifting from bytownite to oligoclase,
while sanidine dominates alkali feldspar.
Titanomagnetite samples from Javaher Dasht
indicate high-temperature conditions (700°C—
800°C), supporting extensional tectonic activity
during the Cretaceous.

Hassanzadeh et al. explore Tappeh Khanileh: New
Evidence of Chalcolithic and Iron Age Occupations
from Northwest Kermanshah Plain, Central Zagros.
Their research confirms that Tappeh Khanileh, near
Ravansar and Kermanshah, has been continuously
inhabited since the Chalcolithic period through
Islamic times. Excavations at multiple mounds
revealed pottery dating to the 4th and Ist millennia
BC, while the discovery of Neo-Assyrian jars (7th
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century BC) suggests the presence of either a
cemetery or settlement in the region.

Hozhabari et al. present a methodological framework
for determining the core and buffer zones of Kouhin
Mountain Caves in Tafresh County, adopting a karst-
based approach for geological conservation and site
management.

Several articles in this issue delve into rare global
geological phenomena with potential geotourism
appeal. Raisi’s article, Effecting Factors on Surface
Temperature of Gandom Beryan: The Hottest Point
on Earth, sheds light on Gandom Beryan, a basaltic
mesa in Iran’s Lut Desert, known for its extreme
surface temperatures. Using thermal remote sensing
and field studies, the research identifies peak
temperatures of 76°C, influenced by factors such as
low altitude, arid conditions, and basaltic rock
composition. Southern areas with intact basalt reflect
more heat than fragmented northern sections. By
featuring these significant studies, this issue aims to
advance scientific discourse, deepen understanding
of Earth's dynamic systems, and foster greater
exploration of Iran’s geological and archaeological
landscapes.

In A Comprehensive Review of Iran's Water
Resources: Challenges, Utilization, and the Urgent
Need for Watershed-Based Management, Fathi
examines Iran’s ongoing water crisis, attributing its
worsening conditions to population growth,
urbanization, drought, climate change, and
unsustainable development. Over the past decade,
annual rainfall has declined by 6%, while surface
runoff has dropped by over 46%. Groundwater
resources remain critically overexploited, with 291
plains classified as prohibited. Agriculture, which
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