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Sample | SI02 | ARO3 |Fe203 |FeD | Ca0 | MgO |Na20 | K20 | Ti02 | MmO |
SH24 | 7398 | 1545 | 051 0 043 06% | 631 164 028 0.009
SH25 | 5677 | 1408 | 606 | 428 888 | 295 | 226 104 0.7 0.114
SH26 | 6941 | 1339 | 3.03 129|225 1677 | 452 342 024 0.033
SH2T | 597 163 429 226 |455 | 2075 |37 261 053 0.054
SH28 |6522 |1616 | 0% 0 633 1874|622 0.18 047 0.021
SH20 |5506 | 1399 [637 | 419 678 [ 4193 |25 146 0.68 0125
Sample | P205 | Co Cr Cu Ga Hf La Nb Nd Ni
SH24 | 0055 |0 34 1 19 5 29 5 7 2
SH25 [0106 |2 14 28 18 5 14 4 12 7
SH26 | 0075 |4 2 4 18 3 20 6 9 1
SH2T [0174 |9 3 3 23 4 9 15 29 1
SH28 | 0118 | 13 12 15 15 4 6 5 15 g
SH20 | 0116 |21 47 14 19 4 6 1 12 2
Sample | Pb Rb Sr Th U v W Y Zn Zr
SH24 |2 40 80 9 4 48 14 11 2 89
SH25 | 10 29 211 2 2 169 0 15 26 108
SH26 |5 63 150 8 2 50 13 16 8 95
SH27 |8 64 265 8 0 65 0 25 18 138
SH28 |4 5 390 6 1 96 523 4 18 120
SH29 |7 47 194 4 3 159 4 19 5 111
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Research Paper _'m-

Abu Bakr Karaji: A Mathematician Who Was Also, a
Hydrogeologist! A Review of the "Hidden Waters
Extraction”

Mansour Ghorbani 1

Abstract

Journal of

Abu Bakr Mohammad bin Hossein Katji is a renowned Iranian scientist, whose significant Pars Arian

contributions to various fields have often gone unrecognized. Al-Karaji was born in 342 AH in
Karaj, he was a contemporary of other prominent scholars such as Al-Biruni, Razi, and Avesina.
His peak scientific accomplishments were around the year 1012. Karji was a mathematician

focusing on arithmetic, algebra, and roots. However, his expertise extended to geology and
underground water engineering, for which he is considered a genius. His most notable work,
"Extraction of Hidden Waters," published 1020 years ago, introduced geometric and physical
methods to calculate the earth's slope and extract underground water. Some of the theoties
presented in this book were validated in Europe in the 17th century, 700 years after its
publication. In recognition of his achievements, Karji was honored at the 5th Iran Water

ARTICLE HISTORY
Received: 27 July 2023
Revised: 9 October 2023
Accepted: 15 October

Engineering and Management Festival in late 2014. The Persian translation of "Extraction of f’?jjishe d: 18 November
Hidden Waters" was completed in 1966 by HoseYn Xadiv Jam and corrected by Ahmad Aram. 2023

Unfortunately, much of his work and personal life remains undocumented, with many of his

writings possibly lost. The approximate time of his death ranges between 1019 and 1029 AD. KEYWORDS

This article highlights Karji's genius in earth sciences and underground water engineering, Abu Bakr Muhammad

emphasizing the significance of his contributions to mathematics and water resource ibn al-Husayn (or: al-

management a thousand years ago. Hasan) al-Karaji
. . . Mathematician, hidden
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groundwater extraction
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Research Paper _'m-

Content and statistical evaluation of forms, styles
and relative chronology of Horand Rock Arts, East
Azerbaijan, Iran

Zahra Abtahi Foroushani 1, Reza Salmanpour

Abstract

The first glimpses of the study of rock arts in Iran date back to 1969 around the Lorestan :
Plateau. Due to the importance of studying rock carvings in Iran, significant studies have been Pars Arian Territories
carried out by archaeologists and anthropologists regarding the introduction and recognition of
rock art in different parts of Iran. Their dating has been discussed less. One of the interesting

points to note in all the rock motifs in all cases, in addition to the thematic integrity and
execution style, is the similarity in the location and geographical location of these works, so that
it can be said that most of the rock motifs are next to water sources and in the climate. There
are special semi-arid areas that are covered with stones and rocks.In the archaeological survey

ARTICLE HISTORY
Received: 6 August

of the Horand region, which was conducted at the request of the cultural heritage organization

of East Azarbaijan Province in 1392 under the supervision of the authors, 310 sites were 2023
identified. Among them, five sites with rock art were found in Qutanlu and Noghada regions. Revised: 22
Due to the significance of these rock art sites, a detailed study of the rock motifs at these December 2023
locations was undertaken with a focus on understanding their historical and cultural context and Accepted: 25
their relationship to other archaeological sites in the area. In this research, in addition to field December 2023
studies of the motifs, content and statistical analysis of the motifs, and comparison with other Published: 30
archaeological finds near the motifs were conducted. To determine the age of the motifs, a December 2023

comparative study with other rock art sites in different parts of Iran and a general relative

chronological framework were utilized. The research findings indicate that the motifs date back KEYWORDS
to the 3rd to 1st millennium BCE (Bronze Age to Iron Age), show a gradual decrease in human rock art,
motifs over time, a preference for goat motifs, and an increase in the use of linear style compared Petroglyph,
to volumetric style in more recent times. flow. Landscape
Archeology,
Cite this article: Hourand,
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Research Paper _'m-

Magnetite flow and its Relation with the magmatic
rocks, Shahrak Region, NW of Kurdistan, Iran

Niloofar Nayebi 1, Erfan Rahimi

Abstract

Shahrak iron deposit is located in the northwest of Iran, northeast of Kurdistan Province, 60
km north of the city of Bijar, and 20 km west of Hassan Abad Yasoukand District. Shahrak iron
depositis part of the Cenozoic magmatism of Urumich- Dokhtar complex and escaped in Takab Pars Arian Ter'ritnrles
deposit. The Oligo-Miocene rock units are the host rock for iron mineralization. The most
important and comprehensive event in the formation of Iranian crust was the Cenozoic
magmatic events that occurred in the Alpine orogeny phase, and during which the Alpine-
Himalaya mountain range was affected in the Shahrak area, magmatic activities from Eocene to

Miocene can be traced. The magmatic rocks consist of acidic and andesitic volcanic rocks and

subvolcanic rocks. In terms of magmatic series and tectonic setting, the magmatic rocks of the ARTICLE HISTORY
area are calc-alkaline in subduction zones. The tectonic environment of these magmatic rocks Received: 6 August
is similar to the orogenic associated with subduction zones. The main ore minerals of this 2023
deposit is magnetite, although along with the main mineralization of magnetite, secondary Revised: 22 December
minerals such as pyrite, chalcopyrite, pyrrhotite and secondary minerals of iron oxides such as 2023
goethite and hematite are also seen. Hematite and goethite are not primary and their amount in Accepted: 25
the ore is very small. The mineral deposit is found in the form of scattered lenses, mainly on the December 2023
limestone and thyolite rocks of the Aquitanian- Butdigalian ages and/otr among the andesite Published: 30
rocks. The mineralogical, field observation, and chemical evidence and the surrounding rocks December 2023
imply a volcanogenic origin for this deposit, and part of the mineralization can be considered
to have occurred as magnetite flow. Magnetite lava, which has erupted in a small volume KEYWORDS
compatred to the volume of rhyolitic magma in the form of magnetite flow, has acted like a lava, Iron deposit, Shahrak,
which has been named magnetite flow. Oligo-Miocene, calc-
alkaline series,
Cite this article: subduction zone, Bijar,
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Research Paper

JoAT

Defining Core and Buffer Zones in Northwestern
Estuaries of the Persian Gulf: A Historical Review

of Human-Sea Interaction Over the Last
Millennium

Sara Ebadilg, Gholam Abbas Oveisei, Hamid Reza Valiopour,

Masoud Sadeghi Rad, Siamak Sharafi, Zahra Javadi Nia, Sayed Moeid Rostam Zadeh

Abstract

The estuaries of Bandar-e Mahshahr are a crucial and influential natural phenomenon in the
environmental geography of southern Khuzestan province and the northwest of the Persian
Gulf. Over thousands of years, these estuaries have shaped the settlement patterns in this region.
In Khuzestan province, 85 small and large estuaries have been identified, with Khor Musa being
the main mouth of the region and the connection between the Persian Gulf's waters and the
coastal areas. In recent years, there has been an increased emphasis on protecting cultural
heritage areas in Iran, particularly through the cultural inventory registration of ancient sites. To
determine the core zone, researchers typically use criteria such as the highest winter waves,
highest astronomical tide limit, and highest water mark. Based on field findings and satellite
images, it is clear that the structural and maritime conditions of the estuaries were the primary
factor in the region's prosperity. As such, it is essential to adopt necessary critetia to protect this
valuable geological-archaeological and cultural heritage. This study aims to determine the core
and buffer zones of the Bandar-e Mahshahr estuaries. To achieve this goal, archaeological
investigations were conducted using a survey method, which identified 42 sites. The
comparative assessment of cultural findings from these sites dates them to the Paleolithic to the
Pahlavi periods. The results show that the residents of Bandar-e Mahshahr have been able to
adapt to this area by recognizing and utilizing environmental capacities and local technologies,
overcoming limitations and natural obstacles. While this does not imply a complete
subordination of culture to the environment, it has undoubtedly acted as a stimulus that has
improved the living and welfare status of the tegion's residents.
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Conclusion

According to what is stated in the text of the article, the earth's atmosphere as a whole, due to the
combined shock caused by the increase in carbon dioxide as a result of the fossil fuels that have entered
it for about 100 years, will undergo a shock of changes in the heating of the earth's surface. It will have a
great impact on the climate and waters, especially the water of the lakes and the discharge of the rivers,
which we are witnessing even now. This issue is more acute in our country and Middle Eastern countries.
The changes resulting from this climate and following the changes in the waters of lakes, seas and even
oceans will be a threat to human life and many plants and animals. Therefore, to compensate for it, a
global wisdom and global decision-making is needed to manage the rate of consumption of fossil fuels
and man-made structures related to the surface changes of dam construction, changes in cultivated land
and forests, and changes in watersheds and water transfer, and provide expert opinion. And in this regard,
it is necessary to form a global organization and this organization should have many branches in different
regions of the world. This organization can determine laws with incentives for developing countries and
fines for violating countries, and put them on the agenda, and opine with the contribution of the
representatives of different countries.
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Aagh Ghalaa is not a city that has not been built in recent years. Several factors are noticeable in the
destruction and loss resulted by this precipitation (in March 2019), which are as follows:

A. Constructing buildings without finding appropriate locating, construction projects with
contemplating all aspects especially natural and geological aspects, incorrect implementation of
the projects, and creating homes with paying attention to natural geographic location,
environmental regulations, climate and geotechnical issues.

B. B- Shift in the agricultural patterns, in which numerous mistakes can be seen, including those
mentioned below:

C. - Change in plowing method: when agricultural work was conducted with traditional method in
Iran, plowing (using cow) was done in a way that it was perpendicular to topographic slope and
the direction of water flow, and in fact pouches would be created which would result in further
percolation of water. This situation was, however, disturbed when mechanised plowing (i.e.,
tractor) replaced the tradition method, and most of the lands with dry farming were plowed in the
same direction as topography. This was indeed inevitable in some cases as the lands were divided
in ways that it was not possible for the tractor to turn around in rectangular smallholdings. The
government has of course taken actions towards integrating agricultural lands, which have to be
seriously followed up on. Also, farmers should be informed about the plowing procedure (Fig. 6),
meaning that, plowing and terracing should not be in the same direction as topographic [slope]

(Fig. 7).

. MOKRAN (OMAN) SEA -

Figure 4. The mountain ranges of Iran (Ghorbani et al, 2018).Figure 5. The map showing the precipitation rate of
Iran in average (Ghorbani et al, 2023).

Change in the cultivation method of the region without paying attention to the condition of the ecosystem
in that region: if we analyze the Wet Azarbaijan and areas surrounding Urmai lak as well as the orchards
in the region, we will find out that most of the plantations were previously vineyards that have been
replaced with apple orchards. The amount of water required for apple orchards is incomparable with
vineyards. Also, the cultivation methods of these two crops are different. For example, the apple tree
needs 10 irrigations per year but the grapevine needs 3 irrigations per year; therefore, grapevine is better.

If we look at the aerial pictures in 1:50000 scale obtained from across Iran in 1956 and the those taken in
1997-1999, receding forests and reduction in the vegetation cover of the forest will become evident. We
can now figure out to what extent the forest vegetation cover has reduced in the past years. What has been
said is part of the occurred issues, which have been intensified with climate change. Therefore, the issues
should be looked at comprehensively to prevent these problems in the future, and a specific committee
should be set up to complete the approach.
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Climate change with increased use of fossil fuels, global warming, changes in precipitations, use of clean
energies with global population increase and demanding for more welfare, and the growth and the
development of countries will be confronted with geographical shifts and increased metropolitan cities. It
is anticipated that with population growth, increasing life expectancy, increase in the number of large cities,
and ever-increasing fossil energies (especially gas consumption for supplying electricity and water in future)
will be inevitable in Iran.

In summary, the six mentioned components will be more impactful in Iran because of being located within
middle latitudes (20 ° - 40 °), abundance of energy (third component), and water scarcity (second
component). These conditions sometimes make the governments implement projects without
fundamental studies and sufficient and region-specific knowledge, whose consequences can be very dire
for the environment. For instance, the state has committed itself to supplying all homes and residential
buildings of Tehran with gas, which has contributed to the pollution of the city. While a major part of the
country’s electricity is produced from fossil fuels, the state could build gas-fueled power plants in southern
Tehran and supply the household with heat from the electricity production. There is need for a strategic
organization to study the effects of climate, water, energy, population, and geographical location, so that
it would coordinate all construction projects and the reduction of the impacts with other organizations
and ministries, the president and parliament.

Another example is a current project being carried out by the water and wastewater organization of Tehran
province. It is building wastewater systems to transfer the sewage to the southern parts of the city.
Implementation of this project may lead to drying of the underground in the northern part, which if
happens, will be followed by many problems including land subsidence. To prevent such a thing from
occurring, an increase in the green areas and parks of northern Tehran is suggested. Middle eastern
countries, especially Iran, have specific characteristics, which is due to its geographic location and
topography and mountain ranges (Figure 4). Some those characteristics are as follows:

Low annual precipitation, whose spatiotemporal patterns are very different (Figure 5). Natural features
such as plains, vegetation cover and their distribution, as well as alluvia and seasonal and permanent reivers
indicate that the country has experienced both droughts (like the one in Summer 2018) and torrential
precipitations (like the one in March 2019). The average annual rate of the precipitation is not high and
the temporal and spatial distribution of precipitation is varied (Figure 5). Precipitation of the wet year
2018-2019 should not be considered as the beginning of wet years because we have no long-term statistics
to support such a consideration, and many experts believe so. The country’s precipitation data from the
wet years 2017-2018 and 2018-2019 must be observed and be a base for planning. Also, we should also
look at the precipitation data of the year 2020-2021. sedimentological studies is carried out in Iranian
plains (e.g., Tehran, Abadeh, Fars, Bandar-e-Abbas, Kermanshaah, Sar-Pol-e-Zahaab, Flaam which
includes Mehran, Dehloran, Flam-Dgavaar, Saraabeleh route), which are primarily located on Zagros and
Alborz mountain ranges, it will be revealed that intense precipitations have occurred in the country in
recent millennia and/or centuries. However, none of them caused the destruction and loss that the one in
March-April [Nowruz] 2019 did.

Environmental changes

If an accurate investigation is conducted, it will be revealed that intervention in the environment has caused
the losses due to this precipitation (in March) to be far more destructive than what they would be under
normal conditions. It can be easily understood as to why previous torrential rains have not been as such.
Why the historic bridges Kashkaan and Gaav Mishaan with an gae of more than 100 years have been
damaged and destroyed, while previous torrential rains - more intense based on sedimentological
evidences — were not able to destroy them, they had remained sound (Kaskaan bridge, Fig. 6). The city of
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of large rivers. This can lead to dryness and disappearance of vegetation cover. On the other hand, it can
result in typhoon and swarm of fine particles in the eastern region of Iran. In our country, the problem is
much more severe as the observed trend has started since a for a few decades, many internal lakes have
dried such as Hamoon lake in Sistan and Baluchistan, Qom Lake, ..., and where is the water-abundant
Urmia Lake), and this trend is going on.

Figure 3. The recent floods in Iran and their damages (March, 2019); A. The city of Agh Ghala, Golestan Province;
B. The remained mud after the flood in houses, Pol Dokhtar, Lorestan Province; C. Flood-water running in the
vicinity of the Pol Dokhtar city. (Photos by Mehr, Fars and ISNA news agencies, respectively).Figure 6. The Kashkan
Bridges; A. Before the flood; B. After the flood. Note that the historic bridge that shows minor changes compared
to the new one (Photos by Pars Geological Research Center and ISNA news agency, respectively). Figure 7. The
remnants showing the method of plowing in old times perpendicular to the topographical dip, Astamal, East
Azerbaijan Province, Iran (Photo by the Pars Geological Research Center).

Ground water level has gone down to 200 m in some regions of the country. The problem of water scatcity
in the country cannot be solved with a project, water transfer, constructing a few dams, using deep waters
and/or desalination. Indeed, all these options need to be studied and be on the agenda to be effective. In
near future, the world has to cut on fossil energy consumption. Of course, this willingness exists but it is
not achievable in the short term. The reason is the global transport and growth of developing countries,
whose needs for these fuels are increasing by day, have been shaped by low price of fossil fuels, which
have low price, ease of access and transport on the one hand, and are needed by universal industries such
as big factories. It will take years until clean energies become comprehensive alternatives for fossil fuels.
Although strict frameworks for the consumption of fossil fuels in the future, and carbon tax will be
increased, some states might not be committed to those actions due to nationalist and populist views. On
the other hand, the world does not have the capacity for the rapid replacement of the current energy
sources, and further consumption of these fuels will result in further warming of the earth. Therefore,
climate change, water scarcity in middle latitudes, and the disturbance of precipitation equilibrium and life
will continue seriously.
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terrestrial ecosystems, and variations in the global ecosystems in turn will cause mass extinction of a group
of living creatures. These aspects indicate how the six components of nature (i.e., climate, water, energy,
population, geographical location, natural features like minerals and forests) will act together and react to
each other, and how their complex relationship and mutual effects will reveal and become more intense
in near future between 2030 and 2070 (Figure 2). In the not so-far-future, between 2030 and 2070 (around
2050), the world undoubtedly will be another world, very different from now. The mentioned components
have mutual effects on each other (Figure 2), whose intensification will be noticeable from 2030 onwards
and will adapt to the future events and reach a relatively stable equilibrium in 2070. After this time, once
the world has passed the profound episodes, it reaches a new quiescence. Although in the four decades
starting from 2030 the world will see many events, changes and shocks, in my opinion, these episodes will
stabilize completely until 2070, and after that a quiescent and stable world will come into existence.

Hydro-atmosphere changes

The globe will continue to change through six components. We have to know these components and their
mutual effects, which we have to mitigate as much as possible because it is us humans that caused
problems and unbalances by employing an ever-increasing amount of fossil fuels within the last 100 years.
Overcoming the mentioned problems is very difficult without having sufficient knowledge about the
components. These mutual effects are more pronounced in middle eastern countries because they have
the most fossil fuel resources, highest per capita energy consumption and least vegetation cover, and are
located within latitudes sensitive to climate change (25 © - 35 °). Due to the increase in greenhouse effect,
which is primarily the result of fossil fuels, it has been a few decades since the warming of the earth’s
climate has begun, and its intensity will go up given the global appetite to consume fossil fuels. It is
anticipated that the earth’s temperature will increase by 5 degrees until 2050. Such an increase means
melting of all snows in the northern latitudes, and a lot of changes in the amount, time and location of
precipitations (e.g., precipitation will increase within the latitudes 0 °-30 © and 60 °- 90 °, and it will decrease
within middle latitudes, whereby arid areas will expend). These disturbances will intensify and the overall
precipitation on earth will increase, and soil erosion will increase subsequently. Unfortunately, Iran is
located within the middle latitudes, as are other middle eastern countries.

The changes can be depicted as a reduction in snowfall and increase in rainfall. Also, the timing of the
precipitation changes (e.g., we possibly see winter precipitation reduce and summer precipitation increase).
In addition, precipitation shifts from mild to heavy and torrential. Economically, it should be noted that
most impacts of the environmental phenomena in Iran are incurred by flood rather than earthquake. For
instance, the precipitation that occurred in the end of March 2019 has been unprecedented within the last
100 years and caused losses of life and properties to the Iranians (Figure 3). Climate change will cause
changes in vegetation cover. Overall, the northern latitudes will become greener and lower latitudes,
especially middle latitudes, will become drier. As Iran is located within the middle latitudes, we need to be
concerned about the disappearance of forests, and indeed we need to increase forests and grasslands. At
this stage, the global community should act, and engage in research and educational projects. Based on
the knowledge of the first author of this article about the climate and morphology of Irana and other
middle eastern countries, it is feasible to allocate areas of higher altitude than 2500 m to the cultivation of
trees compatible with the climate of Iran, especially Ooras cedar [Juniperus]|. Besides preventing the
reduction in the greeneries of the country, this action may be of help to counter the problems that will
occut.

Undoubtedly, countries located within middle latitudes will face intense water scarcity by 2050, and this
water issue that has been raised in the regional conflicts and disputes will be inevitable in the near future.
With war and terrorism, this issue will be mote acute in middle eastern countries because some countries
are causing aridity in other countries such as Iraq and Syria by constructing dam on the upstream tributaries
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precipitation will go up at higher latitudes and will go down at lower latitudes. This will be explained more
in the following.

On the other hand, the thermal equilibrium of the earth will be upset. This means that, especially in the
middle east, precipitation will possibly reduce during winter and increase in summer and early autumn.
Also, the type and intensity of precipitation will completely change; meaning snowfall will lessen and
rainfall will increase, the number of mild rains will decrease and that of torrential rains will increase. As
such, the overall precipitation of Iran in the first three months of 2019 has been unprecedented in recent
100 years (Figure 1). Human life, and agricultural and industrial activities, have been adjusted and stabilized
with the current trend of precipitations. It is obvious that what a disaster will happen with a change in this
equilibrium.

In this article, we have tried to first examine the process of creation and evolution of the composition of
the two spheres (atmosphere and hydrosphere) from the past to the present, and then point out their
evolution in the future regarding the consumption of fossil fuels. However, climate change is caused by
the increase in carbon dioxide and its greenhouse effect. it will also affect the hydrosphere. according to
the recent thirty-year changes obtained from meteorological statistics, as well as the authot's observations
of the surface changes of the earth, such as land, lakes and rivers in Iran and some countries in the Middle
Fast, which the author observed, and also by analyzing the book of the world in the year 2050, of which
the author was the editor of its translation and addressed climate changes in the Middle East and especially
Iran; It matches.
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Figure 1. The precipitation rates of different provinces of Iran in September 2018-March 2019 and the long-term

Precipitation mm)

precipitation (data from the National Drought Warning and Monitoring Center). Figure 2. This diagram shows the
trends of the main factors affecting the world from 1950 up to now and predicts future changes.

CO; and Hydrosphere

The increase of carbon dioxide, sulfur and industrial acidic gases in atmosphere will make the pH of
precipitations deviate from neutrality, turn them acidic gradually, and these acidic waters will enter the
seas. As already mentioned, the current pH of sweater is about 8.2; close to neutral. We know that near-
neutral pH is very sensitive, and it changes a lot with the concentration of H+ or OH- ions. Entrance of
acidic water in the sea and melting of polar ice with pH about 7 may reduce ocean water pH to 7. This
might not have such an impact on oceans that contain large volumes of earth’s water but can affect closed
and semi-closed seas, such as Caspian Sea and black Sea, and lakes. The pH 8.2 has remained constant for
a billion years. Changes in pH are a shock to the hydrosphere and these conditions are a catastrophe for
most living sea creatures because they have acclimatized with pH 8.2. Even small pH changes that causes
the death of many creatures and leads to the disturbance of marine ecosystems. This will cause changes in
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INTRODUCTION

When the earth was created from the chondritic solid meteorites, there was no atmosphere and
hydrosphere. Once geological activities such as volcanism began, the volcanic gases led to the formation
of atmosphere and hydrosphere. Although their composition was very diverse, H20 and CO2 were the
major components. Water vapor made hydrosphere and CO2 along with some other gases such as N2
and NH3 formed the atmosphere. The primary atmosphere was mainly composed of CO2 (more than
90%) lacking oxygen. The pH of the primary hydrosphere was highly acidic due to being in equilibrium
and relation to a CO2 rich atmosphere and because of ample sulfur gases the Archean volcanism, which
were higher than the current volcanisms. The subsequent geological and biological events changed the
primary atmosphere and hydrosphere by adding cations released from wash-off and decomposition of the
volcanic rocks, which were formed in the beginning of the earth’s creation. Such an event shifted the pH
from acidic to the neutral and current basic levels (L.e., 8.2). These conditions led to the gradual release of
CO2 in the cycle of sedimentary rocks and the caused formation of carbonate rocks, and oxygen initially
produced by photosynthesis led to the Fe2+ from ocean waters forming the Banded Iron Formations
(BIFs). The volcanism is still active. Finally, the geological and biological activities made atmosphere and
hydrosphere have their current shape and composition.

These The biological and geological activities, especially the sedimentary ones, caused the major parts of
CO2 of atmosphere during the Phanerozoic time to accumulate in coal, oil, gas, oil shales and Tar Sands.
Although the geological activities were not continuous, it can be generally said that the formation of fossil
fuels on earth took almost 400 million years. These fossil fuels are forming huge deposits and reservoirs
including, of which more than 1 billion tons of coal, around 2000 billion barrels of conventional oil, more
than 2000 billion barrels of the unconventional oil (Tar Sands and oil shales) and around 200 trillion m3
of natural gas have so far been known. Despite the relatively long use of fossil fuels in human life, the
application of fossil fuel energy in large amounts dates to the beginning of the industrial revolution in
Europe. Use of fossil fuel intensified especially from the second half of the last century (1950), which is
anticipated to continue until the second half of the current century (2050). This means humans will
consume approximately 50% of the world’s coal and more than 80 % of world’s oil and gas in about 100
years. This denotes that in about 100 years humans will release in the atmosphere a large part of what
nature has accumulated in the fossil fuels from atmospheric CO2 in fossil fuels over 400 million years. It
means that the whole CO2 content which had been saved in the nature as the fossil fuels during almost
400 million years will be added to the atmosphere during only 100 years. This swift increase of COZ2 and
some other gases such as SO2 and N202 will make a sudden shock firstly to the atmosphere and then to
the hydrosphere. The result can be shown described by this famous Persian proverb: There would be no
sign of both; the grapevine and the planter. No sign will be left from the grapevine, nor will be from the
vine planter.

There have been a lot of discussions about increase in carbon dioxide gas over a short time (about 100
years), and its consequences have been emphasized. International conferences are currently being held
(agreed treaties like the Paris accord), and the issue will likely reach the security council. Nevertheless, it
has not been taken seriously and attention has not been paid to all its impacts. Beside warming of the
earth, increase in CO2 leads to the melting of polar ice, rising of sea levels and other problems, and it can
submerge some countries. It would not be the biggest threat, and although it can onerously be dealt with
by human beings, the subsequent problems will not be solvable by humans or any other creature. Some
of those problems are as follows:

Severe climate change: the current increase in earth temperature increases the total evaporation from
oceans. Such evaporation increases the overall precipitation on earth. At first glance, the increase in
precipitation seems felicitous. However, it disturbs the current trend of precipitation, so that the
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Abstract

The composition of the Earth's hydrosphere and atmosphere at the beginning of the Earth's
formation and the Archaean was very different from its current state. In the Archaean, the
atmosphere’s composition was predominantly CO2, with small amounts of methane and
nitrogen gases, and almost devoid of oxygen. Additionally, ocean water had an acidic pH.
After several hundred million years of geological and biological activities, almost from the
late Proterozoic and Phanerozoic, the composition of the atmosphere and hydrosphere has
taken its current form. From the beginning of the Paleozoic to the Miocene, for more than
four hundred million years, as a result of biological activities and geological phenomena, a
part of carbon dioxide gas of the atmosphere has accumulated in fossil fuels (oil, gas, coal).
Human civilization, after the industrial revolution, with the use of fossil fuels and the peak
of their use in 1950 until now, and the continuation of this trend until 2050, in about 100
years, will consume almost 80% of the world's accumulated reserves of fossil fuels. A
sudden increase in CO2 in such a short time means introducing a sudden shock to the
composition of the atmosphere, resulting in an increase in the Earth's heat, and this process
is expected to become more intense. This problem has caused changes in the climate of
the planet, and the result will be extreme changes in rainfall, drought in some areas,
including Iran, the Middle East, and North Africa, changes in the rainfall pattern and its type
in the year on the planet, drying up of many lakes and rivers in regions with the latitudes
20-35 degrees, as well as changes in the water level of the oceans and even their pH
changes, which will threaten human society and some biological species.
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and the rich cultural fabric of the Achaemenid Empire. The vibrant hues and unique properties of
gemstones weren't just ornamental; they actively contributed to a visual vocabulary that communicated
the empire's cultural, religious, and royal significance. In essence, Achaemenid jewelry becomes a
testament to the intricate interplay of gemstones, symbols, and craftsmanship, echoing the stories,
beliefs, and artistry of a remarkable civilization across time and space.
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Filigree: Whispers of Wire: Achaemenid jewelers pushed the boundaries of metalworking with the art
of filigree. Thin gold wires, almost impossibly fine, were twisted, braided, and soldered into intricate
patterns using specialized tools. Leaves, flowers, and mythical creatures came to life through this
painstaking technique, adding an ethereal touch to jewelry. Imagine delicate tendrils forming intricate
patterns, tiny buds emerging, and mythical creatures taking shape, all crafted from these almost
weightless threads of gold (figure 11). These are just a glimpse into the extensive toolkit and techniques
employed by Achaemenid jewelers. Each tool, each technique, tells a story of skill, dedication, and
artistic vision. Together, they paint a picture of a bygone era where craftsmanship and artistry
intertwined to create timeless masterpieces.

Conclusion
Gemstones, Symbols, and Craftsmanship in Achaemenid Jewelry

In Achaemenid culture, gemstones played multifaceted roles beyond mere decoration. They were
carefully chosen for their symbolic meanings, embodying profound significance in religious,
mythological, and cosmological contexts. The vibrant hues of turquoise, carnelian, and lapis lazuli
weren't just aesthetically pleasing; they held spiritual meanings, contributing to the wearer's spiritual
well-being and protection.

These precious stones served as representations of spiritual beliefs, with specific stones tied to
important religious, mythological, or cosmological concepts. For instance, turquoise symbolized
protection, carnelian represented vitality, and lapis lazuli embodied divine favor. The stones weren't just
passive adornments; they actively contributed to a visual vocabulary, conveying cultural, religious, and
royal significance within the Achaemenid Empire.

Expressions of cultural values were embedded in gemstones, with motifs like lotus blossoms and vines
depicted using these precious materials. Lotus blossoms represented creation and rebirth, aligning with
beliefs in the afterlife, while vines symbolized abundance and interconnectedness, reflecting the cultural
values of community and prosperity.

Beyond their decorative role, gemstones served as tools for storytelling within Achaemenid jewelry. The
choice and placement of gemstones within the jewelry often formed intricate narratives, depicting
mythology, religious beliefs, or personal achievements. Gemstones became integral elements that added
layers of meaning and stories to the crafted pieces.

Expressions of artistic creativity were heightened through the use of gemstones. These stones, selected
for their unique colors and textures, weren't just inert materials; they allowed skilled artisans to enhance
the overall design and artistry of their creations. The vibrant and visually stunning gemstones became
essential components in the intricate process of crafting beautiful and meaningful jewelry.

In summary, the world of Achaemenid jewelry, as epitomized by the treasures within the Oxus Treasure,
unveils a captivating narrative of gemstones, symbols, and craftsmanship. The meticulous integration
of precious gems like turquoise, carnelian, and lapis lazuli into intricate metal frameworks reflects not
only aesthetic brilliance but also the profound symbolic depth embedded in each piece. From celestial
symbols to representations of flora and fauna, the jewelry acts as a visual lexicon, conveying cultural,
religious, and royal significance.

These gemstones in Achaemenid culture transcend mere visual appeal, playing pivotal roles as carriers
of symbolic depth, expressions of cultural values, tools for storytelling, and enhancers of artistic
creativity. These multifaceted roles showcase the profound connections between gemstones, wearers,
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Granulation Tools: Tiny gold balls, meticulously crafted using specialized tools, were meticulously
applied to adorn surfaces with shimmering texture, resembling stardust.

Gemstone Setting Delicacy: Precious stones, chosen for their vibrant hues and symbolic significance,
became integral parts of Achaemenid jewelry. Skilled artisans employed several techniques to secure
these treasures:

Bezel Setting: A metal rim encircled the stone, holding it securely while showcasing its beauty. Imagine
gemstones like lapis lazuli or turquoise gleaming within these protective bezels.(figure 12)

Prong Setting: Delicate metal claws gently grasped the gem, offering a more open display. This
technique allowed light to play on the stone's facets, highlighting its brilliance.

Cloisonné: Thin gold wires outlined the stone's shape, creating intricate compartments filled with
colored glass or enamel. Fired to create a dazzling mosaic effect, this technique transformed raw
materials into miniature-stained glass windows.

Figure 12- Gold armlet: penannular, the hoop almost solid at the back and tubular towards the ends which are in
the form of winged monsters with griffin heads, their hind quarters and legs being in low relief; the horns are
chiselled into a series of deep square settings close together, and the ends are cup-shaped; the neck and breast,
the outer side of the wings, and the back are ornamented with fine applied cells or cloisons which in the first two
instances imitate feathers, and on the back are in the form of broad circumflex accents placed one above the other
across a rectangular sunken panel; the face, body and limbs are deeply chased with hollows following the lines of
the bodies of the monsters and which, like all the applied cells and chiselled settings, were originally inlaid with
colored stones, including lazulite (Bezel Setting), although no trace of these survive; the heads, cars, horns and
wings are separately made.
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Chisels and Engravers: Sharp chisels meticulously carved intricate details, bringing life to forms and
inscriptions. Fine needles inscribed delicate patterns and symbols onto the metal surface, etching tiny
stories onto the jewelry.

Figure 11- Model of gold chariot drawn by four horses abreast: the chariot box or cab is open at the back. It has
an irregular square front, wider at the top than the bottom, ornamented with two incised bands in saltire, probably
representing diagonal bracing struts. These bands are decorated with triangles and have a Bes head at the
intersection. The floor is covered with cross-hatching, most probably representing a flooring of interlaced leather
thongs. The two large wheels each have nine spokes, and the running surfaces are studded with small pellets to
represent the bulbous heads of large stud-like nails which in the full-size original would have secured a tyre and
felloe-sheathing of bronze. The axle is soldered at either end but the wheels originally rotated freely. A seat, in the
form of a narrow strip of gold, runs from the front to back of the interior. On this is seated the principal figure.
He wears a long robe reaching to the ankles, the sleeves of which appear to be empty like those of the 'kandys'.
On his head is a hood or cap, around the front of which is a flat strip of gold, resembling a fillet, with the ends
projecting above the forehead, and around his neck is a gold wire torc. The driver wears a similar cap without a
fillet, a short girded tunic and a wire torc; his legs are also formed of wires. The two human figures are fixed to
the chariot by wires.The chariot is pulled via a pair of draught-poles fixed to four horses under a single four-bay
yoke. On the yoke, above each horse, is a large loop, representing the terrets, through which the wire reins pass;
alternating with these loops were originally four crescentic fan-shaped yoke ornaments. The bits have large rings
at the sides as rein attachments, and each animal has duplicate representations of the neck-strap and backing-
element, the former with a pendant tassel, punched into the metal. The horses are small, pony-sized animals, but
otherwise have the appearance of ram-headed Nesacans. Their tails are tied up in mud-knots and the hair of the
forelock is pulled back Only nine legs of the horses survive and the spokes of one wheel are imperfect. The two
human figures are fixed to the chariot by wires passing through holes in the bottom and doubled over beneath.
In the case of the charioteer these wires are attached to a small plate connecting his feet; in the case of the other
figure they are longer, and also pass through the seat. Series: Oxus Treasure(The British Museum. Photo by Osama
Shukir Muhammed Amin)

Soldering Iron: This molten "glue" seamlessly joined separate pieces into complex forms, allowing for
intricate designs and delicate structures.
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Methods of Jewelry Crafting in Achaemenid Period

The Achaemenid Iranians distinguished themselves through their renowned expertise and ingenuity in
crafting jewelry, utilizing precious metals and stones with finesse. Employing an array of sophisticated
techniques and tools, they meticulously fashioned intricate and fragile pieces that transcended mere
embellishment, acting as nuanced reflections of their cultural identity, religious beliefs, and authoritative
prowess. Each artifact, more than a mere adornment, encapsulates tales of unparalleled craftsmanship,
cultural opulence, and a profound cosmic connection. The Oxus Treasure stands as an enduring
testament to this legacy, inviting contemplation and awe for the artistry of a bygone epoch. A repository
of invaluable insights, Achaemenid jewelry serves as a window into the art, culture, and religious tapestry
of the expansive Persian Empire, stretching from India to Egypt during its zenith. These artifacts not
only showcase the adeptness and diversity of Achaemenid jewelers but also unveil intricate threads
connecting them with various regions and traditions.

Description of techniques and tools used in crafting Achaemenid jewelry

crafting of Achaemenid jewelry involved a meticulous blend of skill and innovation, employing various
techniques and tools to achieve exquisite results. Metalsmithing, a prominent method, entailed the
manipulation of precious metals such as gold, silver, and bronze. Artisans employed casting, forging,
and hammering to shape the metals into intricate forms, ensuring both durability and aesthetic appeal.

Gem setting, another integral aspect, involved the careful placement of precious stones within the metal
framework. Gemstones like turquoise, carnelian, and lapis lazuli were meticulously cut and polished,
with settings ranging from bezel to claw, enhancing both the visual allure and symbolic significance of
the jewelry. Filigree work showcased the artisans' dexterity, as they delicately formed intricate patterns
and designs using fine metal threads. This technique allowed for the creation of latticework and detailed
motifs, contributing to the overall elegance of Achaemenid jewelry. Tools employed in this
craftsmanship included various types of hammers, anvils, molds, and chisels, each serving a specific
purpose in the creation process. Precise detailing was achieved through the use of engraving tools,
enabling the addition of intricate patterns and inscriptions. One of the main techniques used by the
Achaemenid jewelers was metalworking, which involved the smithing, hammering, casting, and
soldering of gold and silver. They also used alloys, such as electrum (a mixture of gold and silver), to
create different colors and effects. The metalworkers employed various tools, such as anvils, hammers,
tongs, molds, files, and punches, to shape and decorate the metal. They also used engraving, chasing,
repoussé, and inlaying to create pat

Tools and Techniques of Achaemenid Jewelry Masters: Shaping Metal and Gemstone Magic

The dazzling opulence of Achaemenid jewelry wasn't simply a matter of gold and gems. Behind each
shimmering piece lay the remarkable skill and ingenuity of the artisans who brought them to life. Their
intricate creations, unearthed from the Oxus Treasure and beyond, whisper tales of the tools and
techniques used to transform raw materials into breathtaking works of art. Metalworking Marvels:
Hammer and Anvil: The foundation of the craft, rounded anvils and stone hammers shaped sheets and
wires of gold, silver, and even the naturally occurring electrum alloy. Imagine the rhythmic clanging
echoing through workshops as skilled hands wielded these tools.
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Ivy: Representing steadfastness, ivy's clinging capacity when forming earrings and plaques evoked
devotion to higher truths and moral codes over time.

Palmette: Characterized by fan-shaped fronds, the palmette symbolized life, vitality, and fertility,
adorning artifacts such as necklaces and diadems.

Poppy: Holding symbolic meaning with its four petals, poppy motifs on beads or pendants may have
been worn as fertility or healing amulets.

Grapevines: Significant symbols of fruitfulness, abundance, and ritual significance, grapevines' intricate
forms adorned silver vessels and drinking goblets.

Leaves: Shaped like ivy, lotus, or acanthus, leaves with inscriptions indicated their use in royal naming
or titling systems, denoting concepts of power, lineage, and succession.

Knot and Spiral Motifs: Representing the infinite and cyclic nature of existence, these motifs appeared
intertwined with floral forms, reinforcing the blending of spiritual and natural concepts.

Through botanic forms infused with deep symbolism, Achaemenid art revealed nature as a theater for
understanding cosmic workings and the nobility's role in preserving bounties granted by celestial
providence. The Oxus floral lexicon indexed a rich appreciation for nature's lessons.In conclusion, plant
symbols in Achaemenid jewelry reflect the cultural, religious, and royal aspects of Achaemenid
civilization, showcasing the rich cultural heritage of the Achaemenid Empire. Each plant motif
contributes to an eloquent narrative, weaving together a profound connection to the natural world and
the enduring legacy of the Achaemenid people.
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Figure 10- Rectangular gold sheet cut-out plaque: shows a figure walking to the left, wearing a crenellated crown
or dentate tiara, a long garment with long sleeves decorated with a row of circles, and shoes or boots; the figure
has long hair curled over at the back of the neck, and wears a circular earring in the left ear; collar or torc around
the neck; right hand held before the face, left hand holding a lotus-flower; five loops for attachment on reverse.
Oxus Treasure (The British Museum).
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Fish: Fish were a symbol of life and fertility, and may also refer to the primordial waters of creation.
The Oxus Treasure contains a gold fish vessel, which has a spout in the shape of a ram’s head. The ram
was associated with the spring equinox and the zodiac sign of Aries, as well as the god Verethragna,
who was invoked for victory and prosperity. The vessel may have been used for ritual libations or
offerings.

Figure 9- Gold finger-ring with transversely ribbed slender hoop and flat, almost circular, bezel engraved in
intaglio with a griffin facing right; back of the bezel is chamfered around the edge. Oxus Treasure (The British
Museum).

Plant Symbolism

In the captivating world of Achaemenid Jewelry, plants played a significant role in symbolizing various
aspects of nature, religion, and society. The Oxus Treasure, a collection of ancient Persian jewelry,
showcases the rich cultural heritage of the Achaemenid Empire through its intricate plant motifs. Each
botanical motif, meticulously crafted, unveils a narrative of cultural, religious, and royal expressions
dating back to the 5th and 4th centuries BCE. The plant symbolism in Achaemenid jewelry can be seen
in various forms, such as:

Lotus: The lotus flower, associated with the goddess Aurora, symbolized creation, rebirth, and
resurrection. It also served as a representation of fertility and prosperity.

Rosette: Rosette motifs often featured six petals, symbolizing the six directions and reinforcing concepts
of order and balance in the natural and celestial realms.

Vines: Winding around jewelry, vines conveyed perseverance, life-force, and connection to the
sustaining earth. Their tendrils knotted into intricate patterns on rings, symbolizing organic networks
of power, loyalty, and distribution of blessings.

Pomegranate: A symbol of fertility, abundance, and ritual significance, pomegranates featured
prominently on silver vessels and drinking goblets.
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Bulls: Bulls were a symbol of fertility, bounty, and lunar cycles, and were associated with the crescent-
shaped horns. The Oxus Treasure contains several pieces that feature bulls, such as beads and bracelets
with bull horns. These pieces would have invoked the lunar deities and their influence on the natural
world.

Figure 8. Hammered gold bowl with low umbo; shallow form; umbo (omphalos) hammered from the outside;
embossed from the inside with decoration in two concentric zones, the outer one of which consists of pairs of
lions erect upon their hind legs with their forearms outstretched diagonally, and each pair alternating with almond-
shaped pushed-out lobes with the points downwards; the small inner zone surrounds the circular depression
forming the reverse of the umbo, and is decorated with 6 smaller almond-shaped bosses arranged at regular
intervals, again with the points downwards; center point on the underside. Series: Oxus Treasure (The British
Museum. Photo by Osama Shukir Muhammed Amin).

Griffins: Griffins were mythical creatures with the body of a lion and the head and wings of an eagle.
They were believed to guard the celestial realm and act as messengers and agents of the divine power.
They also symbolized the qualities of courage, strength, and nobility. The Oxus Treasure contains
several figurines of griffins, some of which have movable heads or wings. These pieces would have
symbolized the protection and guidance of the celestial forces. (Figure.7)

Horses: Horses were highly valued by the Achaemenids, who used them for warfare, transportation,
and sport. Horses symbolized speed, strength, and nobility. They were also linked to the sun god Mithra,
who was often depicted riding a chariot pulled by four horses. The Oxus Treasure contains two gold
model chariots with horses and figures, which may represent Mithra or Ahura Mazda. The chariots have
four-spoked wheels, which could symbolize the four cardinal directions or the four seasons.

Deer and Ibex: Deer and ibex were symbols of agility and adaptability, and were native to the
mountainous regions of the Achaemenid Empire. They reflected the close observation of nature and
the livelihoods sustained by terraced farming. The Oxus Treasure contains several rings that feature
deer and ibex, which would have been worn by ordinary people or farmers.
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Figure 7- Gold disc clothing appliqué with faravahar; the faravahar was a winged disk with a human figure in
the center. Series: Oxus Treasure (The British Museum)

Animal symbolism

One of the striking features of the Oxus Treasure is the use of animal symbolism in the jewelry, which
reflects the cultural, religious, and royal aspects of Achaemenid civilization. The Achaemenids were
followers of Zoroastrianism, a monotheistic faith that revered Ahura Mazda as the supreme creator and
lord of the universe. They also believed in the existence of other divine beings and forces, such as
Anahita, the goddess of fertility and wisdom, and Mithra, the god of the sun and justice. They also had
a keen interest in astrology, and the influence of the stars and planets on human affairs.

The animal symbolism in Achaemenid jewelry can be seen in various forms, such as:

Lions: Lions were a symbol of power, majesty, and royal authority, and were often depicted as the prey
of kings or heroes. The lion was also linked to the sun and the zodiac sign of Leo. The Oxus Treasure
contains several pieces that feature lions, such as a gold scabbard with a lion-hunting scene, and a gold
pendant with a lion’s head surrounded by stars. These pieces would have been worn by high-ranking
officials or nobles, and would have conveyed their prowess and divine favor.

Winged Lions: Winged lions were a variation of the lion motif, with added celestial significance. With
wings denoting a connection to the heavens, these creatures symbolized not only earthly power but also
a celestial realm. The Oxus Treasure features examples of winged lions on earrings and other regal
accessories, underlining the celestial authority of the Achaemenid rulers.
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create an opulent tableau that transcends mere adornment, offering profound insights into the complex
and refined world of the Achaemenid civilization.

Celestial Symbolism

One of the striking features of Achaemenid jewelry is the use of celestial symbolism, which reflects the
empire’s religious, cosmic, and royal worldview. The Achaemenids were followers of Zoroastrianism, a
monotheistic faith that revered Ahura Mazda as the supreme creator and lord of the universe. They also
believed in the existence of other divine beings and forces, such as Anahita, the goddess of fertility and
wisdom, and Mithra, the god of the sun and justice. They also had a keen interest in astrology, and the
influence of the stars and planets on human affairs.

The celestial symbolism in Achaemenid jewelry can be seen in various motifs, such as:

Sun, Moon, and Stars: These celestial bodies represented the eternal and cyclical nature of the cosmos,
and the divine authority of the Achaemenid kings. The sun, often depicted as a disc with rays,
symbolized Ahura Mazda, the source of life and light. The moon, usually shown as a crescent,
symbolized Anahita, the patroness of women and fertility. The stars, often made from tiny gemstones,
symbolized the blessings of the divine order and the influence of the zodiac on human destiny. These
motifs often adorned crowns, diadems, earrings, pendants, and bracelets, serving as protective amulets
and regal accessories.

Solar Disks and Rosettes: A variation of the sun motif, the solar disk was a circular emblem with a
central dot and radiating petals. It was often accompanied by rosettes, intricate floral patterns that could
have multiple meanings, such as cosmic order, fertility, or the seasons. The combination of solar disks
and rosettes expressed the Achaemenid reverence for the natural world and its harmony with the
celestial realm.

Faravahar: One of the most iconic celestial symbols in Achaemenid jewelry, the faravahar was a winged
disk with a human figure in the center, usually holding a ring. The faravahar symbolized the sun as the
source of royal authority, and the human figure represented the soul or the spirit of the king. The wings
symbolized the protection and guidance of the divine forces, and the ring symbolized loyalty and
faithfulness. The faravahar was a common motif in gold rings and pendants, emphasizing the
connection between the king and Ahura Mazda. (figure7)

Celestial Creatures: The Achaemenids also used mythical animals and hybrid beings as celestial symbols,
such as griffins, winged lions, and winged bulls. These creatures were believed to guard the celestial
realm and act as messengers and agents of the divine power. They also symbolized the qualities of
courage, strength, and nobility. The incorporation of celestial creatures in jewelry served to invoke the
divine protection and favor for the wearer.

Zodiacal Imagery: The Achaemenids were fascinated by astrology, and the signs of the zodiac frequently
appeared in their jewelry. The zodiacal symbols, such as the bull, the lion, and the ram, were intricately
engraved or molded into the designs. They not only represented the alignment of the celestial bodies
and their influence on human fate, but also the connection between the Achaemenid rulers and the
cosmic forces.

Moon Goddess Representation: The moon was also associated with the feminine aspect of divinity, and
some pieces from the Oxus Treasure depict a female figure, possibly a moon goddess, holding celestial
symbols. This suggests the interconnectedness of the celestial and divine realms, and the role of the
goddess in bestowing fertility and wisdom.
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while Raman spectroscopy and energy-dispersive X-ray spectroscopy aided in the identification and
characterization of garnets. The scientific scrutiny of carnelian, agate, and turquoise involved techniques
such as X-ray fluorescence and infrared spectroscopy, shedding light on their geological soutrces and
trade networks.

Figure 6- aigrette, gold plaque ornament: representing on the front a recumbent lion-griffin with bent legs, curled
tail with a leaf end, wings, straight horns and long pointed ears, embossed and chased with the head completed in
the round. There are cavities for inlay on the flank and shoulder. At the back of the plaque are two long prongs
for attachment. Series: Oxus Treasure (The British Museum)

In summation, the Oxus Treasure stands as an eloquent testimony to the nuanced interplay between
gemstones and Achaemenid jewelry. The curated selection of gemstones, laden with symbolic
significance, seamlessly integrated into sophisticated metalwork, unveils the profound artistry and
cultural depth embodied in Achaemenid gem-set jewelry. Scientific analysis enhances our understanding
of the geological origins, properties, and trade routes associated with these gemstones, contributing to
the broader historical narrative of the Achaemenid Empire.

Symbolism in Achaemenid Jewelry: Oxus Treasure Examples

The intricate symbols adorning Achaemenid jewelry, as showcased by the exquisite pieces within the
Oxus Treasure, unfold a captivating narrative steeped in cultural, religious, and regal profundity. These
symbolic motifs, meticulously categorized into celestial, zoological, botanical, and gemological realms,
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Turquoise: Turquoise, revered for its distinctive blue-green allure and perceived protective attributes,
emerged as a favored gemstone in Achaemenid jewelry. Instances within the Oxus Treasure suggest its
dual role as both ornamentation and symbol, possibly weaving ornamental and symbolic narratives.

Figure 5-Torque (Pectoral) with a Pendant Depicting a Battle (IMIHO museum)

Integration into Filigree and Granulation

Achaemenid artisans seamlessly wove gemstones into the intricate filigree and granulation work of their
jewelry. The bracelets, rings, and necklaces within the Oxus Treasure stand as exquisite examples,
showcasing meticulous craftsmanship that married metalwork with gemstone inlays, creating depth and

detail.

Cultural Influences on Gemstone Use

The sprawling territorial reach and cultural diversity of the Achaemenid Empire intricately influenced
gemstone choices and styles. The Oxus Treasure, bearing influences from regions like Egypt, Greece,
and Lydia, echoes a cosmopolitan approach to gemstone incorporation in jewelry.

Method of Identification

Scientific analysis played a pivotal role in unraveling the gemological mysteries of the Oxus Treasure.
Techniques such as X-ray diffraction, electron microscopy, Raman spectroscopy, energy-dispersive X-
ray spectroscopy, and infrared spectroscopy were employed to identify and characterize gemstones. For
instance, lapis lazuli's composition was confirmed through X-ray diffraction and electron microscopy,
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The deliberate choice of specific gemstones within jewelry communicated nuanced messages of status,
religious devotion, or invoked protective qualities.

Figure 3-Pendant in the Form of a Winged Spirit, Achaemenid Persia, 4th century BC. Gold, lapis lazuli,
turquoise, carnelian. (MIHO museum)

Variety of Gemstones

The Oxus Treasure unfolds a tapestry of gemstones, encompassing lapis lazuli, carnelian, garnet, agate,
and turquoise. Each gemstone, with its distinctive color and properties, contributed to the creation of
a vibrant and visually captivating array of jewelry.

Lapis Lazuli: Renowned for its intense blue color, lapis lazuli held a position of high esteem. Featured
prominently in the Oxus Treasure, this gemstone, often set in gold, not only introduced a visually
striking element but also harmonized with the cultural and symbolic underpinnings of the Achaemenid
period.

Carnelian and Agate: Carnelian and agate, boasting warm and varied hues, were prevalent in
Achaemenid jewelry. Manifesting in rings, beads, and amulets within the Oxus Treasure, these
gemstones not only provided a compelling contrast against gold and silver settings but also attested to
the consummate craftsmanship of Achaemenid artisans.
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Gemstones Used in Achaemenid Jewelry

Oxus Treasure as an Exemplar

Gemstones played a pivotal role in Achaemenid jewelry, contributing not only to the visual allure of
artifacts but also encapsulating profound symbolic meanings. The Oxus Treasure, an eminent collection
from the Achaemenid period, serves as an illustrative testament, offering insights into the varied

deployment of gemstones during this era.
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Figure 2 Map of Central Asia showing the region where the Oxus Treasure is thought to have been discovered.
Drawing by Ann Searight (Curtis John 2004)

Symbolism and Cultural Significance

Gemstones transcended their ornamental role, embodying rich symbolic meanings in Achaemenid
culture. Notably, lapis lazuli, with its profound blue hue, assumed associations with royalty and divinity.
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offerings found their way into temples and shrines. The design philosophy of Achaemenid jewelry was
a dynamic amalgamation of influences derived from the diverse regions the Persians encountered,
including Egypt, Mesopotamia, Greece, India, and Lydia. Distinct motifs such as animals, plants,
geometric patterns, and human figures were prevalent, symbolizing power, protection, and fertility.
Iconic symbols like the griffin, lion, and lotus became synonymous with Achaemenid jewelry, portraying
a rich narrative of cultural synthesis.

The construction techniques employed in Achaemenid jewelry showcased a sophisticated repertoire of
skills, encompassing casting, hammering, soldering, engraving, chasing, repoussé, granulation, filigree,
and gilding. Mainly utilizing gold, silver, and electrum, craftsmen occasionally applied color and gilding
to enhance both appearance and intrinsic value. Semi-precious stones, including carnelian, lapis lazuli,
turquoise, agate, and amethyst, alongside colored frit, were integral components, contributing variety
and contrast to the metalwork.

The Oxus Treasure, an archaeological marvel comprising around 180 gold and silver artifacts
accompanied by nearly 200 coins, offers a comprehensive glimpse into the diversity and complexity of
Achaemenid jewelry. Unearthed near the Oxus River in Tajikistan during the late 19th century, the
treasure encompasses various jewelry types like bracelets, armlets, rings, earrings, necklaces, pendants,
plaques, and pins. The collection is a testament to the influence of external art and traditions from
regions such as Egypt, Greece, and Lydia, intricately woven with distinctive Persian features.

Beyond being an assemblage of personal adornments, the Oxus Treasure unveils the intricate layers of
Achaemenid societal dynamics, revealing potential distinctions between personal jewelry and items
intended for votive or ceremonial purposes. It stands as a significant repository of not just artistic
brilliance but also cultural, religious, and social dimensions within one of the ancient world's most
influential empires. The Oxus Treasure, through its meticulous preservation and diverse artifacts,
continues to be a valuable source for scholarly exploration, providing unprecedented insights into the
multifaceted aspects of Achaemenid jewelry.

Figure 1. Bracelet (one of a pair) with heads of lions.Susa, Acropolis, Achaemenid pd., ca. 350 BCE. Gold, lapis-
lazuli, turquoise, mother-of-pearl.Inv. nos.: Sb 2761, Sb 2762 (Département des Antiquités orientales, Muse du
Louvre).
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The treasure is believed to have been buried during the 4th century BCE, a period synonymous with
the zenith of the Persian Achaemenid Empire. Its potential association with a temple suggests a
repository for votive offerings amassed over an extended period, further deepening its historical and
cultural significance.

Among its notable artifacts are griffin-headed bracelets, exemplifying Achaemenid court style, and
finger rings adorned with engraved flat bezels, reflecting the exquisite craftsmanship of the era.
Sculptural elements, including small figurines and model chariots, add to the collection's diversity, while
votive plaques bearing motifs such as lion-griffins and sphinxes provide valuable insights into
Achaemenid religious practices.

The Oxus Treasure remains a subject of scholarly intrigue and debate, with its association with coins
and the exact origins of certain artifacts continuing to fuel academic discourse. Housed primarily in the
British Museum, alongside artifacts in other collections, the treasure offers a comprehensive display of
Achaemenid artistry, providing profound insights into the artistic, cultural, and religious dimensions of
the ancient empire.

Figure 1: Achaemenid bracelet with ducks,Made of gold, inlaid with lapis lazuli, turquoise, onyx, crystal
quartz.Mid-6th — 4th century BCE, Persia, Iran.( MIHO museum)

Significance of the Oxus Treasure as a representative collection of Achaemenid jewelry

Achaemenid period jewelry, as a manifestation of artistic expression, serves as a tangible reflection of
the intricate cultural mosaic within the ancient Persian empire. This form of adornment was pervasive,
worn by individuals of both genders, with the exception of the priestly class, mandated against donning
gold ornaments. Beyond mere ornamentation, jewelry assumed a role in religious practices, where votive
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INTRODUCTION

Immersed within the vast expanse of historical epochs, the Achaemenid period unfurls as a luminous
chapter of regal magnificence and cultural opulence. Spanning from the 6th to the 4th centuries BCE,
the Achaemenid Empire, guided by visionary leaders like Cyrus the Great and Darius the Great, stood
as a paramount force across a sprawling dominion extending from the Aegean Sea to the Indus River.
At the heart of this resplendent cultural panorama lies the enchanting allure of gemstones — radiant and
sublime jewels intricately woven into the fabric of societal customs and expressions. Beyond their
superficial charm, these gemstones played integral roles in shaping the cultural identity of the
Achaemenid people. Their significance surpassed mere embellishment, seamlessly intertwining with
religious beliefs, social structures, and the very essence of daily life.

Embarking on this scholarly expedition, the endeavor is to unravel the multifaceted importance of
gemstones during the Achaemenid era (figure.1). Delving beyond surface aesthetics, the aim is to
comprehend how these precious stones transcended their roles as mere adornments, evolving into
symbolic conduits of profound meaning. In doing so, the aspiration is to unveil the intricate values and
beliefs that permeated the rich tapestry of Achaemenid culture. Joining this academic journey allows
for the peeling back of the layers of significance woven into each gemstone, casting a luminous light on
the cultural treasures concealed within the folds of time.

The grandeur of Achaemenid gemstones finds expression in myriad forms, each imbued with profound
cultural significance. Among these luminous treasures, lapis lazuli reigns supreme, its deep azure hue
evoking celestial realms. This prized gemstone adorned regal seals, jewelry, and architectural marvels,
notably gracing the Apadana Hall in Persepolis, where it served as a bridge between the earthly and the
divine. Carnelian, ablaze with vibrant orange-red hues, embodied vitality and courage. Its presence in
jewelry and seals symbolized strength, both physical and spiritual, epitomized in artifacts such as signet
rings exuding authority and power.Turquoise, prized for its serene blue-green tones, held dual roles as
a protective charm and a conduit to heavenly realms. Its incorporation into royal regalia and ceremonial
objects attested to the Achaemenid belief in the spiritual potency of gemstones. Such examples
underscore the profound cultural significance of gemstones in Achaemenid society, serving as more
than mere ornaments but as vessels of meaning, intricately woven into the fabric of an epoch steeped
in grandeur. As the journey delves deeper, the Oxus Treasure emerges as a testament to the opulence
and cultural richness encapsulated in Achaemenid gemstones.

MATERIALS AND METHODS
Oxus Treasure: A Glimpse into Achaemenid Jewelry

The Oxus Treasure stands as a captivating testament to the opulence and artistry of the Achaemenid
Empire, offering a remarkable glimpse into ancient Persian jewelry. Discovered between 1877 and 1880
near the Oxus River in Tajikistan, the treasure's exact citcumstances of discovery remain shrouded in
mystery. It is believed to have been unearthed by local villagers, who, recognizing its value, eventually
sold it to a Russian officer. Subsequently, the collection found its way into the hands of British
archaeologist Aurel Stein, who played a pivotal role in its documentation and preservation.

This collection of approximately 180 well-preserved artifacts crafted from precious metals, dating back
to the Achaemenid Empire (c. 550-330 BCE), holds immense significance as a representative ensemble
of Achaemenid jewelry. Its diverse range of items, meticulously crafted and adorned with intricate
designs, offers valuable insights into the aesthetic and cultural milieu of ancient Persia.
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Oman Sea

The Journal of Pars Arian Territories (JPAT) is a scientific
publication dedicated to exploring a wide range of earth

science topics that hold regional significance to the
Mesopotamia to Transoxiana Lands. The journal
welcomes submissions from researchers and scholars

working in several fields, as well as interdisciplinary
studies that bridge multiple earth science disciplines.
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