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FORWARD

The present PhD thesis is aimeddttetter understandingf the late Pleistocene
and the Holocene palaeoenvironmentdianges in Iramainy based orthe palynological
study of lake sedimentshis work was carried out within the framework of several
O22LISNI GA2y F3INBSYSylia airdaySR 06S0isSSy aLyal
t I fS2SQMRENRSSELG, Université®zt |/ ST FMageile)dn@thrdeE
Iranian research institutions: Iranian National Center for Oceanography (INCO), Geological
Survey of Iran (GSI) and the University of Telftan)

The starting point of tasecollaborationswvas the Master thesis ohe authorin
200320040n the modern vegetatiogpollen rain relationships in the Golestan National
Park under the supervision of tlsametwo co-supervisors of this PhD thesi§he
majority of thefield studies and travelsf researchers involved in thegpeojectswere
financedby the Francelraniand D dzy’ R A & kesehdéhgmidrafand some other
financial supports of the Cultural Office of the French Embassy in Tehran.

The Gundishapour programiis a research prograsigned between Iranian
Ministry of S@nce, Research, and Technology and the French Ministry of Foreign Affairs
andisaimed at financing the research projects between the French and Iranian research
institutions. The administration of the Iranian partners is managed by CISSC (Center for
International Scientific Studies and Collaboration) and for the French partners is managed
by EgideOur Gundishapour projec§ Yy G A Gf SR a1l Add2ANBS RS I @Sz
la zone humide hyrcanienne (netdNJ y 0 T O2 Y LI NI A & 2sfated i @S O f QA NJ
January 2007 for a period of two years.

Apart from the small funds of the Gundishapour prograne Research Councils
of INCO and University of Tehran also financed part of the field and laboratory studies.

The collaboration between the Universiof Tehran and IME€onsistedof two
main parts:

1. Joint project between IMEP and the Departrhef Botany, School of Biologyn
the pollen rairvegetation relationships and reconstruction of the Holocene vegetation
history in the Golestan National FaiSampling for this project was done in the Golestan
National Park in NE Iran including the coring operatiomamall lake (Lake Sulukli) and a
peat bog Only, the pollen rakvegetation relationship investigations were followed and
led to a publication

Article 1: Djamali, M.,de Beaulieu, d.., Campagne, P., Akhani, H., Andfemel, V., Ponel, P.,
Leroy, S.2008 Modern pollen rainvegetation relationships along a foresteppe transect in the
Golestan National Park-B Iran Review of Palaeobotayand Palynologyloi:
10.1016/j.revpalbo.2008.08.005.




2. bint project onthe sedimentological and palynologicstludy oftwo long (100
m) lacustrine cores from Lake Urmia in NW Iran.s€ltereswere recovered from the
lake in 2002in the occasion of @liminary geotechnical surveys before the construction
of the Shahid Kalantari Highway which will connect the east and west coasts of the lake
andas sdfacilitate the transpatation between two big cities of Wimyeh (UrmiaW) and
Tabriz (E)The cores @ currently archived at the Faculty of Geology, University of
Tehran. At the time of subsampling for palynological stufsept. 2005)the cores were
alreadydried out due to a bad preservati®ince2002. Sedimentological analydesd
already been pedrmed by Madjid Shaklosseini as a MSc thesis under the supervision
of Dr Abdolhossein Amini. The former is currently a researcher & 8@ the latter is a
lecturer at the Faculty of Geology, University of Tehran.

The results of this project led tdé¢ following publications:

Article 2: Djamali, M, de Beaulieu, <., ShalHosseini, M., Andrie®onel, V., Amini, A., Akhani,
H. Leroy, S.A.G., Stevens, L., Alizadeh, H., Ponel, P., Bre2@38%n Upper Pleistocene long
pollen record from the Near Eg the 100 rdong sequence of Lake Urmia, NW Ir@uaternary
Researct69, 413-420.

Article 3: Djamali, M, Kirschner, H., Akhani, H., de Beauliel,, JAmini, A., AndrieRonel, V.,
Ponel, P.2008 Palaeoecological significance of the spores of trenlort Riella(Riellaceae) in a
late Pleistocene long pollen record from the hypersaline Lake Urmia, NV\Reaiew of
Palaeobotany and Palynology5s2, 6673.

The collaboration between the Iranian National Center for Oceanography and
IMEP initiallydcused on the reconstruction of vegetatidake hydrology, and climate in
the eastern section of the Hyrcanian region. Several lakes and peat bogs were cored by
manual coring and cores wetken transferred to IMEP for pollen analysis and magnetic
suscepibility measurements. Unfortunately, preliminary datings revealed very young
ages forthe majority ofthese sequences. Therefore, the cores were not analysed in this
PhD thesis and high resolution pollen analysis particularly wititc@son the tracing of
the anthropogenic activities is planned to be undertaken by IMEP duringdaheng next
years.

In contrast, a core taken from a peat biogthe Almalou volcanic crater in eastern
Sahand Mountaind\W Iranwas studied by pollen analysis aled toone piblication
andthe preparation oftwo manuscrips:

Article 4: Djamali, M.,de BeaulieyJ-L., Miller, N., Andriefonel, V., Berberian, M., Gandouin, E.,
Lahijani, H., Ponel, P., Salimian, M., GuiterAHgte Holocene pollen record from Lake Almalou i
NW Iran: evidence for changing langse in relation to some historical events during the last 3700
years.submitted to Journal of Archaeological Science

Article 5: Kurschner, HDjamali, M, 2008 MeesiaHedw. (Meesiaceae, Bryophyta) in lan
evidence from a Quaternary subfossil recoktbva Hedwigiain press.

The collaboration between IMEP and Department of Marine Gealbgye
Geological Survey of Iran was concentrated on the late Holocene reconstruction of




vegetation change in Lake Maharl@&MV Iran. Thgeochemistry and sedimentology of
the study corehadalready beennvestigatedby Dr Razielakfor his PhD thesis who is

currently a researcher at the Department of Marine Geology, GSipdlten studyled to
one publication:

Article 6: Djamali, M., de Beaulieu, L., AndrietPonel, V., Lak, R., Sadeddin, M., Akhani, H.,
Fazeli, H2008 Vegetation history of the SE section of Zagros Mountains during the last five
millennia; a pollen record from the Maharlou Lake, Fars Province \'esggation History and
Archaeobotanydoi: 10.1007/s00334008-01782.
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INTRODUCTION

Iran is a high plateau situated in a very particulaistorical, geological,
biogeographical, climatic, and geopolitical position.

It has one of the most diversgeological andyeomorphological settings in the
world. It presens severallong, wide anchigh mountain ranges1 N, W, NE and Sfth a
high central plateauof about 9® m altitude. s relief ranges from -26 ma.s.l. in south
Caspian plaingo more than %00 m a.s.l. It isone of themost seismic couniesin the
world indicatingits strongly active tectonismit has the greatest number of playas and
saline lakes andxy i Aya GKS fFNBSad LI} &Y 92NE (KR
LINPOF 0f & K23GSad RSaSaIidzReansley K930)tdhashie RostOl £ SF
YydzYSNRBdza yR fFNASad alfd R2YSa 2N a{lfid az
In the nath it is limited by the Caspian Sea, the largest intracontinental water body of the
world andin the south it is limited byPersian Guls KA OK O2y (il Ay a oili KS g2
resenoirs. Iran hassedimentary, volcanic and metamorplgeological formatioa ranging
in age from thePrecambrian to Recentt has an active tectonics and contains many
active and extinct volcanoes associated with many hot springs.

Qimatesrange from absolutely hot and dry desertic @with precipitation of less
than 25 mm/yr b subtropical humid climats in SWCaspiarregion with precipitatiors
attainting 3000 mm/yror more. Absolute emperatures can range from-38°C up to
+52°C. The country is situated between Mediterranggre climate in W temperate to
subtropical humd climate in N, subtropical desertic climate in S, and Indian Ocean
Monssons in SE.

Iran has amuch diversfied fauna and flora due to its particular biogeographical
setting. It is situated between the Eufiberian region in N, Irapburanian region in
center (covering the majority of the country)he SahareArabian region in SW and the
Sudanian region in S and SE. Northern Iran is harbouring a unique refgium which has
sheltered many plant speciescluding severamesic thermophilous Tertiary relict trees
from extinction during the severe glaciations of the Quaternary periczhian flora is
extremely diversified because of the particular phytogeographictiinatic and habitat
diversity andcountsmore than 7300 plant species of which 24% endemic to thenty
(Akhani, 2006)Vegetation types are also very diveiseludingdesert steppesmontane
and Artemisiasteppes, grasslands, steppe forests, brée@ved deciduous temperate to
subtropical forests, serarid halophytic communities and even mangroves.

Iran has been a cradle for the modern human civilizations. Iranian plateau has a
very long history of agricultural and pastoral activities. Domestication of the animals and
several plant species in the old world was performed over the Iranian plateaoricadly
Iran has been the birthplace of the Persian empires wiledover the SW Asia for more
than 1,000 years. It has so formed the cultyraconomic,and political crossroads
between the western and eastern civilizationisthe Eurasian super contamt.
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The modern geopolitical situation of Iran is of crucial importancdor the
international community because it saddles the Middle Asia, the Arab countries and the
Indo-Pakistani territory. It also plays a crucrale in the economy of the world fort i
possesses large reservoirs of petroleum and gas and contains a large gallery of minerals of
industrial values.

In such a climatically, biogeographically, and culturally transitional zone,
palaeoecological investigations are extremely important to underdtthe interactions
between the global climate systemtgrrestrial ecosystemand human societiesAmong
different palaeoecological disciplinggalynological investigations areparticular useful
tool to understand the reaction of vegetation to bothinshtic change andhe man
environment interactions an@éven thesociccultural evolution of human communities.
Therefore, the principal objective of this Prdhd the larger program which surrounds it
is to contribute to investigations which endeavour teconstruct the evolution of the
palaeoenvironments of Iran in relation to global and regional climatic changes and the
human activities. Its also a small effort to understand the evolution of its living world in a
rapidly changingphysicaworld.

The eforts of our international palaeoecological team during several ystded
with a palynologicastudyin the eastern section of the south Caspian forests. Our major
motivation to work onNE Iran was the biogeographical particularities of this zone as a
major N Hemisphererefugium The objective waso understand theevolution of the
humid relictHyrcanian forests during the Laggacial and the Holocend®uring the last
four years several coring operations were undertaken in the eastern section of thie so
Caspian forests. Many small lakes and peat bogs were cored. Cores up to 6 meters were
taken and several preliminary datings were run to obtain an idea about the ages of the
cores. Unfortunately, all the cores gave agesingerthan 5000 cal yr BP. Téievealed
the very high rate of lacustrine sedimentation and peat formation in the Hyrcanian
region. Such high sedimentation rates were also encountered in central part of the
Hyrcanian region by colleagues from the University of Greifswaldt who arentiyrre
working in this zone (E. Ramezani, personal communicatiorgpite of these problems,
two pollen diagrams were prepared, one from a 100 cm core from the Amirkola wetland
(unpublished data), a small lake connected to the littoral zone of the southi@a Sea
and another diagram from a core of 50 cm length (unpublished data) from Lake Sulukli, in
the northern part of the Golestan National Park. Neither of these two diagrams
presented in this PhD thesis as the presentation and discussion on their
palaeoenvironmental implication falls out of the scope of this thesis which is devoted to
the climate and vegetation evolution in western Iran. Only the results of our pollen
vegetation relationship in Golestan National Park will be presented as they help to
interprete the fosdipollen assemblage data.

For the reasors mentioned in the last paragraphnd also because of the lost of
several cores durinthe transportations followingpur first coringcampaignin Golestan
National Parkwe turned soon into thelV and NW Iranian highlais from which good
materials wereprovided to us by our colleagues from the Iranian National Center for
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Oceanography, University of Tehran, and Geological Survey ofrrBiWV Iran, we could
have access to four long (100 m) lacustrcores from &ke Urmia in NW Irgrirom which

we subsampled two core$n SE, we obtained shallow but well preserved and laminated
lacustrine cores from Lake Maharlou. In NW Iran we could also core a peat bog in the
volcanic region of Sahan@his PhDHesis is based on the pollen analysis of cores from
these three sites.

In Chapter I, a brief description is given on geomorphology, geology, climate
biogeographyand vegetatiorof Iran. Chapter Igives a summary literature review on the
palaeoecologidainvestigations in lraand surrounding regionEhapter Il gives a history
of our research including our fieldorks and sampling&hapter V synthesizes the results
of our palaeoecological investigations and tries to place them in a more regional and
global scale by correlating to other records and proxies available framand adjacent
areas. The main sections of this chapter also contain the sunmesaof the papers
presented in the last Chaptd¥. Chapter Vpresents asummarizel synthesis in Freitc
language for the Fraaih readersChapterVl presents the papers which were published in
the course of this PhD thesand also the manuscripts which have been submitted for
publicationand finally Chapter VII gives the conclusions and perspectivessof/tk.
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Chagper I

PHYSICAL ANBIOGEOGRAPHICEETTING
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1.1. Geomorphological and geologicatontext

Iran is a high plateau bordered by several mountain ranges including the Alborz
Mountains in the north, Kopeagh Mountains in the northeasfizerbaijan Rteau in
the northwest,Zagros Mountains extending frothe the northwest to southeast, Makran
Mountains in southeast and the dispersed high massifs like the Massif of Kerman-in east
central and the Massif of SHituh in central Iran (Fig. 1). The kyxng plain ofthe south
Caspian region is ~26 m lower than the sea level whereas the central Iranian Plateau is
about 900 m highMany ridges are more than 4000 m a.ahd the highespeak is the
Damavand volcano @671 m elevationCaspian Sea, the largest lakE the world is
located in northern Iran and southern Iran is connected to the Indian OcedPelsian
Gulf andOman SeaGlacial landforms can be observed in many mountagions of Iran
(Ferrigno, 1988)If Pleistocene glacial deposits haveehedocumented from many
mountain areas of Irareven in lower latitudes(Haars, 1974 Kuhle, 2004),modern
glaciers do still exist in several very high massifs especially in N and NW Iran

Iranis composed oi1 majorstructuralunits (Fig.2) (Stocklin,1968; Berberian and
King, 1981) 1. tectonically stable Arabian Precambrian platform in &Whe present
Zagros Mountains?. Zagros Mountains.3SanandaSirjan zone running parallel to the
Zagros Mountains in its NE sidehich is in turn followed by .4UrumiehDokhtar
magmatic belt, 5Central IranLut between the Zagros SWand Alborz andKopeh Dagh
Mountains in N and NB, Lut Block in E Iran, 7. Alborz Mountains in N Iran bordering the
southern part of the CaspiaBea 8. MakranSubduction Zonén SE Iran9. Kopeh Dagh
Mountainsin NE Iran 10. tectonically stable Turgplatform which is the SE part of the
Eurasian Plate, and 1he south Caspiandsin N of the Alborz Mountair{§igure 2)

The majority of thepresent Iranian mountain range$ave resulted from the
ArabiaEurasia convergencélackson and McKenzie, 198%ihe mountain formation and
uplift have started since CretaceoB®slaeocene and still continues creating the present
compressional tectonic regime in the Iranian mountain belts (Bean, 1989).

Alborz Mountains have a complex geology. The main body of the Alborz
Mountains is composed of geological formations of carbonate and clastic composition
ranging in age from the Precambrian to theesozoic rocks bordereikh the south by the
late Cenozoiccentral Iranianbasin and in the north by the south Caspian basin (e.g.
Stocklin, 1968)Alborz Mountains have deformed and uplifted through three major
tectonic phases: Cretaceous to Palaeocene, Eocene to Lower Oligocene, and Middle
Miocene to Recent compression related to the collision of Arabian and Iranian
microplates (Guest et al., 2007).
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Figure 1. Geographical locatiarf Iran in the Near East witlmajor geomorphological
features.

Figure 1] 2 OF ft A al (A 2y -Rrentavedledliniés gédmotphaBdiies
importantes.

16



They have been affected by several magmatic intrusions during the Tertiary. The
exhumation of these intrusive masses l@aespped out the huge and >80 ma.s.l. high
massifs such as the glaciehkhte Soleyman massif including the 4850 m a.s.l. peak of
Alam Kuh massif in eastentral Alborz(Axen et al., 2001 The only Quaternary volcanic
activity has occurred ithe south central Alborz and has cted the 5671 m a.s.l. high
Damavand elcano. The present volcanic cone has been constructed by multiple eruption
events since 1.8 Mdhe latestvolcanism exposed as lava flows on W flanks is dated
7.3 ka(Davidson et al., 2007At several occasionsdHava flows of Damavand hafiked
the valley floors around the volcano and damntéeé rivers creating palaeolake systems
with different ageswhose terraces can still bebservednowadays(Allenbach, 1966
Pandamouz, 1998

Zagros is a term given to anlg (up to 1600 km) and wide (up to 600 km) mountain
range extending in a NMBE direction from the Hormoz Strait (SE Iran) to Southern
Anatolia and Northern SyriZagros Mountains can be subdivided into three main zones
(Berberian and King, 1981; Alavi, 9% 1. Zagros foredeeps which comprise a belt of
Neogene sediments with gentle folding in the SW of the Zagros, 2. Zagros Folded Zone
which constitutes the main body of the Zagros Mountains and includes the widest zone of
GKA& Y2dzy il Ay Nlay HSONH2AYIR %26 B MBLERENNIGKN MK T 2
highest peaks of the Zagros Mountairihis zone is separated from central Iran by the
Main Zagros Thrust fault.

Zagros Mountains aremainly composed of marine carbonate and clastic
sediments deposited inhie former Neotethys which was located between the Iranian
microplates and the Arabian Plate during the Mesozdibe closure of the Neotethys was
caused by the orthward ArabiaEurasia convergence since tkiretaceous Berberian
and King, 1981; Jackson akdKenzie, 1984; Alavi, 1994n the main body of the Zagros
which consists of a series of N®E trending parallel folds and thrustred anticlines
called Zagros Folded Zone (Alavi, 199d¢formation of the sediments startedt least
since the end oftte Ecocenand is still continuingouthwestwardHessami et al., 2001).

Many hydrologically closed intermountain basins occur 4Zagros whose
morphology andsubsidencecan becontrolled bytectonic activities. These basins have
been filledwith thick aluvial or fluvio-lacustrinedeposits(Dumas et al., 2003) andany
of them still containfreshwater, brackish water, saline, hypersaline, and playa lakes
depending on the amount gfrecipitation and the rate of evaporatiohake Maharlou in
SE section of # Zagros Mountains and Lake Urmia in NW Iran are two examples of
tectonic, most probably puthpart basins (Kelts & Shahrabi, 1986; Ghazi et al., 2002).

Apart from the tectonic lake basins, many lakes in the Zagros and almost all the
small lakes located ithe Alborz Mountains have a landslide and rockslide origjiis
a0l dSYSyd Aa olFlaSR 2y (GKS fA0SNI 0dz2NBx GKS
frequent landslide events that strike the mountain areas of Iran. Examples of the
landslide lakes arkeake Ovan and several small lakes and ponds in the Alamout region to
the north N of Qazvin, Lake Tar and Lake Havir near Firouzkuh at SE of the Damavand
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Volcano, Lake Estakhr Posht near Behshahr to th SE of the Caspiand3eke Mirabad
(van Zeist an@ottema, 1977among other examples.
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Figure 2. Structural subdivision of Iran into 11 major tectsedimentary units (after
Berberian and King, 1981; Stdcklin, 1968) with the location of main Quaternary vol
zones.

CAIdzZNB HP® { dzo RA DA &A 2yl unités MbizDdsddideritas 6FRD | 1
Berberian et King, 1981; Stdcklin, 1968) avec la localisation des zones volsagt
présentent des volcanismes quaternaires.

18



Slope instability due to a thin vegetation cover and frequent seismicity of these areas are
the main causes of triggering the ground movement events.

Parallel to the Zagros Mountains and on its NE side is lo@tedtamorphic belt
(Sanandal ANBlFY . Sftduv IyYyR GKSy | o0Std O2YLR2ASK
521 KGN al 3Y (A&, 198k 8 tomabSedl ahagmatic (plutonic
and volcanic rocksof Tertiary and particularly of Oligeliocene age Berberian and
Berberian, 1980)Sahandv/olcanic Complex in NW Iran at the eastern side of Lake Urmia
started erupting in the Middle Miocene when a large scale subdugetsted
magmatism occurred all along the UrumiBlokhtar Zone (Ghazi et al., 2002).isTh
volcanism was then followed by several other posliision volcanic activities leaving
many lava flows, cones, tuffs and pumices in the area. The latest volcanic cones are very
recentperhaps ofPleistoceneand even Holocene age (Bordet et al., 197&:;bBrian and
Arshadi, 1977)Postcollisional volcanism has also produced other plutonic and volcanic
masses suchsthe bigSabalan volcanand its associated structuregr NW Iranduring
the PlicQuaternary (Albertini et al., 1976Many small lakes, @-bogs, and pozzines
have formed in the volcanic craters (e.g. the Sabalan crater dakkethe crater Lake
Almalou (see Chapten land within topographic lows associated with the the glacial
landforms. in addition, the Azerbaijan Plateau in NW Iran dysplaany lacustrine
deposits of PliePleistocene age including the diatomite deposits and also a very rich
Miocenemammalian faunal assemblage located near Maragheh in SW side of the Sahand
Volcano Campbell et al., 1980).

1.2. Climatic context

Iran in generhis an arid country with mean annual precipitation of less tha@ 25
mm (Ghasemi and Khalili, 2008)owever, there is a very high variablilty in the amount
and the mode of precipitation in different parts of Iran. In northern Iran, precipitation
falls manly during winter and spring time with summer rainfall stdccounting foran
important proportion of theannual precipitation(Sabeti, 1969)For example,n Bandar
Anzali,SW Caspian Sgmean averagerecipitationis 1853.5 mm but precipitations of
more than 3000 mm have also been recorded. In Bam, SEitraontrast mean annual
precipitation is 61.3 mm wf lowest record being less than 26m’. Temperatures can
also vary considerably between different regions and in different seaddean January
temperatures ranges from2.7°C (absolute minimum temperatures36.0°C) in Saqez
locatedin the Zagros Mountains and 12.7°C in Abada8W Iran. Contrastly, mean July
temperatures vary between +36.8°C (absolute maximum temperatures530°C) in
Abadan an®6.4°Gn Sagez.

Climate of Iran is controlled by several components of gemeralatmospheric
circulation in the Northern Hemispheil&igure 3) During the winterseasonthe Siberian

! All meteorological data are from Iran Meteorological Organization.

19



High (highpressure cell or anityclone) is strengthened and causesry low winter
temperatures over the Iranian Platealt blocks the penetration of the lowressure
cyclonic humid air masses originated from the Atlantic and the Mediterranean Sea which
move towards the east by the westerly windsuring the less stronghases of the
Siberian High(wet winter conditions) these cyclonesmanageto advance eastward
following two main storm tracks (Figure 8hd cause winter precipitation mainly in the
form of snowfall over Irarparticularly over the mountainous regior(Stevens et al.,
2001) It seems that the winter precipitation in NW Iran ngainly correlated with the
North Atlantic Oscillation (NAO)in the south Caspian region withhe West
Mediterranean OscillatiovVeMO,in central Iran and much of the Zagros Mountaivith

the association ofWeMOand the Scandinavian Pattern (SCANIDY finallyin southern
and centraleastern part of Iranweakly with North Hemisphere Snow Cover (NHSC)
(Ghasemi and Khalili, 2008).

During the spring, humid air masses coming from theditégranean Sea follow a
storm track which passes over the Black Sea and absorb more humidity causing much
precipitation as rain storms in NW Irg8tevens et al., 2001Yhe southern half of Iran is
deprived of this precipitation and remains dominated Wwinter precipitation (Raziei et
al., 2008) Despitethe position of the Persian Gulf under the descending Hadley cells, it
has a slight influence on the amount of rainfall of southern part of the Zagros Mountains
(Nazemosadat and Cordery, 2000).

During the summer months, high descending air in the Hadley cells and the
subtropical anticyclonic masses over Iranian Plateau prevents the Intertropical
Convergence Zone (ITCZ) to reach the Iranian Plateau and so the Indian Summer
Monsoons (ISM) do not cause arginfall in Iran. However, occasionally some sporadic
torrential summer rainfalls happen in extreme southeastern Iran revealed from the
precipitation data of the meteorological stations of this ard&V Indian sulzontinent is
a transitional zone between thMediterranean summer dry climagnd Indian Summer
Monsoonrainfall. This transitional zone shows high spatial variability in temperatures and
rainfall and high temporal variability in the intannual rainfall amount with climate
diagrams showing an ietmediate MediterranearMonsoonal regime withunusual bi-
xeric and even trkeric features (Meherhomji, 1984).

Topographyand presence of some huge water bodmay a fundamental role in
the spatial distribution of precipitation in Ira\lborz Mountains in N Iraract as a barrier
for the humidity of the Caspian Sea and deprive the arid central plateau of Iran of this
source of moistureln contrast, the humidity of the Caspian Sea accumulates on northern
sides of the mountains and induces summer ralsfahd sempermanent fogs in higher
elevations. The hot and dry air masses coming from central Iranian plateau during the
summer months overlie the Caspian humid air masses and thereby help the maintainance
of this humidity(Klein, 1994)Moreover, he alrupt topography of the Albordetermines
the spatial distribution of the precipitation antteates particular microclimatic conditions
which are of great importance fareatinghigh biotope diversity (Khalilil973; Akhani,
1998).
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Figure 3. Major atmospheric features controlling the precipitation over the Iranian Plateau. Westerlies
are the major drivingdrce of the humidity over Iran. Siberian High inhibits the penetration of the
humid air masses but when it weakenle humid masses coming from the Mediterranean Sea move
eastward following two storm tracks 9 and 10. The track 8 is active in spring and is responsible for tt
spring precipitation and does not affect the southern half of the courtgdified from Steven et al.
(2001)

Figure 3. Différents éléments du systéme atmosphérique qui contrélent la précipitation sur le platee
iranien. Les westerlies sont eréemajeurlj dzA L2 dza A4Sy G f SAaQYME AfSAL WRIQy «
la haut pression de Sibériempéche le pénétration des cyclons en prevenance de la Méditerranée
[ 2NERIljdzS OSGGS KIdziS LINBaaiAzy aQl F¥I Adtdmitiagks> 0S a
causent la précipitation sous forme de la neige surtout sur les montagnesstbartrack 8» est
active au printemps et provoque des pluies orageuses uniquement sur la moitié nord delquifis.
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