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Preface

If the heart does not recognize the value of the passing time
and stall
Our only harvest will be embarrassment through the lifetime for all

Hafez (Iranian Poet, 1325-1389 A.D.)

Mineral exploration, extraction and production in Iran dates back to about 4000 B.C.
Ever since not only our knowledge about minerals and developing mines has
improved, but the diversity of the discovered mineral deposits has increased and
their utilization potentials have been amplified. Taking into account the ancient his-
tory of mining and the multiplicity of mineral deposits in the country, one expects
that the mining sector of the country plays a pivotal role in the economy; neverthe-
less, it is not so because of the dominance of the petroleum industry in the country’s
macro economy.

In geology and mining circles and among many foreigners, the common belief is
that Iran is undiscovered and untouched in terms of exploration and mining.
However, existence of 5,000 dynamic mineral production units extracting over 60
different types of minerals and rocks, some dating back to thousands of years, point
to the contrary.

Notwithstanding, what remains unknown about the active 5,000 mining sites of
the country are their exact composition, mode and time of formation, host rocks,
associated minerals, configuration and dimensions, and the amount of reserves.
Frustration increases when we learn that comprehensive data on mining activities
carried out in world-famous mineral reserves. Most countries that are poor in terms
of natural riches invest heavily in mineral exploration and, following a minor find,
invest even more to determine its potentials and feasibility.

Knowledge of surface deposits in our country is relatively good and acceptable
due to a long history of mining activity, lack of dense vegetation cover, extensive
surface exploration studies carried out in the past 50 years, and the role of non-
experts in claiming rights of mineral territories; the last factor being the main reason
for the need of information about mineral deposits. Withal, this does not mean that
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all surface reserves are known. The most immediate need of the country is to
acknowledge the small and scattered surface indications and estimate their amount
of reserves.

Few countries of the world have such a variety of surface exposure of natural
resources as [ran. The country has an important position within many domains such
as mineral reserves, energy resources and natural attractions. This natural richness
and climatic-morphological diversity on one hand and the ancient civilization on the
other form the foundation of Iran’s social and economic activities leading to a socio-
cultural diversity.

This book manuscript is an attempt to prioritize Iran’s natural riches and is
intended to present a wide-spectrum illustration of its mineral resources in order to
provide the international scientific and academic community, all real and legal per-
sons of economic interests, investors, and global enterprises, with helpful informa-
tion on the economic geology of Iran. Although the audience is considered to
comprise of geologists, miners, and perhaps international mining and economic
institutions, the main objective is to introduce Iran’s mineral reserves and natural
resources to the international community with vested interest in Iran’s resources and
its mining industry.

Iran’s Economic Geology book is primarily a synopsis of the country’s geologi-
cal, natural and climatic features, its mining history, mineral resources, mining
potentials as well as an overview of its other natural resources as energy and water.

Chapter 1 covers the general characteristics of Iran’s nature, climate and its bio-
diversity; a summary of the geology of Iran is presented in Chap. 2; the third chapter
refers to history of mining and early mining skills; Chap. 4 denotes different metal-
logenic and mineralization phases through geological periods in Iran; Chap. 5 states
metallogeny and distribution of mineral resources; metallogenic and mining prov-
inces, belts, and zones of Iran are described in Chap. 6 while the next chapter pro-
vides a description about the position of Iranian mining industry in the world; energy
resources, production, and consumption in Iran vis-a-vis those in the world are pre-
sented in Chap. 8; the final chapter points out a complete list of mineral deposits and
indications of Iran with their metallogenic attributes.

One of my lasting wishes was to create an encyclopedia on Iran’s natural
resources in order to demonstrate at the national and international level the coun-
try’s natural mineral resources, energy resources, state of forests and rangelands,
water resources, and natural attractions. Typically such a book should be written by
a team of skillful experts and scholars and one or more governmental organization
should sponsor it, by providing logistics and references, thus helping the expert
team in its formulation. Unfortunately, I did not find such support by any organiza-
tion or agency willing to sponsor it and, therefore, decided to write the book The
Economic Geology of Iran singlehandedly with my own limited scientific expertise
and funds by carrying out surveys and field visits across Iran over the years collect-
ing the results of former studies, bearing all costs personally. Consequently, the
book might be rife with many shortcomings, the most prominent being that it has
been developed by only one person who was guilty on his neck for wishing and still
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having such a wish to carry on such work. The passion and love that drove me to a
point as described by Hafez:

I am the servant of the house of wisdom for so lengthy
Even though I have nothing comparing to the wealthy

Apart from noted imperfections, this book presents comprehensive information
about Iran’s general geography, climate and geology, its mineral, energy and water
resources, and their historical applications; it is a true reflection of Iran’s economic
geology, its mineral and natural resources. The book is the harvest of 25 years of my
study and research in field, travelling through mineral and natural resources across
my country. This book is a small gift to all who promote a prosperous, free, and
peaceful world for all mankind.

In preparing the manuscript I confronted countless difficulties that include:

* Diversity, abundance, and scattered distribution of minerals and mining indica-
tions in Iran. Though they are endowments and should be considered as valuable
assets, their survey necessitates collaboration from all stakeholder individuals
and organizations, the opportunity which the author was denied of.

* Sporadic distribution of information, especially the metallogenic data and the
results of recent explorations.

» Lack of descriptive information even about the most known and important
deposits.

» Lack of a repository where all mining related reports and researches could be
found.

» Unavailability of reports on exploration carried out by mining engineers consult-
ing offices.

* Archiving of information in organizations and places unfamiliar to experts.

In order to overcome the above difficulties I tried to keep track of reports on min-
ing exploration, during visits to the mining indications and deposits as much as
possible, and later on compare and integrate them with my own findings. It is hoped
that with thoughtful future teamwork the unknowns about Iran’s deposits will be
further clarified.

I would like to take this opportunity to express my cordial gratitude and apprecia-
tion to those individuals who have helped me during different stages of this endeavor.
I am indebted to Dr. A. Kani, Assistant Professor of Geology, Shahid Beheshti
University (Tehran, Iran) and Peyman Tajbakhsh, project manager at Pars Geological
Research Center (Arian Zamin) for translation of the Persian text of the book into
English. Special thanks are due to Mohsen Iranmanesh, administrative manager and
head of publications section at Pars Geological Research Center (Arian Zamin) who
has tirelessly worked on typing the manuscript and drafting of the figures.

Lastly, I would like to end this introduction by a translation of a piece from con-
temporary Iranian poet Houshang Ebtehaj, which best describes my emotions:

What do you think?
The world is like a broken mirror, where even a straight pine tree, looks broken to you;
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The sitting mountains ambushing sunset narrow valleys makes the roads seem close;
Don’t measure Time’s infinite shorelines with our lives’ steps!

Our pains and sorrows are only an instant for it.

Like river that towards the downhill, strike the stone with his head, flow forward;
There is no hope that a dead accomplish a miracle;

Be alive!

Mansour Ghorbani
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Chapter 1
Nature of Iran and Its Climate

Abstract This chapter briefly describes Iran’s physical geography, climatic
characteristics, morphology, faunal and floral diversity, and water bodies inside
and along its borders. The chapter is written in such a fashion that it gives the
reader an idea about Iran’s natural features and attractions even if one has never
visited Iran. The information provided herein lays ground for the study of physical
features of Iran in any discipline.

Keywords Iranian Plateau  Climate of Iran ® Mountains of Iran ¢ Fauna and Flora
of Iran ¢ Sea, lakes and rivers of Iran

1.1 Location, Boundaries, and Surface Area

Iran is positioned on the southwest of Asia forming a bridge connecting three
continents of Asia, Europe, and Africa. It is bordered by Azerbaijan, Armenia,
Turkmenistan, and the Caspian Sea on the north, Afghanistan and Pakistan on the
east, Oman Sea and Persian Gulf on the south, and Turkey and Iraq on the west
(Road Atlas of Iran 2004). The country is part of the Iranian Plateau that constitutes
a vast and high terrane, which is bordered by the Caspian Sea on the north, Amu
Darya, Syr Darya, and Kora River plains on the northeast, Sindh and Punjab Rivers
plain on the southeast, the Oman Sea and the Persian Gulf on the south, and the
Tigris river plain on the southwest (Comprehensive Geography of Iran 1987).

The total areal extent of the plateau is about 2,600,000 km?, of which 1,648,195 km?
is accounted for by Iran, and the rest covers Afghanistan, Pakistan, and former
Soviet republics. The area of Iran is 3.7% of Asia and 1.09% of the total land on the
Earth’s surface (Comprehensive Geography of Iran 1987).

The Iranian Plateau is a triangular-shaped piece of land between the Persian Gulf
and the Oman Sea on the south and the Caspian Sea on the north and plays the role
of a bridge between Central Asia and other plateaus in western Asia and Europe

M. Ghorbani, The Economic Geology of Iran: Mineral Deposits 1
and Natural Resources, Springer Geology, DOI 10.1007/978-94-007-5625-0_1,
© Springer Science+Business Media Dordrecht 2013
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(Darehshouri and Kasraian 1998). The longest stretch of Iran runs from the Ararat
Mountains northwest to the Goater Port on southwest and measures 2,210 km,
while the widest stretch is between Sarakhs on the northeast and the Arvand
River on the southwest, measuring about 1,400 km (Comprehensive Geography of
Iran 1987). Half of Iran’s land surface is mountainous, 1/4 covered by fertile
and productive plains and the other 1/4 covered with salty arid deserts (Darehshouri
and Kasraian 1998).

The southernmost point of Iran is the Goater Port located on 25° N latitude, and
the northernmost point is the Ararat foothills 40° N. The easternmost point is Kuhak
on the border with Pakistan, while the westernmost point is Bazargan on the border
with Turkey. Iran’s geographic coordinates are between 44° and 63° 5" 30" E longi-
tude and 25-40° N latitude (Comprehensive Geography of Iran 1987).

The time difference between the easternmost and westernmost points is about 1 h
and 18 min. The perimeter of Iran is about 8,700 km of which 2,700 km (or nearly
one-third) is marine (Persian Gulf, Oman or Makran Sea and Caspian Sea) and
the rest is terrestrial. The marine border line from the Arvand River estuary to the
Goater Port stretches about 2,000 km (Comprehensive Geography of Iran 1987).

1.2 Administrative Division

In the old days, Iran was governed by a totalitarian monarchy system, and the political
subdivisions were ruled by a local ruler. This system continued until 1907 when a
constitutional monarchy was established. In this year, a law was ratified based on which
Iran was divided into four provinces: Azerbaijan, Fars, Khorasan, and Kerman and
Baluchistan. This system remained in force until 1937 when, based on a new admin-
istrative division system, Iran was divided into 10 provinces and 49 counties. In the
year 1971, the divisions were increased to 14 provinces, 8 districts, and 161 counties
(National Historical Atlas of Iran 1999). Based on the latest administrative division
system provided by the Interior Ministry of Iran Website, Iran consists of 31 prov-
inces, 385 counties, 961 districts, 1,120 cities, and 2,473 rural districts (Fig. 1.1). The
general statistics of various provinces is presented in Table 1.1.

1.3 Iranian Plateau

The Iranian Plateau that covers a major part of Iran, Afghanistan, and Pakistan
seems to have experienced similar developments throughout its extent during the
evolution of the Earth.

Following the breakup of Gondwana supercontinent into several pieces, the
Iranian Plateau, like the other pieces, began to drift away from the supercontinent,
thus forming the Tethys Sea that lasted for tens of millions of years until it finally
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Iranian Provinces, 2006

GILAN ™
) ZANJAN

Fig. 1.1 Administrative division map of Iran (http://en.wikipedia.org/wiki/Template:Provinces_of_
Iran_Labelled_Map http://wikimediafoundation.org/wiki/Terms_of_Use)

reached the southern coasts of Laurasia at the beginning of Cenozoic. The collision
point was at the coastal plains of Touran (Ghorbani 2002b).

Undoubtedly the geological history of the Iranian Plateau is one of the most
interesting, complicated, and adventurous on the face of the Earth because the
Iranian Plateau alone experienced numerous and various geological events and
phenomena.

Different theories about the history of the Iranian Plateau from the moment it
separated from Gondwana till its collision with Laurasia have been presented by
many geologists.

Some significant and important geological events occurred following the accretion
of the Iranian Plateau to Laurasia. Due to the general moving direction of Africa
toward Laurasia and also the continuous pressure applied by the Iranian Plateau onto
this supercontinent, several orogenic phases have occurred (Ghorbani 2002a, b, c).
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Table 1.1 General statistics about the provinces of Iran (http://fa.wikipedia.org — for detailed
URLs, please refer to the reference list)

No. Province name Area (sq. km) Population
1 Alborz 5,833 2,412,513
2 Ardabil 17,800 1,248,488
3 Bushehr 27,653 1,032,949
4 Chahar-mahal and Bakhtiyari 16,332 895,263
5 East Azerbaijan 45,650 3,724,620
6 Fars 122,608 4,596,685
7 Golestan 20,367 1,777,014
8 Guilan 14,042 2,480,874
9 Hamedan 19,368 1,758,268

10 Hormozgan 70,697 1,578,183

11 Ilam 20,133 557,599

12 Isfahan 107,029 4,879,312

13 Kerman 181,785 2,938,988

14 Kermanshah 24,998 1,945,227

15 Khuzestan 64,055 4,531,720

16 Kohkilooyeh and Boyer-ahmad 15,504 658,629

17 Kurdistan 29,137 1,493,645

18 Lurestan 24,294 1,754,243

19 Markazi 29,127 1,413,959

20 Mazandaran 23,842 3,070,943

20 Northern Khorasan 28,434 867,727

22 Qazvin 15,567 1,201,565

23 Qom 11,526 1,151,672

24 Razavi Khorasan 128,949 5,994,402

25 Semnan 97,491 631,218

26 Sistan and Baluchestan 180,726 2,534,327

27 Southern Khorasan 85,290 622,534

28 Tehran 12,981 12,183,391

29 West Azerbaijan 37,411 3,080,576

30 Yazd 129,285 1,074,428

31 Zanjan 21,773 1,015,734

Total area (as of 2010): 1,629,687

Total population (as of 2011): 75,106,696

The separation of the Indian subcontinent from Gondwana and its collision
with Asia (which led to the formation of the great Himalayan mountains) caused the
closure of the Tethys Sea on the east of the Iranian Plateau (Ghorbani 1999f).

Another factor that played a significant role in the final shaping of Iran was the
spreading of the Red Sea (Darehshouri and Kasraian 1998).

The northward movement of the Arabian Plate and the pressure exerted against
Iran and Turkey caused new geological phenomena to occur (Ref).
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As the Arabian Plate collided with the Iranian Plate, it plunged beneath the
Iranian Plate and resulted in various geological and topographical episodes, such as
the formation of the Zagros Mountains and other ranges parallel to it (Darehshouri
and Kasraian 1998).

This collision should be considered as a continent—continent type. Geologists
believe that the very thick Iranian continental crust in the north Zagros area is the
result of plunging the Arabian Plate underneath the Iranian Plate (Berberian 1984).

Currently the Arabian Plate is still pushing against the Iranian Plate, and
recent earthquakes in the southwest of the country are the results of such movement
(Alavi 1994).

The Iranian Plateau collision with Asia probably occurred in the early Mesozoic,
which was followed by numerous geological and biological developments
(Darehshouri and Kasraian 1998).

Further folding in Alborz and Central Iran as well as folding of the Zagros
Mountains occurred in this period of time (Darehshouri and Kasraian 1998).

Prior to the detachment of the Iranian Plateau, Gondwana was closer to the
Equator and experienced a warm climate (Darehshouri and Kasraian 1998).

The characteristics of phenomena experienced by the Iranian Plateau caused
looming of numerous morphological and climatological diversities with each of
them having a specific mechanism. Each of these phenomena resulted in the forma-
tion of a variety of natural resources and biological diversities.

The Iranian Plateau entered a new climatic condition once attached to Asia.
Under the newly established circumstance, many biological species that could not
adjust themselves to the new condition gradually vanished, and the susceptible
Iranian terrane was occupied by the fauna and flora of the neighboring Touran and
Europe.

Many of the immigrant fauna and flora from northeastern Touran entered the
Iranian Plateau and spread all the way to the south; the European fauna and flora were
also spread through northwest gateway and settled in the areas suitable for them.

Although the Iranian Plateau managed to preserve some of its biota throughout
these incidents, it was strongly affected by the incoming communities of Touran,
and, to some extent, the European ones. While preserving some of its previous
fauna and flora, the natural appearance of the biota eventually transformed to be
more similar to that of Laurasia.

1.3.1 Trend of Iranian Plateau Transformation

The appearance of the Iranian Plateau changed following the changes in geology
and climate of southern Asia. One of the major factors in this transformation was
the Alpine Orogeny, whose final phases changed the outlook of the Iranian Plateau
(Ghorbani 1999a, b, c, d, e, f). From Late Pliocene to Quaternary, that is, during the
Pasadenian orogeny, the Iranian Plateau underwent significant changes. Following
this orogeny phase, the distribution of land and water bodies in the Iranian Plateau
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approached that of today, and some inland lakes vanished. At the end of Pliocene
and beginning of Quaternary, three significant phenomena were dominant on the
Iranian Plateau (Ref):

* Volcanism
» Seismic activities and large earthquakes
* Fluvial inundation and flooding

These phenomena were so significant that the earthquakes and flooding happen-
ing today cannot be compared to those occurring from Pliocene until Quaternary.
Some of these are briefly described next.

At the said time, the Alborz, Zagros, Sahand, and Sabalan Mountains were much
taller than they are today. Steep topography, on the one hand, and climate character-
istics of the early Quaternary, on the otherhand, caused torrential rains and river
inundations, which led to severe mechanical weathering and erosion. In fact, the
large volume and thick unsorted sediments and alluvium bespeak of such activities
(Hezaar-Darreh Formation in north of Iran, and Bakhtiari conglomerate and loose
alluviums in the south of Iran).

Displacement and disorder in river terraces in places where they are positioned
perpendicular to Quaternary faults, or the effects of faults within young terraces, as
well as fracturing, sliding, and slumping of multiton boulders in some areas indicate
the occurrence of numerous large and strong earthquakes at the beginning of
Quaternary.

A comprehensive review of the characteristics of Quaternary sediments and the
phenomena occurred in this period, and it can be assumed that incidents such as floods,
earthquakes, and volcanism were severely strong during Late Pliocene-Quaternary
throughout Iran, but they gradually weakened. Volcanic activities totally ceased, and
seismic activities lost their strength, with their intensity and amplitude decreasing.

This climate change led to the shrinkage of woodlands causing the extinction of
jungle-dwelling animals whereas increase of ungulates and grazers in plains and
prairies. Some of the extinct animals were giraffes, mastodons, marals (ghazals),
and mammals like boars. Monkeys, carnivorous mammals, and predators belonging
to the Canidae family were abundant in this period of time (Darehshouri and
Kasraian 1998).

Tropical and subtropical flora gradually vanished, and other plant species
replaced them as seen today in the woodlands in the northern flanks of the Alborz
Mountains (Darehshouri and Kasraian 1998).

Solid evidence has been found on the habitats of flora and fauna for the period of
4-10 million years ago in north Maragheh, northwest of Iran (Darehshouri and
Kasraian 1998). These evidences include a unique collection of animal fossils bur-
ied under volcanic ash released by the Sahand Volcano.

This valuable collection of vertebrate fossils in Maragheh, which is believed to
have been formed during the last ten million years, is very important for understanding
the paleoclimatic and paleoecologic conditions of Iran as well as the evolutionary
studies of animal and human populations of Iran.
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There are remnants of animals such as rams, ewes, marals, mountain goats
(capras), giraffes, beavers, felidae, canidae, hyperion, and hyenas found in different
sizes, in some cases gigantic, in the fossil-bearing Maragheh Formation (Darehshouri
and Kasraian 1998). Rams and ewes are very sensitive to environmental changes
and are therefore of paleontological importance. The presence of such animals in
the past few million years points to the presence of grazelands and hilly prairies
with moderate and humid climate. These rams and ewes had somehow limited dis-
tribution, and their remnants are only found in younger Cenozoic sediments, and
therefore they are very helpful in understanding the environmental and climatic
condition of the said times.

The Maragheh fossiliferous basin must be considered as a natural heritage and
protected as part of Iran’s cultural heritage.

Based on the excavation works in the Maragheh area and identification of verte-
brate fossils as well as their comparison to their counterparts in the same time period
(Darehshouri and Kasraian 1998), it can be stated that the northwestern part of Iran
has been totally influenced by the animal species from Europe, and, with the excep-
tion of hyperion in northwest, Iran never had common animal species with India.
Excavation works in the Maragheh area confirm that Azerbaijan Province was the
gateway for European fauna and flora species to enter Iran (Darehshouri and
Kasraian 1998).

Although excavation works did not yield any evidence on the very early and
remote ancestors of mankind in Iran, they provided comprehensive information
about the vertebrates. Two million years ago, most of the mammals became extinct
as they could not bear the cold weather caused by the Ice Age. The Ice Age lasted
until 10,000 years ago and strongly affected the northern hemisphere. The floral and
faunal assemblages of the northern hemisphere were immensely hit by this cold ice
age (Darehshouri and Kasraian 1998).

Most of the deciduous forests of previous time periods vanished, and those situ-
ated away from the glaciers (like the forests in the Caspian area) survived as the
remnants of the Cenozoic forests that once covered all of Laurasia.

The surviving animals swarmed and migrated toward the southern part of Asia,
Touran, and Iran; the surviving animals included marals, elephants, wild goats,
bears, and boars. The few mammals that lived to see the final stage of the Ice Age
had to adjust to tolerate the severe cold by growing thick hair and fatty layers under-
neath their skin (Darehshouri and Kasraian 1998); these mammals included
mammoths, rhinoceros, cows, yaks, marals, saber-tooth tigers, and foxes.

Although glaciers did not fully cover the Iranian Plateau, they significantly
affected vegetation coverage and animal variety in Iran.

The movement of Iranian Plateau from north of Africa toward South Asia was
the most important event in the geological history of Iran. It caused the extinction of
part of flora and fauna species as well as the migration of numerous species from
neighboring lands so that, besides the endemic plants and animals specific to Iran,
many other species that had originated in Touran, Europe, Mediterranean, Africa,
and India are still living on this land (Darehshouri and Kasraian 1998).
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1.4 Physiography

Iran features a very diverse climatic and geographic characteristic. The highest
temperature in the Persian Gulf area can reach up to 53°C in summer, and the lowest
temperature in the northwestern part of Iran can reach up to —40°C in winter. The
average precipitation in lush forests on southwest of the Caspian Sea is about
2,400 mm per year, whereas the Lut Desert may experience no rainfall for some
successive years (Darehshouri and Kasraian 1998).

The elevation at the Caspian Sea coasts is 25 m below the mean sea level, whereas
there are over 100 peaks with heights of more than 4,000 m, among which Mount
Damavand stands at 5,610 m (Jafari 2005).

The biodiversity of Iran is as contrasting as its geography and climate. While the
northern flanks of Alborz are covered with deciduous forests, no trees can be seen
in the millions of hectares of deserts. Mangroves forests cover the coasts of the
Persian Gulf and the Oman Sea (Darehshouri and Kasraian 1998).

1.4.1 Physiographic Division

Physiographically, Iran can be divided into four regions, namely, Caspian, Zagros,
central plateau, and southern coastal plains. This division corresponds to the climatic
conditions, vegetation, faunal distribution, and, to a great extent, geological and
morphological characteristics. These four regions are immensely affected by vari-
ous natural and physiographic factors of the northern hemisphere (Climate Atlas of
Iran; University of Tehran, Institute of Geography 1965).

1. Caspian: Some scientists define the Caspian region as a stretch of land with the
Golestan forests at its eastern ends and Astara at its western ends, while some others
stretch the Caspian region from Bojnourd on the east to Arasbaran on the west. This
region is a long and narrow land with a width of 20-70 km and a length of 800 km.
The climatic conditions in this region are moderate to warm with high humidity and
plenty of precipitation. This region is covered with deciduous forests. The maxi-
mum annual rainfall in this region occurs at the Anzali area and exceeds 2,000 mm
sometimes; however, moving toward the east, the annual rainfall drops down to
600 mm as in the Gorgan area. The temperature tremendously varies from the
coastal plains to the high mountains. The different floral communities found in the
Caspian region are the result of such climatic diversity (Climate Atlas of Iran;
University of Tehran, Institute of Geography 1965).

2. Zagros: It is a wide, extensive mountain range stretching from Azerbaijan
Province on the northwest toward south and southeast extending all the way parallel
to the Persian Gulf till it reaches the Strait of Hormuz. The Zagros Mountains are
very young, and in fact they are the most recent mountains formed in Iran (Alavi
1994). Currently this mountain range is still rising as the Arabian Plate is subduct-
ing under the Iranian Plate; consequently, this range has not yet stabilized.
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Zagros consists of a series of mountain ranges with their crests parallel to each other.
This series runs from Azerbaijan southwardly to Lorestan and Bakhtiari, and then to
Boyer Ahmad and Fars; it finally ends at the Strait of Hormuz and Minab Fault.

The width of the Zagros Mountain range sometimes reaches 300 km, and there
is no gap seen along this mountain range. The highest point along the Zagros
Mountain range is Mount Dena with a height of 4,447 m.

Rain clouds from the Atlantic Ocean travel eastwardly across the Mediterranean
and either come to a halt as they reach the Zagros Mountain range descending as
precipitation or ascend to higher altitudes in atmosphere and scatter. Zagros pre-
vents this weather system from entering into Central Iran.

The temperature and amount of precipitation vary extremely along the Zagros
Mountain range. In general, the temperature and rainfall drop when moving from
north of Zagros toward the southern parts.

The rainfall over the eastern flanks is less than that of the western flanks. The
average precipitation varies from 200 to more than 1,000 mm in different areas of
Zagros. Most of the rainfall occurs during the winter. Summer is dry just like in the
Mediterranean area. The climate is drier than the western part of the Mediterranean
area but eventually follows the same pattern of the Mediterranean climate contour
lines (Climate Atlas of Iran; University of Tehran, Institute of Geography 1965).

Since the rainfall is less on the eastern flanks as compared to the western parts,
the vegetation cover of the Zagros area is of dry Mediterranean (Darehshouri and
Kasraian 1998) type.

In Fars Province, moving toward the east, Zagros loses height gradually and hence
the annual rainfall drops. As aresult, the temperature rises, thus leading to a significant
diversity in climate, vegetation, and animal habitats in the eastern terminus of the
Zagros Mountain range. Corresponding to elevation and climate, various plant
communities have inhibited the southern end of Zagros. Relatively homogeneous
forests of Boneh, Peanuts, and Aras are seen in places like Arsanjan, Qir Mountains,
and Mount Shab in Larestan, and remain relatively intact and unharmed.

3. Central plateau: This is a very vast plateau spreading out from Alborz to Zagros
and eastwardly to Afghanistan and Pakistan. The average elevation of this plateau is
1,300 m, but it drops to 700 m inside Dasht-e Kavir, and further to 300 m in the cen-
tral part of Lut. Alborz and Zagros Mountains block the Mediterranean rain-bearing
winds from entering into Iran’s central plateau, thus lowering the average annual
rainfall within this plateau to less than 300 mm (Darehshouri and Kasraian 1998).

The plateau has no streams. Those originating from Alborz and Zagros run down
into salt marshes and salty wetlands and vaporize (Darehshouri and Kasraian 1998).
The plateau features desert characteristics.

Dasht-e Kavir and Lut Kavir are two large arid regions that cover most of this cen-
tral plateau. In addition to these two deserts, some small to large basins are seen in
between or alongside them (e.g., Gav-khooni Swamp). With the exception of central
parts of Dasht-e Kavir and Lut Kavir, scarce mountains are seen almost everywhere
throughout this plateau (e.g., Toroud Chah-shirin Mountains, Shotori Mountains).

Iran’s central plateau region is located almost in the middle of the Iran-Touran
block. Its climate is of continental type that features hot summers and cold
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winters. The shortage of rainfall and lengthy dry season differentiates this plateau
from other areas. The lowland and highland, soil type, salinity, and aridness in this
area are very diverse (Darehshouri and Kasraian 1998).

The vastest sandy desert of Iran is located east of Lut Kavir, which is one of the
largest of its kind in the world. The second-largest sandy desert of Iran is located
north of Kashan. There are a few large sandy deserts south of Dasht-e Kavir, includ-
ing Choopanan, Rig-Zarrin, Mesr, and Aroosan (Darehshouri and Kasraian 1998).

4. Southern coastal plains: This region is bounded between mountains, Persian Gulf
and Oman Sea, and its width varies at different places. This region stretches from
Ghasr-e Shirin to the Goater Port and is characterized by low rainfall and hot
weather. The islands in the Persian Gulf are parts of this region.

The existence of numerous trees and plants locally affects the climate of this region.
The average temperature is lower in woodlands and summers are cooler. The wood-
lands block direct sunlight from reaching the ground and therefore diminish heat radia-
tion. On the other hand, moisture in the ground absorbs the heat to some extent, thereby
leading to moderation of climate and a decrease in temperature. This effect is by and
large sensed up to elevation of 1,500 m (Comprehensive Geography of Iran 1987).

The forests in the mountainous areas play a significant role in increasing the
rainfall because due to lower temperatures, the rain clouds are saturated faster and
precipitate. However, the adverse consequence on the climate of the region due to
deforestation is obvious.

Based on physiographical characteristics and the geographical and climato-
logical literatures and maps (Comprehensive Geography of Iran 1987; Darehshouri
and Kasraian 1998; Climatic Atlas of Iran 1965; Shahrabi 1994; Nabavi 1994), Iran
can be divided into ten climatic areas.

1.4.1.1 Arid Climate

Much of the Iranian Plateau, especially the central part, consists of dry and barren
deserts that are bounded by Alborz on the north, Zagros on the west, Persian Gulf
and Oman Sea on the south, and Afghanistan and Pakistan on the east. This area
features arid climate, and the temperature difference between day and night is
extreme with very hot days and relatively colder nights.

The general characteristics of this climate are summarized as a long hot season,
extreme aridness, and shortage of rainfall. The aridity index' in this area is
300-350 days. Rain falls in only a few days and mostly in the mountainous parts.
Arid climate dominates the basins within Iran’s central plateau, and the annual rain-
fall is negligible, as low as 75 mm.

Besides Namak and Lut deserts, areas such as Jazmurian, Khur and Jandagh, Farrokhi,
Biyabanak, Anarak, Yazd, Bafgh, Tabas, Nehbandan to Nosrat-abad, Bam, Zahedan,
Zabol, Saravan, Bahu-kalat, and Abar-kuh can be included in this type of climate.

'Dryness coefficient reflects the number of days with no rainfall.
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1.4.1.2 Severe Semiarid Climate

This climate prevails in surrounding areas with arid climate and covers the edge of
the deserts. It features hot and dry weather. Cloud systems coming from the north
and the west of Iran can hardly affect the climate of this area. As a result, the average
annual rainfall is between 100 and 280 mm. The aridity index in this type of climate
is 250-300 days. Parts of Khuzestan plain, Mah-shahr, Abadan, Ahwaz, Hamidiyeh,
Andimeshk, Aghajari, Khash, Jask, southern parts of Fars Province, and most of
Iran’s central plateau feature characteristics of semiarid climate.

The average annual temperature in these areas is between 16 and 20°C. Extreme
dryness and severe heat are characteristics of this climate. The weather becomes
moderate in winter with occasional rainfall that usually leads to flash floods.

The southern parts of Khuzestan plain and Persian Gulf coast are often affected
by dry and hot weather systems from the Arabian Peninsula and show features of
such climate.

1.4.1.3 Moderate Semiarid Climate

The climate also encircles areas with an aridity index of 200-250 days. Since the
Zagros and Alborz Mountain ranges prevent the entry of enough moisture into these
areas, the rainfall is low and the temperature is high in areas with this type of climate.
The moist weather systems lose their moisture as they hit and pass through the Zagros
and Alborz Regions, and therefore the rainfall drops and temperature rises away from
southern flanks of Alborz and eastern flanks of the Zagros toward Central Iran.
Masjed Soleiman, Gachsaran, Behbahan, Bushehr, Fasa, Jahrom, Varamin,
Saveh, Naein, Esfahan, Najaf-abad, Rafsanjan, Sabzevar, Bandarabbas, Birjand,
Gonabad, Kashmar, Shahrood, Sirjan, and Kerman feature this type of climate.

1.4.1.4 Hot and Dry Mediterranean Climate

In this weather condition, the number of dry days drops down, and the aridity index
is between 150 and 200 days. This type of climate includes the western parts of Iran
(Ghasr-e Shirin to Khoram-abad), parts of the plains in the southern flanks of Alborz,
and areas from Tehran to north of Khorasan Province (i.e., Mashhad, Ghoochan,
Fariman, Torbat-e Jam).

Much of the precipitation falls on the southern slopes of Alborz and north of
Khorasan because of the presence of low-pressure cold weather systems coming in
from the north or the west of Iran. In general, the average annual rainfall in these
areas is between 200 and 500 mm.

The Zagros Mountain range provides suitable condition for precipitation in some
parts within this type of climate. The weather systems coming from the Mediterranean
area hit the Zagros Mountain range, causing them to lose temperature and therefore
produce relatively significant rainfalls. The rainfall rate in Zagros varies from 400
to 1,200 mm and mostly falls on the western flanks.
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1.4.1.5 Warm Mediterranean Climate

This type of weather condition is mostly dominant in northwestern and western Iran,
including Ravansar, Kermanshah, Gorgan plain, Qazvin plain, Rudbar, Abhar, Takestan,
and southern parts of Arak. Relatively high elevation of the aforementioned areas and
their placement in higher geographic latitude cause the rain to fall in the form of snow
in the winter and in the form of torrential showers in the spring. The average annual
rainfall is between 300 and 600 mm, and the aridity index is 100—150 days.

1.4.1.6 Moderate Mediterranean Climate

This type of climate with an aridity index of 40—100 days prevails over parts of the
Caspian Sea coast, which is from Anzali to Nowshahr. The Alborz Mountain range
in the southern and western parts of this region acts as a barrier blocking moisture
systems coming from the Caspian Sea. The average annual rainfall in this region
varies from 700 to 1,800 mm with maximum rainfall pouring down on the coastal
areas and northern slopes of Alborz. The rainfall rate recorded in Anzaliis 1,781 mm.
From the temperature standpoint, this region is considered as mild or moderate as
its average annual temperature is 15-18°C.

1.4.1.7 Semi-Mediterranean Climate

The area affected by this climate is not vast and is limited between the Caspian Sea
and the Alborz Mountains. Alborz separates this plain from areas inside Iran and
acts as a barrier that disconnects two very different climates (i.e., warm and humid
climate and dry and arid climate).

This type of climate covers the southern and eastern parts of the Caspian Sea
coast, which is from Babolsar to Hosseingholi Gulf. The aridity index is less than
40 days, and the average annual rainfall is 700—1,000 mm. This region and its climate
are separated from the contrasting dry and arid region by the Alborz Mountain range.
The moisture systems coming from the Caspian Sea are drawn toward the coast and
then up in the mountain slopes, where they condense due to the cold weather. Such
condensations usually lead to precipitation. Some of the characteristics of this
region are frequent rain, high humidity, and small seasonal temperature variation.
The rainfall rate decreases when moving from the west to the east. The coastal lands
never freeze because of high humidity.

1.4.1.8 Exerophire Climate

This type of climate does not experience dry season. It rains over part of coastal
plains, including Astara, Fooman, Lakan, Bibalani, Koran Talar, and eastern slopes
of the Talesh Mountains. The average annual rainfall in this region varies from
1,000 to 2,000 mm.
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1.4.1.9 Cold Exerophire Climate

This type of climate prevails over heights in Alborz and Zagros. Freezing weather
is dominant in these areas for 5—11 months of the year. The average annual rainfall
is over 2,000 mm.

1.4.1.10 Cold Steppe Climate

This climate is seen in some parts of the Alborz and Zagros Mountains with 5-8
months of freezing weather. The annual precipitation is measured around 200 mm.

1.5 Vegetation

Naturalists divide northern hemisphere into four major provinces from a botanic
point of view. Iran stands as a link between all these botanic provinces. Numerous
factors from each of these provinces have affected the floral community of Iran. The
four botanic provinces are

1. Europo-Siberian
2. Mediterranean
3. Irano-Touranian
4. Arid-Sandy

The aforementioned botanic provinces, which are located next to Iran’s four geo-
graphical regions of Khazar, Zagros, central plateau, and southern coastal plains,
respectively, have clearly affected and made their marks on the floral community of
Iran. Obviously these provinces cannot be considered independently. Environmental
intertwining based on distribution patterns of species in these geographic regions
has always been possible. However, deserts and mountains are the main barriers
against such distributions. Migration of mountainous floral species toward arid areas
is hampered as they reach the edges of deserts, and the same blockade happens to
the arid species as they reach foothills on their way toward the mountainous areas.

Extreme hot and cold weather as well as other climatic factors (e.g., elevation
difference) played significant roles in the distribution and propagation of the floral
species. The folding and major orogenic incidents in various geological eras and the
migration time of fauna and flora species into Iran also played a clear role in the
distribution of the species.

Although only 5% of the plants in Iran are of European-Siberian origin, this
small portion includes 80 tree species and more than 50 shrub species. Most trees in
the Caspian region have managed to survive as they were situated at a far distance
from the glaciers, but some trees that once existed there (Europe-Siberia) have not
survived. Due to the lack of sufficient knowledge and research works about the
precise distribution pattern of these species, as well as the absence of data on fossil
flora and fauna of Iran, there are many complicating questions. In the following
paragraphs, a brief description of the four floral provinces is presented.
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1.5.1 Caspian Floral Province

The northern plain forests, which are now mostly wiped out, were covered with box
trees. Oak and carpinus trees form plant communities along the foothills, wherein
single trees such as Azad, Shabe Hasab, Namdar, Lilaki, elm, and ash are seen.

Besides the oak trees, beech groves are also seen on slopes with higher altitude
within the Caspian Province, which could appear along with carpinus trees at eleva-
tions around 2,000 m. When moving to higher elevations, more species are found,
with trees being replaced with brushes and bushes.

Forests in the Caspian Province are truly a live museum displaying the preglacial
European plants. Unfortunately, a large part of these forests has been transformed
into rice fields, tea gardens, and citrus groves, and, more regretfully, into residential
areas, where the greedy developers have destroyed the natural vegetal cover to build
residential complexes.

1.5.2 Zagros Floral Province

The vegetation cover in Zagros varies with elevation. At greater heights and high
peaks, the vegetation cover is more grassy and short. When moving down below the
elevation of 4,000 m, plant species such as astragalus bushes are abundant, and
below 2,800 m juniper (oros) trees can be seen. These juniper trees are not in the
form of forest but are scattered single trees rising up through the rocks. However, in
the southern parts of Zagros, there are vast forests of junipers mostly accompanied
by wild olive trees. In these places, junipers grow in lower elevation as opposed to
the northern part of Zagros, where these trees are only found at higher elevations.

1.5.3 Iran’s Central Plateau Floral Province

This province is covered with a type of vegetation considered to be nurturing ground
for many species of the northern hemisphere. Iran’s central plateau covers about 3/4
of Iran’s surface area and 70% of flora species of Iran are reported from this prov-
ince. The plants in this area are well adopted with severe aridity, salinity, heat,
long summers, and cold winters. Parts of mountains and foothills are covered with
xerophytes. There are patches of junipers in the southern and northern part as well
as in higher altitudes, and scarce small plant communities of turpentine and almond
trees seen at higher elevations within central deserts. When moving from foothills
toward the plains, the number of trees shrinks and brushes replace the trees. Rolling
sand dunes in the form of small and large patches are scattered throughout this area,
which displays a special vegetation coverage. The concentration of brushes and
bushes in Iran’s central plateau is remarkable. This vegetation cover is very rich in
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species diversity, and its abundance depends on elevation, rainfall, and type of soil.
Vital activities come to a halt twice: (1) when it is extremely cold in winters and (2)
due to long dry summers.

1.5.4 Southern Coastal Plains Floral Province

The vegetation in this province includes warmth-loving plants whose origin goes
back to Africa or tropical Asia such as palm (date) and lotus trees. Their need for
warmth and poor resistance to cold weather makes their distribution limited to the
southern warm coastal belt.

Various types of acacia trees are found in this province, which cover the coastal
plains and rolling hills uniformly at some places along with prosopis trees in other
places. Vast forests of acacia and prosopis still remain in Tangeh Khiyal, Port of
Magham to Port of Charak, near Port of Lengeh, and also between Minab and
Jask.

From Jask to Chabahar and alongside Jagin and Gabrik, rivers and other seasonal
rivers prosopis forests are seen, which unfortunately are being excessively exploited
putting them on the verge of extinction.

Lotus trees have invaded the Irano-Touran and Zagros areas more than other spe-
cies have. At the bottom of valleys and low plains on the south of Zagros, there are
thick lotus forests, which are accompanied by nerium brushes in humid areas. Wild
pomegranate trees also grow scarcely in some parts. In plains north of Chabahar and
in the Dashte-yari Plain, various trees such as acacia and prosopis along with wild
palm trees form a diverse vegetation cover.

1.6 Summarized Facts About Vegetation Cover

Much of the vegetation cover consists of forests, prairies, and fruit groves and
orchards. Not very far back, Iran had 30,000,000 ha of forests, which accounted for
1/5 of its surface area; however, the number has been shrinking due to uncontrolled
timbering. In general, 13.86 million hectares of land is presently covered with for-
ests and 90 million hectares with prairies (9.3 million hectares with high quality,
37.3 with moderate to poor quality, and 43.3 with low quality).

The forest areas can be categorized as follows:

1. Northern forests that spread over 2.1 million hectares, also known as Hirkani
forests
2. Other forests, which are divided into four groups:
(a) Zagros (six million hectares)
(b) Arasbaran (160,000 ha)
(c) Irano-Touranian (4.5 million hectares)
(d) Gulf (1.1 million hectares)
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1.7 Weather Systems

1.7.1 Air Pressure and Wind Flow in Different Season

During winter, a high-pressure weather system forms over eastern Turkestan, Aral,
and Caspian Seas to the north of the Black Sea and stretches to Carpathian and
Pyrenean, and even close to the Azure Islands in the Atlantic Ocean. Woikof (quoted
in Comprehensive Geography of Iran 1987) called this huge weather system the
axis of the continents, which is the common line separating the southern and north-
ern wind systems. On the north of this axis, the winds blow in the southwestern
direction, while on its south the winds blow toward the northeast.

Winter Season: During winter, a high-pressure system forms over the Iranian Plateau
whose effects are not as significant as those of the Central Asian wind systems. This
weather system is of low-pressure type over the Black Sea, the Persian Gulf, the
Oman Sea, and the Indian Ocean.

In general, it can be said that the direction of winds during winter is from land
toward sea; therefore, a large front of cold weather comes from Central Asia and
moves toward the west, crossing over Turkestan and Kyrgyzstan. A branch off of
this weather system shifts toward the Caspian Sea but the mountains on the south
and southwest block its flow. Only part of the moisture being carried by this branch
gets through into Iran via the Manjil Valley.

The direction of the winds is usually perpendicular to the general trend of the
mountains within the plateau, thus lowering its speed dramatically. The speed of
winds in winter is about 1-3 m/s, that is, 3.6—10.8 km/h.

Spring Season: Spring is in fact a transitional period between the winter weather
systems and summer weather systems. The length of spring is not the same in all loca-
tions; it is longer in the northwestern parts of the Iranian Plateau and Afghanistan as
compared to the central and southern parts.

During spring, the high-pressure systems usually detour toward the west but do
not totally disappear. In May, a series of low-pressure systems, which originate
from the Azure Islands, appear in such a way that the slope direction of the system
is not toward the Mediterranean Sea but the pressure (if any) flows from the west of
Mediterranean to its east.

Summer Season: Low-pressure weather system dominates over southern Asia in
summer. To the north of this low-pressure system, there is a high-pressure system
originating from the Azure Islands. One of the effects of this high-pressure system
is that a significant volume of oceanic weather starts moving toward central Europe,
the Mediterranean, and Alpine Mountains.

At the same time, high-pressure over the Indian Ocean covers a large area, and
weather systems flow toward the northeast.

The winds flowing toward the east come from two different oceanic sources. The
weather systems flow from the northwest direction, and therefore the direction of
major winds in summer shifts between the north and west.
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As opposed to winter, all weather systems in summer flow from oceans toward
lands, and since the direction of the summer winds almost parallels the trend of
mountains in the Iranian Plateau, the mountains do not block the winds and hence
the speed of summer winds is higher than that of the winter winds.

Winds blowing from the northwest are known as “North Wind” in the Persian
Gulf coast and mostly flow at the speed of 10 m/s in the middle of summer.
Although these winds lose their strength in August, they retain their direction.
The strongest winds in summer blow in the Sistan area, which are known as the
120-day winds. The winds blowing from the north flow perpendicular to the
northern mountain range and enter into the plateau via the deep Harrir-rud
Valley and Morghab River Valley. This wind system starts flowing from late
May and continues until late August or early September and reigns all over the
Sistan area.

The average speed of the 120-day winds has been measured as much as
10 m/s or 36 km/h. The highest speed is usually between 72 and 90 km/h, but in one
exceptional case a speed of 126 km/h was recorded. At the time these winds blow,
the land becomes so dusty that all human activities come to a standstill.

The winds blowing from the northwest are of remarkable speed and effects, and
the sandy deserts in Lut Kavir confirm this.

Based on the aforesaid facts, the Atlantic Ocean is the source for the summer
winds in Iran, which can be termed as the seasonal Atlantic Ocean winds that pro-
ceed to almost Near East region.

The northwest winds are of basically oceanic origin but as they lose their mois-
ture while crossing over the hot deserts in Syria and Iraq, they turn into dry winds.

The effect of seasonal Atlantic Ocean winds on the Near East and Middle East
regions is more than that of the seasonal Indian Ocean winds.

The Seasonal Indian Ocean winds bring about torrential rains during summer
over Pakistan and India, and since their direction is SW-NE, they just brush up the
southeast corner of Iran (Chabahar) and no sign of the winds is seen in the other
parts of Iran.

Autumn Season: Autumn is also a transitional period between the summer weather
systems and winter weather systems, meaning the weather systems of summer
transform gradually toward wintery systems.

1.7.2 Precipitation

Winter Season: Those winds blowing from low-pressure zones in Central Asia
toward west remain dry if they do not cross over lakes and therefore bring no
rainfall to the Near East region. Upon reviewing the rainfall statistics, it is real-
ized that much of the precipitation in Iran occurs in winter, so the source of
rainfall in Iran cannot be Central Asia. Then, what is the source for the winter
rainfall in Iran?
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Wiickmann (1922) described the low-pressure weather systems in Asia Minor
and concluded:

Since the nature of the rainfalls in Asia Minor and Iranian Plateau are completely similar to
each other, it is most likely reasonable to accept that a few rain cloud systems come from
low pressure system in Asia Minor that reach the Iranian Plateau and even India after crossing
over north, south, and center parts of Iranian Plateau and produce winter rainfalls in India.

Of course, there might be other factors to produce such rainfall, and one of these
is associated with the Caspian Sea.

There is no doubt that rainfalls over the Caspian Sea coast originate from this
very large sea. As mentioned before, in winter the cold front from Central Asia
crosses over the Aral and Caspian Seas and absorb significant volumes of moisture
off of these large water bodies. Once these moist winds from the east-northeast hit
the Alborz Mountains, they become condensed and produce significant rainfall.

During the winter, precipitation on most parts of the Iranian Plateau is in the
form of snow, which remains on the grounds and peaks higher than 3,000 m and
forms the water source for permanent rivers. It is to be noted that there are few
places in Iran with permanent snow reserves or glaciers and thus the limited number
of permanent rivers in Iran.

Spring Season: The average rainfall on the Caspian coasts during winter and spring
is almost the same. For example, the rainfall in the Port of Anzali in winter and
spring is 17 and 13% of the total annual rainfall, respectively. Although the rainfall
in Central Iran and the surrounding mountains is noticeable in spring, the precipita-
tion in local basins within the plateau in winter is much more than that of spring.
Spring in the southern part of the plateau is shorter than in the northern, northwest-
ern, and eastern parts.

Summer Season: Only on the Caspian coasts remarkable volume of rain pours down in
summer, and there is almost no rainfall in the other parts of Iran during this season.

The seasonal Indian Ocean winds bring rain clouds to a very limited area in the
southeast of Iran as the direction of these winds is from the southwest to northeast.

The extension of the summer weather system of the Azure Islands (which brings
significant rainfall to Europe and even causes river inundation) reaches the Iranian
Plateau. Although this system is of oceanic origin and is expected to bring rainfall
to Iran as well, as it crosses over the hot deserts before reaching Iran, it loses its
moisture due to the high temperature along the eastern coast of the Mediterranean
(about 16—17°C) and hot deserts on the east of Iran (26-28°C).

The thickness of the Indian Ocean clouds moving toward Iran does not exceed a
few hundred meters, and therefore they do not bring much rain; especially when
they rise up to the altitude of 1,000 m, they lose their rain-producing potentials due
to mixing with the northwestern weather systems.

Only 1/10 of the Iranian Plateau is affected by the seasonal Indian Ocean winds in
summers, and the remaining 9/10 is influenced by the passage of the northwestern
weather systems. In general, summer is a dry and arid season for the Iranian Plateau.

Autumn Season: The weather system in this season features a transitional state between
the summer and winter seasonal winds, meaning the seasonal Indian Ocean winds
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gradually recede toward the southeast allowing procession of the Atlantic Ocean
weather system into Iran, which produces 15% of the average annual rainfall.

The Caspian coast gets more rainfall in autumn than any other season, which in some
places accounts for 60% of the total annual rainfall. The climate situation in the Iranian
Plateau in autumn seems to be more or less the continuation of the summer climate.

1.7.3 Average Annual Rainfall

A brief overview of Iranian Plateau’s Annual Rainfall map (Nabavi 1994) makes us
realize that the Caspian coast is indeed where the most rainfall occurs. On the north-
ern flanks of the Alborz Mountain range (Talesh area), the amount of rainfall can
even reach 2,000 mm per year.

Next to the Caspian coast are areas in the western and northwestern part of Iran
where the average annual rainfall is 500 mm. Moreover, the peaks of Sahand and
Sabalan receive annually as much as 1,000 mm of precipitation.

The average annual rainfall in Iran decreases, moving from the northwest to the
southwest, and matching the direction of rain-bearing winds blowing from the
northwest to the southeast. The more these winds approach the southeastern parts,
the more they lose their moisture, and the reduction of rainfall from the northwest
to the southeast is explained.

1.7.4 Characteristics of Rainfall in the Iranian Plateau

Rainfall in the Iranian Plateau is as much noticeable as in the other arid and semiarid
areas. Torrential rain could result in significant flash floods. Weather change may be
accompanied by hailstorms (up to the size of a walnut) in some areas, which could
damage orchards and agricultural plants.

1.7.5 Genesis of Dry and Wet Weather Cycles

The Iranian Plateau has experienced many droughts, which severely damaged agri-
cultural production. Unfortunately not enough statistical data are available to help
figure out the pattern(s) of these wet and dry weather cycles.

Andreas and Stolze tried to analyze these cycles based on the famines that hap-
pened in Iran during 1860—1880, and also in comparison with the weather pattern in
India and Iran. They concluded that drought would happen every 10-11 years in
Iran, which matches the 11-year solar eclipse cycle. It is to be noted that droughts
were not the only reason for the loss of agricultural production but the swarms of
locust and other pests were the other factors causing such losses.

The elevation of the Caspian Sea is presently 28 m below the mean sea level, but
it experienced several fluctuations in the past. Bruckner (quoted in Seas and Lakes
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of Iran, Shahrabi 1994) studied and analyzed the writings of historians, explorers,
and travelers between the years 880 and 1915 that documented these fluctuations
and concluded that the climate in the Iranian Plateau underwent changes every
30 years. This 30-year cycle has been named in his honor in meteorological litera-
ture. Bruckner believed the fluctuation of the Caspian Sea is a function of precipita-
tion onto this large body of water.

Some experts believe that the past climate of Iran suddenly turned arid. Therefore,
the source of rainfall in the Iranian Plateau is attributed to effective factors from a
distance of thousands of kilometers. The climatic conditions of Iran are not isolated
or local, and just like other parts of the world, they are governed by intracontinental
weather systems.

In general, the precipitation in central plateau is limited to 5-6 months and no
sign of rain is seen for the rest of the year.

Since the rainfall is sometimes in the form of torrential showers, the resulting water
either vaporizes or runs into marshy basins rapidly if no measure is taken to collect it.
Ancient Iranians were aware of the significance of such supplies and built storage
dams to collect the water to utilize over the dry season (Ministry of Energy 1973).

1.8 Aves

Iran has a wide range of bird species, and based on the statistical data, about 500 spe-
cies have so far been identified, of which more than 350 species are reproducing in
Iran (Darehshouri and Kasraian 1998). This diversity is due to the geographic loca-
tion of Iran as it is situated between several biogeographic areas with specific bird
species. Out of these 350 species, 250 belong to other geographic provinces where
they evolved and then migrated to Iran and found habitat similar to their original
ones to survive and reproduce.

In fact, close to 50 bird species that live in relatively cool plains and forest in the
Caspian and Azerbaijan areas belong to the Asian and mild European vast wood-
lands and steppes (Darehshouri and Kasraian 1998). This part of Northern Iran con-
stitutes the southern fringes of their habitats. Some of these birds include green
woodpecker, dotted woodpecker, Divar-khazak, and Elikaei. About 40 bird species
from the mild European deciduous forests are seen on northern and western Iran, and
in forests within the Alborz, Azerbaijan, and Zagros areas. Some of these birds
include wild pigeon, starling, blue-headed cyanistes, and bullfinch.

Another 30 bird species related to the warm Mediterranean bushlands live in scarce
forests in Zagros and southern flanks of Alborz, which they have found to be suitable
for survival. Some of these birds include Syrian woodpecker (garden woodpecker),
black-headed cyanistes, and Cinereous bunting (Darehshouri and Kasraian 1998).

Only a few bird species belonging to warm steppes of Turkistan and southern
Russia live in steppe-like environment in north and northeast of Iran.

Out of the 350 bird species that are reproducing in Iran, only 45 belong to these vast
areas. The abundance and diversity of these species in dry and arid habitats are limited.
Alborz heights, and Zagros to some extent, are the habitat for some birds, which are
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native of the mountain ranges in south of Eurasia. About 15 species belong to a widely
spread faunal group that spreads from the southern Europe to the Himalayan Mountains.
There are birds in the southern part of Iran with African or Indian origin whose distri-
bution area is bordered with the coastal plains and southern flanks of Zagros.

1.9 Mammals

Due to the large extent of Iran and its location between Saudi Arabia, Caucasus,
Turkistan, and India, and more importantly because of the unique nature of the Iranian
Plateau, a wide variety of fauna is seen in Iran. Mammals around the world are catego-
rized into 20 orders or 4,000 species. The mammals in Iran belong to 160 species
related to 10 orders, which is high considering the area of Iran. The continent of Europe,
with an area four times larger than Iran, has less mammal species (Darehshouri and
Kasraian 1998).

Some of these mammals play a significant role in preserving the ecosystem, for
example, Persian squirrel, Iranian fallow deer, zebra, wild goat (capra), and gerbil
play important roles in reviving the oak forests of Zagros.

About 20% of the mammalian population of Iran are native to this land, among
which Iranian fallow deer, zebras, capras, and Iranian squirrels can be cited. Some
mammals and rodents have migrated to Iran from other places like Touran, and
some mammals with origin of Touran entered Iran from the northeast including
Roobah Sardom Siah, Payka, Jard-e Nimrooz and some other rodents. Roobah
Sardom Siah exclusively settled on the southeast plains of Caspian, whereas Payka
and other rodents spread furthermore inside Iran.

Baluchistan was the passageway for different mammals moving from India to
Iran, but they could not spread far due to the cold weather and high elevation that
acted as a barrier on the way of migration.

There are also some mammals living in the south and southeastern parts of Iran
that are of African origin.

It can be stated that more than 50% of mammals in Iran are of Euroasian origin,
20% are native, 15% Indian, and the rest are African and those common in all of the
aforementioned areas (Darehshouri and Kasraian 1998).

1.10 Mountains

Except the narrow plains along the Caspian Sea and the Persian Gulf and Khouzestan
Region, Iran is considered as a highland with an average elevation of 1,000 m. The
lowest point in Iran is located in salt plain northeast of Shahdad on the margin of
Lut Kavir with an elevation of 350 m, and the highest point is Mount Damavand
with a height of 5,774 m in the Alborz Mountain range. In fact, Iran is a land that
consists of a central plateau with mountainous margin, and this mountainous margin
includes four mountainous areas; northern (Alborz) mountains, Zagros Mountains,
central mountains, and eastern mountains.
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1.10.1 Northern Mountain Ranges

These mountains are divided into three sections: Alborz, Khorasan, and Azerbaijan
mountains.

Alborz Mountains: This mountain range stretches for 950 km, and its width varies
from 15 to 110 km (Orohydrography Map of Iran 1994). It covers an area of approx-
imately 51,500 km?. The Alborz Mountains begin at Ali-abad Mountains in Gorgan,
extends like a bow along the south of the Caspian Sea and ends in Astara.

The Alborz Mountains act as a barrier between the Caspian Sea and the Iranian
Plateau, obstructing the humidity from Caspian. This range includes several moun-
tains such as Talesh, Guilan, Lahijan, Deylaman, and the major Alborz Mountains.
The peaks of these mountains are covered with snow most of the year, where several
permanent rivers originate (especially on the northern flank). The valleys of these
rivers are narrow and deep. The highest peak in these mountains is Damavand with
a maximum elevation of 5,774 m, which is the highest peak in Iran. There are many
hot springs around this peak. Besides Damavand, there is another high peak in these
mountains called Alam-kuh, which stands at 4,650 m (Jafari 2005).

The Alborz Mountains can be divided into three sections: western Alborz (from
Astara to Sefid-rud valley), central Alborz (from Sefid-rud valley to Talar River and
Firuzkuh), and eastern Alborz (from Talar River to Gorgan River and all the way to
the state border between Khorasan and Mazandaran Provinces).

Azerbaijan Mountains (Northwestern Iran): These highlands start from the Ararat
Mountains and extends through the Ghezel Ozan River valley, ending in Talesh
Mountains. These mountain ranges include several peaks such as Arasbaran,
Sabalan, Sahand and Boz-ghoosh, Mishou-dagh and Gharah-dash, or Takab-
Shahindezh, which together cover an area of 63,000 km?. These mountains are the
source for several permanent rivers such as Aras, Talkheh-rud, and some tributaries
of Ghezel Ozan. The highest peak within this mountain range is Sabalan with a
height of 4,811 m that is permanently covered with snow (Jafar 2005).

The highest peaks in Arasbaran, Sahand and Boz-ghoosh, Mishou-dagh and
Takab, or Gharah-dash are Kiyamaki-dagh (3,347 m), Sahand (3,707 m), Alamdar
(3,155 m), and Takhte-belgheys and Salim-khan (3,332 m), respectively.

Khorasan Mountains (Northeastern Iran): These mountains are situated between
the Gorgan and Tajan valleys, and their most important peaks are Kopeh-dagh and
Hezar-masjed in north of Khorasan, and Aladagh, Binaloud and Shah-jahan in south
of Khorasan. These mountains are mostly lower in height and are easy to pass
through, which made it easy for the invaders from Central Asia.

This mountain range covers an area of 48,000 km? and extends as long as 531 km
in the northern part (Comprehensive Geography of Iran 1987). The Hezar-masjed
and Binaloud heights are separated by the Atrak and Kashaf-rud Rivers. The highest
peak in the Khoransan mountain range is Binaloud (3,249 m). The mountains in
northern Khorasan are the source of important rivers such as Atrak, Daroungar,
Kashaf-rud, Kal-shoor, and Jajarm.



1.10  Mountains 23

Due to the polar winds blowing from the north, these mountains experience cold
winters and mild summers. There are scarce forests seen at the border of Khoransan
with Turkmenistan. These mountains keep off Turkmenistan’s dry summer and cold
winter weather from entering into northern Khorasan.

1.10.2 Zagros Mountains

These mountains begin in Kordestan and extend to Khouzestan, Fars, and the southern
coast. The length of this mountain range is about 1,000 km and its width around
200 km. These mountains are much more expanded, well ordered, and simpler
(from stratigraphical standpoint) than Alborz. Most geographers call Zagros as
“Great Jura” because there are well-ordered and compressed anticlines and synclines
than those seen in Alborz, and look like what is seen in the Jura Mountains of
Europe (Comprehensive Geography of Iran 1987).

Western and Southwestern Mountain Ranges: The highest mountains in Lorestan
are Oshtoran-kuh (4,050 m) and Garin (3,645 m). In middle Zagros, the highest
peak is Dena (5,200 m), which is the highest in all Zagros Mountain range. In
northern Zagros (Kordestan and Kermanshahan), the highest mountains are
Chehel-cheshmeh (3,173 m), Shahou (3,390 m), and Parou (3,357 m). The Alvand
Peak in Hamedan Province with a height of 3,580 m is one of most beautiful moun-
tains in Iran.

The Zagros Mountain blocks the moisture coming from the Mediterranean and
Atlantic Ocean on their western flanks, resulting in the formation of huge reserves
of snow and ice. The water produced due to melting of these reserves runs down
through numerous valleys, such as Karoon, Karkheh, and Zayandeh-rud. The rivers
originating from Zagros erode the mountains, especially in the northern and central
parts. In some places, rivers like Zab and Sirvan cut the mountains sharply, while in
the southern part, due to orderly folding of Zagros, rivers carve their valley parallel to
the axis of the mountains (Orohydrography Map of Iran 1994).

The Zagros Mountain range is among the most magnificent mountains of the
world. They gradually lose height moving from north to south, and the amount of
rainfall and humidity drop accordingly, while the temperature rises. The part of
Zagros that starts from north and extends to the Karoon basin is called moist Zagros,
and the southeastern part of it is called as dry Zagros.

1.10.3 Central Mountains

These mountain ranges stretch in the Central Iran in a NW-SE direction (from
Ghaflan-kuh and intersection of Zanjan and Ghezel Ozan rivers to Makran and
slopes of Bazman Mountain).
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These mountain ranges can be divided into smaller parts such as Ghaflan-kuh,
Karkas-kuh, Shir-kuh, Kuh-banan, Laleh-zar mountains, and Jebal-barez. Some of the
characteristics of these mountain ranges are low rainfall, sudden weather change, gusty
winds, scarcity of permanent rivers, and turbulent seasonal rivers during severe rainfall.

The important peaks within these ranges are Karkas (3,895 m) on the southeast
of Kashan, Shir-kuh (4,055 m) on the east of Yazd, Kuh-banan (3,775 m) on the
north of Kerman, Laleh-zar (4,351 m) on the north of Baft, and Hezar with 4,465 m
on the southwest of Rayen.

The length of the central mountain ranges up to the slopes of the Bazman
Mountain is 1,460 km, and it covers an area of 143,000 km? (Jafari 2005;
Orohydrography Map of Iran 1994). Some rivers like Halil-rud, Ghara-chay, Ghoh-
rud, and Shoor originate from these mountains.

From a geological standpoint, most mountains in Central Iran are considered to be
part of the Zagros structure because of their vicinity and climate and rainfall regimes.
These mountains include those in Kordestan, Hamedan, Boroujerd, and south of Arak.

1.10.4 Eastern Mountains

These mountains form scattered spots on the west of Torbat-jam and stretch south-
wardly as long as 1,000 km between the Namak and Lut deserts on one side and
Iran’s border with Afghanistan and Pakistan on the other. They finally connect to
the mountains on the north of the Oman Sea and the south of Baluchistan. These
mountains cover an area of 133,000 km? (Jafari 2005; Orohydrography Map of Iran
1994).

Eastern-southeastern mountain ranges can be divided into the following
sections:

(a) Southern Khorasan mountains known as Ghahestan (including mountains in
Gonabad, Ferdows, Tabas, and Birjand areas)

(b) Mountains in Sistan-Baluchestan including Taftan, Koohak, Bazman, Nosrat-
abad, Chah-shahi mountains, and mountains in Makran (including mountains in
Sarbaz, Iranshahr, Fanooj, and north of Chah-bahar areas)

1.11 Seas

The Caspian Sea is located on the north and the Persian Gulf and Oman Sea are on
the south of Iran.

1.11.1 Caspian Sea

The Caspian Sea, with an area of about 436,000 km?, is the largest lake on Earth,
whose elevation is 25-29 m below the open sea level. The depth of the Caspian Sea
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is 10-12 m in its northern part, 770 m in the middle, and up to 1,000 m in the
southern part (Shahrabi 1994).

The Caspian Sea was a part of Para-Tethys and departed from the Black and
Mediterranean Seas after the final stage of Alpine Orogeny in the form of its current
shape forming a lake (Shahrabi 1994).

The amount of salinity in the Caspian Sea is 1/3 of that in open seas and oceans.

This sea had more than 70 names during past centuries, and it was named after
the tribes living around this sea at the time. It is known as the Caspian Sea world-
wide, except in Iran where it is called Khazar, the name of a tribe that used to live
around the Caspian Sea in the sixteenth century.

More than two thirds of the volume of water of the Caspian Sea is located in its
southern part, and considering the area of Iran, it can be stated that a significant part
of this volume is within the Iranian territory.

The water sources feeding the Caspian Sea are (Shahrabi 1994)

e Surface runoff, streams, and rivers, of which 95-97% originate from rivers in
Russia such as the Volga River, and only 2-3% is supplied by the rivers from Iran

e Annual rainfall that could raise the water level in the Caspian Sea by 125-135 cm

e Underground water and springs, which supply 30% of the water fed into the
Caspian Sea

The Caspian Sea spreads more than 10° in geographic latitude, which results in
a considerable temperature difference between its north and south ends. The aver-
age annual temperature rises when moving from northern part to south. The average
annual temperature is 8 °C in the northern part and 18 °C in the southern part
(Shahrabi 1994). The northern part of the Caspian Sea is mostly frozen during
winter as opposed to the southern part that never experience glaciation.

Taking into account the significant position of the Caspian Sea between Asia and
Europe, this sea has always been important to the people of the region and has been
used as a route for sea transportation. Many biological species including fishes,
seals, and crabs live in the Caspian Sea. It also contains large reserves of oil and gas,
and in fact it is the second most important oil and gas reserve after the Persian Gulf
(Ghorbani 2009a).

1.11.2 Persian Gulf

The Persian Gulf is a marginal sea with a length of 900 km and width of 240 km,
whose depth varies from 35 to 100 m (Shahrabi 1994). It is located on the south of
Iran and is connected to the Oman Sea and Indian Ocean via a narrow strait with a
width of 60 km, called Hormuz. This gulf formed 35 million years ago and was
much larger than it is today.

The Persian Gulf features a dry and subtropical climate, and due to its position
between areas with continental climate, it experiences many seasonal changes.
The temperature in summer reaches up to 50 °C. The dominance of northerly winds
on its coast exposes it to permanent desert winds.
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The deepest point of the gulf is near Ras al-Musandam (182 m), and the
shallowest point is 30 m. In general, the depth of 1/3 of the gulf does not exceed
36 m (Shahrabi 1994). The volume of water filling the gulf is about 13,000 billion
cubic meters, which flows from the northwest toward the southwest.

Much of its water is salty and only a small amount of water coming from the
Zagros Mountains is fresh, but generally its degree of salinity is less than that of the
oceans (Shahrabi 1994).

Historical evidence shows that around 2,600 B.C. sailors were living along the
coasts of the Persian Gulf. It houses many islands that once were in the territory and
jurisdiction of Iran, but only ten of them are currently part of the country. They
include Larak, Hormuz, Qeshm, Hengam, Kish, Lavan, Khark, Lesser Tonb, Greater
Tonb, and Abu Musa.

The Persian Gulf is rich in different flora and fauna. One of Iran’s non-oil exports
is the fishery products from this gulf. The gulf contains the largest oil and gas
reserves of the country that have been exploited till date.

1.11.3 Oman Sea (Makran Sea)

The Oman Sea is part of the Indian Ocean and the only open seaway of Iran. The
Persian Gulf is connected to the open seas in the world via the Strait of Hormuz and
Oman Sea. This sea is bordered by Iran in the north, and Pakistan and India in the
east, Arabian Peninsula in the west, and Indian Ocean in the south. The length of the
Oman Sea from the Strait of Hormuz to Deccan is about 600 km, and it covers an
area of 900,000 km?. It is relatively deep and its depth near Chabahar is 3,398 m.
The length of the coastline of the Oman Sea in Iran is 784 km.

Tropic of Cancer passes from the north of this sea, which makes the Oman Sea
one of the warmest seas in southwest Asia. The maximum temperature of the sur-
face of the sea reaches 33 °C in summer, and the minimum temperature is 19.8 °C
(Shahrabi 1994).

There are many small local bays along the coast of the Oman Sea but are not suit-
able for large ships to dock because they are shallow and sandy. The water of the Oman
Sea is somehow salty, and the tidal system is as irregular as it is in the Persian Gulf.

Due to dry weather, extreme heat, lack of rainfall, and lack of vegetation within
the basin of the Oman Sea, permanent rivers are limited, and most of the rivers are
seasonal with low or no currents in most of the year.

1.12 Lakes

Most lakes in Iran are the remnants of once a large sea, parts of which turned into swamps
and parts still exist. The most important existing lakes are Orumiyeh, Qom Namak,
Bakhtegan, Gav-khouni, Jazmourian, Zarivar, Maharlou, Parishan, Tar, and Hamoun.

Lake Orumyeh: This lake, with an area of more than 5,000 km?, is one of the shal-
lowest lakes in the world, which is located in the Western Azerbaijan Province, on
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northwestern Iran. It is 140 km long and its width varies from 15 to 50 km. The water
is supersaturated by salts (23% almost twice as salty as the oceans), and thus has no
fish species. The pH of water in this lake is between 7.2 and 7.6 (Shahrabi 1994).

Many aquatic and bird species live on the mud flats around the lake including
white pelicans and flamingos. The most significant creature living in this lake is a
rare species of crustaceans called Artemia salina that feeds on green algae.

Three well-known rivers called Talkheh-rud (160 km long), Zarrineh-rud (240 km
long), and Simineh-rud terminate into this lake.

Qom Namak Lake: This lake covers an area of more than 30,000 km? located 120 km
south of Tehran. The area of the lake immensely varies due to the changes in water
input and seasonal conditions. Two-thirds of the area of the lake is covered with
irregular polygonal salt sheets, and in some cases with salt humps measuring
6-20 cm in thickness (Shahrabi 1994).

There are six islands within this lake, five of them are small and one (Kuh-e
Sargardan) large with an area of 100 km? They are made up of volcanic rocks.

The main water sources feeding this lake are Gharah-chay, Jajroud, and a branch
of Rud-e Shoor.

Lake Bakhtegan (Neyriz): This lake, with an area of approximately 800 km?, is located
160 km east of Shiraz. The length of Lake Bakhtegan is 77 km, and its width is 10 km
(Shahrabi 1994). It is shallow so that the deepest point of the lake is 1.10 m. Since the
main part of the lake is covered with salt, the water of this lake is very salty.

There are a few islands and peninsulas within this lake whose area depends on
the annual rainfall rate. The major water source of this lake is the Kor River, which
originates from the Baraftab and Mousa-khani Mountains. The elevation of this lake
is 1,558 above the mean sea level (Shahrabi 1994).

Lake Gav-khouni (Gav-khouni Swamp): This lake or swamp is shallow and covers an
area of about 480 km?. Its elevation is 1,470 m (Shahrabi 1994). Gav-khouni is
located southeast of Isfahan in Central Iran and is fed by the Zayandeh-rud River.
Because most rivers and streams running into this swamp are dry during much of
the year, the size of the area of the swamp varies in different seasons. The swamp is
covered with canebrake, and the water of the lake is salty.

Arid climate reigns over this area, causing the evaporation rate to surpass water
input, and therefore large areas surrounding the swamp are covered with salt marshes
and sand dunes with diverse plant species. Of these plants, tamarisks and soaproots
are the most well known. The name Gav-khouni comes from two ancient words, Gav
(meaning large) and khooni (meaning well), which can be translated to “large well.”

Lake Jazmourian (Jazmourian Swamp): This lake or swamp covers an area of
approximately 1,100 km?, and its elevation is 350 m (Shahrabi 1994). Due to specific
climatic condition and evaporation, large part of this lake (59%) turns into salt
marsh and mud flat for much of the year. Its water is also supersaturated with salt in
dry seasons.

This shallow lake is bounded between two mountains, and two rivers of Bampour
and Halil-rud are the main water supply to this lake. It has been named after a tiny
local thorn plant.
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Lake Zarivar: This lake is located 8 km west of the city of Marivan in the Kordestan
Province. Since the water resource flowing into this lake comes from melting of
snow reserves, this lake has freshwater. It covers an area of 8.5 km? and is sur-
rounded by relatively high mountains. The elevation of Lake Zarivar is 818 m above
the sea level. Its deepest part is 50 m and the average depth is 10 m (Shahrabi
1994).

The Cham River, along with other streams and springs, supplies the water of this
lake. Dating studies on samples from this lake have shown that Lake Zarivar was
formed around 200 B.C. in a cold climate condition (Shahrabi 1994). The weather
of the area is cold in winter, mild to cold in autumn and spring, and mild in summer.
For its beautiful sceneries and green nature, many tourists visit this area.

Lake Maharlou: This lake is located about 18 km southwest of Shiraz. The elevation
of the lake is 1,460 m above the sea level and its maximum depth is 3 m (Shahrabi
1994). The evaporation rate is high due to its shallow depth. A part of its bottom is
covered with salt. Water exists only in the central and northern parts of the lake with
shallow depth and high salinity. The main water resources supplying this lake are
rivers and streams coming from the northwest and southeast. Its surface area varies
in different seasons and is a function of rainfall. Besides the high evaporation rate,
the gypsum deposits of Sachoon Formation and also two salt domes on the east of
this lake have significant impact on the extreme salinity of this lake.

Lake Parishan: Lake Parishan or Lake Famour is located 15 km southwest of the
city of Kazeroon. The name Famour has been derived from the Famour Mountain
on the northeast of the lake. It is a freshwater lake, and most of its water comes
from the streams running down the Famour Mountain, and the rest is supplied by
groundwater resources. The shallow depth of the lake causes parts of it to be cov-
ered with evaporative deposits in dry season. Lake Parishan covers an area of
43 km? and it is positioned in a shallow depression whose elevation is 820 m above
the sea level (Shahrabi 1994).

Lake Tar: This lake is located 30 km east of Damavand city, and it is one of the
mountainous freshwater lakes. Its elevation is 2,900 m above the sea level, and it is
accessible through the Damavand—Tar road.

The length of the lake at its longest stretch is 1.3 km and its width is 400 m
(Shahrabi 1994). The origin of the water resources pouring into this lake are springs
in Gharah-dagh, Siyah-chal, and Shah-neshin mountains in the north, and seasonal
streams in the south, which partly pour into Late Tar and partly feed the Tar River.

Lake Hamoun: This lake, with an area of about 1,800 km?, is the largest lake in east
of Iran and consists of three main basins of Yozak, Saberi, and Hirmand, which are
separated in low rainfall seasons and during the 120-day winds but regroup into one
body in high rainfall seasons (Shahrabi 1994). Hirmand is in Iran, and a part of the
Saberi basin is in Afghanistan. Many rivers and streams discharge water into Lake
Hamoun, but among them only the Hirmand River has the highest flow rate.
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1.13 Watersheds

The network of running water in Iran can be divided into four areas with respect to
natural water flows, course condition, slope of water resources, estuaries, and the
basins (The Balance Report on Water Resources of Iran, Office of Water Resource
Research Organization 2005-2006):

* North intake basin: The water flow direction within this basin is usually toward
the north pouring into the Caspian basin.

e Western and southern intake basin: The water flow direction within this basin is
toward the west and south, and ultimately ends in the Persian Gulf and Oman Sea.

* Lateral intake basin: The water flow direction is toward depressions and confined
basins adjacent to Iran on the east or north side.

* Central intake basin: This includes confined basins within the central Iranian
Plateau. Most of the water supply of Iran belongs to this area, but due to its cli-
matic conditions the area is considered as dry with low rainfall. The course of the
water flow within this area is controlled by the mountain ranges surrounding the
plateau. Alborz and Zagros are the water distributor inside and outside the Iranian
Plateau.

Considering the characteristics and geographical position of each one of these
intake basins, 12 watersheds have been defined that gather water discharge from the
aforementioned intake basins. Two of them are major basins located in north and
south, another two basins are lateral, and the remaining eight basins are of confined
type. Below is a list of these basins:

Isfahan and Gav-khouni basin, Jazmourian basin, Persian Gulf and Oman Sea basin,
Lake Orumiyeh basin, Lake Hamoun basin, Caspian Sea basin, Lut Kavir basin,
Gharaghorom basin, Namak Kavir (Dashte Kavir) basin, Neyriz and Shiraz
basin, and Yazd and Ardestan basin.

1.14 Rivers

Due to the mountainous characteristics in parts of Iran, many present-day large and
small rivers have been the source of life in various parts of deserts and mountains in
Iran for a very long time.

In general, the rivers in Iran are divided into two categories (Afshin 1994):

e Caspian Sea
e Persian Gulf
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1.14.1 Caspian Sea Category

Most rivers in this category originate from the northern slopes of the Alborz
Mountains. Because of the short distance from Alborz to the Caspian Sea, these
rivers do not stretch very long.

Aras River: This river is 800 km long and originates from the Hezar Berkeh (thou-
sand pounds) mountains in Turkey, which forms part of Iran’s border with Azerbaijan
and Armenia, and discharges into the Caspian Sea around a place called Salian.
Some of its branches flowing into Iran are Maku, Khoy, and Marand rivers.

Sefid-rud: 1t is called Armdus in Greek, Ghezel Ozan in Azerbaijani, and Nahrol
Abyaz in Arabic literatures (Afshin 1994). In the medieval era, the whole river was
called Sefid-rud, but nowadays only the part of the river running between Manjil
and the Caspian Sea is called as Sefid-rud. This river originates from Chehel-
cheshmeh in Kordestan. Its important tributaries are Gharanghou, Miyaneh, Hasht-
rud, Zanjan-rud, Shal, Gadiv (which come from the Khalkhal area), and Shahrood
River (which comes from the Taleghan and Alamut area that joins Sefid-rud before
reaching Manjil Gorge). The whole river system eventually is called Sefid-rud and
discharges into the Caspian Sea at a point called Hassan-kiyadeh.

Seh-hezar River: This river originates from Salim-bar and Kandovan, and after
feeding the Tonekabon area, it pours into the Caspian Sea.

Chaloos River: It is 80 km long and originates from the northern slope of the
Taleghan and Kandovan mountains. After two tributaries of Zanoos and Mikhsaz
join the Chaloos River, it pours into the Caspian Sea.

Haraz River: This river originates from the Lar Valley in north of Damavand. Its
significant tributary is the Noor River, which joins Haraz at a point called Kiyalvand,
and once it passes Amol, it pours into the Caspian Sea in the Babolsar area. The
Haraz River is 150 km long.

Babol River: This river is almost 78 km long and originates from Savad-kuh. After it
passes west of Babol city, it pours into the Caspian Sea in the Babolsar area.

Talar River: This river also originates from Savad-kuh, and once it passes the city of
Ghaem-shahr, it pours into the Caspian Sea. The Talar River is 150 km long.

Tajan River: This river originates from around Rud-bar-e Hezar Jarib and stretches
for 120 km long. Once it passes east of Sari, it pours into the Caspian Sea at a place
called KhazarAbad (Farahabad).

Neka River: This river originates from Shah-kuh in the Gorgan area, and its well-
known branch is called Shoor-ab. The Neka River is 100 km long and pours into the
Gorgan Bay.

Gorgan River: This river originates from the Aladagh mountains, and it is 300 km
long. Some of its significant tributaries are the Nardin River that originates from the
Jajarm and Ab-e Garm River, which joins the Gorgan River once it passes Sangsar.



1.14 Rivers 31

The Gorgan River splits into two branches once it passes Kooklan and old city of
Jorjan. One branch pours into Khajeh Nafs, and the other pours into the Gorgan Bay.

Atrak River: This river originates from the Hezar-masjed mountains and pours into
the Hossein-gholi Bay in southeast of the Caspian Sea. Different sources cite the
length of Atrak River as long as 500-600 km.

1.14.2  Persian Gulf Category

The most important rivers in this category are as follows:

Gamasiyab River: This river originates from the Chehel-nabaleghan mountains in
Nahavand, and its tributaries are the Mahidasht, Ghara-sou, and Diner rivers, which
join Gamasiyab in Kermanshahan. Southwardly from Sirvan this river is called
Seymareh, and at a point called Pay-e Pol its name changes to Karkheh. Its water
discharge is collected behind the Karkheh Dam and a part of it feeds the western
part of the Khouzestan Plain and the rest joins the Tigris River in Iraq via the marsh
lands along the Iran-Iraq border. Gamasiyab is 200 km long and 20-50 m wide. Its
depth varies from 0.5 to 2 m (Afshin 1994).

Karoon River: This river (including its tributaries) is the longest river of Iran with a
total length of 890 km and is the only river in Iran suitable for shipping. Its width
varies from 250 to 900 m in different locations (Afshin 1994). Its main origin is in
the Zard-kuh Bakhtiyari mountains. The most important tributaries of this river are
Dez or Dezful River, which joins Karoon at a place called Band-e Ghir. Once Karoon
passes the city of Ahwaz, it splits into two branches: Bahman-shir, which pours in
the Persian Gulf, and Karoon, which joins the Arvand-rud River. Karoon is a perma-
nent river, and its annual volume of water running through this river has been mea-
sured as much as 24 billion m? (Afshin 1994).

Jarrahi River: This river is one of the most important rivers pouring in the Persian
Gulf and Oman Sea basin, and most of it flows in the Khouzestan Province. The
Jarrahi River originates from the mountains around Khouzestan and has two tribu-
taries: Ab-e Zolal and Maroon, which join each other at a place called Kalat and
form the Jarrahi River. This river is a permanent river with the highest flow rate in
March. Its width varies from 100 to 200 m, and the average depth is 2-3 m. The
length of the Jarrahi River from Maroon to its estuary is 520 km (Afshin 1994).

Hendijan River: It is also called as Zohreh River and originates from Kohkilouyeh.
Its major tributaries are Ab-e Shirin or Kheyr-abad and Ab-e Shoor or Shoolestan.
The latter pours in the Persian Gulf once it passes Hendijan.

Dalaki River: This river originates from the mountains surrounding Dasht-e Arjan
and has two tributaries: Dalaki and Shapour, which join each other at a place called
Koolan and pour in the Persian Gulf once they pass Rohaleh. The Dalaki River is
225 km long, and the size of the area of its watershed is 5,620 km? (Afshin 1994).
This is a permanent river, and most of its water comes from the carbonaceous
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springs. Due to the presence of salty geological formations on the course of this
river, the water at the end of the Dalaki River tastes salty and is undesirable.

Karkheh River: One of the most important rivers in the Persian Gulf and Oman Sea
basin is the Karkheh River, but it does not directly pour into the Persian Gulf. This
river has several major tributaries, among which Gamasiyab and Gharah-sou are the
most important. The overall length of the Karkheh River is 875 km, and its width
varies from 150 to 200 m. The average depth of this river is 4—6 m (Afshin 1994). It
is a permanent river that feeds many towns and cities alongside its course.

Halil-rud River: This river is one of the most important rivers within the Jazmourian
basin, and also one of the rivers with most amount of water in Kerman Province.
The Halil-rud River collects water coming from the southern slopes of Hezar, Bid-
khan, and Barez mountains, and after feeding the towns and villages alongside, it
pours in the Jazmourian basin. The length of this river is 440 km, and the size of the
area of its watershed is 8,300 km?, which expands to 20,000 km? at the end of the
course (Afshin 1994). The Halil-rud River is a permanent river due to the presence
of snowy heights and mountain rainfall in the northern part of the basin.

Mehran River: This is one of the rivers within the Persian Gulf and Oman Sea basin,
which originates from the mountains south of Lar and pours in the Persian Gulf at a
point north of Qeshm Island. The Mehran River is a torrential river and lacks significant
base flow as it dries out in summer. The water is salty and undrinkable. The length of
the river is 380 km, and the area of its surface is 8,400 km? (Afshin 1994).

Shoor River: This river originates from the Darab mountains and pours in the Persian
Gulf at a point north of Qeshm Island. It is 45 km long, and the size of the area of
its watershed is 80 km? (Afshin 1994). This is a permanent river, and its water at the
end of the course tastes salty because it flows through salt-bearing geological for-
mation on its journey to the Persian Gulf.

Minab River: It is one of the most important and largest rivers in the Hormuzgan
Province, which originates from the mountains in east of Darab. It pours in the
Persian Gulf at a point north of Strait of Hormuz. The Minab River is 300 km long,
and it is a permanent river (Afshin 1994). The water regime of this river is controlled
by rainfall and flood water.

Zayanedeh-rud River: This river is one of the most important and largest rivers
within the central basins of Iran with massive amounts of water. It drains Isfahan
and Gav-khouni watershed basin and ends in the Gav-khouni swamp. Zayandeh-
rud is formed by the joining of springs, streams, and rivers originating from the
eastern slopes of Zagros and high mountains of Zard-kuh Bakhtiyari (one of the
highest points is 4,221 m above the mean sea level). Its course is meandering and
flows through high mountains and as it enters the Isfahan Plain, its gradient
decreases. After it feeds the Isfahan Plain, it pours in the Gav-khouni swamp. The
length of the Zayandeh-rud River is 405 km, and the size of the area of its water-
shed basin is 31,000 km? (Afshin 1994). The water regime of this river is rainy and
torrential.
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There are some other rivers that originate from sources outside Iran, and some of
these are given as follows:

Hirmand River: This river originates from the Kuh-e Baba Mountain in Afghanistan,
and itis 1,100 km long. One of its major tributaries is called Arghandab. Most of the
Hirmand River flows in Afghanistan, and only the last part of the river flows in Iran.
Once it feeds the Sistan Plain, it pours in Lake Hamoun. This river is a vital vein for
the people of this area. Its depth is about 3—4 m, and its width varies from 200 to
900 m (Afshin 1994).

The rainfall is low in the Hirmand watershed, and most of its water is supplied
by melting of snow on the Hindu Kush Mountains, and therefore its water regime is
irregular but permanent.

Harir-rud River: This river also originates from the southern slopes of Kuh-e Baba
Mountain in Afghanistan, and once it feeds the city of Herat, it flows toward the
north. The Harir-rud River forms part of the border between Iran and Afghanistan.

There are some rivers originating from inside Iran but their estuaries are outside
Iran, and some of these are given as follows:

Sirvan River: The name of the river is in fact Diyaleh, and only the part of the river
flowing in Iran is called Sirvan. The Diyaleh River originates from Kordestan, and
it joins the Tigris River at a point southeast of Baghdad in Iraq.

Zab Saghir River: This river is formed by joining of small rivers originating from
heights south of Lake Orumiyeh. It is 400 km long, and flows toward the southwest
of Iran, eventually entering Iraq and joining the Tigris River.

1.15 Deserts

The Central Iran basin has plains filled with Quaternary or Plio-Quaternary deposits
and sediments. The average elevation of these plains is 1,200 m above the sea level.
Most of these plains are seen on central and Eastern Iran. In the central parts of these
internal basins, there are large barren lands with low amounts of water and high degree
of evaporation mostly in the form of salt flats (playas), which are called “Kavir.”

The total area of the deserts of Iran is 34 million hectares, which is almost 20%
of the country’s surface area. The largest deserts of Iran are Lut and Namak located
in east and center of Iran.

There are two types of terranes seen in deserts (1) relatively large and regular
lands and (2) unstable lands.

According to Gabriel’s theory (Gabriel 1934), unstable lands (deserts) are mostly
seen close or adjacent to mountains, but large deserts are located in the center of
basins.

Sven Hedin (1910) has mentioned in a report that the surface of the deserts con-
sists of 10 cm of clay and mud, underlain by a layer of salt with a thickness of
15 cm, and ultimately there is water at the depth of 1 m or below.
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Fig. 1.2 Zagros area forests (Photographed by Alireza Amrikazemi)

Hedin compares the deserts in Iran to a sea that has been overturned, meaning as
moving down in depth, the amount of water increases. Unfortunately the water
resource in deserts is salty and bitter, and it is not potable (it is to be noted that these
shallow water supplies have been trapped within compact and impermeable clay
deposits).

The thin layer covering the surface of desert becomes sticky in the rain, which
makes traveling on these deserts hard. The salts in deserts are mainly common salt
(NaCl). But other types such as CaSO ,» CaCl,, CaSO,.2H.0, MgClQ, and a little KC1
are also found in deserts. Some deserts are rich in salt mineral deposits like Khour-
Biyabanak, Mighan in Arak, and desert south of Varamin.

There are more than 60 deserts in Iran, and the most important deserts are Lut,
Khour-Biyabanak, Jandagh, Abar-kuh, and Damghan deserts.

It is assumed that the formation of deserts in Iran was the result of final stages of
Alpine Orogeny that caused the Iranian Plateau to lift up (especially in the southern
parts) and eustatic fall of sea level in Late Miocene and Early Pliocene.

Also, the retreat of glaciers in areas north of Iran 12,000-15,000 years ago
resulted in increased evaporation and decreased rainfall in the central parts of Iran,
which in turn led to the transformation of lakes to deserts. This matter indicates that
most deserts in Iran were once lakes. At present, there are no evidences to verify
whether Lut Desert was once a lake. In some parts, the Lut Desert was probably
filled with water.

Figures 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 1.10, 1.11, 1.12, 1.13, 1.14, 1.15,
1.16,1.17, 1.18, 1.19, 1.20, and 1.21 show some natural sceneries of Iran.



1.15 Deserts 35

Fig. 1.3 Ancient rural dwellings in Meymand built in tuff and breccia and covered with hard
agglomerate (northeast of Meydook)

Fig. 1.4 Naghshe Rostam, Near Shiraz, Far Province (Photographed by Alireza Amrikazemi)
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Fig. 1.5 A view of Takht-e Soleyman Spring and dried spring of Zendan-e Soleyman and ancient
city of Ganjeh near Takab (used to be called Shiz in Arabic, but it is known today as Takht-e
Soleyman) (Photographed by Alireza Amrikazemi)

Fig. 1.6 A view of Dena Mountains, Yasouj area, within Zagros Mountain range (Photographed
by Alireza Amrikazemi)
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Fig. 1.7 Sand dunes around Mesr Village (Jandagh suburbs) (Photographed by Mohsen Iranmanesh)

Fig. 1.8 A view of forest cover and rice fields in Lahijan (Photographed by Negar Ghorbani)
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Fig. 1.9 Ripple marks on sands around Mesr Village (Jandagh suburbs) (Photographed by Mohsen
Iranmanesh)

Fig. 1.10 A view of Zayandeh-rud River in Isfahan (Photographed by Mohsen Iranmanesh)
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Fig. 1.11 Pol-e Dokhtar historic bridge in Miyaneh (Photographed by Mohsen Iranmanesh)

Fig. 1.12 Fist-shaped island in Lake Orumiyeh
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Fig. 1.13 A view of young geologic formations in the form of island in Lake Orumiyeh

Fig. 1.14 A view of young faults (along the roadside of Zanjan-Tabriz Freeway) (Photographed
by Mohsen Iranmanesh)
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Fig. 1.15 A view of young faults (along the roadside of Zanjan-Tabriz Freeway) (Photographed
by Mohsen Iranmanesh)

Fig. 1.16 Mud volcano (Chabahar) (Photographed by Alireza Amrikazemi)
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Fig. 1.17 Sandstone layers within Upper Red Formation with cranes’ nests on top (Location)
(Photographed by Mohsen Iranmanesh)

Fig. 1.18 Shivand Waterfall in the Zagros area
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Fig. 1.19 Margoon Waterfall in the Zagros area

Fig. 1.20 A view of erosion effects on Mishan Formation in Qeshm Island
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Fig. 1.21 A view of prairies and forests in the northern part of Iran



Chapter 2
A Summary of Geology of Iran

Abstract This chapter presents an abridged description of the geology of Iran covering
the following areas:

e Stratigraphy of Iran from Late Precambrian to Quaternary along with a brief
introduction to various lithostratigraphic formations

» Structural units of Iran, orogenic phases, and major faults that played a significant
role in the geologic history of the country

* Magmatic activities of Iran, including igneous phases, intrusive and extrusive
rocks, and classification of ophiolitic complexes

The chapter provides the reader with a good knowledge about general geological
characteristics of Iran in an abridged form.

Keywords Geology of Iran ¢ Faults of Iran ¢ Stratigraphy of Irane Magmatism of
Iran * Structural units of Iran ¢ Orogenic phases of Iran * Basement of Iran

From a global tectonic point of view, Iran is part of the Alpine-Himalayan orogenic belt
that extends from the Atlantic Ocean to the Western Pacific. Most European and Asian
geologists believe that this belt represents the great Tethys sea once located between
two large continents, Gondwana and Laurasia, during the Paleozoic—-Mesozoic eras.

For a more detailed information on the geology of Iran, refer to the geology of
Iran (Ghorbani 2012a).

2.1 Structural Divisions of Iran

Iran is divided into several structural units, each characterized by a relatively unique
record of stratigraphy, magmatic activities, metamorphism, orogenic events, tectonics,
and overall geological style. The systematic geological studies in Iran started in the
late 1960s with the establishment of the Geological Survey of Iran. The tectonic and
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and Natural Resources, Springer Geology, DOI 10.1007/978-94-007-5625-0_2,
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Fig. 2.1 Structural zones of Iran (Stocklin 1968)

structural setting of Iran in the Alpine—Himalayan orogenic belt, and the structural
evolution of Iran, has been the focus of many studies.

Using mostly the NIOC database, Stocklin and Nabavi (1973) were the first to
publish the “Tectonic Map of Iran.” They divided Iran into 10 structural zones
(units) based on certain geological features (Fig. 2.1). This structural division
remained a reference for Iranian geologists for almost three decades. However, the
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new observations and findings require a revision to this structural scheme. Following
this structural division by Stocklin and Nabavi, some other structural divisions were
presented, which are cited in the following section related to Central Iran. These
newer structural schemes were mostly derived and inspired by the very first
structural division presented by Stocklin.

In recent years, new interpretations and models have been offered regarding the
geological setting of Iran (Nabavi 1976; Eftekharnejhad 1980; Nogol-e-Sadat 1993;
Alavi 1993; Houshmand-Zadeh 1998; Aghanabati 2004). The following is a com-
bined summary of the available data on various structural zones of Iran.

2.1.1 Central Iran

Located as a triangle in the middle of Iran, Central Iran is one of the most important and
complicated structural zones in Iran. Here, rocks of all ages, from the Precambrian to
the Quaternary, and several episodes of orogeny, metamorphism, and magmatism can
be recognized. There is not a consensus regarding the boundaries of Central Iran.

According to Stocklin (1968), Central Iran is bordered by the Alborz Mountains
in the north, Lut Block in the east, and Sanandaj—Sirjan in the south-southwest,
whereas Nabavi (1976) considers the northern part of the Lut Block as a part of
Central Iran. Nogol-e-Sadat (1993) extends the frontiers to the northeast as well as
Eastern Iran and presents new subzones in his classification. Based on tectono-
sedimentary features, Aghanabati (2004) believes that Central Iran and Sanandaj—
Sirjan are parts of the central domain (Figs. 2.2, 2.3, 2.4, and 2.5).

2.1.2 Sanandaj-Sirjan

This zone is located to the south-southwest of Central Iran and the northeastern
edge of Zagros range. In north and northeast, this zone is separated from Central
Iran by depressions like Lake Orumiyeh, Tuzlu Gol, and Gavkhouni and faults like
Shahr-e-Babak and Abadeh, and to the south-southwest by the main thrust fault of
Zagros. A striking feature of this zone is the presence of immense volumes of mag-
matic and metamorphic rocks of Paleozoic and Mesozoic eras.

As far as the trends, and particularly the folding style, are concerned, some
researchers consider the Sanandaj—Sirjan Zone to be similar to Zagros; however,
considerable differences exist in rock types, magmatism, metamorphism, and oro-
genic events. There are some similarities between Sanandaj—Sirjan and Central Iran.

2.1.3 Zagros

This zone extends from Bandar Abbas in the south to Kermanshah in the northwest and
continues through to Iraq. It is in fact the northeastern edge of the Arabian plate.
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Fig. 2.3 Important tectono-sedimentary areas of Iran (Aghanabati 2004)

Some important features of Zagros include

Low abundance of the outcrops of Paleozoic rocks

Absence of magmatic and metamorphic events after Triassic

Structurally consisting of large anticlines and small synclines
Continuous sedimentation from Triassic to Miocene with negligible hiatuses
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2.1.4 Alborz

Alborz is located in northern Iran, parallel to the southern margin of the Caspian
Sea. It is characterized by the dominance of platform-type sediments, including
limestone, dolostone, and clastic rocks. Rock units from the Precambrian to the
Quaternary have been identified, with some hiatuses and unconformities in Paleozoic
and Mesozoic. Unlike its northern and southern boundaries (Caspian Sea and
Central Iran, respectively), there is not a consensus regarding the eastern and the
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Fig. 2.5 Subzones in Central Iran presented by Alavi (1991)

western limits of Alborz. The Binaluod range in the east, although a continuation of
Alborz, bears features comparable to those of Central Iran.

Nabavi (1976) considers Azerbaijan in the west as a part of Alborz, but Stocklin
(1968), taking into account the structural features, considers this zone to be an anti-
clinorium in the northern margin of Central Iran with comparable stratigraphic and
structural features. It is evident that the geological evolution of Alborz was different
from that of Azerbaijan during the Cenozoic Era.

2.1.5 Azerbaijan

There is no agreement regarding the geological setting of Azerbaijan. Stocklin
(1968) considers most of Azerbaijan as belonging to Central Iran. According to the
author, the northeastern corner could be included in Alborz and the southeastern
part in Sanandaj—Sirjan. Nabavi (1976) believes that most of Azerbaijan lies in a
zone called Azerbaijan—Alborz, and as he indicates, this zone is bounded in the north
by the Alborz fault, in the west by the Tabriz-Urumiyeh fault, and in the south by the
Semnan fault. The eastern boundary with the Binaluod Zone is still controversial.
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In a broader view, Innocenti et al. (1982) pictured two orogenic belts to explain
the structural units of Western Iran, Azerbaijan, and Eastern and Central Turkey:

— Pantus, minor Caucasus, and Alborz Belt (Azerbaijan)
— Taurus—Central Iran Belt to the south

According to the aforementioned authors, Northern Azerbaijan is included in the
Caucasus and Pontus Mountains in Turkey and Southern Azerbaijan is comparable
with Central Iran and Western Iran and extends to the Taurus Mountains in Turkey.

The significant structural event occurring in Early Devonian was accompanied
by faulting and fragmentation that led to different sedimentary facies in Azerbaijan
(Eftekhar Nezhad 1975b). This orogenic episode generated the Tabriz fault, extend-
ing in a NW-SE direction from the Zanjan depression to the northern mountains of
Tabriz (Mishu, Morou) and northwest of Azerbaijan and Caucasus. This event
divided Azerbaijan into two blocks (Innocenti et al. 1976): one in northeast with
subsidence and sedimentation in Early Devonian and the other in southwest, which
remained high until Late Carboniferous.

2.1.6 Eastern Iran

Eastern Iran can be divided into two parts:

— Lut Block
— Flysch or colored mélange of the Zabol-Baluch Zone

Lut Block: Located to the west of the Zabol-Baluch Zone, the Lut Block is the
main body of Eastern Iran. It extends for about 900 km in the north—south direc-
tion. It is bounded in the north by the Dorooneh fault and in the south by the
Jazmourian depression. In the east, it is separated from Flysch Zone by the Nehbandan
fault, whereas the western boundary with Central Iran is the Nayband fault and
Shotori Mountains. The oldest units include upper Precambrian—Lower Cambrian
schists overlain by Permian limestone and other Paleozoic sedimentary rocks.

Flysch Zone (Zabol-Baluch): This zone is located between the Lut Block to the
west and Helmand (in Afghanistan) to the east. In contrast to the Lut Block, the
Flysch Zone is highly deformed and tectonized and consists of thick deep-sea
sediments like argillaceous and silicic shales, radiolarite, and pelagic limestone
and volcanic rocks such as basalt, spilitic basalt, diabase, andesite, dacite, rhyo-
lite, and subordinate serpentinized ultramafic rocks. The basement is likely
composed of an oceanic crust. Most rock units in this zone fall into three main
groups:

— Flyschoid sediments
— Volcanic, volcanosedimentary, and intrusive rocks
— Ophiolitic series
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2.1.7 Southeastern Iran (Makran)

This zone is located to the south of the Jazmourian depression. Its western boundary
is Minab fault; to the south, it is restricted by the Oman Sea, and to the east, it
extends into Pakistan. The northern part is characterized by dominance of the east—
west trending faults, with the Bashagard fault being the most important. Along these
faults lie large sections of ophiolite series. The oldest rocks in this zone are the ophi-
olites of late Cretaceous—Paleocene overlain by a thick sequence (about 5,000 m) of
sandstone, shale, and marl. The whole sequence is deformed prior to Early Miocene.
Thick sequence of Neogene rock units, in excess of 5,000 m, covers the older series
(Nabavi 1976).

2.1.8 Kopet Dagh

This basin is located in northeastern Iran. From Middle Jurassic, it was covered with
a vast continental shelf sea (Berberian and King 1981). In this period of time and
due to transgression as well as rapid subsidence basin, the western part became
deeper. In this basin, a thick sequence of continuous marine and continental sedi-
ments was deposited (about 10 km). No major sedimentary gap or volcanic activi-
ties during Jurassic to Oligocene have ever been reported. This sedimentary complex
provides suitable conditions for accumulation of hydrocarbons. Kopet Dagh sedi-
mentary rocks were placed in their current position due to uplifting at the end of
Miocene.

2.2 Ophiolite Series and Ultramafic Rocks of Iran

Ophiolite series and ultramafic rocks have a widespread occurrence in Iran and can
be grouped as follows:

— Ultramafic and mafic units of Late Precambrian—Early Cambrian: Although com-
parable to modern ophiolites, these rocks do not display all typical features of an
oceanic crust. The term “old ophiolite” might be a misnomer. These rocks are
widespread in Takab and Anarak Regions. They might be representing a protorift.

— Ultramafic and mafic rocks of Upper Paleozoic: These rocks occur as metamor-
phosed as well as non-metamorphosed bodies in some areas like Fariman,
Shanderman, and Asalam. These rocks display many typical features of modern
ophiolites.

Ophiolite series of Early Cretaceous—Paleogene age: These rocks show typical
features of ophiolitic sequences and are thought to be associated with the closure of
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Neotethys. These ophiolite series are widespread in Iran. Some of the more impor-
tant locations include

— Kermanshah—-Neyriz—Oman Belt

— Makran (south of Jazmourian)

— Ultramafic—mafic rocks related to the Flysch Zone in the Khash—Nosrat Abad—
Birjand Belt

— Ultramafic and mafic rocks north of the Dorooneh fault, Torbat Jam—Torbat
Heidarieh—Sabzevar—Fariman Regions

— Central Iran—Naeen—Baft—Shahr Babak

— Khoy-Maku

Ultramafic and mafic rocks also occur in association with large gabbroic intru-
sions. This type probably resulted from differentiation in a large mafic magma chamber,
comparable to those of the layered mafic intrusions. Examples occur in Sero,
Urumiyeh, and in Masooleh, which are Late Cretaceous to Lower Oligocene in age.

2.3 Basement Rocks

Taking into account the available data on the geology of Iran and the Middle East,
and comparing it with the Arabian basements, it seems that stabilization of the base-
ment in Iran occurred in the Late Proterozoic to Early Cambrian. This is supported
by similar Gondwanic features in both the Iranian and the Arabian basements.

It is believed that the Arabian shield was the continuation of Mozambique in
Eastern Africa prior to the development of the Red Sea (BRGM and USGS and
some German teams) (Geodynamic Report, GSI 1983).

The cratonization happened transitionally from Africa toward Iran as evident
from the age of the basements; Central Africa has a basement of Late Archean—
Early Proterozoic while in Northern Africa, there is no Archean basement; besides,
the extent of Precambrian domains reduces from Central Africa toward north. Some
authors (Hushmandzadeh 1998) believe that cratonization of Iran has been due to
Baikalian, Asynitic, or Pan-African orogenies.

The oldest known sedimentary unit in Iran is the Kahar Formation, which is well
exposed in Alborz and Azerbaijan. Kahar consists of shale, dolomitic sandstone, and
tuff metamorphosed to slate and phyllite (B. Hamdi 1995). The uppermost layers are
of about 650 million years old based on the paleontology and stratigraphic evidence;
the basal layers are thought to be as old as 800 million years (Ghorbani 2012a, b).
Based on field observations, an older age has been suggested for some metamorphic
units in Central Iran and Takab Regions (e.g., Robat Poshtebadam, Saghand in
Central Iran, Mahneshan in Azerbaijan; Haghipour 1974; Alavi Naeini et al. 1976);
however, this is not supported by new data. The oldest rocks in Iran, based on the
radiometric ages, are as old as 900 million years (Hushmandzadeh, unpublished).
This was the time when Doran-type granites and Gharehdash series formed.

Comparing the geology of Iran and the Arabian Craton and concerning the intru-
sion of granitoid rocks as an essential component of the continental crust, it can be
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argued that cratonization of Iranian platform occurred in the Late Precambrian—
Early Cambrian, prior to sedimentation of the Lalun sandstone.

2.4 Summary of Stratigraphy of Iran

2.4.1 Precambrian

It was believed that Precambrian rocks older than 1.5 billion years had extensive
outcrops in Iran. However, recent data suggest that Precambrian domains were
smaller in exposure and that they were all younger than 900 million years. In
North and Central Iran, the Kahar and Gharehdash Formations and the lower half of
the Soltanieh Formation are of Precambrian ages.

According to Hamdi (1985), the oldest rocks in Iran belonged to the Kushk
Series consisting of clastic sediments, acidic volcanic, tuff, and carbonates (mainly
dolomite). Other formations of the Late Precambrian—Early Cambrian ages include
Rizu volcanic-sedimentary Formation, Dezu and Tashk Formations, Aghda lime-
stone, Kalmard Series, Shorm Beds, and Anarak metamorphic units. The sedimen-
tary facies of Precambrian—Lower Cambrian rocks in Northern Iran is different from
that of Central Iran.

2.4.2 Paleozoic

Following the Pan-African orogenic episode, shallow marine sediments formed in
Late Vendian. The influence of the orogenic episode is evident at the base of the
Vendian sediments. Deposition of shallow marine sediments covered large areas in
Iran during Paleozoic (e.g., Alborz, East of Iran, Zagros; Alavi-naini 2009).

There is strong stratigraphic evidence that transition from Vendian to Lower
Cambrian was a progressive one, without hiatuses; there is no evidence of any oro-
genic or epeirogenic movements in Iran at this time (e.g., south of Zanjan, Valiabad
Chalus, Shahin Dezh; Hamdi 1995; Alavi-naini 1993).

Early Cambrian started with an alternation of shale, phosphate-bearing lime-
stone, and dolomite sitting conformably and transitionally over the Vendian dolo-
mites. Transition from the Soltanieh Formation to Barut, Zaigoon, and Laloon
Formations is very difficult to recognize in the field (Alavi-naini 1993).

Middle Cambrian is characterized by uplift and regression; however, a renewed
progression at this time led to the deposition of the Mila and Kuhbanan Formations,
consisting of limestone, dolomite, and shale, over older units. These formations
bear trilobites and brachiopods of Middle and Late Cambrian (Alavi-naini 1993).
In some areas, the Late Cambrian carbonate facies turns transitionally into
Ordovician graptolite shales, known as Lashkarak Formation in Alborz, Shirgasht
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Formation in Central Iran and Ilbeyk and Zardkuh Formations in Zagros. In the
Kalmard area, Ordovician sediments are found on the top of the Vendian sediments
through an angular unconformity (Aghanabati 2004).

In Late Ordovician, most parts of Iran were affected by epeirogenic movements
(e.g. Alborz; Alavi-naini 2009); this coincides with Caledonian orogeny in Europe
and some other parts of the earth. The epeirogeny caused a distinct hiatus at the
Ordovician—Silurian boundary. Where present, the Silurian rocks in Iran consist
mainly of limestone, sandstone, shale and volcanic materials, known as Niur
Formation in Central Iran.

The Lower Devonian rocks have been reported from several localities in Central
Iran (e.g., Tabas, Sourian, Kerman, Zagros; Ghorbani 2012a, b); however, they
seem to be missing in Alborz and parts of Zagros. Upper Devonian is characterized
by marine transgression, particularly in Alborz, that extends into Lower
Carboniferous. With the exception of Tabas area, no record of Middle Carboniferous
marine deposits has yet been discovered in Iran (Ghorbani 2012a, b). Upper
Carboniferous deposits are not significantly present in Iran and have only been
identified in several localities from index goniatites (Alavi-naini 1993). After a
general regression and a distinct hiatus in Upper Carboniferous, Permian marine
transgression deposits cover most parts of Iran (e.g., Alborz, Zagros, Central Iran;
Aghanabati 2004). The Permian sediments are represented by Dorood sandstones,
Ruteh and Nesen limestones in Alborz.

2.4.3 Mesozoic in Iran

The Lower Triassic sediments in Iran are mainly of shallow marine or continental
shelf nature (e.g., Doroud sandstones and Elika dolomites in Alborz, Sorkh shales
and Shotori dolomites in Central Iran; Aghanabati 2004; Alavi-naini 2009). A con-
tinuous Permian—Triassic sequence has been reported from several areas in Iran,
including Jolfa (northwest of Iran), Abadeh (Southern Central Iran), and Southern
Urumiyeh (the continuation of Taurus in Turkey), north of Kandevan and Southern
Amol.

The transition from Middle to Upper Triassic coincides with Early Cimmerian
orogenic episode, which led to the segmentation of the sedimentary basin into three
sub-basins: Zagros in south and southwest, Alborz in north, and Central Iran
(Aghanabati 2004).

The Lower Jurassic rocks conformably overlie the Upper Triassic units; so are the
Early Cretaceous deposits over the Upper Jurassic strata (e.g., Zagros; Motiei 1993).

In North and Central Iran, the Upper Triassic and Lower—Middle Jurassic sedi-
ments have a detrital nature, consisting mainly of shale and sandstone with thick-
nesses varying from a few meters to more than 3,000 m. The presence of plant
remains and coal beds suggests a continental or lagoon environment for the deposits
(Aghanabati 1998). The Cretaceous deposits, characterized by diverse sedimentary
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facies, are widespread all over Iran. In Late Cretaceous, tectonic movements related
to the Laramide orogeny affected most parts of Iran, leading to uplift, folding, and
faulting (Ghorbani 2012a, b). This is a prelude to the significant developments in the
geological evolution of Iran.

2.4.4 Tertiary

The Cretaceous—Paleocene boundary is characterized by striking changes in
sedimentary environments (e.g., Alborz, Central Iran; Hajian 1996). An uncon-
formity has been reported from many locations in Iran. Both continuous and
discontinuous transitions have been discovered between Paleocene and Eocene
strata; as is the case with Eocene and Oligocene (e.g., Central Iran; Hajian
1996). The Oligocene and Miocene stages are characterized by rapid subsid-
ence, deposition, and facies changes in both marine and continental sedimentary
basins (e.g., Mahneshan and Halab south of Zanjan; Rahimzadeh 1994).
Oligocene sediments in most parts of Iran are of shallow marine character,
turning into marine facies in Upper Oligocene through Lower Miocene
(e.g., Qom; Rahimzadeh 1994). The Middle-Upper Miocene sediments are
mostly of continental nature.

2.5 Stratigraphic Succession in Various Structural Divisions

A comparison of stratigraphic records in various structural divisions of Iran is shown
in Fig. 2.6.

2.6 Overview of Distribution and Nature of Magmatic
Rocks in Iran

Magmatic rocks of all ages, from the Precambrian to the Quaternary, are wide-
spread in Iran (e.g., Doran granite, Zarigan—Narigan granite, Torghabeh granite,
Ghaen granite, Chaghand gabbro, Alvand granite, Natanz granite; Ghorbani
2012a, b). A correlation exists between the distribution of magmatic rocks and
certain types of ore deposits (e.g., iron deposits in Bafgh related to Zarigan—
Narigan-type granites, Mazraeh copper deposit related to Sheyvar-Daghi gran-
ite, Sarcheshmeh porphyry deposit related to Sarcheshmeh porphyry body;
Ghorbani 2002b). Several episodes of magmatic activities have been identified
in Iran, which will be discussed next.
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2.6.1 Magmatic Rocks of Upper Precambrian—Lower Cambrian

Volcanic and plutonic rocks with an age of 630-530 million years have been
reported from many localities in Iran, particularly in Central Iran and Azerbaijan
(Houshmand-Zadeh 1998; Ramezani and Tucker 2003). These magmatic rocks
seem to be related to the Pan-African tectonic-magmatic episode. Most magmatic
rocks of this time were of alkaline nature (Ghorbani 2012a, b). The following
magmatic series can be attributed to this phase:

— Doran-type intrusions in Azerbaijan

— Narigan and Zarigan-type intrusive bodies extend from Anarak to Bafgh and
Kuh Banan

— Volcanic rocks, mostly of rhyolite composition, in Ghareh Dash, Azerbaijan

— Volcanic rocks associated with the Kushk Series in the Bafgh area

— Volcanic rocks of Rizu, Dezu, and Kushk Formations in Central Iran

— Most Precambrian metamorphic rocks of greenschist or even amphibolite facies,
such as in Takab and Anarak areas, seem to have originally been volcanic materi-
als, either lava or pyroclastic rocks

2.6.2 Lower Paleozoic

The magmatic rocks of this time have been reported from many areas in Iran. Examples
include the basaltic rocks of Shahrud and Khosh Yeilagh, the andesitic-basaltic units
of Niur Formation in Central Iran, and the tuffaceous materials in the upper parts of
Mila Formation in Eastern Iran (Aghanabati 2004; Ghorbani 2012a, b).

2.6.3 Upper Paleozoic

The volcanic rocks of andesitic-basaltic composition accompany Upper Paleozoic
sedimentary strata in many areas all over Iran. The basaltic rocks associated with
the Jeyrud Formation of Upper Devonian are a typical example (Aghanabati 2004;
Ghorbani 2012a, b).

There is strong evidence of significant magmatic activities in the Late Paleozoic—
Early Mesozoic (Early Permian to Early Jurassic) in Iran (Ghorbani 2012a, b).
Examples include

— Magmatic rocks in the Southern Sanandaj—Sirjan (granites and gabbros of Sirjan
area) and volcanic rocks of the Songhor Series in Northern Sanandaj—Sirjan

— Ultramafic and mafic rocks and their metamorphosed equivalents in Eastern Iran
(Fariman area), Taknar Series, Gorgan schists, Shanderman mafic/ultramafic
metamorphic series
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2.6.4 Mesozoic

The Mesozoic magmatic rocks are associated with Cimmerian and Laramide
orogenic events that caused continental and oceanic rifting, followed by closures
and collisions in vast areas of Iran (e.g., Sanandaj—Sirjan; Omrani 2008). The
Mesozoic magmatic rocks can be divided into three groups:

Volcanic rocks: These rocks occurred mainly as a result of extension or tension
related to the continental rifting, or subduction of the developed oceanic litho-
sphere under the continental lithosphere (e.g., Central Alborz for continental rift-
ing; Ghorbani 2012a, b; Saghez-Sanandaj axis for subduction, Tarkhani 2010).

Intrusive rocks: Many intrusive bodies of mafic to granitic composition, with ages
varying from early Triassic to Late Cretaceous, have been identified in Iran (e.g.,
Boroujerd—Shamsabad axis; Masoudi 1997; Ahmadi-khalaji 2007).

In Triassic—Jurassic, the volcanic rocks predominated the plutonic rocks. They are
mainly alkaline in nature and are more abundant in Sanandaj—Sirjan. In Jurassic—
Cretaceous, the intrusive rocks exceeded the volcanic rocks; a significant number
of batholiths in Iran occurred at this time (e.g., Alvand, Shirkuh, Kolah Ghazi,
Shahkuh: Ghorbani 2012a, b).

2.6.5 Tertiary

Tertiary is of great concern in Iran because of the great volumes and highly diverse
types of igneous rocks and associated mineral deposits. The magmatic rocks of
this age are widespread all over Iran, exceptin Zagros and Kopet Dagh (Metalogenic
Map of The Middle East 2011). Data from various structural zones indicate that
the volcanic and plutonic activities started in Late Cretaceous, peaked at Eocene,
and continued, with short stops, into Quaternary. The Quaternary volcanism pro-
duced very high peaks such as Damavand, Sahand, Sabalan, and many others.
Some of the more important regions in terms of the Tertiary magmatic activities
include

— Urumiyeh Dokhtar volcanic-plutonic belt
— Azerbaijan

— Tarom-Taleghan

— Central Alborz and its southern margins
— Kavir-Sabzevar

— Kashmar-Torbat-e Jam

— Lut and Kavir, Central Iran

— Sistan

— Bam, Bazman, and Taftan

— East Iran

— Southern Jazmourian—Sabzevaran
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The origin and nature of the Tertiary magmatic rocks are controversial. Two
different views exist:

1. Intracontinental rifts and aulacogens (Ghorbani 2003a)

2. Subduction of Neotethys oceanic crust under Iranian plate and collision of
Arabian and Iranian plates in Late Cretaceous—Paleocene (Ghorbani 2003a, b, c,
d,e, 1)

2.7 Structural and Orogenic Events in Iran

Several orogenic events have been recognized in Iran, the most important of which
are discussed next.

2.7.1 Pan-African

This is equivalent to Asynitic in the other parts of the earth. This event was associ-
ated with metamorphism, magmatism, folding, and faulting during Late
Precambrian—Early Cambrian in Iran (e.g., south of Zanjan—Mahabad in Azerbaijan,
Bafgh in Central; Nabavi 1976; Ghorbani 1999a). This tectonic phase started with
tension or extension leading to the formation of rifts and generation of oceanic crust
(e.g., in Takab and Anarak) and ended with folding, closure, metamorphism, growth
of the continental crust, and development of regional faults.

2.7.2 Caledonian

There was no considerable folding or faulting related to this event in Iran. Caledonian
in Iran is characterized by facies change in sedimentary basins, hiatuses, and epeiro-
genic movements (e.g., parts of Alborz, Zagros, and Central Iran; Nabavi 1976).
This phase, starting from Late Cambrian, caused the marine facies of the Barut and
Zaigoon Formations to change into the continental facies of the Lalun Formation,
and continued on to Late Devonian.

2.7.3 Hercynian

The effects of this orogenic episode in Iran can be traced from Late Devonian to
Middle Triassic. Due to the scarcity of magmatism, metamorphism, and folding
related to this episode, the role of Hercynian in Iran is controversial; Hercynian in
Iran is largely represented by extensional rather than compressional tectonics (e.g.,
Sanandaj—Sirjan; Hosseini 2011).
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2.7.4 Early Cimmerian

Early Cimmerian tectonic event is one of the most important events in the geologi-
cal history of earth. Many diverse features are associated with this phase, including
metamorphism, magmatism, folding, faulting, creation of new basins, and facies
change (Ghorbani 2012a, b). This event was associated with compressional tecton-
ics in northern Iran and tensional tectonics in the south. There is evidence that the
compressional phase was preceded by tension and rift development. The compres-
sional phase, starting in Middle Triassic, finally led to the closure of the paleote-
ethys (e.g., southeast to southwest of the Caspian Sea; Ghorbani 2002a, b, c).

2.7.5 Middle Cimmerian

The operation of this phase in Iran has been controversial. Aghanabti (1998) has
recently presented rather strong evidence in support of this tectonic episode in Iran
(e.g., Sanandaj—Sirjan and Central Iran).

2.7.6 Late Cimmerian

A significant tectonic event happened in Iran in Late Jurassic—Early Cretaceous
times, about 140 m.a. This event is represented by folding, facies changes in sedi-
mentary environments, angular unconformity, magmatism, and metamorphism (e.g.,
Alborz, Sanandaj—Sirjan, and Central Iran; Aghanabati 2004; Ghorbani 2012a, b).

2.7.7 Laramide

This event, occurring in Late Cretaceous—Eocene, played a great role in the geologi-
cal evolution of Iran. This event started under a compressional regime, followed by
an extension one (Ghorbani 2012a, b; Sadeghi 1999). The compressional regime,
which was associated with significant intrusive magmatic activities, led to the clo-
sure of the oceanic basins and Neothetyan rifts. In some areas, slices of the oceanic
crust have obducted onto the continental margins producing what we now call ophi-
olite assemblages or colored mélanges (e.g., mostly seen suture zone between
Sanandaj—Sirjan and Zagros and alongside the Naybandan fault in east of Iran;
Nogole-Sadat and Almasian 1993; Nogole-Sadat 1993).

2.7.8 Pyrenean

With regards to the geological evidence, this event was of compressional nature.
This tectonic phase is represented by significant changes in the sedimentary
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environments, plutonism, and metamorphism (e.g., west of Central Iran, south of
Central Alborz, Lut; Nabavi 1976).

2.7.9 Pasadenian

Pasadenian is the most important phase in forging the current shape of Iran. There
are some orogenic events that occurred before the Pasadenian event, which were
most likely the continuation of this phase (e.g., Alborz—Azerbaijan axis, Zagros,
Central Iran; Tectonic and Seismotectonic Map of Iran 1993; Rahimzadeh 1994).



Chapter 3
History of Mining

Abstract Iran has been the pioneer in mining exploration and techniques for several
millennia. The knowledge and talent of primeval Iranians, on the one hand, and high
potential of mineral deposits, their diversity, and absence of dense vegetation cover,
on the other hand, as well as the country’s position at the crossing of various cul-
tures and civilizations, have led to prosperous mining activities in ancient times and
even after the renaissance, which still amaze the mining engineers about the Iranian
expertise in mining. Interestingly, there are a few known metallic deposits in Iran
that do not have the footprint of the ancient miners.

Hundreds of primordial mining sites of gold, copper, iron, lead—zinc, and silver have
been discovered, which indicate centuries of mineral excavation. Numerous mining
localities, tools, smelters, and miners’ residence have existed since the fourth millen-
nium B.C.

This chapter provides information about the mining activities in ancient Iran
along with the mining techniques utilized.

Keywords History of mining in Iran * Ancient mining in Iran * Mining technology
in ancient Iran * Gems in ancient Iran

3.1 Introduction

According to the results of archeological studies, the first metal utilized by man in
its native form was gold and the first metal extracted through melting was copper.
However, there are conflicting views regarding the use of copper. While some
experts believe that the usage dates back to 12,000 B.C. (in Egypt) and others believe
it to be earlier (as early as 20,000 B.C.), there are definite indications of copper
smelting occurring around 6,000 years back on the route of the migration of the
Arians (Zavosh 1968). The evidence of copper utilization in Iran (at Tal Eblis) dates
back to around 9,000 B.C., and accordingly, Khoyei et al. (1999) argued that the
Iranians were the pioneers in copper-smelting activities in the world. Claims of being
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the oldest civilization to extract and use metals are not an exaggeration when one
considers the historical background and the natural riches of Iran.

The time of passage from the Stone Age (Neolithic) into the Bronze Age in Iran
is considered to be the end of the seventh millennium B.C, whereas in Europe, the
Neolithic continued till the fourth millennium B.C. (Alipour 1993).

The oldest artifact of copper in Iran is a copper necklace dated around the end of
the seventh millennium B.C. (Alipour 1993). In 1966, in an exhibition titled “Seven
Thousand Years of Iranian Art,” a turquoise statue was exhibited. This in fact indi-
cates that the extraction and utilization of turquoise goes back to that time. The
remains of ancient smelting furnaces and their resulting slag at Tal Eblis, Siyalk
(Kashan), and Ahangaran (Ghaen) are seen throughout the country, from Zagros
and the Alborz mountain ranges up to the deserts of Yazd, Kerman, Qom, Kashan,
Khorasan, and various locations in Baluchestan (Chehel Kure copper mine, aban-
doned lead mines of Kharestan, and Bidaster around Taftan). These are all indica-
tions of the advanced metallurgical knowledge and expertise of ancient Iranians in
extracting metals from ores and minerals (Ghorbani 2002b).

The onset of civilization and migration of Arians in the third millennium B.C.
resulted in a colossal revolution in Iran’s mining industry. In spite of not having
access to much metal resources, the Arians were aware of the value of different met-
als (Alipour 1993). It is therefore believed that the Indo—European civilization had
advanced beyond the Metal Age before its emigration from Central Asia. Ghorbani
(2002a, b, c) states that the term “aios” is a general term referring to metals in
ancient Indo—European language: “aes” in Latin is used for copper and gunmetal,
the Sanskrit “ayas” stands for iron, and Persian “ahan,” Kurdish “asen,” German
“eisen,” and English “iron” are probably variations of the original Indo—European
term for iron. It is written in Old Persian texts that “Houshang Pishdadi,” who
extracted iron from rocks using fire, established the “Sade” festival. “Sade” was one
of the festivals celebrated in ancient Iran. For more information about the “Sade”
festival, please refer to “Wikipedia.”

According to Straboun, the Greek word “cassiteris,” meaning tin, and mineral
cassiterite, a hard heavy dark mineral that is the chief source of tin, get their names
from a place called “Cassian,” which was situated on the southern coasts of the
Caspian Sea (Alipour 1993).

Dorant, in his book History of Civilization, describes the Arians’ knowledge of metals
as follows: “this immigrant race (Arians) were familiar with metals; thus on arriving into
the Iranian Plateau, they settled down, in order to avail themselves of the mineral riches
such as copper, iron, lead, silver, gold, marble and precious stones.” He continues further
that “the Iranian civilization was much more advanced than the Egyptian.”

From the early third millennium B.C., the writings of Sumerians, Babylonians,
and Eilamians all point toward the technological and scientific achievements of
ancient Iranians (Alipour 1993). Among the regions acclaimed for their metal indus-
try and merchandizing, “Shahdad” stands out. Metallurgy, ceramic, serpentinite, and
marble industry were highly developed, and various pieces of artifacts made up of
semiprecious stones such as agate, lapis lazuli, and turquoise were manufactured. By
the middle of the third millennium B.C., extraction of serpentinite was extensive and
many objects were made from this stone; moreover, gold was widely utilized.
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It has been proved that the passage from the Stone to the Copper Age was
gradual. The beginning of the Bronze Age in Iran took place around 7000 B.C. at a
time when this alloy was considered to be more valuable than gold and silver. The
discovery of bronze led to higher utilization and manufacturing of this metal, thus
raising the demand for raw material. At that time, Iran was considered to be one of the
most important producers of copper, lead, and tin (though there are no known tin
deposits presently in Iran, but Girshman (1954) describes such a deposit from Deh
Hosein near Shazand), along with other rocks that were dominantly extracted from
the area between Shazand and Nezam Abad, which was then known as the most
famous mining locality in Iran. Moreover, the investigations carried out at Siyalk
indicate that the trade of “sadaf” (chalcedony or white agate), lapis lazuli, turquoise,
and “yashm” (jadeite) was very common in this period.

The utilization of iron in Iran dates back to a time around the second millennium
B.C. The ever-increasing production of iron at the said time revolutionized the
socioeconomic state of affairs. Countries possessing rich and diverse deposits of
this metal, not reputed until then, found a prominent position in the political equa-
tions of the time. One such locality is Northern Iran. Excavations at Siyalk indicate
a relative increase in the number of iron tools as compared to the bronze tools
(Girshman 1934; Wulff 1966). It is believed that Shah Bolagh (south of Zanjan),
Masoule in Northern Iran, and Golgohar (near Neyriz) were discovered during this
time. The common utilization of iron in weaponry and farm implements drastically
changed the state of affairs in trade at the beginning of the first millennium B.C.;
prior to that, copper and its alloys dominated the markets.

3.2 History of Mining

3.2.1 Hakhamaneshian Period (550 B.C.-330 B.C.)

In the second half of the first millennium B.C., with the establishment of the mighty
Hakhamaneshian (Achaemenian) Empire by Cyrus the Great, Iranian civilization
attained its most glorious position. The knowledge of the earth and its potential
resources improved, and exploitation of copper, gold, silver, lead—zinc, and other
metals reached their peak. The copious reserve of gold in the Hakhamaneshian trea-
sury is a witness to this claim. It is also believed that the largest deposits of gold in
the Pre-Islamic Era were discovered at this time, which also witnessed an increase
in gold production and making of the first gold coins of the world called “darik.”
Gold coinage became trivial in other countries, for example, the Roman Empire,
after the reign of Darius the Great. Gold was also used in making different orna-
ments and utensils and as facade of Shoush and Takht-e Jamshid palaces according
to Shoush Memorial.

At this period of time, the Iranians used iron in the production of steel (called
“poulad”). Greek writers have described the steel weaponry and bridges made by
the Iranians; the steel used in the construction of bridges was covered with tar and
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has not yet rusted. Iron and lead were utilized in the fortification of Takht-e
Jamshid and Pasargad buildings. Dandamayeyv, the Russian explorer, writes that
the opening paragraphs of the Bistoon Stone, which bears the names of Darius’s
ancestors, were covered with lead to extend its life span. Conquering of different
countries by Cyrus the Great and Darius the Great led to advancement of the min-
ing and metal industries. Girshman (1954) writes that among the objects found in
Shoush, the weaponry were mostly made up of gunmetal, while in a slum area
right next to Shoush, iron ornaments prevailed. During the reign of Cyrus the
Great, silver coins were also made, which were paid as a part of wages to the
laborers and soldiers (especially in the navy) (Alipour 1993). Silver was addi-
tionally used in making ornaments and utensils. According to the writings on the
Claystone No. 52 found in Takht-e Jamshid, the major production center of iron
weaponry was Neyriz in Fars.

Berberian and Manugian (1997) believe that the Iranians came to know about
“simab” (mercury) during Hakhamaneshian’s time, and realgar, borax, and alum were
extensively used in various industries. Lines 37-40 of Darius states that the “blue
crystals” (kaputaka or lapis lazuli) and “shangarf” (cinnabar) used here were from
Sugudd while the dark blue crystals were from Kharazm. A writing in the Palace of
Darius the Great at Shoush talks of “akhshaiye” (turquoise) (Zavosh 1968).

The extreme ingenuity and cleverness of the Iranians resulted in the most
magnificent period of mining in the history of the country. The most important
mines of this period include Zarshouran (Takab), Zarrin (Ardakan), Kuh Zar
(Damghan), and Qal’e Zar (Birjand) gold deposits; Kuh Some (Firooz Abad) lead—
zinc ore; Neyriz iron mine; and Neyshabour turquoise deposit.

3.2.2 Seleucid Period (320 B.C.—63 B.C.)

There is not much known about the technical aspects of mining in the Seleucid
period. However, it is obvious that during the rule of Alexander the Great and his
successors, the mining activity was on a decline. In fact, the overall situation of the
country was exasperating due to internal insurgencies. Nonetheless, mining activity,
as Girshman (1954) puts it, was carried out on a controlled extent under the supervi-
sion of government inspectors. Moein (1976) states that “at the time of Seleucid,
iron, copper and lead were being extracted, concentrated and exported under the
supervision of kings’ administrators; the mining activities were under the monopoly
of the kings and the mines were considered as kings’ assets.”

3.2.3 Arsacid Period (247 B.C.-228 A.D.)

The Parthian times witnessed a positive change in mining and related industries
brought about by the need for weaponry and deployment of Prisoner of War in
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mining activities. The copper deposits of Eastern Iran (Ahangaran, Ghaen, Gazoo,
etc.) were discovered and exploited at this time period. The mining evidence at
Shadadi mines to the south of Damghan, such as Kuhzar and Roba’i, point to their
activity at the time of Ashkanian. The proximity of these areas with the capital of
Ashkanian (Sad Darvaze) is a further confirmation of their prosperity. Pelin, in his
Book XXXIV (Chap. 14), states that the highest-quality steel was made in China with
the second best in Pars.

3.2.4 Sassanid Period (224 A.D.—670 A.D.)

Organized mining activities were initiated at the time of Sassanian. Most of
the lead—zinc, copper, gold, and iron deposits that were extracted then are still in
production (e.g., Golgohar and Zarshouran).

Most of the metallic artifacts unearthed during excavations belonged to the
Sassanian Period, which is a further proof of the advancement of gold, silver, lead—
zinc, iron, and copper mining activities during this time. Most of the gold mines of
the Hakhamaneshian (Achaemenian) Period once again became operative. The
abundance of silver utensils at this time is an indication of widespread mine and
metal industry; the lead—silver mines at Nakhlak, Kharestan, and Ahangaran and the
lead mines of Kuhbanan, to name a few, were among the most important centers.
The Chinese missionaries who visited Iran during the Sassanian times have written
that “at Tisfoon, the capital of Sassanian, natural material such as gold, silver, cor-
als, pearls, crystals, iron, copper, cinnabar, mercury etc. were common.”

3.2.5 Islamic Era (651 A.D.—1230 A.D.)

Following the Arab invasion of Iran and subjugation of Iran, scientific and industrial
depression dominated the country for over 200 years. The mining industry was no
exception and, as a result, the activities waned. There are no indications of any mining
work during this period, and most of the mines that were operative during the
Sassanian Period were abandoned and never functioned again. Many such locations
hold the clues to present-day exploration work.

With the inception of the uprisings in different parts of Iran, the antagonism of
the “Abbasian Government” toward the Iranians subsided, and many key govern-
mental positions were offered to them. Iranian art and culture flourished once again
and embodied in achievements of the new religion, however. This period, which
Adam Metz calls the “Islamic Renaissance” (Metz 1985), witnessed the establish-
ment of various Iranian dynasties by Samanian, Ghaznavian, Al-e Bouye, Saljouqian,
and Kharazmshahian. The advances in metal and ceramic industries during this time
in turn resulted in the progress of mining techniques and activities. The famous
“Saljuqi” tile enamel was procured from the copper—cobalt mine at Qamsar (Kashan).
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Ahmad ebn-e Omar ebn-e Rasteh, Al-aalagh Al-nafiseh (translated by Hossein
Qare-Chanlou 1986) writes, “there are occurrences of gold, silver, mercury and
turquoise in Khorasan; gold, silver, copper, iron and sulfur in Kerman; gold and
silver in Fars; coal in Bokhara, Yazd and Lorestan; lead in Yazd; gold, mercury and
silver in Azarbayjan; and, silver in Esfahan, Bokhara, Sari and Balkh.... Silver
mining was common in Samanian times up until the invasion of Moghols with Zar
Afshan mines (situated in present day Tajikistan) produced most of the silver....
Iranian miners are skilled in excavating tunnels and shafts.”

A number of works on the mining products and techniques were written by
Ya’qoub ebn Es’haq Kandi, namely, Resale fi Anva’ Al-Jawaher, Resale fi Alne’at
Al-Jawaher va Ma’aden, and Resale fi Anva’ Al-Jawaher va Samine.

3.2.6 Mughal Era (1230 A.D.-1357 A.D.)

The inefficiency and imprudence of the last king of Kharazmshahiyan and the
instigations of Abbasian led to the invasion of the country by the Mongols. This led
to a 400-year rule of terror by Teymour’s successors, Atabakan, Jalayerian,
Choupanian, Agq-Qoyounlou, Al-e Mozaffar, and quarrels between sovereigns or
quelling of the rebellions. There is no evidence of any industrial progress (including
mining) at this time, though because of growing reclusiveness among Iranian
scholars, solitary arts such as poetry improved astoundingly.

At a time when every move of the people (wedding ceremonies, for instance)
was taxed by the rulers, there is no documentation of taxing mines, thus pointing to
the decline of mining activities.

During this era, many thinkers existed who talked theoretically about the natural
resources in general; for instance, Khaje Nasir-o-din Toosi (1200 A.D.—1273 A.D.),
who describes 71 ore minerals in his book Tansookh Name-ye Ilkhani. Mohammad
ben Habib Bekran in Jahan Name (1208 A.D.) defines many precious stones and
metals. Zakariya Qazvini (1205 A.D.) names around 120 minerals in his book
Ajayeb-al-Makhlougat va Garayeb-al-Mojoudat. Arayes-al-Jawaher va Atayeb-al-
Nafayes, written by Abolgasem Abdollah Kashani (1300 A.D.), is about the min-
eral resources (this work is in fact an excerpt from Tansookh Name). Hamdollah
Mostofi in Nezhat-ol-Qoloub has described the various minerals that were known to
exist in Iran. Gems are also described in the book Javaher Name-ye Soltani by
Mohammad ben Mansour Deshnaki (1478 A.D.).

3.2.7 Safavid Period (1501 A.D.—1786 A.D.)

The onset of the Safaviyan dynasty coincides with the many important changes in
the global settings. On the one hand, the Ottoman Empire had reached its maximum
extent and had conquered Constantinople. Terrified by the Ottomans’ achievements,
European countries had no choice but to support the newly constituted Safaviyan
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Government on the east. The Austrian ambassador to Iran has been quoted by
Abolgasem Taher (Political and Social History of Iran) as “between us and obliteration,
Iranians stand.” George Weston, in his book History of Iran and the World, describes
Safaviyan as a “reign” that slowed down the Turks and “reduced Christians detri-
ments.” On the other hand, for the Iranian public, who had not experienced a strong
central government, enthronement of Safaviyan brought pride and satisfaction.

All these issues made Iran the center of attention, and the European countries
began to take efforts to establish political and economic ties with Safaviyan. The
economic trade with Europe led to a revolution in exports and imports of the country.
Many of the abandoned mines resumed works at the time of Shah Abbas. However,
employment of skilled laborers (instead of slaves or prisoners of war) increased the
cost of production, thus hindering the development of the mining industry. Tavernier
(translated by Nouri 1990) writes, “minerals are extracted from mountainous regions
of Iran. Extraction and consumption of copper has increased enormously. Tin is not
known to occur in Iran. Iron and steel comes from Khorasan, which also supplies
gold and silver.... Shah Abbas had tried to revive the gold and silver mines but not
succeeded because of lack of revenues.... It is definite that in older times, gold and
silver mines exited in Iran, and remnants of such activities are seen as deep excava-
tions. But ever since the increase in imports from Ethiopia, Sumatra and China,
Iranians have stopped exploration for these two metals.”

By the end of the Safaviyan Period, the economic situation of Iran deteriorated again
and, except the short reign of Karim Khan, the country was the scene of internal conflicts.

Zavosh (1968) is of the opinion that the Safaviyan Period was the period when
the extraction of the known mineral riches of the country reached its highest levels.
The Veshnave copper deposit, which was in existence since the Bronze Age, was
actively exploited during this time (Gruppe 1971).

Mining evidences reveal that the lead and zinc oxide mines of the Kuh Banan—
Behabad Belt were active at the time of Safaviyan, and 7Tootia produced at this
region was exported to other countries.

3.2.8 Qajar Period (1794 A.D.—1925 A.D.)

With the establishment of the Qajar dynasty and relative stability of the country
(especially at the time of Fathali Shah), the number of political and business envoys
traveling to Iran increased.

Alexander Khudzco, the Russian Consul General to Mohammad Shah and Fathali
Shah courts, writes (Sahami 1354), “Ore and mineral deposits of Iran, especially
those of copper, are hardly matched in the world. However, Iranians are way behind
the world technologically and cannot use the tools purchased from Europeans.
The rich copper mines of Khorasan produce very little, which do not escape the
raids by Turkmen. The iron mines of the country too are neglected. Arsenic in form
of yellow orpiment and red realgar is found in Kordestan and Qazvin, and is exported
to Osmani (Turkey). Sulfur is abundant in various regions and so is rock salt. Coal
is readily found on the surface in considerable amounts.”
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Coleman Howar, the French orientologist, writes (Coleman 1984), “Mining oper-
ations have scaled down as compared to the ancient times. Oil probably occurs from
Caucasus to Persian Gulf (but is not explored); rock salt and oil in Qeshm Island;
ochre clay in Hormoz and Abu Moosa Islands; sulfur on the east and west of Bandar
Lenge; and turquoise in Neyshabour. Badakhshan is famous for its lapis lazuli; Yazd
for its shiny yellow marble; and Azarbayjan for its iron, lead and copper. Moreover,
copper is extracted from Sabzevar and Qal’ezari regions in voluminous amounts.”
These writings convinced the statesmen to consider inducting modern and scientific
techniques of mining.

The signs of advanced Western culture and industry infatuated the heads of state,
in particular Crown Prince Abbas Mirza. The travelogue of Lord Curzon (translated
by Vahid Mazandarani, 1362), which talks about the works of Abbas Mirza,
describes his interest toward mining and industry as “early in the nineteenth cen-
tury.” Abbas Mirza, the courageous crown prince who dreamt of developing his
country, supported the efforts of the Englishmen in the mines of Azerbaijan and, as
a result, Williamson discovered the extensive copper deposits of Sheykh Darand
(Torkamanchay) in 1810 A.D. and Sergeant Monight set up a forging factory in
1815. In the same year, Richard Wilbraham reported, “our guide Mr. Robertson,
who is in charge of the miners said that he had seen no such deposit anywhere in the
world; in the extensive area of the mine that covers several miles, there are iron-,
tin- and copper-rich veins whose reserves seem to be never-ending.”

At the time of Amir Kabir’s premiership, major steps were taken toward exploi-
tation of gold reserves of the country. The Moote gold deposit in the vicinity of
Delijan, that is still productive, was among those that were explored.

In 1896 when the thought of development of the country through utilization of
foreign investments initiated, various exploration and exploitation contracts were
signed, for example, oil concession to D’ Arcy and mining concession to Reuter.

After the victory of the constitutionalists (Mashroote Khahan) in 1906, concession
for mining gold at Astane (near Arak) was given to private parties with no success.
A scientific report by De Morgan on gold deposits of the country states, “Gold is
naturally rare in Iran, found only in riverine deposits of Kordestan, Khorasan and
Qare Dagh, but nothing is known on their mode of occurrence and methods employed
for their extraction.”

The thought of launching modern mining enterprises in Iran started at the end of
the Qajar Period. At the time of Ahmad Shah, the last king of the Qajar dynasty, a
census of all the active mines of the country was conducted in order to check the
feasibility of the operations.

3.2.9 Pahlavi Period (1925 A.D.—-1979 A.D.)

The political stability that prevailed in the early times of the Pahlavi rule opened the
way for numerous development programs aimed at the industrialization of the country.
This included the construction of railway network and the establishment of steel
plants, thus increasing the demand for raw material and energy resources and
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triggering the need for exploration and exploitation of mineral deposits. The setting
up of the Department of Industry and Mining within the framework of the Ministry
of Industry and Agriculture in the early years of the Pahlavi dynasty was the first
step toward achieving these goals. The main duty of this department was planning
for industrial and mining activities based on modern techniques, and, as a result,
contracts were made between the government and foreign industrial and mining
concerns for the transfer of know-how.

The first government undertaking in mining was initiated in 1934 in Anarak and
Shemshak. The Shemshak coal mines supplied coke to various industrial establish-
ments in and around Tehran, such as the Rey Cement Factory.

In the same year, during the construction of the north—south railway, the coal beds
of Zirab were discovered and the exploration work was started in the region. The
Galandroud coal mine (south of Alamde, Mazandaran) was inaugurated in 1937.

The Lead-zinc mines in Anarak, Esfahan, and Yazd; copper mines in Abbas Abad
and Zanjan; and iron reserves of Shams Abad (Arak) and Semnan were discovered
at the same time through the efforts of Reza Shah to set up modern metal industries
in the country. All of the exploration work was conducted under the guidance of the
Directorate General of Mining within the Commerce, Labor, and Arts Ministry
(Vezarat Bazargani, Pishe va Honar).

Though the early years were accompanied by technical supervision of foreign
experts, with the return of the Iranian graduates from Europe (from 1934 onward)
and the establishment of the Technical Faculty at the Tehran University, the super-
visory and operation works were gradually transferred to the Iranians.

The onset of World War II delayed the establishment of the Geological Survey of
Iran, which was originally planned for the year 1939, the same year that witnessed the
passing of Mining Law of the country by the parliament (Majles) (Alipour 1993).

The climax of mining activities reached at the time of Reza Shah was not repeated
in the years following World War II. The political instability resulting from the
occupation of the country by Allied Forces in the early 1940s followed by political
struggles between opposing parties resulted in the closing down of almost all min-
ing activities including exploration. The nationalization of the oil industry by
Mossadeq’s cabinet was about to show its consequences in the mining sector, but
the military coup terminated all plans.

Foreign technicians were employed in most of the key mining projects from
1950 onward. With oil being the main target of the exploration works, all investiga-
tions were centered in and around the sedimentary basins of the country by the oil
companies (especially the National Iranian Oil Company — NIOC). However, in the
following decade (1960s), the increased oil revenue of the country and political
stability once again prepared the ground for industrial growth and thus the increased
demand for raw material.

The Geological Survey of Iran (GSI) was finally set up in the year 1959, and
since then, most of the mining exploration has been carried out under the supervi-
sion of this government institution.

Following the skyrocketing of oil prices in the 1970s, the mining sector was once
again neglected, though the fundamental exploration works were continued by GSI
and NIOC. With no market to offer their produce, the few private companies that
operated in those years were run out of the interest and motivations of their owners.
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The 5-year development plans of the government after the victory of the Islamic
Revolution put the mining sector back into the progressive track, and now there
are more than 2,000 active mines all over the country. Today, Iran stands among
the world leaders of mining products in terms of quality and quantity (Ghorbani
2002a, b, c).

3.3 Mining Techniques in Ancient Iran

According to archeological surveys, Iran hosts the most ancient mining activities in
the world (Alipour 1993). Ancient civilization, richness of natural resources, and
records of ancient mining and metalworking are testimonies to such a claim (Zavosh
1976). The techniques involved in mining activities can be grouped under four
categories, namely, exploration, exploitation, processing, and metallurgy.

3.3.1 Exploration

The extent and methods of exploration procedures carried out in ancient Iran are not
known. However, it can be inferred from the old locations of such activities that the
shafts and tunnels have been excavated meticulously based on scientific principles.
In the early twentieth century when the modern exploration works began, the ancient
excavations formed the basis of all the reconnaissance studies. The old works on the
mineral deposits of the country are called “Shadadi” (Ancient), in the geological
literature, a term referring to ancient abandoned mines where the modern Western
mining techniques and/or equipment such as earthmoving machinery and explo-
sives were not deployed (Ghorbani 2002a, b, c). Interestingly, no major ore deposit
in the country has been discovered till date where no traces of ancient mining activi-
ties exist. For instance, all the large gold deposits of Iran that are exploited today
were known to our ancestors for hundreds or even thousands of years; the Zarshouran
deposit had its name before being known for its gold deposit, so are Kuh-e Zar
(Damghan) and Zarin (Ardakan) — where the detailed explorations are in their final
phases. Table 3.1 lists some of the ancient mining localities that have been named
after a mining product.

3.3.2 Exploitation

Since the mining and drilling equipment in ancient years were not as efficient and
modern as those found today, exploitation would face quite limitations. The miners
exploited the rich and thick parts of the deposits, and, therefore, a winding network
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Table 3.1 The relationship between the names of mining products and that of geographical locations

Part of the name Localities of mines

Zar (gold) Zarin, Zarshouran, Kuh-e Zar, Zargaran, Zarvand

Mes (copper) Talmesi, Meskani, Mejdar (Mesdar) Kuh-e Mes, Chahmesi, Dare
Mes, Sang-e Mes, Meskan

Zangar (copper) Zangarlou, Zangalou

Sorme (lead-zinc) Kuh Sorme, Khane Sorme

Nogre (silver) Dare Nogre (near Golpayegan), Noqre Kamar, Kuh-e Zardan Noqrei
(Baluchestan),

Ahan or Asen (iron) Ahangaran (Malayer), Kuh-e Ahangaran (Shams Abad), Ahangaran

(Qa’en) Asen Abad (Marivan)
Zaj or Zaglik (alunite) Zajkan (Tarom), Dare Zaglik (Ahar)
Boraq (borax) Boraq (Taft)
Gel (clay) Gelkan, Gelou
Naft or Tashi (oil or gas) Naftoon (Masjed Soleyman), Tape Tashi (Ramhormoz)

would be created in the ground wherein ancient work sites can be seen. The miners
could only work down their way to the level right above the underground water
table. They would dig through the deposit with narrow tunnels and holes in order to
avoid the risk of mine collapse.

The evidences of ancient mining indicate that two common methods were used
in Iran: underground and open-pit.

3.3.3 Processing and Metallurgy

Many researchers consider the ancient inhabitants of Egypt, Babylon, and Sindh
as the pioneers in melting metals. However, it is evident from the excavations
that the metallurgical activities in Iran predate all those of the other regions. Old
furnaces and the remaining slags at Yazd, Kerman, Qom, Kashan, Arak,
Khorasan, and Baluchestan all and all are indications of the expertise of our
ancestors in metallurgical procedures and their advanced knowledge of mineral
processing.

3.3.3.1 Processing of Zinc and Tootia Production

Chemically, Tootia is composed of zinc oxide. Most of the zinc extraction in ancient
Iran was for the production of Tootia, whose solution, a strong disinfecting agent,
was used in curing eye diseases. This compound was produced in large quantities
during Sassanian times and was exported to various countries. Though zinc oxide
can rarely be found in the nature, it can be readily formed by heating zinc-bearing
rocks in open furnaces.
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Fig. 3.1 Tootia-producing
furnaces (Al-e Taha 1996)

The term Tootia (Moein 1976, A Persian Dictionary) is derived from the Persian
word Doodia, a substance extracted from smoke Dood (Al-e Taha 1996), thus indi-
cating the mode of production of the substance.

Tootia was produced in smelters, whose remnants are still present in Central Iran
(Behabad and Kuhbanan), from the oxide ore of zinc. The furnace (Fig. 3.1) con-
sisted of two sections: the lower section (section A), where the temperature reached
around 900°C, held the zinc-bearing rocks, and in the upper section (section B),
cones made up of porcelain were placed on a grid. Zinc fumes (in the form of
smoke) expelled from the heated ores in the lower section were, on cooling, depos-
ited on the surface of the porcelain cones in the upper section as soot, which was
later scraped and powdered to form Tootia (Al-e Taha 1996).

3.3.3.2 Cupellation Technique and Gold Extraction

Cupellation and panning constitute the oldest methods used for the extraction of
gold and other precious metals in ancient Iran. During the renaissance, this tech-
nique was widely used in Europe, especially for the extraction of silver. This method
is used today in experimental “fire assay” of silver and gold.

This technique is based on the chemical and physical characteristics of lead,
which in molten state displays a strong affinity toward heavy precious metals such
as gold. It involves two distinct stages:

(a) Melting stage: Preparation of the molten ore that precedes the cupellation
comprises of pounding the ore material with lead oxide and melting catalysts
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(ash and borax) to get a uniform mix. The resulting mixture is covered with a
layer of common salt to avoid oxidation.

Next, the mixture is heated up to around 1,000°C. At this temperature, due to

the chemical reaction between the various components, lead oxide is reduced to
lead, which in turn segregates out at the bottom of the vessel. On its way out,
lead carries all the heavy precious metals with itself and, thus, a layer of lead
containing the precious metal is formed upon cooling. This layer can be sepa-
rated by the use of a hammer.
Cupellation stage: The precious metal that was extracted along with lead in
the previous stage is separated here by oxidation and withdrawal of lead.
The cooled lead extract of the previous stage is heated up to around 900°C in a
cupel, which is a small porous bowl made of bone ash. The cupel is capable of
absorbing a quantity of lead oxide equal to its own weight. After the absorption
of lead oxide is complete, heavy metals remain in the form of minute nodules
on the surface of the cupel.

Mining Provinces in Ancient Iran

The results of archeological investigations carried out in Iran indicate that many
areas hosted ancient mining activities. Table 3.2 presents a summary of all the

regions believed to have been mined for various metals (Fig. 3.2).

Table 3.2 Ming provinces in ancient Iran

Locality Type of mine Locality Type of mine
Ahangaran Copper, iron, lead, and Abbas Abad Copper

mercury
Ahar Gold, copper, and iron Anarak Copper, lead, mercury,

and gold

Ardebil Copper Bafq—Kuh Banan Copper, gold, and iron
Damghan Gold, copper, and Daran—Najaf Abad  Lead-zinc

turquoise
Esfahan Lead-zinc Kharestan Lead, mercury, and gold
Kerman Copper, gold, and Kuh Sorme Lead-zinc

turquoise
Lar-Asaji Copper and gold Masoule Iron
Neiriez Tron Neishabour Turquoise and gold
Qal’e Zari Copper Qom-Kashan Copper, gold, and iron
Shams Abad Lead, gold, silver, iron, Tarom Copper, gold, and lead

(Lorestan) and tin

Takab Gold, arsenic, and mercury Torbat Gold and arsenic
Zanjan Iron and gold Zarrin Gold
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Fig. 3.2 Map of Iran showing the ancient mining localities discovered in archeological explora-
tions [/ Ahar area (Cu, Au, Fe), 2 Ardabil area (Cu), 3 Masooleh area (Fe), 4 Takab area (Shiz)
(Au, As, Ag), 5 Zanjan area (Fe, Au), 6 Tarom area (Cu, Au, Pb), 7 Abbas Abad area (Cu),
8 Neyshabour area (Tr, Au), 9 West of Damghan (Au, Cu, Tr), /0 Torbat areas (Au, As),
11 Ahangaran—Shamsabad (north area of Lorestan) (Pb, Au, Ag, Fe, Sn), /2 Qom-Kashan area
(Cu, Au, Fe), 13 Anarak area (Cu, Pb, Ag, Au), /4 Daran—Najaf Abad (Pb, Zn), /5 Esfahan area
(Zn, Pb), 16 Zarin area (Ardakan) (Au), /7 Ahangaran area (Cu, Fe, Pb, Ag), /18 Bafq—Kuh Banan
(Zn, Pb), 19 Ghaleh Zari area (Cu), 20 Lar—Asagi area (Cu, Au), 2/ Neyriz area (Fe), 22 Kerman
area (Cu, Au, Tr), 23 Kharestan area (Pb, Ag, Au), 24 Kuh Sormeh area (Pb, Zn)]



Chapter 4
Metallogenic and Mineralization Phases of Iran

Abstract This chapter describes the mineralization phases of all the minerals reported
from Iran. Since there is a good association between the mineralization phases and
orogenic and magmatic stages, it has been tried to briefly explain the latter as well.
This chapter depicts the type of mineral deposits formed in each geological period
and orogenic phase, and also explains the location of these mineral deposits within vari-
ous geological and mining zones. The temporal and spatial distribution of Iran’s mineral
deposits, ranging from Late Proterozoic to the present time, are clearly described.

Keywords Mineralization phases in Iran « Metallogenic phases in Iran * Temporal
and spatial metallogeny in Iran

4.1 Introduction

The pioneering work for the classification of mineral deposits in Iran through time
(from Precambrian to recent) was conducted by Momenzadeh (1981), followed by
Momenzadeh and Walters (1984), Ghorbani and Momenzadeh (1995), and finally
by Ghorbani (1995b to present). A good correlation exists between the mineraliza-
tion phases and tectono-magmatic events, including Pan-African, Hercynian, Early
Cimmerian, Late Cimmerian, Laramide, and Late Alpine, which played an impor-
tant role in the formation of mineral resources. Considering the available data on
magmatism, stratigraphy, structural geology, and basically the geological evolution
of Iran, it is possible to categorize the mineralization phases of Iran as follows:

Late Proterozoic—Early Cambrian (coinciding with the Pan-African tectono-
magmatic event)

Lower Paleozoic (corresponding to the Caledonian tectono-magmatic event)

Upper Paleozoic—Triassic (corresponding to Hercynian and Early Cimmerian)

Jurassic—Early Cretaceous (Late Cimmerian tectono-magmatic event)

Late Cretaceous—Lower Paleozoic (Laramide tectono-magmatic event)

Tertiary—Quaternary (Late Alpine tectono-magmatic event)

M. Ghorbani, The Economic Geology of Iran: Mineral Deposits 79
and Natural Resources, Springer Geology, DOI 10.1007/978-94-007-5625-0_4,
© Springer Science+Business Media Dordrecht 2013
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4.1.1 Late Proterozoic—Early Cambrian

This phase spans a period of ~270 million years from 800 to 530 million years ago.
During this period, some formations such as Kahar, Gharedash, Soltanieh, and Barut
in Alborz and Kushk, Rizu, and Dezu Series were formed. This phase concluded
before the sedimentation of Lalun. The phase ended around 530-650 million years
ago.

During this phase, the volcano-sedimentary units of Kushk, Rizu, and Dezu
series consisting of basic to acid volcanic and pyroclastic rocks formed in Central
Iran. At the same time, rhyolite and quartz porphyry of Gharedash Formation in
Azerbaijan and intrusion of Doran- and Zarigan-type granite in a vast region of Iran
occurred.

The Doran-type granites mainly occur in northwest of Iran and the Zarigan-type
in Central Iran. It seems that Doran granite is older than Zarigan and Narigan.
All these granites were emplaced in the period 570-650 million years ago (Ghorbani
2012b). The magmatic episode locally continued to Early Cambrian; manifestations
of these magmatic activities can be traced in the Hormoz volcanic series of the
Persian Gulf, the Barut Formation of Alborz, and the submarine volcanics in the
Dezu Formation of Central Iran.

Mineralization of this phase includes sedimentary and volcano-sedimentary iron
deposits in the northwestern region: There are several iron reserves in the volcanic
member of Gharedash and lower parts of Soltanieh Formation, which seem to be
co-genetic, with their host rocks. Iron in the Gharedash volcanic member occurs in
the matrix and is not economically important. But in the dolomitic lower part of
Soltanieh, some important reserves occur that can be traced in the northwestern
region of Iran extending from Arjin in Soltanieh up to Oshnavieh. Some iron depos-
its and occurrences of this type include Arjin, Shahbolagh, Mirjan, Trepaghlu,
Ghalicheh Bolagh, Chahartagh, Kuh e Tekkeh, Ghiassi, Balestan (in the east of the
Urumiyeh Lake), and Aghbolagh (Oshnavieh) deposits.

Volcano-sedimentary Iron deposits: Iron deposits occurring in the evaporitic Hormoz
Formation in the Bandar Abbas Region and in the lakes of the eastern Persian Gulf
seem to be co-genetic with Hormoz Formation. Typical examples include Tang e
Zagh, Hormoz, Larak, and Gheshm deposits.

Volcano-sedimentary iron in Central Iran: There are two types of iron deposits in
the Bafgh area in Central Iran: one is of volcano-sedimentary origin and the other is
of magmatic origin (Ghorbani 2002a). The first type, which is manganese bearing,
is older, less important, and approximately contemporaneous with the lead—zinc
deposits of the Bafgh Region. Representative deposit of this type is Narigan iron—
manganese deposit and part of Mishdowan iron deposits.

The second type thatis of magmatic origin is younger and extends into Cimmerian.
This type is characterized by the abundance of REE as compared to the other iron
deposits of Central Iran.
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Lead—zinc: Large deposits of lead—zinc occur in association with submarine volcanic
activities in the Late Proterozoic (Ghorbani 2002a). This phase is represented by
low/high-grade ores in the Takab Region: in western Iran (e.g., Anguran, Alamkandi,
Poshtkuh, and Chichaklu) and Bafgh area in Central Iran (e.g., Kushk, Chah Mir,
Nahrak, Chah Gaz, Zarigan, and Cheshmeh Firuz).

Data from Anguran and Kushk point to their same age (Late Proterozoic) and
massive sulfide and Sedex type. Considering the lithology of the host rocks in Kushk
and Anguran, mostly shale and carbonate, and their geodynamic setting, they seem
to belong to a rift setting and can be called Kushk or Anguran massive sulfides.
These deposits may represent a different type of massive sulfide as compared to the
more common types (e.g., Koroko, Abitibi, and Besshi) (Ghorbani 2002a).

Gold: Muteh gold deposit, Golpayegan, occurs in the metamorphic rocks of Late
Precambrian—Early Cambrian times. The Muteh gold mine bears features typical of
mesothermal gold deposits (Ghorbani and Momenzadeh 1994).

Sedimentary phosphate: In Alborz and Azerbaijan, transgression of the Cambrian
Sea on Proterozoic units started at Manicayan, and through the Tomanian and
Atabanian, a sequence of shale, phosphate-bearing limestone and dolomite were
deposited on the Vendian dolomite (Alavi 1993). Some examples are the phosphate
deposits of Atabanian occurring in Dalir, Valiabad, and Firuz Abad in central Alborz
as well as in the Soltanieh Mountains.

Salt: Huge reserves of salt occur in Hormoz Series that consists of volcanic-
sedimentary materials.

Magmatic iron: In the Bafgh area overlying the lead—zinc and volcanic-sedimentary
iron ores, high-grade magmatic iron ores associated with acidic to intermediate
intrusions exist. Large deposits such as Chadormalu, Choghart, Lakkeh Siah, and
Mishdowan belong to this phase. These deposits are generally rich in phosphate and
poor in manganese; they are locally rich in REEs. Apatites are mined at Esfordi. Age
dating on accessory apatite (Jafarzadeh et al. 1996) of these deposits revealed a
Lower Cambrian to Ordovician time of formation.

4.1.2 Early Paleozoic

In contrast to the older beliefs of a very calm environment through Paleozoic, new
data indicate occurrences of tectono-magmatic events and related mineralization in
different regions in Iran during the course of Early Paleozoic (e.g., Lalun Silica
deposit in Alborz, Soltanieh phosphate deposit in Alborz—Azerbaijan, Valiabad
phosphate deposit in Alborz, Kan-e Madan copper deposit in Zagros; Ghorbani and
Momenzadeh 1994; Ghorbani 2008g).

Presence of phosphate has been reported from the Ordovician sedimentary rocks
in Tabas (Shirgasht Formation in the Kalmard and Rahdar), Kerman (Dahuieh,
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Zarand Region), (Halalat and Bolourchi 1994), and Zagros (Zardkuh and Chalesheh
areas) in the Zardkuh and Il Beyk Formations (Motiei 1993).

4.1.3 Late Paleozoic-Triassic

Metallic and nonmetallic ores occur in Devonian, Carboniferous, Permian, and
Early-Middle Triassic in different regions of Iran (e.g., silica deposits in Kerman,
Esteghlal fireclay deposit in Abadeh, iron deposits within northern Sanandaj—Sirjan
Zone; Ghorbani and Momenzadeh 1994). There are not enough data on the geologi-
cal evolution of Iran during Late Paleozoic—Early Mesozoic to precisely recognize
the various mineralization phases. Some examples of Late Paleozoic—Early
Mesozoic ore deposits include the following:

Copper—lead—zinc massive sulfide deposits: Largely occur in Upper Paleozoic rocks
of Eastern Iran (Taknar deposit) and Sanandaj—Sirjan Zone (Chah Gaz deposit).
Exploration in these regions, especially in the areas close to the two deposits, might
prove to be very promising.

Iron and iron-manganese: Examples include

e Heneshk iron—-manganese ore in the Dehbid area (Ghorbani 1990; Taraz 1974;
Hushmandzadeh personal communication)

* TIron ore of Kalateh Naser in Ahangaran (Qayen), (Ghorbani 1990), Zafarabad in
northwest of Divandarreh, and in the Hamedan area (Momenzadeh et al. 1995)

¢ Iron ore of Masuleh (Ghorbani et al. 1995)

* Hameh Kassi, Galali, and Baba Ali in northeast of Sanandaj—Sirjan in the
Hamedan area (Ghorbani and Ojaghi 2003)

* Apooneh in northeast of Sanandaj—Sirjan Daran in the Esfahan area (Hosseini
2011)

Lead—zinc—silver: Based on new evidence, considerable lead—zinc—silver or zinc—lead
and silver ores occurring in vast areas of Alborz (e.g., Duna, Elika), Central Iran (Kuh
Banan, Bahabad and Ravar), and Zagros (Kuh e Sormeh deposit) during Triassic
Period (Ghorbani et al. 2000). These deposits are often accompanied by fluorite and
barite. The copper—lead—zinc deposits of Eastern Iran, earlier attributed to Devonian,
are probably Triassic. In Late Paleozoic—Triassic, tungsten—gold ores occur in some
areas in Binaloud, Southern Khorasan (Chah Calb and Chah Charnoy), Sanandaj—
Sirjan Zone (Broujerd-Azna Belt, Eqlid—Dehbid Belt, Bvanat and Zartorosh), and
likely in northern Alborz (Gorgan to Asalam) (Ghorbani and Momenzadeh 1994).

Nonmetallic reserves: The interval of Late Paleozoic to Early—Middle Triassic is
significant in the generation of nonmetallic deposits, as large deposits of clay, baux-
ite, barite and fluorite, and as well as phosphates formed.

Fireclay: In Iran, most fireclay deposits occur in Late Paleozoic to Early-Middle
Triassic. In the Abadeh area, there are several horizons of fireclay of Late Devonian to
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Triassic age, for example, Esteghlal deposit. Some horizons of Kavir deposits are of
Late Devonian—Carboniferous age, and most of them belong to Permian—Triassic.

In the Tabas area, the Cheshmeh Shotoran and Chah Kular deposits in Robatkhan
are of Permo—Triassic age (Aghanabati 2004).

Bauxite: Most economic bauxite deposits in Iran occur during Permian—Triassic.
Examples include Jajarm, Bukan, and Saqqez (Soheili 2004).

Sedimentary phosphate: The Devonian Jeyrood Formation is the main host to sedi-
mentary phosphates in Iran. Phosphate deposits and occurrences have been reported
from the Jeyrood, Lalun, Firuzkuh, Damavand, Shahrud, and Damghan Regions. It is
noteworthy that large sedimentary phosphate deposits of Devonian age in the global
scale have been discovered in Iran and Armenia (Halalat and Bolourchi 1994).

Barite and fluorite: In the latest stages of the Paleozoic—Triassic mineralization
period, barite ore bodies, locally accompanied by fluorite, occur in many areas of
Iran. Fluorite and barite deposits occur in Central Iran in Ardakan, Kamshajeh,
Faskhood, Kashan, and Delijan as well as in central Alborz in the Triassic Shotori
Formation and in eastern Central Iran in the Tabas area, which are accompanied by
lead-zinc. All these deposits are of Early-Middle Triassic age (Ghorbani and
Momenzadeh 1994; Ghorbani et al. 2000). The Ghahrabad fluorite deposit of Saqqez
in Sanandaj—Sirjan Zone likely belongs to this phase.

Sedimentary silica: Silicic sandstones and conglomerates of Kereshk Group of Late
Devonian—Carboniferous age in the Kerman Region and quartzite horizons in
Doroud Formation of Early Permian in parts of Alborz (Masuleh) are noteworthy
(Aghanabati 2004).

4.1.4 Jurassic—Early Cretaceous

This phase coincides with late Cimmerian orogenic episode that is represented by
extensive magmatism and metamorphism in vast areas of Central and Eastern Iran,
particularly in the Sanandaj—Sirjan Zone. This episode was associated with the for-
mation of lead-zinc, barite, iron, iron—-manganese, tungsten, gold, tin in east and
northwest of Iran and Sanandaj—Sirjan Zone.

Lead-zinc and barite: There are many deposits of lead—zinc and barite in the Lower
Cretaceous carbonate rocks. Some 300 deposits and occurrences of Pb—Zn—Ba of
Lower Cretaceous age have been reported in the literature (Ghorbani et al. 2000)
Examples include lead—zinc deposits in Malayer—Esfahan Belt in northern Sanandaj—
Sirjan Zone (e.g., Irankuh, Robat, Emarat, Lakan, Ahangaran) and deposits in Yazd
area, such as Mehdi Abad, Mansour Abad, Farah Abad, and Darreh Anjir.

Volcano-sedimentary Mn-bearing iron deposits: Several Min-bearing iron deposits occur
in Malayer—Esfahan Belt; typical examples include Shams Abad (Arak), Ahangaran
(Malayer), Chahbasheh, Morcheh Khort, and Meimeh (Jafarzadeh et al. 1996).
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Tungsten, gold, and tin: Deposits of tungsten and gold, locally containing tin, occur
in Sanandaj-Sirjan (in Broujerd—Azna Belt) as well as in Abarkuh (tungsten and
possibly gold), in Anarak in Central Iran, in Eastern Iran, Shirkuh (Yazd), Zarrin
(Ardakan), and southern Birjand (Jahangiri 1999). There are not enough data to
precisely identify the periods of tungsten—gold formation in Iran.

Copper, gold, silver, and manganese: These deposits have been discovered in meta-
morphosed volcanic-sedimentary units of Upper Jurassic—Cretaceous ages. The Copper
deposits of possibly massive sulfide type have been identified in southeast of Kerman
(e.g., Rameshk and Sargaz copper; Metalogenic Map of The Middle East 2011).

Kaolin and fireclay: Fireclay at the base of Liassic (base of coal horizons) in Alborz
(Sangrood area) and kaolin in Khorasan (Kaftar Kuh, Gonabad) are examples of
this type of mineralization.

4.1.5 Late Cretaceous—Paleogene (Laramide), Chromite

Associated with Laramide orogeny in Late Cretaceous—Paleogene times, significant
ore formation occurred in many parts of Iran (Ghorbani and Momenzadeh 1994).
There are several Late Mesozoic chromite deposits in northwest (Gheshlagh,
Khoy), northeast (Sabzavar Region), Neyriz, Fanouj area in southeast, Khash area,
Karvandar Belt, and Sefidabeh, which all belong to the Late Cretaceous—Paleogene
age. Chromite deposits of Esfandagheh and Frayab in southern Iran are related to
this phase (Ghorbani and Momenzadeh 1994; Metalogenic Map of The Middle
East 2011).

Magnesite: Magnesite deposits associated with ophiolitic complexes in south of
Birjand and east of Qayen in east of Iran and deposits in Sisitan—Baluchestan
Province belong to this phase (Ghorbani and Momenzadeh 1994; Metalogenic Map
of The Middle East 2011).

Manganese: Manganese deposits in Iran are mainly associated with ophiolitic
complexes. Examples include Ab Band in Fars Province, Gounich in Khash, and
some other manganese deposits in Baft (Kerman area) (Samani 1995).

Copper, gold, and silver: Massive sulfide deposits of copper, gold, and silver associ-
ated with Cretaceous ophiolites have been reported in the Haji-abad Bandar Abbas
area (Sheikh Hadi) and the Fanuj—Esfandagheh Belt in southeast of Iran (Khoyi et al.
1999).

Phosphate: Phosphate deposits in Gurpi—Pabdeh Formations of Late Cretaceous—
Paleocene age as well as economic deposits in Kuh e Lar, Sheikh Habil, Kuh e Rish,
Kuh e Koomeh, and Kuh e Sefid occur in Zagros (Kohkiluyeh—Boyerahmad
Province) (Halalat and Bolourchi 1994).

Bauxite: Occurrences of bauxite of late Cretaceous—Paleogene have been reported
from Zagros.
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4.1.6 Tertiary—Quaternary (Middle-Late Alpine)

This phase created the largest and most varied deposits of all ages in Iran.
The deposits occur mainly in the volcanic, volcano-sedimentary, and intrusive rocks
of Early Tertiary (Paleogene), Late Tertiary (Neogene), and Quaternary (Ghorbani
and Momenzadeh 1994; Metalogenic Map of The Middle East 2011).

Tertiary—Quaternary magmatism mainly occurred in Urumiyeh—Dokhtar Zone
extending along a belt from west of Urumiyeh Lake to Taftan in a northwest—southeast
direction; moreover, it is also seen in the southern margin of central Alborz and in
Azerbaijan on the northeastern Iran. It continues to Afghanistan on the east of Iran
and scarcely in Kavir Desert (Ghorbani 2003a). Deposits related to these magmatic
rocks are as follows

Copper: More than 95% known copper deposits of Iran occur in Tertiary; examples
include deposits in the Urumiyeh—Dokhtar Zone, deposits in the Tarom—Hashtjin
area, and Ahar deposits and copper deposits of Eastern Iran (Ghorbani 2008b).

Manganese: Significant manganese deposits occur in pyroclastic and volcanic rocks
of Tertiary (like those of Qom—Naien Belt) and also in young Tertiary—Quaternary
volcanics (like manganese deposits of Bostan Abad in Maragheh, Azerbaijan)
(Samani 1995).

Lead—zinc: There are many lead—zinc, silver, and copper deposits in the Tertiary
volcanic rocks, like Zeh Abad, Baycheh Bagh, Barik Ab, Ay Ghaleh Si, and many
others (Ghorbani et al. 2000).

Iron: Several iron deposits are hosted in both volcanic-pyroclastic rocks and in plu-
tonic rocks of Eocene to Pliocene ages (Jafarzadeh et al. 1996). Some of the depos-
its include

e Iron deposits of Urumiyeh—Dokhtar Zone like Niasar in Kashahn, Daran in
Esfahan, Shahrak in Takab, and Kuh e Baba in takab

 Iron deposits of Tarom Region

 Iron deposits of Ahar area

 Iron deposits of Eastern Iran, like Sangan and Tanoorcheh

Antimony, arsenic, mercury, and gold: Many epithermal gold deposits accompanied
by arsenic, antimony, and mercury occur in the younger Tertiary and Lower
Quaternary volcanic rocks of Iran. The more important deposits are present mainly
in northwest of Iran (like Ghorveh—Takab Belt), Anarak area in Central Iran, and in
northeast of Iran (Kashmar-Torbat-e Heydarieh and Ferdows) (Ghorbani 1995a).

Nonmetallic deposits: All bentonite deposits, most kaolin deposits and all perlite,
zeolite, alunite, and diatomite deposits belong to this phase (Ghorbani 1999d;
Ghorbani 1994a; Ghorbani 2002a).
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Celestite: These deposits occur at the northern margin of Central Kavir as well as in
Zagros (Behbahan deposits) associated with evaporative sequences consisting of
carbonates, calcium sulfates, and halite deposits (Ghorbani 2002a).

Barite: Barite of vein and lens types as well as stratiform type occur in the volcanic-
pyroclastic rocks of Eocene and Oligocene in Qom, Saveh, Kashan, Delijan, and
Ghazvin areas (Ghorbani 2010a, b, c).



Chapter 5
Metallogeny and Distribution of Minerals

Abstract This chapter explains the metallogeny, mineralization, and paragenesis
of all mineral deposits. It is also tried herein to put forth the distribution of each type
of mineral within the metallogenic and mining zones and provinces.

Mineral deposits are categorized based on their distribution and paragenesis
to allow prediction of their reserves and dispersal in different geological epochs.
The reader would acquire a good temporal and spatial knowledge of all types of
mineralization in Iran.

Although the concept of metallogeny is mostly believed to be applicable to
metallic mineral deposits, it has been tried to extend the application of metallo-
genic principles to nonmetallic mineral deposits as well.

Keywords Metallogeny of metalic minerals in Iran « Metallogeny of nonmetallic
minerals in Iran ¢ Distribution of metallic minerals in Iran ¢ Metallogeny of
nonmetalic minerals in Iran

5.1 Iron

5.1.1 Metallogenic Phases of Iron

Iron deposits are not restricted to any particular episode of the earth’s history and
are found throughout the geological timescale. Though most of the known iron
reserves belong to Precambrian, there are known occurrences in Paleozoic,
Mesozoic, and Cenozoic reported from the world over.

Iran is no exception with iron deposits distributed throughout its geological history.
With origin and formation of the crustal rocks of Iran in Late Proterozoic and con-
tinued tectono-magmatic evolution, iron mineralization has occurred, and traces of
such activity can be seen from the said time till Mio-Pliocene (Jafarzadeh et al.
1996; Ghorbani 2007a).

M. Ghorbani, The Economic Geology of Iran: Mineral Deposits 87
and Natural Resources, Springer Geology, DOI 10.1007/978-94-007-5625-0_5,
© Springer Science+Business Media Dordrecht 2013
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It must be noted that the deposits of Late Proterozoic—Early Cambrian are more
abundant than those of other time periods.

About four billion tons of iron ore of igneous (Sangan, Bafgh, Zanjan, Morvariyeh,
Sorkhe Dizaj), sedimentary volcanic (Bandar Abbas, Shams Abad), and volcano-
sedimentary (Soltanieh-Mahabad Belt, Hamekasi Complex origins) have been
discovered till date (Fig. 5.1).

Late Proterozoic—Early Cambrian Iron Mineralization: In parallel with the Late
Proterozoic igneous phase that continued till Early Cambrian (620-530 Ma), a
number of iron deposits have been formed that are directly or indirectly associ-
ated with the igneous and sedimentary volcanic rocks of this period. These depos-
its can be grouped into two categories based on their time and mode of origin
(Ghorbani 2007a):

1. Deposits of the volcanic and volcanic-sedimentary origin of Late Proterozoic
that extend up to Early Cambrian. These uneconomical deposits include

(a) Bafgh volcanic-sedimentary deposits (first phase of mineralization) such as
the iron—-manganese deposit of Narigan, the horizontal section of Mishdavan
deposit. These deposits contain manganese, REEs, and uranium.

(b) Sedimentary iron deposits of Soltanieh-Mahabad Belt that have volcano-

sedimentary origin associated with the lower parts of Soltanieh Formation
and sometimes Qareh Dash Series. These include Arjin iron deposits
(Soltanieh Region), Shah Bolagh and Kavand (southwest of Zanjan),
Mirjan—Ghalicheh Bolagh (Mahneshan Region), Alamkandi and Chahartagh
(Takab area), Tekeh-Ghiyasi Mount (Soltanieh Region), Bastan (Mahabad
area), and Agh Bolagh (Oshnaviyeh area).
The iron deposits that are located within the Late Precambrian—Early
Cambrian rocks of this belt show sedimentary structures, and their paragen-
esis includes goethite, hematite, magnetite, and siderite along with calcite,
dolomite, and barite as gangue minerals.

(c) Volcanosedimentary iron deposits are occurring within Hormuz Salt Series
and their associated volcanics in Bandar Abbas and islands to its southeast
such as Tange Zagh, Hormuz, Larak, and Qeshm, which are mostly of Early
Cambrian age. Sometimes, these deposits occur within younger formations,
which are due to erosion of iron ores from older rocks and their redeposition
in younger formations.

(d) Volcanic iron deposits mostly mixed with Qareh Dash Volcanics include
Bardeh Rash Mount, Bichaghchi, and Hamam (Shahin Dezh area). Due to
their association with rhyolitic rocks, they lack any economic value.

2. Deposits of igneous (orthomagmatic) origin along with their host rocks have
been metasomatically altered under the influence of chemically active solutions
emanating from the original source of magma (due to this phenomenon, these
deposits are referred to as metasomatic in literature) (e.g., Choghart, Chadormaloo;
Jafarzadeh et al. 1996). The rocks of Bafgh and Sirjan area that constitute the
largest iron deposits of the country are of this type. They have been formed due
to the plutonic phase following the volcanic activity that gave rise to the Rizoo
and Dezoo Formations, for example, Zarigan and Narigan granites.
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The igneous activity has involved an alkaline phase rich in iron and its derivatives
whose REE content was very high. The iron deposits of this phase include
Chadormalu, Choghart, Sechahoon, and Chahgaz (Zarand area), second phase of
Mishdavan and Gol Gohar.

Paleozoic—Early Triassic Iron Mineralization: This phase of iron mineralization is
comparatively poorer in iron content and deposit size as compared with the Late
Proterozoic—Early Cambrian phase just giving rise to a few small iron deposits,
which are as follows (e.g., Abpooneh in Esfahan area, Galali in Hamedan, Zafarabad
in Kordestan, all located within Sanandaj—Sirjan zone; Hosseini 2011):

— Kalat Naser iron deposit on the east of Ghaen (Ahangaran area) (Ghorbani 1993b)

— Honeshk iron—-manganese deposit (Dehbid area, Fars Province)

— Zafarabad iron deposit (Kordestan Province) (Momenzadeh et al. 1995)

— Masooleh iron deposit having sedimentary origin in Permian (Ghorbani and
Mostafavi 1995)

— Iron deposits of Songhor area (Kanishire, Khosro Abad, and Deh Khazal)

All the mentioned deposits are hosted by iron-rich volcanic and sedimentary
volcanic rocks metamorphosed up to greenschist facies. Further metasomatic altera-
tion has resulted in the concentration and accumulation of iron in the form of layers
and lenses (Ghorbani 2008g).

Mesozoic Iron Mineralization: The iron deposits (all with manganese content) of
this time interval are mostly located in the northern zone of Sanandaj—Sirjan and are
of volcanosedimentary and sedimentary origin (Ghorbani 2007d). They include
skarn-magmatic iron deposits of Hamedan area, for example, Baba Ali, Chenar
Bala, and Golali, which are associated with the plutonic gabbro—diorite—syenite
bodies. There is, however, a probability that these deposits are associated with the
volcanic-sedimentary Songhor Series of Permo-Triassic age but were enriched
along with the plutonic rocks during the Cretaceous times.

Cenozoic Iron Mineralization: In association with the very widespread Tertiary
magmatism, a number of iron deposits have been formed, which can be traced from
Late Eocene to Pliocene. The deposits of this time interval are more widely distrib-
uted than those of earlier times because of the wide extension of volcanic and
plutonic activities during Tertiary (Metallogenic Map of The Middle East 2011).
The iron deposits of this phase include

(A) TIrondeposits of Urumiyeh—Dokhtar Zone that are formed in parallel with Oligocene—
Miocene volcanism and plutonism, for example, Niasar (Kashan), Daran (west of
Esfahan), Shahrak (Zanjan), and Kuh Baba (southwest of Hashtrood).

(B) Magmatic iron deposit of Alborz associated with Oligocene—Miocene igneous
activity in Western Alborz zone, for example, Sorkhe Dizaj and Morvariyeh
(formed in association with Abhar, Khoram Dareh, and Zanjan granites).

It should be noted that a number of iron deposits in northern Azerbaijan are
formed by the alteration of sulfide minerals (Ghorbani 2011). These deposits
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are generally in the form of gossan capping, for example, Damirchi (Tarom
area) and other deposits of Khalkhal and Ahar areas. The Eskandarian (Khoi
area) and Mazra’e (Ahar area) iron deposits of Azerbaijan are of skarn-mag-
matic type.

(C) Eastern Iran iron deposits including Sangan (one of the largest of the deposits)
believed to have been formed during Late Eocene to Oligocene—Miocene. There
are a number of views on the mode of formation of Sangan iron deposit:

— Ghasemipour (1976), in a report of Iran Barite Co., related the formation of
Sangan ore body to metasomatic alteration to intrusion of Sarnosar Granite
into the Mesozoic limestones.

— The report of Sangan Iron Mining Co. by Boroumandi (1982) ascribes the
ore deposit to volcanogenic processes comparing it to those that gave rise to
Taknar Rhyolites of Central Iran (Infra-Cambrian age); however, the author
believes that Taknar Formation is probably of Paleozoic age (Ghorbani
2012a). The author also believes that Sangan iron mineralization occurred
in Late Proterozoic due to the volcanic activities, but it became more con-
centrated during Tertiary as a result of younger volcanic activities that gave
this deposit skarnic feature.

— Kermani and Forster (1991) considered the Eocene volcanism of Eastern Iran
and western Afghanistan responsible for the formation of Sangan deposit.

— Bomeri (1992) stated a skarn origin for the Sangan ores.

Taking into account the extensive studies carried out on Sangan iron deposit and its
morphology, it can be inferred that the ore body originated due to volcanogenic
processes and later on was metasomatically altered by hydrothermal solutions ema-
nating due to the igneous activity of Late Eocene—Oligocene (e.g., Sarnosar Granite)
turning it into a skarn that is very well developed, especially in the excavated mining
areas (Karimpour 1991).

Clarification of the association of Sangan deposit with any of Tertiary (Late
Eocene—Oligocene) volcanics, Late Proterozoic (geological report of Khavaf
1:100,000 Quadrangle), or volcanic rocks equivalent to Taknar Series requires fur-
ther detailed investigations. However, by reckoning the claims of Boroumandi
(1982) and other experts of the Geological Survey of Iran, Sangan deposit may be
considered as an equivalent of Bafgh and Esfordi deposits having been formed in
the interval between Late Proterozoic and Early Cambrian (Table 5.1).

5.1.2 Distribution of Iron Deposits

The overall distribution of the iron deposits and indications of Iran can be classified
as under (Fig. 5.1):

1. Central Iran mostly concentrated around Bafgh (approximately 2 billion tons)
(Ghorbani 2007a)
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2. Sanandaj—Sirjan Zone, including Sirjan (Gol Gohar with probable reserves of
1.2 billion tons), Arak (Shams Abad with a reserve of 100 million tons), and
Hamedan (Hamekasi with a reserve of 50 million tons), (Jafarzadeh et al. 1996)

3. Eastern Iran (reserves of up to 700 million tons), including Sangan in Taibad area
(620 million tons), Deh Zaman in Kashmar (approximately 20 million tons), and
smaller deposits such as Tanourche (Jafarzadeh et al. 1996)

4. Kordestan region, including Shahrak iron deposits (40 million tons), Zafarabad,
and Asen Abad (Marivan) (Jafarzadeh et al. 1996)

Other scattered reserves also exist that are not economically viable, for example,
Soltanieh, Shahin Dezh, Shah Bolagh, Mirjan, Semnan, and Bandar Abbas (Larak,
Hormuz, and Tange Zagh). Figure 5.1 illustrates the main iron-bearing regions of Iran.

Iron Deposits of Bafgh: Since the most important iron deposit of the country is
located in the Bafgh region, their origin is considered in detail in the following.

Almost all the experts who studied the Bafgh iron deposit have unanimously
related it with the volcanic activities responsible for the formation of the Rizoo
rocks (Daliran 1990; Jafarzadeh 1981; National Iranian Steel Co., 1983; Code 8
Archive 19 Report of National Iranian Steel Co.).

The main controversies about the iron deposits of the Bafgh area arise due to the
fact that in spite of their close association with granites, they are always observed
along with Rizoo volcanics and that is because there is a small age difference
between these granites and Rizoo volcanics and both belong to the very same mag-
matic series (Ghorbani 2012a). The author is of the opinion that the following
observations could be used in resolving this controversy:

* All the deposits are associated with the volcanic rocks of the Rizoo Series. These
rocks are well exposed in the area between Narigan, Esfordi, and Zarigan.

e The volcanic rocks of the Rizoo Series that were thought to be rhyolitic are in
fact basic to intermediate in composition (Houshmandzadeh 1988).

e The deposits of Bafgh are rich in apatite so that in some regions (e.g., Zarigan
and Esfordi) the ore is classified as apatite-bearing magnetite.

* The REE content of the apatites is high in all the deposits of the area (Halalat and
Bolourchi (1994) on Choghart area; Russian experts; Code 6, Archive 3 NISCO).

* Some apatite grains contain iron, which points toward the simultaneous forma-
tion of apatite and iron ore.

e The host rocks of all iron deposits have undergone metasomatic alteration.

e The radiometric dating of the iron-bearing apatite minerals of various deposits in
the Bafgh area reveals a Late Proterozoic—Early Cambrian age (Ghorbani
2012a).

Thus, it can be deduced that all the iron deposits of Bafgh have alkaline
magmatic—volcanic origin formed in a rift setting (Ghorbani 2007c). Some of
these deposits have undergone metasomatic alteration along with their enclosing
rocks in later phases. The time of emplacement of iron ores cannot be simultaneous
with the Rizoo Series; the larger ore bodies of Bafgh are associated with plutonic
igneous activity that intruded the volcanosedimentary Rizoo and Dezoo Formations
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(or even older rocks). The iron deposits have been formed in two successive but
separate phases (Ghorbani 2007c): the first phase is associated with the volca-
nosedimentary rocks of Rizoo and Dezoo Formations and the second phase is
associated with the plutonic bodies. Since the volcanic rocks of Rizoo and Dezoo
have high iron content, they have helped in further enrichment of the iron-bearing
plutonic bodies of second phase. Conversely, the plutonics have played an important
role in the concentration of iron in the Rizoo Series of rocks.

5.2 Manganese

5.2.1 Mineralization Phases of Manganese

The manganese ores of Iran date from Late Proterozoic to Pliocene, but most of the
deposits belong to Tertiary (Samani 1995). The important mineralization phases of
manganese in the order of decreasing age are as follows:

Late Precambrian—Early Cambrian: During this interval of time, volcanosedimen-
tary and volcanic manganese deposits have been formed in Central Iran and
Azerbaijan, for example, Narigan deposit in the Bafgh area and Amir Abad manga-
nese indication on the west of Angooran deposit. The manganese-bearing horizon
of this time is well correlated with the lead—zinc horizons of Kooshk and Angooran,
the sedimentary iron deposits of Mahabad—Soltanieh Belt, and Soltanieh Dolomites
(Ghorbani 2002a). Most of the manganese deposits of this horizon have been discov-
ered, but the hope for new finds is high.

Late Paleozoic: The manganese deposits of sedimentary and/or volcanosedimen-
tary type are found within the Late Paleozoic rocks of Eastern Iran, Central Iran, and
Sanandaj—Sirjan, which are mostly manganese-bearing iron deposits, for example,
Honeshk manganiferous iron deposits in Dehbid area and Kalat Naser manganiferous
iron in Ahangaran, Ghaen (Ghorbani and Mozafarzadeh 2008).

Cretaceous: In Early Cretaceous rocks of Sanandaj—Sirjan, there are a number of man-
ganese and manganese-bearing iron deposits that are volcanosedimentary in nature, for
example, manganiferous iron deposit to the north of Shams Abad and Robat in the
Arak area, manganese deposit of Moorcheh Khort, and Ahmad Roghani deposit of
Malayer. In addition, all the manganese-bearing iron deposits of the Malayer—Esfahan
Belt are placed within the Cretaceous rocks (Ghorbani and Mozafarzadeh 2008).

Late Cretaceous—Paleogene: The manganese deposits of this time interval are
associated with ophiolitic suites within the oceanic crustal rocks (Samani 1995), for
example, Ab Band deposits of Estahban area, Goonij manganiferous iron deposit of
Khash, Chah Basheh in Esfahan, Benviyeh, Gol Kangoo, and Kooh Dom deposits
in Anarak, Sanboort, and Asad deposits in Sabzevar, Baft manganese deposit of
Kerman, and Baghereh manganese deposit of Torbat area.
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Eocene—Oligocene: Most of the economically important manganese deposits of Iran
belong to this interval of time and are of volcanic, volcanosedimentary, and hydro-
thermal origin within the Paleogene pyroclastic and volcanic rocks, for example, the
Venarch deposit of Qom, Robat Karim in Saveh area, the Bozni deposit in Qom-
Naein Belt, and the manganese deposits in south of Sabzevar (Ghorbani and
Mozafarzadeh 2008; Samani 1995). The geological indicators point to the possibility
of finding more economic manganese deposits in these areas, if further explored.

Late Miocene—Pliocene: A number of hydrothermal manganese deposits are asso-
ciated with the andesitic and andesitic—basaltic rocks of the Mio-Pliocene age,
mostly in Azerbaijan. In spite of their small sizes, these deposits are usually very
high grade (Samani 1995). Examples of these deposits are Debakloo nearby Mianeh,
Manamin in the Ardabil area, and Bostanabad east of Tabriz.

5.2.2 Distribution of Manganese Deposits

The manganese deposits of Iran are classified into three types (NISCO 1977):

(a) Hydrothermal vein deposits associated with volcano-plutonic processes
(b) Volcanosedimentary deposits
(c) Polygenetic deposits associated with limestone formations

The formation of manganiferous iron deposits of Central Iran is attributed to the
Pan-African metallogenic phase (Samani 1995). The rift-type pyroclastic-magmatic
series of Posht Badam-Bafgh region, subduction-related manganese deposits within
metamorphic rocks having ophiolitic affinities such as Petyar and Torkamani, and
the Late Precambrian aulacogen-rift type of Anarak are examples of this type.

The Paleozoic volcanic activity of Sanandaj—Sirjan has led to mineralization of man-
ganiferous iron in the metamorphic complexes (Hosseini 2011, e.g., in Honeshk deposit).

Among the manganese deposits that are related with iron mineralization of
Cretaceous times is the Shams Abad deposit in Arak region (Samani 1995). Moreover,
the Ab Band deposit (Neyriz), the Goonij deposit (Khash), and Bensport and Asad
deposits (Sabzevar) are also associated with the ophiolitic suites of Cretaceous—
Paleogene occurring within the lowermost sedimentary horizons of such suites
(Samani 1995).

The Volcanogenic manganese deposits are located in Qom-Naein and Sabzevar
manganiferous provinces (Ghorbani and Mozafarzadeh 2008). These are either
volcanosedimentary or hydrothermal in nature. Hydrothermal manganese deposits
are the result of the passage of chemically active solutions through Paleogene pyro-
clastic and volcanic rocks, for example, Venarch, Robat Karim, and Bozni.

In addition to the above-mentioned deposits, younger volcanic activities have
resulted in the formation of manganese deposits in some parts of Iran such as Mianeh
(Debakloo) and Bostanabad east of Tabriz .

Tables 5.2 and 5.3 depict the geographic distribution of manganese deposits and
indications of Iran while Table 5.4 lists the general characteristics of some of these
deposits. The geographic distribution of manganese deposits can be viewed in Fig. 5.2.
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Table 5.2 Provincial distribution of manganese deposits and indications

Name of deposit Name of deposit
Sr. no or indication Province Sr.no.  orindication Province
1 Debalkoo East Azerbaijan 13 Bozni Esfahan
2 Eideh Koochoo Ghani  East Azerbaijan 14 Sorkh Shad Esfahan
3 Ghoopooz East Azerbaijan 15 Chah Sefid Esfahan
4 Vila Dareh East Azerbaijan 16 Robat Karim Tehran
5 Zarshloo East Azerbaijan 17 Venarch Tehran
6 Khalifeh Kamal East Azerbaijan 18 Bensport Khorasan
7 Manamin Khalkhal East Azerbaijan 19 Asad Khorasan
8 Koloocheh East Azerbaijan 20 Nogh Khorasan
9 Chai Talvar East Azerbaijan 21 Bagh Qareh Khorasan
10 Janbehan East Azerbaijan 22 Salam Rud Khorasan
11 Chahbashi Esfahan 23 Honeshk Fars
12 Benvid Esfahan 24 Ab Band Fars

Ghorbani and Mozafarzadeh (2008)

Table 5.3 Provincial distribution of manganiferous iron deposits and indications

Name of deposit or Name of deposit or
Sr.no. indication Province Sr.no. indication Province
1 Qezeljeh Maragheh East Azerbaijan 11 Arad Kuh Tehran
2 Kuh Zard Esfahan 12 Mohammad Alikhan Tehran
3 Khaloo Heydar Esfahan 13 Bardashkhaneh Khorasan
4 Torkamani Esfahan 14 Abdol Abad Zanjan
5 Moorchehkhort Esfahan 15 Chah Gabri Se Kavir Semnan
6 Hassan Rabat Esfahan 16 Gonijj Sistan and

Baluchestan

7 Mooteh Esfahan 17 Sangaz (Sargaz) Kerman
8 Chah Palang Esfahan 18 Shams Abad Markazi
9 Qal’e Gong Esfahan 19 Malayer Hamedan
10 Niyak Tehran 20 Kuh Darbid Yazd

Ghorbani and Mozafarzadeh (2008)

5.3 Chromite

5.3.1 Metallogenic Phases of Chromite

All economic chromite deposits of Iran have been formed in the Late Cretaceous—
Paleocene time interval (Ghorbani et al. 2009). During Jurassic—Cretaceous (some-
times up to Paleocene), Alpine orogeny resulted in the clos