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òIf we do discover a complete theory, it should in time be understandable in broad 

principle by everyone, not just a few scientists. Then we shall all, philosophers, scientists, 

and just ordinary people, be able to take part in the discussion of the question of why it is 

that we and the universe exist. If we find the answer to that, it would be the ultimate 

triumph of human reasonðfor then we would know the mind of God.ó 

 

Stephen Hawking in A Briefer History of Time 
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FORWARD 

The present PhD thesis is aimed at a better understanding of the late Pleistocene 
and the Holocene palaeoenvironmental changes in Iran mainly based on the palynological 
study of lake sediments. This work was carried out within the framework of several 
ŎƻƻǇŜǊŀǘƛƻƴ ŀƎǊŜŜƳŜƴǘǎ ǎƛƎƴŜŘ ōŜǘǿŜŜƴ άLƴǎǘƛǘǳǘ aŞŘƛǘŜǊǊŀƴŞŜƴ ŘΩ9ŎƻƭƻƎƛŜ Ŝǘ ŘŜ 
tŀƭŞƻŞŎƻƭƻƎƛŜέ (UMR CNRS 6116, Université Pŀǳƭ /ŞȊŀƴƴŜ ŘΩ!ƛȄ-Marseille) and three 
Iranian research institutions: Iranian National Center for Oceanography (INCO), Geological 
Survey of Iran (GSI) and the University of Tehran (UT).  

The starting point of these collaborations was the Master thesis of the author in 
2003-2004 on the modern vegetation-pollen rain relationships in the Golestan National 
Park under the supervision of the same two co-supervisors of this PhD thesis.  The 
majority of the field studies and travels of researchers involved in these projects were 
financed by the Franco-Iranian άDǳƴŘƛǎƘŀǇƻǳǊ έ research program and some other 
financial supports of the Cultural Office of the French Embassy in Tehran.  

The Gundishapour programm is a research program signed between Iranian 
Ministry of Science, Research, and Technology and the French Ministry of Foreign Affairs 
and is aimed 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 Egide. Our Gundishapour project, ŜƴǘƛǘƭŜŘ άIƛǎǘƻƛǊŜ ŘŜ ƭŀ ǾŜƎŜǘŀǘƛƻƴ Ŝǘ Řǳ ŎƭƛƳŀǘ Řŀƴǎ 
la zone humide hyrcanienne (nord-LǊŀƴύΤ ŎƻƳǇŀǊŀƛǎƻƴ ŀǾŜŎ ƭΩƛǊŀƴ /ŜƴǘǊŀƭŜέ, started in 
January 2007 for a period of two years.  

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

The collaboration between the University of Tehran and IMEP consisted of two 
main parts:  

1. Joint project between IMEP and the Department of Botany, School of Biology on 
the pollen rain-vegetation relationships and reconstruction of the Holocene vegetation 
history in the Golestan National Park. Sampling for this project was done in the Golestan 
National Park in NE Iran including the coring operation in a small lake (Lake Sulukli) and a 
peat bog. Only, the pollen rain-vegetation relationship investigations were followed and 
led to a publication: 

Article 1: Djamali, M., de Beaulieu, J.-L., Campagne, P., Akhani, H., Andrieu-Ponel, V., Ponel, P., 
Leroy, S., 2008. Modern pollen rain-vegetation relationships along a forest-steppe transect in the 
Golestan National Park, N-E Iran. Review of Palaeobotany and Palynology doi: 
10.1016/j.revpalbo.2008.08.005. 
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2. Joint project on the sedimentological and palynological study of two long (100 
m) lacustrine cores from Lake Urmia in NW Iran. These cores were recovered from the 
lake in 2002, in the occasion of preliminary geotechnical surveys before the construction 
of the Shahid Kalantari Highway which will connect the east and west coasts of the lake 
and as so facilitate the transportation between two big cities of Urumyeh (Urmia) (W) and 
Tabriz (E). The cores are currently archived at the Faculty of Geology, University of 
Tehran. At the time of subsampling for palynological studies (Sept. 2005), the cores were 
already dried out due to a bad preservation since 2002. Sedimentological analyses had 
already been performed by Madjid Shah-Hosseini as a MSc thesis under the supervision 
of Dr Abdolhossein Amini. The former is currently a researcher at INCO and the latter is a 
lecturer at the Faculty of Geology, University of Tehran.  

The results of this project led to the following publications: 

Article 2: Djamali, M., de Beaulieu, J.-L., Shah-Hosseini, M., Andrieu-Ponel, V., Amini, A., Akhani, 
H. Leroy, S.A.G., Stevens, L., Alizadeh, H., Ponel, P., Brewer, S., 2008. An Upper Pleistocene long 
pollen record from the Near East, the 100 m-long sequence of Lake Urmia, NW Iran. Quaternary 
Research 69, 413-420. 

Article 3: Djamali, M., Kürschner, H., Akhani, H., de Beaulieu, J.-L., Amini, A., Andrieu-Ponel, V., 
Ponel, P., 2008. Palaeoecological significance of the spores of the liverwort Riella (Riellaceae) in a 
late Pleistocene long pollen record from the hypersaline Lake Urmia, NW Iran. Review of 
Palaeobotany and Palynology 152, 66-73.  

   The collaboration between the Iranian National Center for Oceanography and 
IMEP initially focused on the reconstruction of vegetation, lake hydrology, and climate in 
the eastern section of the Hyrcanian region. Several lakes and peat bogs were cored by 
manual coring and cores were then transferred to IMEP for pollen analysis and magnetic 
susceptibility measurements. Unfortunately, preliminary datings revealed very young 
ages for the majority of these sequences. Therefore, the cores were not analysed in this 
PhD thesis and high resolution pollen analysis particularly with a focus on the tracing of 
the anthropogenic activities is planned to be undertaken by IMEP during the coming next 
years.  

In contrast, a core taken from a peat bog in the Almalou volcanic crater in eastern 
Sahand Mountains, NW Iran, was studied by pollen analysis and led to one publication 
and the preparation of two manuscripts:  

Article 4: Djamali, M., de Beaulieu, J.-L., Miller, N., Andrieu-Ponel, V., Berberian, M., Gandouin, E., 
Lahijani, H., Ponel, P., Salimian, M., Guiter, F.,. A late Holocene pollen record from Lake Almalou in 
NW Iran : evidence for changing land-use in relation to some historical events during the last 3700 
years. submitted to Journal of Archaeological Science.     

Article 5: Kürschner, H., Djamali, M., 2008. Meesia Hedw. (Meesiaceae, Bryophyta) in Iran ς 
evidence from a Quaternary subfossil record. Nova Hedwigia, in press. 

The collaboration between IMEP and Department of Marine Geology of the 
Geological Survey of Iran was concentrated on the late Holocene reconstruction of 
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vegetation change in Lake Maharlou, SW Iran. The geochemistry and sedimentology of 
the study core had already been investigated by Dr Razieh Lak for his PhD thesis who is 
currently a researcher at the Department of Marine Geology, GSI. The pollen study led to 
one publication:  

Article 6: Djamali, M., de Beaulieu, J.-L., Andrieu-Ponel, V., Lak, R., Sadeddin, M., Akhani, H., 
Fazeli, H., 2008. Vegetation history of the SE section of Zagros Mountains during the last five 
millennia; a pollen record from the Maharlou Lake, Fars Province, Iran. Vegetation History and 
Archaeobotany doi: 10.1007/s00334-008-0178-2.    

  



 

6 

 

 

REMERCIEMENTS 

±ƻƛŎƛ ƳŀƛƴǘŜƴŀƴǘ ǉǳŀǘǊŜ ŀƴǎ ǉǳŜ ƧΩŀƛ ŎƻƳƳŜƴŎŞ ŎŜ ǘǊŀǾŀƛƭ ŘŜ ǘƘŝǎŜ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ Řǳ 
ŎƭƛƳŀǘ Ŝǘ ŘŜǎ ǇŀȅǎŀƎŜǎ ŘŜ Ƴƻƴ ŎƘŜǊ ǇŀȅǎΣ ƭΩLǊŀƴΦ [ŀ ǊŞŀƭƛǎŀǘƛƻƴ ŘŜ ŎŜ ǘǊŀǾŀƛƭ ƴΩŀǳǊŀƛt été 
ǇƻǎǎƛōƭŜ ǉǳΩŀǾŜŎ ƭŀ ǇŀǎǎƛƻƴΣ ƭŜ ǎƻǳǘƛŜƴ Ŝǘ ƭΩŀƛŘŜ ŘŜ ƴƻƳōǊŜǳǎŜǎ ǇŜǊǎƻƴƴŜǎ ǉǳŜ ƧŜ ǾƻǳŘǊŀƛǎ 
remercier dans ces quelques lignes. 

Je tiens en premier lieu à remercier le ministère des affaires étrangères français pour 
ƳΩŀǾƻƛǊ ŀŎŎƻǊŘŞ ŘŜǎ ǎƻǳǘƛŜƴǎ ŦƛƴŀƴŎƛers au cours de mon doctorat, pour avoir aussi financé 
notre mission de terrain en 2005 et pour avoir séléctionné notre projet Gundishapour. Je 
voudrais également exprimer mes remerciements aux personnels du service culturel de 
ƭΩ!ƳōŀǎǎŀŘŜ ŘŜ CǊŀƴŎŜ Ŝƴ LǊŀƴ ǎŀƴǎ ǉǳƛ ŎŜ ǘǊŀǾŀƛƭ ŎŜ ǘǊŀǾŀƛƭ ƴΩŀǳǊŀƛǘ Ǉǳ ǾƻƛǊ ƭŜ ƧƻǳǊΦ 

WŜ ǊŜƳŜǊŎƛŜ ŘŜ ǘƻǳǘ Ƴƻƴ ŎǆǳǊ Ƴƻƴ ŘƛǊŜŎǘŜǳǊ ŘŜ ǘƘŝǎŜ WŀŎǉǳŜǎ-Louis de Beaulieu sans qui 
ŎŜǘǘŜ ǘƘŝǎŜ ƴΩŀǳǊŀƛǘ ƧŀƳŀƛǎ Ŝǳ ƭƛŜǳΦ WŜ ƭŜ ǊŜƳŜǊŎƛŜ ǇƻǳǊ ƭŀ ŎƻƴŦƛŀƴŎŜ ǉǳΩƛƭ ƳΩŀ ŀŎŎƻǊŘŞŜ Řŝǎ 
mes premiers contŀŎǘǎ ƭƻǊǎǉǳŜ ƧΩŞǘŀƛǎ ŜƴŎƻǊŜ Ŝƴ LǊŀƴΣ ǳƴŜ ŎƻƴŦƛŀƴŎŜ ǉǳΩƛƭ ŀ ƎŀǊŘŞŜ ŜƴǾŜǊǎ 
mon travail tout au long de ma thèse. 

Je remercie mon co-ŘƛǊŜŎǘŜǳǊ ŘŜ ǘƘŝǎŜ IƻǎǎŜƛƴ !ƪƘŀƴƛ ǉǳƛ ƳΩŀ ƛƴƛǘƛŞ Ł ƭŀ ōƛƻƎŞƻƎǊŀǇƘƛŜ Ŝǘ 
ƭŀ ŦƭƻǊŜ ŘŜ ƭΩLǊŀƴ Ŝǘ ǉǳƛ ŀ ŘƻƴŎ ŘƻƴƴŞ ǳƴŜ ƴƻǳǾŜƭƭŜ ŘƛƳension à mes passions pour 
ŎƻƴƴŀƞǘǊŜ ƭΩƘƛǎǘƻƛǊŜ Řǳ ƳƻƴŘŜ ǾŞƎŞǘŀƭ ŘŜ Ƴƻƴ ǇŀȅǎΦ {Ŝǎ ŜȄŎŜƭƭŜƴǘŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǎǳǊ ƭŀ 
flore et les  écosystèmes iraniens a largement enrichi les résultats de nos travaux de 
recherches sur tous les régions que nous avons visitées et étudiées. 

tƘƛƭƛǇǇŜ tƻƴŜƭ Şǘŀƛǘ ǘƻǳǘ ŘΩŀōƻǊŘ ƭŜ ǊŜǎǇƻƴǎŀōƭŜ ŘŜ ƴƻǘǊŜ ǇǊƻƧŜǘ DǳƴŘƛǎƘŀǇƻǳǊΦ WŜ ƭŜ 
remercie beaucoup pour avoir parfaitement bien coordonné le projet. Mais il a aussi 
toujours été disponible pour répondre à toutes sortes de questions et demandes. Je le 
ǊŜƳŜǊŎƛŜ ǇƻǳǊ ǘƻǳǘŜǎ ƭŜǎ ŎƘƻǎŜǎ ǉǳΩƛƭ ƳΩŀ ŀǇǇǊƛǎŜǎ ǘŀƴǘ ǎǳǊ ƭŀ ǊŜŎƘŜǊŎƘŜ Ŝƴ ǇŀƭŞƻŞŎƻƭƻƎƛŜ 
ǉǳΩŁ ǇǊƻǇƻǎ ŘŜ ƭŀ ŎǳƭǘǳǊŜ ƎŞƴŞǊŀƭŜΦ 

WŜ ǊŜƳŜǊŎƛŜ ŘŜ ǘƻǳǘ Ƴƻƴ ŎǆǳǊ ValérieAndrieu-tƻƴŜƭ ǇƻǳǊ ǘƻǳǘŜǎ ƭŜǎ ŎƘƻǎŜǎ ǉǳŜ ƧΩŀƛ ŀǇǇǊƛǎ 
pendant nos longues discutƛƻƴǎ ǎŎƛŜƴǘƛŦƛǉǳŜǎ Ŝǘ ǇƻǳǊ ǘƻǳǘ ŎŜ ǉǳΩŜƭƭŜ ŀ Ƴƛǎ Ł Ƴŀ ŘƛǎǇƻǎƛǘƛƻƴ 
ǘŀƴǘ ǎǳǊ ƭŜ Ǉƭŀƴ ƳŀǘŞǊƛŜƭ ǉǳΩŀǳ ƴƛǾŜŀǳ ŘŜǎ ǊŞŦŞǊŜƴŎŜǎ ōƛōƭƛƻƎǊŀǇƘƛǉǳŜǎΦ {ƻƴ ǎƻǳǘƛŜƴ 
pendant ces deux dernières années, je ne ƭΩƻǳōƭƛŜǊŀƛ ƧŀƳŀƛǎΦ  

Je tiens à remercier Professeur Dr Thomas Litt pour avoir accépté dΩévaluer mon travail en 
tant que le rapporteur de ma thèse et pour participer à mon jury de thèse.  

WŜ ǎǳƛǎ ǘǊŝǎ ƘŜǳǊŜǳȄ ŘΩŀǾƻƛǊ Ŏƻƴƴǳ [ƻǊŀ {ǘŜǾens. Grâce à nos contacts et à ses recherches 
ƧΩŀƛ Ǉǳ ŀǇǇǊƻŦƻƴŘƛǊ ƳŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǎǳǊ ƭŜ ŦƻƴŎǘƛƻƴƴŜƳŜƴǘ ŎƭƛƳŀǘƛǉǳŜ Řǳ tǊƻŎƘŜ-Orient. 
WŜ ƭŀ ǊŜƳŜǊŎƛŜ ƛƴŦƛƴƛƳŜƴǘ ǇƻǳǊ ǎŀ ǇŀǘƛŜƴŎŜ Ŝǘ ƭŜ ǘŜƳǇǎ ǉǳΩŜƭƭŜ ŀ ŎƻƴǎŀŎǊŞ Ł ŎƻǊǊƛƎŜǊ Ŝǘ 
enrichir nos publications.  

 Je sǳƛǎ ŞƎŀƭŜƳŜƴǘ ǘǊŝǎ ŦƛŜǊ ŘΩŀǾƻƛǊ Ŏƻƴƴǳ bŀƻƳƛ aƛƭƭŜǊΦ 9ƭƭŜ Ŝǎǘ ǎŀƴǎ ŀǳŎǳƴ ŘƻǳǘŜ ƭΩǳƴŜ ŘŜǎ 
ƳŜƛƭƭŜǳǊŜǎ ŀǊŎƘŞƻōƻǘŀƴƛǎǘŜǎ ǎǇŞŎƛŀƭƛǎǘŜ ŘŜ ƭΩƘƛǎǘƻƛǊŜ ŘŜ Ƴƻƴ ǇŀȅǎΦ {Ŝǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǎƛ 



 

7 

 

ǊƛŎƘŜǎ ǘŜƳƻƛƎƴŜƴǘ ŘŜ ǎŀ Ǉŀǎǎƛƻƴ ŜƴǾŜǊǎ ƭŀ ǇǊŞƘƛǎǘƻƛǊŜ ŘŜ ƭΩLǊŀƴΦ 9ƭƭŜǎ ƴƻǳǎ ƻƴǘ été 
fondamentales pour mieux interpréter ce que le pollen nous laissait entrevoir. Merci pour 
ǎŀ ǇŀǘƛŜƴŎŜ Ŝǘ ƭŜ ǘŜƳǇǎ ǉǳΩŜƭƭŜ ŀ Ƴƛǎ ǇƻǳǊ ŜƴǊƛŎƘƛǊ ƴƻǎ ǊŀƛǎƻƴƴŜƳŜƴǘǎ Ŝǘ ǇƻǳǊ ƛƴǘŜǊǇǊŞǘŜǊ 
les données polliniques ŘŜ ƭΩIƻƭƻŎŝƴŜΦ  

Je dois énormément à mon ancien ŘƛǊŜŎǘŜǳǊ ŘŜ ǘƘŝǎŜ ŘŜ aŀǎǘŜǊ Ł ƭΩ¦ƴƛǾŜǊǎƛǘŞ ŘŜ ¢ŞƘŞǊŀƴΣ 
tǊΦ !ōŘƻƭƘƻǎǎŜƛƴ !ƳƛƴƛΦ /ΩŜǎǘ ƎǊŃŎŜ Ł ǎŀ ǇǊƻǇƻǎƛǘƛƻƴ ƎŞƴŞǊŜǳǎŜ ŘŜ ǘǊŀǾŀƛƭƭŜǊ ǎǳǊ ƭŜǎ 
ŎŀǊƻǘǘŜǎ ŘΩ¦ǊƳƛŀ ǉǳŜ ƧΩŀƛ Ǉǳ ǊŞŀƭƛǎŜǊ ƭΩŜǎǎŜƴǘƛŜƭ ŘŜ ŎŜǘǘŜ ǘƘŝǎŜΦ 

Merci milles fois à Suzanne Leroy, la première paƭȅƴƻƭƻƎǳŜ ŀǾŜŎ ǉǳƛ ƧΩΩŀƛ ŞǘŞ Ŝƴ ŎƻƴǘŀŎǘΦ 
aŜǊŎƛ ǇƻǳǊ ƴƻǘǊŜ ŎƻƭƭŀōƻǊŀǘƛƻƴ ŞǘǊƻƛǘŜ ŘŜǇǳƛǎ ŘŜǎ ŀƴƴŞŜǎ Ŝǘ ǘƻǳǘ ŎŜ ǉǳΩŜƭƭŜ ŀ ŀǇǇƻǊǘŞ Ł 
mes recherches.  

Je remercie Prof. Harold Kürschner, pour sa collaboration très efficace et fructueuse et 
pour ses encouragements à publier les résultats de notre étude à Almalou. 

Je veux aussi remercier Pascal Campagne et Simon Brewer qui se sont toujours montrés 
ŘƛǎǇƻƴƛōƭŜǎ ƳşƳŜ Ł ƭΩŞǘǊŀƴƎŜǊ Ŝǘ ǉǳƛ ƳΩƻƴǘ ŀƛŘŞ Ł ŀƴŀƭȅǎŜǊ ƭŜǎ ŘƻƴƴŞŜǎ ŘŜ Ƴŀ ǘƘŝǎŜΦ ¢ƻǳǎ 
les deux ont toujours eu des idées originales pour sortir des informations super-cachées 
derrière mes simples pourcentages polliniques et abondances floristiques.  

Je tiens aussi à remercier Stephen Jackson, Neil Roberts et Henk Woldring pour nos 
communications scientifiques très instructives.     

WΩŀƛ ōŜŀǳŎƻǳǇ ǇǊƻŦƛǘŞ ŘŜǎ ŎƻƳǇŞǘŜƴŎŜǎ ŘŜ DǳƛƭƭŀǳƳŜ .ǳŎƘŜǘ Ŝƴ ŘŞǘŜǊƳƛƴŀǘƛƻƴ ŘŜǎ ƎǊŀƛƴǎ 
ŘŜ ǇƻƭƭŜƴΦ WŜ ƭŜ ǊŜƳŜǊŎƛŜ ǇƻǳǊ ƳΩŀvoir accordé tant de temps dans son laboratoire.    

aŀŘƧƛŘΣ ŎΩŜǎǘ ōƛŜƴ ŘƻƳƳŀƎŜ ǉǳŜ ǘǳ ŀƛŜǎ ŎƘŀƴƎŞ ŘŜ ŘƛǎŎƛǇƭƛƴŜ Ŝǘ ǉǳŜ ǘǳ ǘŜ ǘƻǳǊƴŜǎ ǾŜǊǎ ƭŀ 
mer. Tu pourrais être très utile pour nous si tu continuais à nous aider à carotter. Mais ce 
ƴΩŜǎǘ Ǉŀǎ ƎǊŃŎŜΦ ¢ǳ Ŝǎ ǘŜƭƭŜƳŜƴǘ ǎŜǊǾƛŀōƭŜΦ WŜ ǘŜ ǊŜƳŜǊŎƛŜ ƛƴŦƛƴƛƳŜƴǘ ŘŜ ƳΩŀǾƻƛǊ ŀƛŘŞ 
ǇŜƴŘŀƴǘ ŎŜǎ ŘŜǊƴƛŝǊŜǎ ŀƴƴŞŜǎ ǘŀƴǘ ǇƻǳǊ ƭŜǎ ǉǳŜǎǘƛƻƴǎ  ŀŘƳƛƴƛǎǘǊŀǘƛǾŜǎ  Ł ƭΩLb/h ǉǳŜ ǎǳǊ ƭŜ 
terrain.  

WŜ ǊŜƳŜǊŎƛŜ ŞƎŀƭŜƳŜƴǘ Ƴƻƴ ŎƘŜǊ ŀƳƛ 5ƧŀǾŀŘ wŀƧŀōƛƻǳƴ ǉǳƛ ƳΩŀ ǎƻǳǘŜƴǳ Řŀƴǎ ƭŜǎ ƳƻƳŜƴǘǎ 
difficiles,  La nuit sous la neige qui nous a empêché à re-carotter le Sulukli en est un 
exemple. 

Elias Ramezani qui est mon concurant le plus dangereux en palyno. On a partagé pas mal 
de connaissances en palynologie de lΩIran. 

Merci également à Jalil Noroozi , ̧ ǳǎŜŦ !Ƨŀƴƛ Ŝǘ aƻƧǘŀōŀ {ŀƭƛƳƛŀƴ ǇƻǳǊ ƳΩŀǾƻƛǊ beaucoup 
aidé sur le terrain pendant mon DEA et ma thèse. 

Je remercie Frédéric Médail, Frédéric Guibal, Bruno Faddy et Frédéric Magnin pour tout ce 
quΩils mΩont appris pendant nos discussions scientifiques très instructives et efficace.  

Nicolas Thouveny a mis à ma disposition, les appareils des mesures magnétiques. Je le 
remercie. 



 

8 

 

Je remercie aussi tous les autres collaborateurs en France, en Iran, et ailleurs. La liste est 
longues mais voici quelques uns Υ 5Ǌ ±ŀƘƛŘ /ƘŜƎƛƴƛ ŘŜ ƭΩLǊŀƴƛŀƴ /ŜƴǘŜǊ ŦƻǊ hŎŜŀƴƻƎǊŀǇƘȅΣ 
Dr Hossein RaƘƛƳǇƻǳǊ ŘŜ ƭŀ ŦŀŎǳƭǘŞ ŘŜ ƎŞƻƭƻƎƛŜ ŘŜ ƭΩǳƴƛǾŜǊǎƛǘŞ ŘŜ ¢ŞƘŞǊŀƴΣ 5Ǌ bŀǎǎŜǊ 
{ŀŘŜŘŘƛƴ Řǳ ǎŜǊǾƛŎŜ ƎŞƻƭƻƎƛǉǳŜ ŘŜ ƭΩLǊŀƴΣ Χ . 

Maryse Alvitre est « ma préférée ηΦ WŜ ƭŀ ǊŜƳŜǊŎƛŜ ǇƻǳǊ ƳΩŀǾƻƛǊ ǎƻǳǘŜƴǳ ŀǾŜŎ ǘƻǳǎ ƭŜǎ 
moyens y compris  ses mots encourageants et porteurs dΩŜǎǇƻƛǊΦ 

Je remercie Anne Vaillant pour sa gentillesse et ses sentiments de mère à mon égard. Je 
ƴΩƻǳōƭƛŜǊŀƛ ƧŀƳŀƛǎ ƭŜǎ ǎƻǳǘƛŜƴǎ ǉǳΩŜƭƭŜ ŀ apportés à moi et à mon épouse. 

Tous mes remerciements vont aussi à Marianick Juin et Nathalie Duong pour leur 
gentillesse et leurs encouragements. Je tiens  aussi à remercier Thierry Pin pour toute sn 
aide pendant les 5 dernières années. 

aŜǎ ŀƴŎƛŜƴǎ ŀƳƛǎ ŘŜ ƭŀ ŦŀŎ Ł aŀǊǎŜƛƭƭŜ Ŝǘ Ł ƭΩ!ǊōƻƛǎΣ ǇŀǊǘƛŎǳƭƛŝǊŜƳŜƴǘ Maria Pulido, 
Sandrine Chauchard,  Nathalie van der Putten, Sandra Greck, Marwan Cheikh-
Albassatneh, Yannik Miras entre autres. Pendant trois ans que jΩai partagé mon bureau 
avec lΩadorable Maria, on a boeaucoup partagé nos connaissances et jΩai bien profité de 
son expérience, ses conseils et ses mots dΩencouragements. Je remercie Sandrine pour ses 
Ƴƻǘǎ ŘΩŜƴŎƻǳǊŀƎŜƳŜƴǘ Řŝǎ ƴƻǘǊŜ 59!Φ WΩŀƛ ŀǇǇǊƛǎ ōŜŀǳŎƻǳǇ ŘŜ ŎƘƻǎŜǎ ŘŜ ƴƻǎ ƭƻƴƎǳŜǎ 
ŎƻƴǾŜǊǎŀǘƛƻƴǎ ŀǾŜŎ bŀǘƘŀƭƛŜΣ ǘŀƴǘ Ł ƭΩ!ǊōƻƛǎΣ ǉǳΩŀǳ ŎƘŜȊ les chimistes mais surtout en 
voiture entre Marseille et Arbois. JΩai aussi de très beaux souvenirs de nos chers amis 
Carment Ortega et Jesus (Chuy) Vidal et le petit Antoine. 

Enfin, je tiens à remercier mes camarades de laboratoire Jérémy Miglore, Frédéric Henry, 
tƘƛƭƛǇǇŜ ¢ƻǳŦƭŀƴΣ {ȅƭǾŀƛƴ CŀŘŘŀΣ 9ƭǎŀ .ƻƴŀǳŘΣ YŀǊŜƴ .ƻǳǊƎƻƛǎ Ŝǘ ōƛŜƴ ŘΩŀǳǘǊŜǎ ŜƴŎƻǊŜ ǉǳΩƛƭ 
serait trop long de citer.      

          

   

         



 

9 

 

SOMMAIRE 

Forward ............................................................................................................................... 3 

Remerciements ................................................................................................................. 6 

Sommaire ........................................................................................................................... 9 

Introduction ...................................................................................................................... 11 

Chapter I : Physical and background setting .......................................................... 14 

1.1. Geomorphological and geological context .............................................. 15 

1.2. Climatic context .................................................................................... 19 

1.3. Biogeography and vegetation ................................................................ 22 

1.3.1. Hyrcanian region .................................................................................................. 23 

1.3.2. Central Iran .......................................................................................................... 25 

1.3.3. Zagros woodlands and scrubs ............................................................................... 27 

1.3.4. Irano-Armenian woodlands and steppes .............................................................. 28 

Chapter II : Quaternary palaeoecological investigations in Iran: a short 

review of the literature ................................................................................................ 30 

Chapter III : Backgroung of the Research ................................................................ 34 

Chapter IV : Palaeoecological Synthesis .................................................................. 42 

4.1. Modern pollen rain-vegetation calibrations: an important tool for 

interpretation of the late Quaternary pollen diagrams ................................. 43 

4.1.1. Notes on the pollen representation of some dominant herbs in the Iranian steppes 

 ...................................................................................................................................... 45 

4.1.2. Chenopodiaceae: halophytic versus non-halophytic steppic species .................... 47 

4.2. Vegetation development in Lake Urmia region (NW Iran) during the last 200 ka: pollen 

evidence for glacial/interglacial climatic cycles ..................................................................... 48 

4.2.1. Late Pleistocene ................................................................................................... 48 

4.2.1.1. Ante-penultimate interglacial period (MIS 7a) ..........................................................................51 

4.2.1.2. Penultimate glacial period/Bonab Glacial (MIS 6) .....................................................................51 

4.2.1.3. Last interglacial period/Sahand Interglacial (MIS 5e)  ................................................................53 

4.2.1.4. Early last glacial period stadials and interstadials (MIS 5d-a) .....................................................56 

4.2.1.5. Last glacial period .....................................................................................................................57 

4.2.2. Late-glacialςHolocene .......................................................................................... 58 

4.2.2.1. Early and middle Holocene .......................................................................................................59 



 

10 

 

4.2.2.2. Late Holocene ..........................................................................................................................61 

4.2.2.3. Latest Holocene........................................................................................................................62 

4.3. Vegetation development in Lake Almalou (NW Iran) region during the late 

Holocene: pollen evidence for historical periods and events .......................... 63 

4.3.1. Local hydrological change of Lake Almalou ecosystem with some inferences on 

climate change ............................................................................................................... 65 

4.3.2. Correlation of the Almalou pollen record with historical and cultural hanges in NW 

Iran ................................................................................................................................ 67 

4.4. Vegetation development in Lake Almalou (NW Iran) region during the late 

Holocene: pollen evidence for historical periods and events .......................... 70 

4.5. Biogeographical and palaeoecological significance of some newly-

discovered plant taxa: pollen and macrofossil evidence ................................ 73 

4.5.1. Riella aff. cossoniana Trab., a new liverwort species for the bryophyte flora of 

IranΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ. 73 

4.5.2. Meesia triquetra (Hook. & Taylor) Ångstr., a new moss species for the bryophyte 

flora of Iran    ................................................................................................................. 74 

4.6. Conclusions ........................................................................................... 75 

Chapter V : Synthèse Paléoécologique ..................................................................... 77 

5.1. Généralités ............................................................................................ 78 

рΦнΦ /ƘŀƴƎŜƳŜƴǘǎ ǇŀƭŞƻŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ ŘŜ ƭΩƻǳŜǎǘ ŘΩLǊŀƴ ǇŜƴŘŀƴǘ ƭŜ 

tƭŞƛǎǘƻŎŝƴŜ ǎǳǇŞǊƛŜǳǊ Ŝǘ ƭΩIƻƭƻŎŝƴŜ.............................................................. 80 

5.2.1. Avant-dernière période interglaciaire (MIS 7a) .................................................... 80 

5.2.2. Avant-denière période glaciaire (MIS 6) ............................................................... 80 

5.2.3. Dernière période interglaciaire (MIS 5e) .............................................................. 81 

5.2.4. Transition de la dernière périodes interglaciaire-glaciaire (MIS 5d, 5c, 5b, 5a) ..... 81 

5.2.5. Dernière période glaciaire (MIS4-3) ...................................................................... 82 

5.2.6. Le Tardiglaciaire (MIS2) ........................................................................................ 83 

5.2.7. Holocène (MIS1) ................................................................................................... 84 

5.2.7.1. Holocène inférieur....................................................................................................................84 

4.2.7.2. IƻƭƻŎŝƴŜ ƳƻȅŜƴ Ŝǘ ƭΩƻǇǘƛƳǳƳ ŎƭƛƳŀǘƛǉǳŜ ƘƻƭƻŎŝƴŜ .................................................................84 

4.2.7.3. Holocène supérieur ..................................................................................................................85 

Chapter VI : Articles ........................................................................................................ 88 

Chapter VII : Conclusions and Perspectives .......................................................... 176 

Bibliographie .................................................................................................................. 178 



 

11 

 

 INTRODUCTION 

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

It has one of the most diverse geological and geomorphological settings in the 
world. It presents several long, wide and high mountain ranges in N, W, NE and SE with a 
high central plateau of about 900 m altitude. Its relief ranges from -26 m a.s.l. in south 
Caspian plains to more than 5500 m a.s.l.. It is one of the most seismic countries in the 
world indicating its strongly active tectonism. It has the greatest number of playas and 
saline lakes and cƻƴǘŀƛƴǎ ǘƘŜ ƭŀǊƎŜǎǘ Ǉƭŀȅŀ ƻŦ ǘƘŜ ǿƻǊƭŘ ŎŀƭƭŜŘ ά5ŀǎƘǘ-e-YŀǾƛǊέ ŀƴŘ 
ǇǊƻōŀōƭȅ ƘƻǘǘŜǎǘ ŘŜǎŜǊǘ ƻŦ ǘƘŜ ǿƻǊƭŘ ŎŀƭƭŜŘ ά5ŀǎƘǘ-e-[ǳǘέ (Krinsley, 1970). It has the most 
ƴǳƳŜǊƻǳǎ ŀƴŘ ƭŀǊƎŜǎǘ ǎŀƭǘ ŘƻƳŜǎ ƻǊ ά{ŀƭǘ aƻǳƴǘŀƛƴǎέ ŀƴŘ ƭƻƴƎŜǎǘ ǎŀƭǘȅ ŎŀǾŜ ƻŦ ǘƘŜ ǿƻǊƭŘΦ 
In the north it is limited by the Caspian Sea, the largest intracontinental water body of the 
world and in the south it is limited by Persian Gulf ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ oil 
reservoirs. Iran has sedimentary, volcanic and metamorphic geological formations ranging 
in age from the Precambrian to Recent. It has an active tectonics and contains many 
active and extinct volcanoes associated with many hot springs. 

Climates range from absolutely hot and dry desertic ones with precipitation of less 
than 25 mm/yr to sub-tropical humid climates in SW Caspian region with precipitations 
attainting 3000 mm/yr or more. Absolute temperatures can range from -38°C up to 
+52°C. The country is situated between Mediterranean-type climate in W, temperate to 
subtropical humid climate in N, subtropical desertic climate in S, and Indian Ocean 
Monssons in SE.  

Iran has a much diversified fauna and flora due to its particular biogeographical 
setting. It is situated between the Euro-Siberian region in N, Irano-Turanian region in 
center (covering the majority of the country), the Saharo-Arabian region in SW and the 
Sudanian region in S and SE. Northern Iran is harbouring a unique refgium which has 
sheltered many plant species including several mesic thermophilous Tertiary relict trees 
from extinction during the severe glaciations of the Quaternary period. Iranian flora is 
extremely diversified because of the particular phytogeographical, climatic and habitat 
diversity and counts more than 7300 plant species of which 24% endemic to the country 
(Akhani, 2006). Vegetation types are also very diverse including desert steppes, montane 
and Artemisia steppes, grasslands, steppe forests, broad-leaved deciduous temperate to 
subtropical forests, semi-arid 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 plateau. Historically 
Iran has been the birthplace of the Persian empires who ruled over the SW Asia for more 
than 1,000 years. It has so formed the cultural, economic, and political crossroads 
between the western and eastern civilizations of the Eurasian super continent.  
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The modern geopolitical situation of Iran is of crucial importance for the 
international community because it saddles the Middle Asia, the Arab countries and the 
Indo-Pakistani territory. It also plays a crucial role in the economy of the world for it 
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 understand the interactions 
between the global climate systems, terrestrial ecosystems and human societies. Among 
different palaeoecological disciplines, palynological investigations are a particular useful 
tool to understand the reaction of vegetation to both climatic change and the man-
environment interactions and even the socio-cultural evolution of human communities. 
Therefore, the principal objective of this PhD, and the larger program which surrounds it, 
is to contribute to investigations which endeavour to reconstruct the evolution of the 
palaeoenvironments of Iran in relation to global and regional climatic changes and the 
human activities. It is also a small effort to understand the evolution of its living world in a 
rapidly changing physical world. 

The efforts of our international palaeoecological team during several years started 
with a palynological study in the eastern section of the south Caspian forests. Our major 
motivation to work on NE Iran was the biogeographical particularities of this zone as a 
major N Hemisphere refugium. The objective was to understand the evolution of the 
humid relict Hyrcanian forests during the Late-glacial and the Holocene. During the last 
four years several coring operations were undertaken in the eastern section of the south 
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 ages younger than 5,000 cal yr BP. This revealed 
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 are currently 
working in this zone (E. Ramezani, personal communication). In spite 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 south Caspian 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 is 
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 fossil pollen assemblage data. 

For the reasons mentioned in the last paragraph, and also because of the lost of 
several cores during the transportations following our first coring campaign in Golestan 
National Park, we turned soon into the W and NW Iranian highlands from which good 
materials were provided to us by our colleagues from the Iranian National Center for 
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Oceanography, University of Tehran, and Geological Survey of Iran. In NW Iran, we could 
have access to four long (100 m) lacustrine cores from Lake Urmia in NW Iran, from which 
we subsampled two cores. In 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 Sahand. This PhD thesis is based on the pollen analysis of cores from 
these three sites.  

In Chapter I, a brief description is given on geomorphology, geology, climate, 
biogeography, and vegetation of Iran. Chapter II gives a summary literature review on the 
palaeoecological investigations in Iran and surrounding regions. Chapter III gives a history 
of our research including our field works and samplings. Chapter IV 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 from Iran and adjacent 
areas. The main sections of this chapter also contain the summaries of the papers 
presented in the last Chapter IV. Chapter V presents a summarized synthesis in French 
language for the French readers. Chapter VI presents the papers which were published in 
the course of this PhD thesis and also the manuscripts which have been submitted for 
publication and finally Chapter VII gives the conclusions and perspectives of this work. 
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Chapter I: 

PHYSICAL AND BIOGEOGRAPHICAL SETTING 
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1.1. Geomorphological  and geological context 

Iran is a high plateau bordered by several mountain ranges including the Alborz 
Mountains in the north, Kopeh-Dagh Mountains in the northeast, Azerbaijan Plateau in 
the northwest, Zagros Mountains extending from the 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 Shir-Kuh in central Iran (Fig. 1). The low-lying plain of the south 
Caspian region is ~26 m lower than the sea level whereas the central Iranian Plateau is 
about 900 m high. Many ridges are more than 4000 m a.s.l. and the highest peak is the 
Damavand volcano at 5671 m elevation. Caspian Sea, the largest lake of the world is 
located in northern Iran and southern Iran is connected to the Indian Ocean by Persian 
Gulf and Oman Sea. Glacial landforms can be observed in many mountain regions of Iran 
(Ferrigno, 1988). If Pleistocene glacial deposits have been documented from many 
mountain areas of Iran even in lower latitudes (Haars, 1974; Kuhle, 2004), modern 
glaciers do still exist in several very high massifs especially in N and NW Iran. 

Iran is composed of 11 major structural units (Fig. 2) (Stocklin, 1968; Berberian and 
King, 1981): 1. tectonically stable Arabian Precambrian platform in SW of the present 
Zagros Mountains, 2. Zagros Mountains 3. Sanandaj-Sirjan zone running parallel to the 
Zagros Mountains in its NE side which is in turn followed by 4. Urumieh-Dokhtar 
magmatic belt, 5. Central Iran-Lut between the Zagros in SW and Alborz and Kopeh Dagh 
Mountains in N and NE, 6. Lut Block in E Iran, 7. Alborz Mountains in N Iran bordering the 
southern part of the Caspian Sea, 8. Makran Subduction Zone in SE Iran, 9. Kopeh Dagh 
Mountains in NE Iran, 10. tectonically stable Turan platform which is the SE part of the 
Eurasian Plate, and 11. the south Caspian basin N of the Alborz Mountains (Figure 2).  

The majority of the present Iranian mountain ranges have resulted from the 
Arabia-Eurasia convergence (Jackson and McKenzie, 1984). The mountain formation and 
uplift have started since Cretaceous-Palaeocene and still continues creating the present 
compressional tectonic regime in the Iranian mountain belts (Berberian, 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 the Mesozoic rocks bordered in the south by the 
late Cenozoic central Iranian basin and in the north by the south Caspian basin (e.g. 
Stöcklin, 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 location of Iran in the Near East with major geomorphological 

features. 

Figure 1. [ƻŎŀƭƛǎŀǘƛƻƴ ŘŜ ƭΩLǊŀƴ ŀǳ tǊƻŎƘŜ-Orient avec les unités géomorphologiques 

importantes. 
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 They have been affected by several magmatic intrusions during the Tertiary. The 
exhumation of these intrusive masses has cropped out the huge and >4000 m a.s.l. high 
massifs such as the glacial Takht-e Soleyman massif including the 4850 m a.s.l. peak of 
Alam Kuh massif in east-central Alborz (Axen et al., 2001). The only Quaternary volcanic 
activity has occurred in the south central Alborz and has created the 5671 m a.s.l. high 
Damavand volcano. The present volcanic cone has been constructed by multiple eruption 
events since 1.8 Ma. The latest volcanism exposed as lava flows on W flanks is dated to 
7.3 ka (Davidson et al., 2007). At several occasions the lava flows of Damavand have filled 
the valley floors around the volcano and dammed the rivers creating palaeolake systems 
with different ages whose terraces can still be observed nowadays (Allenbach, 1966; 
Pandamouz, 1998). 

Zagros is a term given to a long (up to 1600 km) and wide (up to 600 km) mountain 
range extending in a NW-SE direction from the Hormoz Strait (SE Iran) to Southern 
Anatolia and Northern Syria. Zagros Mountains can be subdivided into three main zones 
(Berberian and King, 1981; Alavi, 1994): 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 
ǘƘƛǎ Ƴƻǳƴǘŀƛƴ ǊŀƴƎŜΣ ŀƴŘ оΦ ά½ŀƎǊƻǎ ¢ƘǊǳǎǘ ½ƻƴŜέ ƻǊ άIƛƎƘ-½ŀƎǊƻǎέ ǿƘƛŎƘ ŦƻǊƳǎ ǘƘŜ 
highest peaks of the Zagros Mountains. This zone is separated from central Iran by the 
Main Zagros Thrust fault.  

Zagros Mountains are mainly composed of marine carbonate and clastic 
sediments deposited in the former Neotethys which was located between the Iranian 
microplates and the Arabian Plate during the Mesozoic. The closure of the Neotethys was 
caused by the northward Arabia-Eurasia convergence since the Cretaceous (Berberian 
and King, 1981; Jackson and McKenzie, 1984; Alavi, 1994). In the main body of the Zagros 
which consists of a series of NW-SE trending parallel folds and thrust-cored anticlines 
called Zagros Folded Zone (Alavi, 1994),  deformation of the sediments started at least 
since the end of the Ecocene and is still continuing southwestward (Hessami et al., 2001).  

Many hydrologically closed intermountain basins occur in Zagros whose 
morphology and subsidence can be controlled by tectonic activities. These basins have 
been filled with thick alluvial or fluvio-lacustrine deposits (Dumas et al., 2003) and many 
of them still contain freshwater, brackish water, saline, hypersaline, and playa lakes 
depending on the amount of precipitation and the rate of evaporation. Lake Maharlou in 
SE section of the Zagros Mountains and Lake Urmia in NW Iran are two examples of 
tectonic, most probably pull-apart 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 in the Alborz Mountains have a landslide and rockslide origin. This 
ǎǘŀǘŜƳŜƴǘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΣ ǘƘŜ ŀǳǘƘƻǳǊΩǎ ŀƴŘ Ƙƛǎ ŎƻƭƭŜŀƎǳŜΩǎ ƻōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ 
frequent landslide events that strike the mountain areas of Iran. Examples of the 
landslide lakes are Lake 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 Caspian Sea, and Lake Mirabad 
(van Zeist and Bottema, 1977) among other examples.    

 

Figure 2. Structural subdivision of Iran into 11 major tectono-sedimentary units (after 

Berberian and King, 1981; Stöcklin, 1968) with the location of main Quaternary volcanic 

zones. 

CƛƎǳǊŜ нΦ {ǳōŘƛǾƛǎƛƻƴ ǎǘǊǳŎǘǳǊŀƭŜ ŘŜ ƭΩLǊŀƴ ŀǳȄ м1 unités tectono-sédimentaires όŘΩŀǇǊŝǎ 

Berberian et King, 1981; Stöcklin, 1968) avec la localisation des zones volcaniques qui 

présentent des volcanismes quaternaires.  
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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 located a metamorphic belt 
(Sanandaj-{ƛǊƧŀƴ .Ŝƭǘύ ŀƴŘ ǘƘŜƴ ŀ ōŜƭǘ ŎƻƳǇƻǎŜŘ ƻŦ ǾƻƭŎŀƴƛŎ ǊƻŎƪǎ ŎŀƭƭŜŘ ά¦ǊǳƳƛŜƘ-
5ƻƪƘǘŀǊ aŀƎƳŀǘƛŎ !ǎǎŜƳōƭŀƎŜέ (Alavi, 1994) which is composed of magmatic (plutonic 
and volcanic rocks) of Tertiary and particularly of Oligo-Miocene age (Berberian and 
Berberian, 1980). Sahand Volcanic Complex in NW Iran at the eastern side of Lake Urmia 
started erupting in the Middle Miocene when a large scale subduction-related 
magmatism occurred all along the Urumieh-Dokhtar Zone (Ghazi et al., 2002). This 
volcanism was then followed by several other post-collision volcanic activities leaving 
many lava flows, cones, tuffs and pumices in the area. The latest volcanic cones are very 
recent perhaps of Pleistocene and even Holocene age (Bordet et al., 1976; Berberian and 
Arshadi, 1977). Post-collisional volcanism has also produced other plutonic and volcanic 
masses such as the big Sabalan volcano and its associated structures  in NW Iran during 
the Plio-Quaternary (Albertini et al., 1976). Many small lakes, peat-bogs, and pozzines 
have formed in the volcanic craters (e.g. the Sabalan crater lake and the crater Lake 
Almalou (see Chapter I) and within topographic lows associated with the the glacial 
landforms. in addition, the Azerbaijan Plateau in NW Iran displays many lacustrine 
deposits of Plio-Pleistocene age including the diatomite deposits and also a very rich 
Miocene mammalian faunal assemblage located near Maragheh in SW side of the Sahand 
Volcano (Campbell et al., 1980).   

 

1.2. Climatic context 

Iran in general is an arid country with mean annual precipitation of less than 250 
mm (Ghasemi and Khalili, 2008). However, there is a very high variablilty in the amount 
and the mode of precipitation in different parts of Iran. In northern Iran, precipitation 
falls mainly during winter and spring time with summer rainfall still accounting for an 
important proportion of the annual precipitation (Sabeti, 1969). For example, in Bandar 
Anzali, SW Caspian Sea, mean average precipitation is 1853.5 mm but precipitations of 
more than 3000 mm have also been recorded. In Bam, SE Iran, in contrast, mean annual 
precipitation is 61.3 mm with lowest record being less than 25 mm1. Temperatures can 
also vary considerably between different regions and in different seasons. Mean January 
temperatures ranges from -2.7°C (absolute minimum temperatures: -36.0°C) in Saqez 
located in the Zagros Mountains and 12.7°C in Abadan in SW Iran. Contrastly, mean July 
temperatures vary between +36.8°C (absolute maximum temperatures: +53.0°C) in 
Abadan and 26.4°C in Saqez.  

Climate of Iran is controlled by several components of the general atmospheric 
circulation in the Northern Hemisphere (Figure 3). During the winter season the Siberian 

                                                           
1
 All meteorological data are from Iran Meteorological Organization. 
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High (high-pressure cell or anti-cyclone) is strengthened and causes very low winter 
temperatures over the Iranian Plateau. It blocks the penetration of the low-pressure 
cyclonic humid air masses originated from the Atlantic and the Mediterranean Sea which 
move towards the east by the westerly winds. During the less strong phases of the 
Siberian High (wet winter conditions), these cyclones manage to advance eastward 
following two main storm tracks (Figure 3) and cause winter precipitation mainly in the 
form of snowfall over Iran particularly over the mountainous regions (Stevens et al., 
2001). It seems that the winter precipitation in NW Iran is mainly correlated with the 
North Atlantic Oscillation (NAO), in the south Caspian region with the West 
Mediterranean Oscillation WeMO, in central Iran and much of the Zagros Mountains with 
the association of WeMO and the Scandinavian Pattern (SCAND), and finally in southern 
and central-eastern part of Iran weakly with North Hemisphere Snow Cover (NHSC) 
(Ghasemi and Khalili, 2008).  

During the spring, humid air masses coming from the Mediterranean Sea follow a 
storm track which passes over the Black Sea and absorb more humidity causing much 
precipitation as rain storms in NW Iran (Stevens et al., 2001). The southern half of Iran is 
deprived of this precipitation and remains dominated by winter precipitation (Raziei et 
al., 2008). Despite the 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 anti-cyclonic 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 any rainfall 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 area. NW Indian sub-continent is 
a transitional zone between the Mediterranean summer dry climate and Indian Summer 
Monsoon rainfall. This transitional zone shows high spatial variability in temperatures and 
rainfall and high temporal variability in the inter-annual rainfall amount with climate 
diagrams showing an intermediate Mediterranean-Monsoonal regime with unusual bi-
xeric and even tri-xeric features (Meher-homji, 1984).  

Topography and presence of some huge water bodies play a fundamental role in 
the spatial distribution of precipitation in Iran. Alborz Mountains in N Iran act as a barrier 
for the humidity of the Caspian Sea and deprive the arid central plateau of Iran of this 
source of moisture. In contrast, the humidity of the Caspian Sea accumulates on northern 
sides of the mountains and induces summer rainfalls and semi-permanent 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, the abrupt topography of the Alborz determines 
the spatial distribution of the precipitation and creates particular microclimatic conditions 
which are of great importance for creating high biotope diversity (Khalili, 1973; Akhani, 
1998).  
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Figure 3. Major atmospheric features controlling the precipitation over the Iranian Plateau. Westerlies 

are the major driving force of the humidity over Iran. Siberian High inhibits the penetration of the 

humid air masses but when it weakens, the 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 the 

spring precipitation and does not affect the southern half of the country. Modified from Stevens et al. 

(2001).   

Figure 3. Différents éléments du système atmosphérique qui contrôlent la précipitation sur le plateau 

iranien. Les westerlies sont la force majeure ǉǳƛ ǇƻǳǎǎŜƴǘ ƭŜǎ ƳŀǎǎŜǎ ŘΩŀƛǊŜ ƘǳƳƛŘŜ ǾŜǊǎ ƭΩLǊŀƴΦ tƻǳǊǘŀƴǘΣ 

la haut pression de Sibérie empêche le pénétration des cyclons en prevenance de la Méditerranée. 

[ƻǊǎǉǳŜ ŎŜǘǘŜ ƘŀǳǘŜ ǇǊŜǎǎƛƻƴ ǎΩŀŦŦŀƛōƭƛǘΣ ŎŜǎ ŎȅŎƭƻƴǎ ŀǾŀƴŎŜƴǘ ǾŜǊǎ ƭΩŜǎǘ Ŝǘ ǎǳƛǾŀƴǘ ƭŜǎ ζ storm tracks » 

causent la précipitation sous forme de la neige surtout sur les montagnes. Le « storm track 8 » est 

active au printemps et provoque des pluies orageuses uniquement sur la moitié nord de pays. Modifié 

ŘΩŀǇǊŝǎ {ǘŜǾŜƴǎ Ŝǘ ŀƭΦ όнллмύΦ  


