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ABSTRACT
This study presents evidence for the existence of a vast and ancient lake that occupyed 
a large area of central Iran during the Holocene. The northwestern fringe of the lake, 
located in the southeast of Tehran, was chosen as the study area. Remains of a Paleo 
Lake scarp was studied using aerial photographs, Quick Bird satellite imagery, and 
topographic maps. Furthermore, archeological sites within the region were identified 
and located, and evidence for the lake was obtained through correlation of these data. 
Eight shorelines were identified between 1100 – 950 m above sea level, with a depth of 
3 – 15 m, and a 43 km in lenght. The results indicated that the active Quaternary faults 
named North Rey, Kahrizak, and South Rey are in fact the three main topographic 
levels of the paleo lake and from now on they cannot be considered as the faults. Soil 
granulation and thin sections showed the presence of non-compacted lake sediments. 
Results revealed a remarkable association between the location of ancient settlements 
and altitude of the identified paleo shorelines. All settlements older than 5,000 years 
were located at 1,000 m. Certainly, the past climate of this region was very different 
from its contemporary one. Dating studies will provide valuable information about the 
exact age of the Paleo -Lake and paleo climate changes.
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1 INTRODUCTION

Pedrami (1981) described two faults called Vali Abad and 
Saleh Abad in Rey city, Tehran province, Iran. Berberian 
(Berberian et al. 1985) named them as North Rey and 
South Rey faults. Later, extensive studies were conducted 
on these faults, and numerous papers were published 
on their geometry and even historical and prehistoric 
earthquakes that may have occurred associated with the 
movements of these faults (Ambraseys and Melville 1982; 
Berberian and Yeats 1999; Ghodrati Amiri, Motamed, and 
ES-Haghi 2003; Ghodrati Amiri, Mahmoodi, and Razavian 
Amrei 2008; Jafari 2003; Nazari 2006; Solaymani Azad 
2009). However, there is a fundamental flaw, that is, 
these scraps, which had been identified as faults, are 
parallel to the topographic contours. Geologically, the 
exposure of a fault is parallel with a topographic contour, 
when that fault is horizontal (Ramsay and Huber 1987). 
There is no such tectonic regime in the Central Alborz 
region of Iran, which is a young collision zone (Berberian 
2014), so such faults cannot exist in this area. In addition, 
Rieben (1953, 1955, 1960, 1966) pointed to the presence 
of lake-like sediments in the southern portion of Tehran, 
which was later called as the Bs unit on the Tehran 
Geological map (Dellenbachs 1964). Nazari et al. (2010) 
found no evidence of active faults in the trenches dug 
parallel and perpendicular to the Kahrizak, North Rey and 
South Rey scarps. In fact, no clutter or displacement was 
observed in the sediments. According to Nazari, these 
scarps are a morphological phenomena unassociated 
with faulting. 

Evidence such as the existence of horizontal scarps 
parallel to the topographic contours, as well as the 
existence of lake sediments in the vicinity of these 
scarps indicate the existence of a paleo-mega lake in 
this part of Iran. This was later confirmed by Berberian 
and Yeats (2016). Thus, the present study focuses on the 
doubts about the nature of the mentioned faults and 
strengthening of the hypothesis regarding the presence 
of an ancient lake extending into the southeastern 
area of Tehran at the end of the Quaternary period. It is 
possible that that local or global climate changes may 
have influenced this region. 

Climate change, as one of the major global challenges 
is being investigated by researchers, scientists, planners, 
and politicians partly due to the persistent increase in 
the global warming associated with the greenhouse 
effect (Akkermanns et al. 2010). Jones et al. (2013) 
stated that the climate of Iran changed in the fourth 
millennium B.C. Hamzeh et al. (2016; 2017) determined 
the Holocene paleoenvironment of the Sistan basin 
by dating the core sediments from the dry lakebed of 
Hamoun. Mehrjardi (2002) studied the climatic change 
in Yazd region using the micro-morphological evidence. 
Changes in the alluvial fans along the foothills of the 
Alborz Mountains showed that the climate of Tehran 

area has changed in the last millennium (Beaumont 
1972). Okhravi and Djamali, (2003) and Djamali et al. 
(2006) documented the evidence regarding the presence 
of a historical lake in the Zavieh and Saveh region south 
and southwest of the study area. Climate change in the 
Middle East (Akkermanns et al. 2010; Peterson et al. 
1979; Dastorani et al. 2011), especially in Iran has been 
reported by many authors (Kehl 2009; Mohammadi 
2012; Farshad 2013; Amiri and Eslamian 2012; Schmidt 
et al. 2011; Lateef 1988; Kehl et al. 2009). Change in 
the water levels in the lakes around the world (Street 
and Grove 1979) as well as the Urmia lake (Zoljoodi 
and Didevarasl 2014; Jahanbakhsh, Adalatdost, and 
Tadayoni 2011; Mahmoei et al. 2012), Sistan Playa 
(Jarahi and Nadalian 2013b; Vekerdy and Dost 2006; 
Smith 1974; Costantini and Tosi 1978), Hoze Soltan 
Playa (Huntington 1905) Haj-Ali-Qoli Playa (Jarahi and 
Nadalian 2013a; Mousavi et al. 2013), Great Kavir Desert 
(Jarahi 2016; Jarahi, Naraghiaraghi, and Nadalian 2016), 
Zaribar Lake (Snyder et al. 2001; Stevens, Wright, and Ito 
2001), Caspian Sea (Naderi Beni et al. 2013; Ramezani 
et al. 2008), and other places (in Iran) has been studied 
previously (Mehrshahi 2002; Roberts and Wright 1993; 
Ramesht 2001). Various extensive studies have been 
conducted about the ancient lakes in the world. Drake 
and Bristow (Drake and Bristow 2006) studied changes 
in water level in the Sahara Desert during the Holocene. 
They believed that the Megachad paleolake was bigger 
than the Caspian Sea 7,000 years ago. Bouchette et 
al. (2010) simulated the mean hydrodynamics of the 
Megachad using a three-dimensional numerical model. 
Bachofer et al. (2014) and Schuster et al. (2009; 2014) 
delineated the paleo shorelines in the Lake Manyara 
Basin using TerraSAR-X Data. They found four levels of 
shoreline with a maximum of 76 m above today’s level. 
There are several papers and reports publishing valuable 
information about past climatic conditions and the 
presence of numerous lakes in the Central Iran, close to 
the study area. 

First, the historical books and reports will be reviewed. 
The ancient lake of Saveh is one of them. An account 
of a now absent Saveh Lake (named after a city in 
the southwest of the study area near the Great Kavir 
Desert) is mentioned in Tarix-I Qom (Qomi and Qomi 
1934; Dieulafoy 1887; Dickie et al. 1978; Hill and Grabar 
1967). He reports the drying of Saveh Lake during the 
Hakhamaneshi period between 500 – 400 B.C. According 
to this account there was a lake between Ekbatan 
(ancient Hamedan) and Rhagae (ancient Rey). Hassan 
Qomi and Oomi (1934) indicated that there was a great 
lake covering the land of Saveh and Qom. In addition, 
Hossaini Qumi (Huntington 1905; Qummi 1976) 
mentioned that one of the Persian kings discharged the 
lake located in Aveh (25 km south of Saveh city). There 
are many comparable stories about now absent lakes 
in Iran (e.g., in Golpaygan) (Okhravi and Djamali 2003). 
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Mustawfi Qazvini (Qazvini, Browne, and Nicholson 1330) 
stated that the Saveh Lake was situated in the Saveh 
town and was fed by the Mazduqan-Chay, the long river 
passing through the southern part of Saveh. This story 
has been similarly recounted in some major books listed 
below (Okhravi and Djamali 2003):

•	 Tarrx ur-Rusul-i va al-Mula of Muhammad-ibn-i 
Djarir-i Tabari (260 H.Q.)(Tabari 1972)

•	 Tarix-i Ya’qabi of Ahmad-ibn-i Abi Ya’qab (3th century 
H.Q.)

•	 Mudjmal ut-Tawarix-i va al-Qisas of an anonymous 
writer of 6th century H.Q.

•	 FarsnAma of Ibn ul-Balxi (7th century H.Q)
•	 Tarix-i Guzida (730 H.Q.) and Nuzhat ul-Qtdab of (740 

H.Q.) of Hamd Mustawfi Qazvini
•	 Nuzhat ul-Qulub of Hamd Mustawfi Qazvini (740 H.Q.)
•	 Athar va Axbar ulebad of Zakareya ibn-i Mahmud 

Qazvini (7th century H.Q.)

Based upon these texts, it appears that the lake had 
started to dry up in the first millennium B.C. The water 
level was down from Hamedan (elevation of 1800 m) to 

Saveh (level of 1100 m). Then, during the Parthian and 
Sassanian dynasties, the lake level was near the Varamin 
in SE of Tehran (elevation of 1000 m). But, currently, there 
are no traces of this lake. 

The study area is located to the south and southeast 
of Tehran, south of the Central Alborz Mountains (Figure 

1). Figure 1 shows the level of 1000 m above sea level, as 
one of the main levels of the paleolake. Obviously, the 
study area covers only a small part of the northwestern 
shores of the paleolake. As mentioned earlier, this 
research mainly focuses on the hypothesis regarding the 
existence of an ancient lake in the southeastern area 
of Tehran. Given that, each of the scarps of North Rey, 
Kahrizak, and South Rey is parallel to a separate altitude, 
it can be expected that the changes in the lake’s water 
level could have left several different levels. Thus, the 
present study is conducted to study the evidence and 
phenomena left over from the ancient lake southeast of 
Tehran. In fact, the existence of such a lake is officially 
studied for the first time in this paper. Most of the 
mentioned scarps have disappeared because of urban 
development in recent decades. However, there is still 
abundant evidence.

Figure 1 The study area (Box A) is located on the southern slopes of the central Alborz Mountains. As can be seen, the ancient lake 
(Blue line) was vast and covered 137000 km2 of northern Iran (at an altitude of 1000 m above sea level). The city of Rey, one of the 
ancient cities of Iran, is located on the northwest coast of this lake. Note to the distribution of other ancient cities on the shores 
of the Paleo lake. The Digital Elevation Model (DEM) with an accuracy of 10 m was taken from the United States Geological Survey 
(USGS) to provide the map background.
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2 METHODOLOGY

As mentioned before, the existence of numerous and 
horizontal scarps are discussed in the southern region 
of Tehran. The main objective of the present study was 
devoted to remote sensing. The exact position of the 
scarps was determined using the SDclass (1969) aerial 
photographs, Landsat satellite images (1977–2015), 
and DEM (10 m). Then, their main parameters including 
height, length, altitude, and other information were 
calculated and mapped. In addition, suitable stations 
were identified for field visits. The second part of this 
study was devoted to field reconnaissance for ground 
proofing. A comprehensive survey was conducted of 
the scarps while investigating the stations identified 
by remote sensing techniques. The valleys geographic 
setting is almost perpendicular to the scarps formed 
by the rivers and used as natural profiles. These profiles 
can be used to record the sedimentary singularities, the 
slope of sediment stratigraphy, changes in the thickness 
of sedimentary layers, and changes in the thickness 
of sediments across the precipice. Water wells as well 
as Qanats can greatly help to obtain the sedimentary 
information. Various sediments were sampled with 
proper dispersion. The third section included the 
laboratory studies such as the sedimentological and 
microscopic studies on thin sections prepared from 
the samples. Such sections are made of hard or semi-
hardened sediments.

3 RESULTS
3.1 REMOTE SENSING
Remote sensing provides valuable information about the 
extent and distribution of the ancient lake features. The 
development of urban expansion in the recent decades 
has caused some of the evidence and remnants of the 
ancient lakeshore to be destroyed or to disappear entirely 
(Figure 2). Some of these features are currently owned by 
governmental agencies and cannot even be visited. The 
Landsat satellite images captured from 1977 to 2015 
(48-year period) were used to study the lakeshore in 
the eastern part of the study area (Cadre D in Figure 3). 
Remains of the paleo shoreline can be seen in the form of 
light bands (almost white). Clearly, most of the evidence 
has been lost over nearly half a century. The main factor 
involved in the development of urban development 
in this region can be related to the construction and 
expansion of the Tehran-Mashhad Freeway. Towns such 
as Enghelab, Qiyam Dasht, Khavaran, and Khavarshahr 
are among the residential areas playing the most 
important role in the destruction of the evidence of the 
ancient lake. This is only a small part of the study area 
that indicates the destructive role of urban planning in 
eradicating the remains of the lake.

The 1969 SDclass satellite imagery dataset was used 
with a resolution of 3.5 m for separating and mapping the 
lakeshore. Notably, there are older aerial photographs taken 
after 1955 from this area. Dimensions of these images are 
small, and their accuracy decreases from the center to 
the edge of the image, increasing the error of the studies.  
Surface changes in the region between the dates of these 
photos until 1969 are very insignificant and negligible due 
to the low rate of urbanism development during that period. 
After the SDclass satellite imagery dataset was accurately 
geo-referenced using the Quick Bird satellite images, with 
GPS control points, all the phenomena and artifacts related 
to the remains of the ancient lake were measured. White 
stripes can be seen running parallel to each other. Each of 
these bands, which are in the form of the scarps recounts 
one of the water levels of the ancient lake. Table 1 shows 
the information about the scarps.

Paleo shoreline of PS1 formerly known as the North 
Rey Fault begins at Cheshmeh Ali in southeastern Tehran 
and continues north of Islamshahr city. The PS1 coast 
consists of a 12-m scarp that is more than 16 km long. 
The scarp follows the 1100 m altitude along its route and 
is generally the highest known beach in the current study. 
The lake's white sediments are a hallmark of this scarp 
and other known scarps making it easy to be identified in 
the satellite imagery.

Paleo shoreline of PS2 scarp ranks the second with 
an elevation of 1050 m in terms of altitude. The PS2 is 
the longest identified paleo shoreline and includes two 
sections for a total length of 45 km. The average height 
of this scarp is about 13 m and it divides the plain south 
of Tehran into a northern and southern half. The western 
boundary of this shoreline disappears in the Islamshahr 
region. But its eastern boundary can be traced back to 
the Khavarshahr city after a 5-km gap. This section is 
one of the best areas for identifying and tracking the 
shorelines in the study area. The scarp PS2a, which is 
2 m lower than the PS2 level, cannot be considered a 
western continuation of the PS2 scarps due to the lack 
of sufficient information. However, it will be possible to 
establish a clear relationship between the two scarps 
after investigating the thickness of the subsurface 
sediments, depth of the bedrock, subsidence rate, and 
finally the rate of groundwater changes. But for now, 
the second scarp is introduced as a subset. In general, 
this collection of scarps is known as the PS2a series to 
the PS2d between the Khavarshahr city and the Parchin 
(Figure 3). This series consists of four main scarps, with a 
height of 3 – 12 m, and the length of 3 – 13 km. These 
scarps occur at elevations of 1030, 1040, 1045, and 1048 
meters.

Paleo shoreline of PS3 scarp has a height of 15 m is 
located 20 km south of Tehran and 10 km south of Rey with 
an almost east-west trend (Figure 3). This scarps was first 
described by Berberian et al. (1985) as the Kahrizak Fault. 
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After that, de Martini et al. (1998) dug two trenches on the 
Kahrizak scarp and estimated a slip rate of 3.5 mm/year.  
However, Nazari et al. (2010) considered these scarps as 

the shores of an ancient lake based upon geophysical 
and long-term seismological studies. They suggested a 
height of 1000 m for this beach. However, the remote 

Figure 2 Urbanism development and its effect on the shoreline traces (white color bands). Upper image is of SDclass satellite and 
others are Landsat series. (Cadre D in Figure 3).

https://doi.org/10.5334/oq.94
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sensing studies and comparison of the results with 
the topographic maps, indicte that this scarp does not 
correspond to the 1000 m elevation described above. 
Scarp erosion (caused by the natural and human factors) 
has caused the slope of the upper parts to be much softer 
than the heel of the scarp. From 1000 (lowest level) to 

1010 m, the slope is steep and then, to the level of 1015 
m, the slope is milder and then, the natural slope of the 
earth is restored. According to the available evidence, an 
elevation of 1015 m can be suggested as the main level of 
the ancient lake in the Kahrizak region. The two important 
factors of erosion and urbanization have eliminated most 

Figure 3 The position of the scarps of the ancient lakeshore (white stripes) in the southeastern region of Tehran is shown on the 1969 
satellite images. The scarps are all horizontal and parallel to the topographic contours. In the area of Rey plain, where agriculture is 
being conducted adjacent to human communities, the number of visible scarps is much lower than in more marginal areas, such as 
the eastern part of the study area (east of the Parchin city). Note the high density of the Qanats in the southern region of Rey. In the 
lower part of the image, the three areas where the most evidence can be seen are considered for further study. 

PALEO SHORELINES ALTITUDE (M) LENGTH (KM) HEIGHT(M) LOCATION

PS-1 1100 16  12 North of Rey

PS-2 1050 24 & 21 & 13 Parchin to Khavarshahr 
cities, & South of Rey

PS-2-a 1050 3 3

PS-2-b 1045 14 3

PS-2-c 1040 4 & 3 8

PS-2-d 1030 7 & 4  5

PS-3 1010 41  15 South of Kahrizak

  PS-3-a 950 8  8 West of Varamin

Table 1 The information on the paleo shorelines in SE Tehran.
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of the evidence in this area. In this regard, the conclusion 
depends upon comparison of this level with other areas 
in southern Tehran.

3.2 FIELD STUDIES 
Several field studies that were made in the south to 
southeast area of Tehran are described that were 
focused upon accurately identifying and mapping the 
paleo shoreline.  The Marne and sandy Marne sediments 
of the lake are light cream in color (depending on the 
percentage of iron in the sediment) with a 10 – 15- m 
high scarp, clearly distinguishable from other geological 
phenomena in the region. Sandy parts with calcareous 
cement, in the form large numbers of rocky nodules can 
be seen in the areas where erosion has not been able to 
carry them away (Figure 4). There is a difference in color 
in comparison when compared with other sediments, for 
instance an abundance in waterways make them easy 
to identify in the field. In stream and river exposures, the 
longitudinal axis of these nodules is often vertical with 
branches surrounding it. Frequent and nested drillings by 
worms, as well as high porosity are prominent features of 
these nodules when the samples are observed manually 
or under the microscope. Rieben (1955) and Berberian 
et al. (1985) have already considered this in describing 
the Kahrizak clayey silts. Numerous holes in various sizes, 
resulting from worm drilling (worm tubes) are abundant in 

the samples. Interestingly, a very large number of broken 
pottery fragments (Kāmbakhsh-Fard 1991), related to the 
ancient artifacts and tools dating back to 3200 years BP 
can be found when walking along the edge of the scarp 
and around it (Figure 4). Therefore, the age of sediments 
is older than the artifacts. Almost, a complete profile of 
the sedimentary series of lake deposits can be seen in 
the areas where seasonal streams and rivers have incised 
trenches into this sedimentary unit (Cadre A1 in Figure 3). 
As expected, no evidence of creases or faults was found 
during study of these trenches. The lake sediment thickness 
gradually increases and reaches its maximum value at the 
edge of the scarp while traversing the river (Figure 5).

The study area has an extensive and complex network 
of qanats (Figure 3) densely distributed upon the plain of 
Tehran at an elevation of ​​950 to 1100 m.  Nearly all the 
qanats have been dug in lake sediments between these 
two elevations.  Study of the qanat wells in the Khavarshahr 
region excavated along the scarp route revealed a thin 
layer with a less than 15 cm of thickness including wide-
lying alluvium and debris on the upper horizons of the 
sediments. Beneath this layer, a period of light cream-
colored limy marl layers can be seen separated by the 
interbedded limy sand with a less than 10 cm of thickness 
(Figure 6). The alternating marl and sandstone can be seen 
to the bottom of the well (12 m deep). Studying the lower 
parts of this depth requires digging trenches.

Figure 4 Samples collected from the Kahrizak scarp. Worm tubes are abundant in the samples. The dimensions of these holes range 
from 5 to 50 mm showing the variety in the size and age of the worms during the life of the lake. Broken pieces of the ancient pottery 
can be seen abundantly on the top of the scarp (the key is 6 cm long and is placed as a scale).
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3.3 LABORATORY STUDIES
3.3.1 Soil Classification 
Ten samples of unstructured sediments were taken 
from the scarps of the region in order to investigate 
the characteristics of the shoreline sediments, and 
to determine the origin and type of the sedimentary 
environment (Roser and Korsch 1986; Veldkamp and 
Kroonenberg 1993; Bhatia 1983) (Figure 3). Attempts 
were made to obtain these samples with appropriate 
distribution from different parts of the region. They 
were tested for granulation, Atterberg limits and 

definition of the plasticity limits. For this purpose, first, 
the surface soil was removed to a depth of 30 cm to 
ensure that the sample was taken from the sediments 
of the paleo shoreline. According to the Unified Soil 
Classification System (USCS), the lake’s sediments 
are classified into the ML group (Figure 7). Liquid limit, 
plastic limit, and plasticity index were determined while 
performing the test on the samples to determine the 
limits of Atterberg. Sediment of the lake was classified 
into CL (Lean Clay) type with very low permeability 
(Figure 8).

Figure 6 Qanat wells near Khavarshahr with 2 m diameter and about 12 m depth, on the PS2-d scarp. The placement of lake 
sedimentary layers on high-permeability sediments (Series B) has caused the subsurface water to flow beneath these sediments. The 
ancient people passed through impenetrable units and built the horizontal channel of the Qanat between these two sedimentary 
units by digging the qanat to reach the lower layer. Most of these wells and qanats have collapsed and been blocked due to 
subsurface erosion of tunnels and subsequent qanat collapse. Qanats have now been OSL dated to about 4,000 years BP. They 
provide a lower limit bracketing date for the lake sediments.

Figure 5 The more than eight meter deep channel of the Kan River, is incised into lake sediments (1080 m above sea level) south of 
Chardange city (South Rey scarp). The white fold line shows the boundary of light-colored lake sediments with older units (northward 
view). They are completely horizontal between the layers with light to dark cream colors in this profile. The river trench is almost 
perpendicular to the shoreline. The thickness of the sediments increases by traversing from north to south.  Sedimentary units 
suddenly disappear at the edge of the scarp. (Box A1 in Figure 3).
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Figure 7 Granulation test of the sedimentary samples in the study area. The mesh size used for granulation is shown at the top 
of the chart. The second part of sediments that was smaller than mesh size of 200 was determined by the hydrometric test., i.e., 
hydrometer analysis.

Figure 8 Test results regarding determining the plasticity of sedimentary samples that indicate the CL range. Such soil has very low 
permeability.
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3.3.2 Thin Section Studies
Sedimentation of the lake sediments is very low and 
attributed to the limited time from deposition. With 
an exception of bone-shaped nodules, the rest of the 
sediment is still uncompacted and can be drilled even 
without using tools. In this part, thin sections were 
prepared from 12 hardened nodule samples. Microscopic 
lithology studies were performed on them. Sediments 
were identified as fenestral lime mudstone with texture, 
discoloration in normal and polarized light, and porosity 
and citric acid testing (Scholle and Ulmer-Scholle 
2005; Tucker 1991) (Figure 9). This type of sediment is 
formed in the sedimentary environments up to semi-
calm freshwater to brackish environments. These types 
of nodules, with the mentioned features are actually 
the remnants of the worm-drilling path in the lake 
sediments. Identifying the type of organism causing 
these excavations requires further study.

4 DISCUSSION

Settlements are established in the areas where there 
are favorable living conditions (Pacey 1993). Shorelines 
of the seas and lakes are one of the most developed 
residential areas compared to other areas (Mikhail 2016). 
The paleo-shoreline of the ancient lake located in the 
southeast of Tehran has served as a good platform for the 
formation of a settlements in terms of soil development, 
climatic conditions, access to fresh water, and lacustrine 
communication links, in its time and even to this day. The 
establishment of settlement requires a sufficient area 
with suitable soil for agriculture, brick production, and 
pottery. There are several brick kilns in the Kahrizak region 
that have used the sediment of the lake as the main 
material for brick production. Furthermore, vast expanse 

and relatively mild topography play an important role in 
choosing the lakeshore to build a settlement. 

The first signs of the formation of settlements in 
southern Tehran include the discoveries of the Qarchak 
Campus Hill, which is 8,000 years B.P. (Gillmore et al. 
2011; Gillmore et al. 2009) and Segaz Abad; Maghsoudi 
et al. 2014). Following that it dates back to the Neolithic 
and Bronze Age (5200–4300 years ago) based on the 
discoveries of the ancient Cheshmeh Ali Hill (Wong, 
Petrie, and Fazeli Nashli 2010). According to the evidence 
for settlements in and around the Rey region up to the 
present day, this region has a long history of human 
occupation. 

The development and expansion of human societies in 
the Tehran area is the main reason for the disappearance 
of paleo shoreline evidence. The scarps have been 
repeatedly influenced by erosion and urbanization, and 
most of them have been destroyed. In some areas, 
the network of streams or excavations resulting from 
the construction of roads and buildings has led to the 
creation of a new topography. However, phenomena 
such as heterogeneous subsidence and erosion have 
caused scarps not to be exactly parallel to specific 
elevatons, and sometimes to be slightly different from 
the topographic contours. Given these interpretations, 
if the tectonic uplift of the region is ignored (Berberian 
2014), the levels for each scarp will always be less than 
the actual initial level. Each of these scarps represents a 
water level for the paleolake. 

Therefore, the significant number of these levels 
indicates major changes in the water depth. 

Obviously, such changes are directly related to the 
changes in the regional and ultimately global climate. 
Further comments on the long-standing climate debate 
requires the additional study. But, certainly, higher levels 
indicate increased relatively stable annual rainfall, which 

Figure 9 Micrograph related to the Rey scarp (PS-A9). The relatively thick clay skin under the plain-polarized and crossed polarized 
lights. Brown spots in lower part of the image show the presence of iron oxide on the drilled edge caused by the worms. 
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would result in stable water levels, and lower levels 
would indicate decreased annual rainfall, which may 
or may not have been characterized by greater climatic 
fluctuation. 

Remote sensing studies showed that in the central 
Iran, all the settlements formed at altitudes below 1,000 
m are less than 5,000 years old indicating the unfavorable 
conditions of the settlements at that time. In other 
words, the existence of a vast lake in this area has led to 
the formation of the settlements on its shoreline. Human 
beings have moved to lower regions and formed new 
younger settlements there following the decrease in the 
water levels and change in the climatic conditions (Pacey 
1993; Selin 2008). Iranian qanats are less than 4,500 
years old (Fattahi 2015) meaning that humans had not 
previously acquired the technology to dig the qanat, 
or they did not need to build the qanat to discover its 
technology because of easy access to the freshwater and 
humid climates. If we accept that such a lake had existed 
in the south of Tehran, other confirmatory evidence 
must be found in other parts of central Iran. This case 
is confirmed despite the paleo shoreline for 1000 m of 
altitude in the Kashan region, where the 8,000-year-
old Sialk civilization is located. Numerous ancient cities 
such as Saveh, Jahan Abad, Anarak, Jajarm, Sabzevar, 
Bajestan, etc., have been built exactly on the mentioned 
altitude, all of which are more than 5,000 years old 
(Figure 1). 

CONCLUSION 

In this study, geological evidence for the presence of 
ancient lakes south and east of Tehran was investigated. 
In addition, it was suggested that the location and 
development of the ancient settlements in that area of 
Tehran was related to the existence of high shore lines 
related to deep Holocene Lakes. It is suggested that the 
presence of such lakes was related to a much different 
climate than the one presently occurring in the area. 

In general, the geological evidence indicates the 
existence of a vast paleolake in central Iran the paleo 
shorelines of which extend to the Rey and Kahrizak 
regions. The coastline, in the form of numerous scarps 
is 3 – 15 m high and 3 – 43 km long. Study of rock 
samples taken from the shoreline scarps indicated their 
formation in water ranging from fresh to brackish water 
environments. 

The sediments of these scarps are of fenestral lime 
mudstone and are light cream in color. Light brown 
hardened nodules, having a high porosity due to worm 
drilling can be seen on the surface of the earth and 
the texture of sediments. These sediments are slightly 
permeable. Therefore, they have played an important role 
in the transfer of groundwater and have overshadowed 
the explanation regarding the qanat network. 

Shoreline evidence suggests that there were changes 
in the lake’s water level ranging from 1,100 to 950 m. At 
least eight stages of climate changes may be reflected 
from these changes in paleolake shorelines. From nearly 
8,000 years ago to the present day, several periods of 
human settlement have been established in the region. 
It has been proposed that these geographical locations 
are linked to the presence of the lake shoreline and the 
various levels of the paleolake. 

Therefore, geomorphic and geologic data suggest 
that there was a paleomega lake in the southern region 
of Rey sometime in the late Quaternary. This lake 
underwent several major changes in its water level. 
However, dating of the lake deposits is still a problem. 
One issue is the carbonate content of the sediments. 
OSL dating may help or paleomagnetic dating as well. 
Currently, there is not enough evidence to determine 
the relationship between the age of the lake and that of 
the settlements. Tephrochronolgy, which is low cost, and 
can be easly performed in laboratories in Tehran might 
offer a solution. Such studies on different soil horizons, 
in sediments beneath the paleo shorelines, as well as 
on top of them might provide a way of providing some 
dating control on the lakes. 

ACKNOWLEDGEMENTS 

I’m grateful Prof. Peter Wigand because of his kindly 
revising that casing a good help for this paper. Moreover, 
I’m thanks full of Dr. Douglas B. Sims for his constructive 
comments.

COMPETING INTERESTS

The author has no competing interests to declare.

AUTHOR AFFILIATIONS

Hadi Jarahi  orcid.org/0000-0002-7256-4652 

Department of Geoscience, North Tehran Branch, Islamic Azad 

University, Tehran, Iran

REFERENCES 

Akkermanns, PMMG, van der Plicht, J, Nieuwenhuyse, OP, 

Russel, A, Kaneda, A and Buitenhuis, H. 2010. Weathering 

climate change in the Near East: dating and Neolithic 

adaptations 8200 years ago. Project Gallery Archive. 

Antiquity Project Gallery, 84(325). http://www.antiquity.

ac.uk/projgall/plicht325Anderson.

Ambraseys, NN and Melville, CP. 1982. A History of Persian 

Earthquakes. Cambridge: Cambridge University Press.

https://orcid.org/0000-0002-7256-4652
https://orcid.org/0000-0002-7256-4652
http://www.antiquity.ac.uk/projgall/plicht325Anderson
http://www.antiquity.ac.uk/projgall/plicht325Anderson


12Jarahi Open Quaternary DOI: 10.5334/oq.94

Amiri, MJ and Eslamian, SS. 2012. Investigation of Climate 

Change in Iran. Journal of Environmental Science and 

Technology, 3: 208–16. DOI: https://doi.org/10.3923/

jest.2010.208.216

Bachofer, F, Quénéhervé, G and Märker, M. 2014. The 

Delineation of Paleo-Shorelines in the Lake Manyara Basin 

Using TerraSAR-X Data. Remote Sensing, 6(3): 2195–2212; 

DOI: https://doi.org/10.3390/rs6032195

Beaumont, P. 1972. Alluvial fans along foothills of the Elburz 

Mountains, Iran. Palaeogeography, Palaeoclimatology, 

Palaeoeeology, 12: 251–71. DOI: https://doi.

org/10.1016/0031-0182(72)90022-3

Berberian, M. 2014. Earthquake and Coseismic Surface 

Faulting on the Iranian Plateau; a Historical, Social, and 

Physical Approach. Amsterdam: Elsevier. DOI: https://doi.

org/10.1016/B978-0-444-63292-0.09993-2

Berberian, M, Qorashi, M, Arzhang-ravesh, B and Mohajer-

Ashjai, A. 1985. Recent Tectonics, Seismotectonics, and 

Earthquake-Fault Hazard Study of the Greater Tehran 

region, Tehran Quadrangle Area. Contribution to the 

Seismotectonics of Iran, Part V, Report No 61. Tehran: 

Geological Survey of Iran.

Berberian, M and Yeats, RS. 1999. Patterns of historical 

earthquake rupture in the Iranian plateau. Bulletin of the 

Seismological Society of America, 89: 120–39. DOI: https://

doi.org/10.1016/B978-0-444-63292-0.00016-8

Berberian, M and Yeats, R. 2016. Tehran: An Earthquake Time 

Bomb. In Sorkhabi, R (ed.), Tectonic Evolution, Collision, 

and Seismicity of Southwest Asia: In Honor of Manuel 

Berberian’s Forty-Five Years of Research Contributions, 

525. The Geological Society of America. DOI: https://doi.

org/10.1130/2016.2525(04)

Bhatia, M. 1983. Plate tectonics and geochemical composition 

of sandstones. Journal of Geology, 91: 611–27. DOI: https://

doi.org/10.1086/628815

Bouchette, F, Schuster, M, Ghienne, J-F, Denamiel, C, 

Roquin, C, Moussa, A, Marsaleix, P and Duringer, P. 2010. 

Hydrodynamics in Holocene Lake Mega-Chad. Quaternary 

Research, 73(2): 226–236. DOI: https://doi.org/10.1016/j.

yqres.2009.10.010

Costantini, L and Tosi, M. 1978. The environment of southern 

Sistan in the third millennium B.C. and its exploitation by 

proto-urban Hilmand civilization. In Brice, WC (ed.), The 

environment history of the Near and Middle East since the 

last Ice Age, 165–83. London: Academic Press.

de Martini, PM, Hessami, K, Pantosti, D, D’Addezio, G, 

Alinaghi, H and Ghafory-Ashtiani, M. 1998. A geologic 

contribution to the evaluation of the seismic potential of the 

Kahrizak fault (Tehran, Iran). Tectonophysics, 287: 187–99. 

DOI: https://doi.org/10.1016/S0040-1951(98)80068-1

Dellenbachs, J. 1964. Contribution à l’étude géologique de 

la region située à l’est de Téhéran (Iran). Strasbourg: Univ. 

Strasbourg 

Dickie, J, Grabar, O, Grube, EJ, Jones, D, Lewcock, R, Michell, 

G, Petherbridge, GT and Sims, E. 1978. Architecture of 

the Islamic World, Its History and Social Meaning. London: 

Thames & Hudson.

Dieulafoy, J. 1887. La Perse. Paris: la Chaldée et la Susiane 

Hachette.

Djamali, M, Soulié-Märsche, I, Esu, D, Gliozzi, E and Okhravi, 

R. 2006. Palaeoenvironment of a Late Quaternary 

lacustrine–palustrine carbonate complex: Zarand Basin, 

Saveh, central Iran. Palaeogeography, Palaeoclimatology, 

Palaeoecology, 237: 315–34. DOI: https://doi.org/10.1016/j.

palaeo.2005.12.001

Drake, N and Bristow, C. 2006. Shorelines in the Sahara: 

Geomorphological evidence for an enhanced monsoon from 

palaeolake Megachad. The Holocene, 16(6): 901–911. DOI: 

https://doi.org/10.1191/0959683606hol981rr

Farshad, A. 2013. Geopedology Reports Historical Changes in 

Climate and Agroecology: A Case Study from Northwestern 

Iran. ECOPERSIA, 1: 145–58.

Fattahi, M. 2015. OSL dating of the Miam Qanat (KĀRIZ) system 

in NE Iran. Journal of Archaeological Science, 59. DOI: https://

doi.org/10.1016/j.jas.2015.04.006

Ghodrati Amiri, G, Mahmoodi, GH and Razavian Amrei, 

SA. 2008. Seismic Hazard Assessment of Tehran 

Based on Arias Intensity Parameter. In Int. Seismic 

Engineering Conference Commemorating the 1908 

Messina and Reggio Calabria Earthquake (MERCEA08)S, AIP 

Conference Proceedings 1020, 270–76. DOI: https://doi.

org/10.1063/1.2963844

Ghodrati Amiri, G, Motamed, R and Rabet Es-Haghi, H. 2003. 

Seismic Hazard Assessment of Metropolitan Tehran, Iran. 

Journal of Earthquake Engineering, 7: 347–72. DOI: https://

doi.org/10.1080/13632460309350453

Gillmore, G, Coningham, R, Fazeli Nashli, H, Young, RL, 

Magshoudi, M, Batt, CM and Rushworth, G. 2009. Irrigation 

on the Tehran Plain, Iran: Tepe Pardis — The site of a 

possible Neolithic irrigation feature? Catena, 78(3): 285–300. 

DOI: https://doi.org/10.1016/j.catena.2009.02.009

Gillmore, GK, Stevense, T, Buykeart, JP, Coningham, RAE, 

Batt, C, Fazeli, H, Young, R and Maghsoudi, M. 2011. 

Geoarchaeology and the Value of Multidisciplinary 

Palaeoenvironmental Approaches: A Case Study from the 

Tehran Plain, Iran. Geological Society of America Bulletin, 

352: 49–67. DOI: https://doi.org/10.1144/SP352.5

Hamzeh, MA, Gharaie, M, Alizadeh Lahijani, H and 

Moussavi-Harami, R. 2017. Aeolian sediments 

deposited in Lake Hamoun; the proxy of frequency 

and severity of dust storms in Sistan since the late 

glacial (Persian). https://www.researchgate.net/

publication/316609525_Aeolian_sediments_deposited_in_

Lake_Hamoun_the_proxy_of_frequency_and_severity_of_

dust_storms_in_Sistan_since_the_late_glacial_Persian [Last 

accessed 22nd September 2021].

Hamzeh, MA, Mahmudi Gharaie, MH, Lahijani, H, Djamali, M, 

Moussavi Harami, R and Naderi Beni, A. 2016. Holocene 

hydrological changes in SE Iran, a key region between 

Indian Summer Monsoon and Mediterranean winter 

https://doi.org/10.3923/jest.2010.208.216
https://doi.org/10.3923/jest.2010.208.216
https://doi.org/10.3390/rs6032195
https://doi.org/10.1016/0031-0182(72)90022-3
https://doi.org/10.1016/0031-0182(72)90022-3
https://doi.org/10.1016/B978-0-444-63292-0.09993-2
https://doi.org/10.1016/B978-0-444-63292-0.09993-2
https://doi.org/10.1016/B978-0-444-63292-0.00016-8
https://doi.org/10.1016/B978-0-444-63292-0.00016-8
https://doi.org/10.1130/2016.2525(04)
https://doi.org/10.1130/2016.2525(04)
https://doi.org/10.1086/628815
https://doi.org/10.1086/628815
https://doi.org/10.1016/j.yqres.2009.10.010
https://doi.org/10.1016/j.yqres.2009.10.010
https://doi.org/10.1016/S0040-1951(98)80068-1
https://doi.org/10.1016/j.palaeo.2005.12.001
https://doi.org/10.1016/j.palaeo.2005.12.001
https://doi.org/10.1191/0959683606hol981rr
https://doi.org/10.1016/j.jas.2015.04.006
https://doi.org/10.1016/j.jas.2015.04.006
https://doi.org/10.1063/1.2963844
https://doi.org/10.1063/1.2963844
https://doi.org/10.1080/13632460309350453
https://doi.org/10.1080/13632460309350453
https://doi.org/10.1016/j.catena.2009.02.009 
https://doi.org/10.1144/SP352.5
https://www.researchgate.net/publication/316609525_Aeolian_sediments_deposited_in_Lake_Hamoun_the_proxy_of_frequency_and_severity_of_dust_storms_in_Sistan_since_the_late_glacial_Persian
https://www.researchgate.net/publication/316609525_Aeolian_sediments_deposited_in_Lake_Hamoun_the_proxy_of_frequency_and_severity_of_dust_storms_in_Sistan_since_the_late_glacial_Persian
https://www.researchgate.net/publication/316609525_Aeolian_sediments_deposited_in_Lake_Hamoun_the_proxy_of_frequency_and_severity_of_dust_storms_in_Sistan_since_the_late_glacial_Persian
https://www.researchgate.net/publication/316609525_Aeolian_sediments_deposited_in_Lake_Hamoun_the_proxy_of_frequency_and_severity_of_dust_storms_in_Sistan_since_the_late_glacial_Persian


13Jarahi Open Quaternary DOI: 10.5334/oq.94

precipitation zones, as revealed from a lacustrine sequence 

from Lake Hamoun. Quaternary International, 408: 25–39. 

DOI: https://doi.org/10.1016/j.quaint.2015.11.011

Hill, D and Grabar, O. 1967. Islamic Architecture and Its 

Decoration A.D. 800–1500: A Photographic Survey. London: 

Faber.

Huntington, E. 1905. The basin of Eastern Persia and Sistan. In 

Pumpelly, R, Davis, WM and Huntington, E (eds.), Exploration 

in the Turkestan with an account of the basin of Eastern 

Persia and Sistan, 219–317. Washington, DC: Carnegie 

Institution of Washington.

Jafari, MK. 2003. Complementary Microzonation Studies for 

South of Tehran. IIEES, 1: 2–9.

Jahanbakhsh, S, Adalatdost, M and Tadayoni, M. 2011. Urmia 

Lake: The Relationship between Sunspots and Climate on 

the Northwestern of Iran. Geographic Researches Quarterly, 

25: 16656–84.

Jarahi, H. 2016. Probabilistic seismic hazard deaggregation 

for Karaj City (Iran). American Journal of Engineering and 

Applied Sciences, 9: 520–29. DOI: https://doi.org/10.3844/

ajeassp.2016.520.529

Jarahi, H and Nadalian, M. 2013a. Continent changing in 

Hajaliqoli Desert and its Relationship with the Position 

of Qomes Civilization. In First National Conference on 

Climatology of Iran. Graduate University of Advanced 

Technology.

Jarahi, H and Nadalian, M. 2013b. Hamoun Lake and Its 

Relationship with the Position of Sukhte City. In First National 

Conference on Climatology of Iran. Graduate University of 

Advanced Technology.

Jarahi, H, Naraghiaraghi, N and Nadalian, M. 2016. 

Short Period Spectral Acceleration Zonation of Tehran 

a Comparison between Slip and Activity Rates Data’s. 

American Journal of Geosciences, 6: 36–46. DOI: https://doi.

org/10.3844/ajgsp.2016.36.46

Jones, M, Askari, H, Djamali, M, Heyvaert, V, Stevens, L and 

Weeks, L. 2013. Mid Holocene environmental and climatic 

change in Iran. In Petrie, C (ed.), Ancient Iran and its 

neighbours during the 4th Millennium BC. Oxford: Oxbow. 

DOI: https://doi.org/10.2307/j.ctvh1dn46.6

Kāmbakhsh-Fard, S. 1991. 3,200 Years of Archaeological History 

of Tehran (Mo’asseseh ‘Elmi va Farhangi Nashr Fazā: Iran).

Kehl, M. 2009. Quaternary climate change in Iran – the 

state of knowledge. Erdkunde, 63: 1–17. DOI: https://doi.

org/10.3112/erdkunde.2009.01.01

Kehl, M, Sarvati, R, Ahmadi, H, Frechen, M and Skowronek, A. 

2009. Nature and age of Late Quaternary basin fill deposits 

in the Basin of Persepolis, Southern Iran. Quaternary 

International, 196: 57–70. DOI: https://doi.org/10.1016/j.

quaint.2008.06.007

Lateef, ASA. 1988. Distribution, provenance, age and 

paleoclimatic record of the loess in Central North Iran. In: 

Eden, DN and Furkert, RJ (eds.), Loess – Its distribution, 

geology and soils, 93–101. London: CRC Press. 

Maghsoudi, M, Simpson, I, Kourampas, N and Fazeli Nashli, 

H. 2014. Archaeological sediments from settlement 

mounds of the Sagzabad Cluster, central Iran: Human-

induced deposition on an arid alluvial plain. Quaternary 

International, 324: 67–83. DOI: https://doi.org/10.1016/j.

quaint.2013.10.057

Mahmoei, HB, Darvish, M, Fathollahzadeh, H and Mosayebi, 

M. 2012 Lake Urmia Water Level Variability, Weather 

and Climate Change. Proceedings of National Conference 

on Climate Changes and Its Environmental—Agricultural 

Impacts, 727–34.

Mehrshahi, D. 2002. Interpretation of Quaternary 

Paleoenvironmental Conditions Within the Iranian Plateau 

Through Findings from Studying Lakes. Geographical 

Research, 16–17: 134–48.

Mikhail, A. 2016.Climate and the Chronology of Iranian History. 

Iranian Studies, 49: 963–72. DOI: https://doi.org/10.1080/00

210862.2016.1241609

Mohammadi, S. 2012. Evaluation of the Effects of 

Climate Change on Temperature, Precipitation and 

Evapotranspiration in Iran. International Conference on 

Applied Life Sciences, 73–79.

Mousavi, SH, Moayeri, M, Vali, AA, Ranjbar, A, Iravani, MR and 

Ghazav, R. 2013. Geomorphological mapping of processes 

and forms in Haj Ali Gholi playa, Central Iran. Journal of 

Social Issues & Humanities, 1: 9–13.

Naderi Beni, A, Lahijani, H, Mousavi Harami, R, Arpe, K, 

Leroy, SAG, Marriner, N, Berberian, M, Andrieu-Ponel, V, 

Djamali, M, Mahboubi, A and Reimer, PJ. 2013. Caspian 

sea-level changes during the last millennium: historical and 

geological evidence from the south Caspian Sea. Climate 

of the Past, 9: 1645–65. DOI: https://doi.org/10.5194/cp-9-

1645-2013

Nazari, H. 2006. Analyse de la tectonique recente et active 

dans l’Alborz Central et la region de Tehran: Approche 

morphotectonique et paleoseismologique. Montpellier: 

Université Montpellier II – Sciences et Techniques du 

Languedoc.

Nazari, H, Ritz, J-F, Salamati, R, Shahidi, A, Habibi, 

H, Ghorashi, M and Karimi Bavanpur, A. 2010. 

Distinguishing between fault scarps and shorelines: 

the question of the nature of the Kahrizak, North Rey 

and South Rey features in the Tehran plain (Iran). Terra 

Nova, 22: 227–37.DOI: https://doi.org/10.1111/j.1365-

3121.2010.00938.x

Okhravi, R and Djamali, M. 2003. The missing ancient Lake of 

Saveh; a historical review. Iranica Antiqua, 38: 327–44. DOI: 

https://doi.org/10.2143/IA.38.0.143

Pacey, A. 1993. Technology in World Civilization: A Thousand-

Year History. Cambridge, MA: MIT Press. DOI: https://doi.

org/10.2307/1399479

Pedrami, M. 1981. Pasadenian orogeny and Iranian geology in 

last 700 000 years. Geological society of Iran, Internal Report 

(in Farsi).

https://doi.org/10.1016/j.quaint.2015.11.011
https://doi.org/10.3844/ajeassp.2016.520.529
https://doi.org/10.3844/ajeassp.2016.520.529
https://doi.org/10.3844/ajgsp.2016.36.46
https://doi.org/10.3844/ajgsp.2016.36.46
https://doi.org/10.2307/j.ctvh1dn46.6
https://doi.org/10.3112/erdkunde.2009.01.01
https://doi.org/10.3112/erdkunde.2009.01.01
https://doi.org/10.1016/j.quaint.2008.06.007
https://doi.org/10.1016/j.quaint.2008.06.007
https://doi.org/10.1016/j.quaint.2013.10.057
https://doi.org/10.1016/j.quaint.2013.10.057
https://doi.org/10.1080/00210862.2016.1241609
https://doi.org/10.1080/00210862.2016.1241609
https://doi.org/10.5194/cp-9-1645-2013
https://doi.org/10.5194/cp-9-1645-2013
https://doi.org/10.1111/j.1365-3121.2010.00938.x
https://doi.org/10.1111/j.1365-3121.2010.00938.x
https://doi.org/10.2143/IA.38.0.143
https://doi.org/10.2307/1399479
https://doi.org/10.2307/1399479


14Jarahi Open Quaternary DOI: 10.5334/oq.94

Peterson, GM, Webb, T, Kutzbach, JE, Hammen, T, Wijmstra, 

TA and Street, FA. 1979. The continental record of 

environmental conditions at 18,000 yr BP: an initial 

evaluation. Quaternary Research, 12: 47–82. DOI: https://doi.

org/10.1016/0033-5894(79)90091-7

Qazvini, FHAM, Browne, EG and Nicholson, RA. 1330 [1913]. 

The Ta’ríkh-I-Guzída; Or, Select History of Hamdulláh 

Mustawfí-I-Qazwíní, Compiled in A.H. 730 (A.D. 1330), and 

Now Reproduced in Facsimile from a Manuscript dated A.H. 

857 (A.D. 1453). Leyden: Brill.

Qomi, HA and Qomi, HM. 1934. Tarix-I Qum. Tus: Tehran).

Qummi, SDMMHH. 1976. Khulasat al-buldan. Chap-i Hikmat.

Ramesht, MH. 2001. Quaternary Lakebeds; Landmarks in 

Iranian Civilization. Geography and Environmental Planning, 

1: 90–111.

Ramezani, E, Marvie Mohadjer, RM, Knapp, HD, Ahmadi, 

H and Joosten, H. 2008. The late-Holocene vegetation 

history of the Central Caspian (Hyrcanian) forests of 

northern Iran. The Holocene, 18: 307–21. DOI: https://doi.

org/10.1177/0959683607086768

Ramsay, JG and Huber, MI. 1987. The Techniques of Modern 

Structural Geology, Volume 2: Folds and Fractures. London: 

Academic Press.

Rieben, EH. 1953. Note preliminaire sur les terrains alluviaux de 

Teheran et particulierement du territoire de Shemran. Bull. Lab. 

Geol. Min. Geophysics. et Mus. Geo. (Univ. Lausanne), 105: 1–12.

Rieben, EH. 1955. The geology of the Tehran Plain. American 

Journal of Seismology, 253: 617–39. DOI: https://doi.

org/10.2475/ajs.253.11.617

Rieben, EH. 1960. Les terrains alluviaux de la region de Tehran. 

Tehran: Arid Zone Research Center, University of Tehran.

Rieben, EH. 1966. Geological observations on alluvial deposits 

in northern Iran. Geological Survey of Iran, 9: 39.

Roberts, N and Wright, HE. 1993. Vegetational, lake-level, 

and climate history of the Near East and Southwest 

Asia. In Wright, HE, Kutzbach JE, Webb III, T, et al. (eds.), 

Global climates since the Last Glacial Maximum, 194–220 

Minneapolis: University of Minnesota Press.

Roser, B and Korsch, R. 1986. Determination of tectonic setting 

of sandstone-mudstone suites using SiO2 Content and K2O/

Na2O Ratio. Journal of Geology, 94: 635–50. DOI: https://doi.

org/10.1086/629071

Schmidt, A, Quigley, M, Fattahi, M, Azizi, G, Maghsoudi, M, 

and Fazeli Nashli, H. 2011. Holocene settlement shifts 

and paleoenvironments on the Central Iranian Plateau: 

investigating linked systems. The Holocene, 21: 583–95. DOI: 

https://doi.org/10.1177/0959683610385961

Scholle, PA and Ulmer-Scholle, D. 2005. A Color Guide to the 

Petrography of Carbonate Rocks: Grains, Textures, Porosity, 

Diagenesis. AAPG Memoir, 77: 1–486.

Schuster, M, Duringer, P, Ghienne, J-F, Roquin, C, Sepulchre, 

P, Moussa, A, Lebatard, A-E, Taisso Mackaye, H, 

Likius, A, Vignaud, P and Brunet, M. 2009. Chad Basin: 

Paleoenvironments of the Sahara since the Late Miocene. 

Comptes Rendus Geoscience, 341(8–9): 603–611. DOI: 

https://doi.org/10.1016/j.crte.2009.04.001

Schuster, M, Roquin, C, Arnaud, D, Moussa, A, Ghienne, 

J-F, Allenbach, B, Duringer, P and Bouchette, F. 2014. 

Shorelines of the Holocene Megalake Chad (Africa, Sahara) 

investigated with very high resolution satellite imagery 

(Pléiades): example of the Goz Kerki paleo-spit. Revue 

Française de Photogrammétrie et de Télédétection, Société 

Française de Photogrammétrie et de Télédétection, 208: 

63–68. DOI: https://doi.org/10.52638/rfpt.2014.114

Selin, H. 2008. Encyclopaedia of the History of Science, 

Technology, and Medicine in Non-Western Cultures. 

Dordrecht: Springer Netherlands. DOI: https://doi.

org/10.1007/978-94-007-3934-5

Smith, GI. 1974. Quaternary deposits in Southwestern 

Afghanistan. Quaternary Research, 4: 39–52. DOI: https://doi.

org/10.1016/0033-5894(74)90062-3

Snyder, JA, Wasylik, K, Fritz, SC and Wright, HE, Jr. 

2001. Diatom-based conductivity reconstruction and 

palaeoclimatic interpretation of a 40-ka record from Lake 

Zeribar, Iran. The Holocene, 11: 737–45. DOI: https://doi.

org/10.1191/09596830195753

Solaymani Azad, S. 2009. Evaluation de l’alea sismique 

pour les villes de Tehran, Tabriz et Zandjan dans le NW de 

l’Iran approche morphotectonique et paleosismologique. 

Montpellier: Université Montpellier II.

Stevens, L, Wright, HE and Ito, H. 2001. Proposed changes in 

seasonality of climate during the Lateglacial and Holocene 

at Lake Zeribar, Iran. The Holocene, 11: 745–55. DOI: https://

doi.org/10.1191/09596830195762

Street, FA and Grove, AT. 1979. Global maps of lake-level 

fluctuations since 30,000 yr BP. Quaternary Research, 12: 

83–118. DOI: https://doi.org/10.1016/0033-5894(79)90092-9

Tabari, MD. 1972. TARIX-I UR-RUSUL-I VA AL-MULUK (260 H.Q.) 

Tehran: Bungah-i Tardjumeh va Nashr-i Kitab.

Tucker, M. 1991. Sedimentary Petrology: An introduction to 

the origin of sedimentary rocks. Oxford: Blackwell Scientific 

Publications.

Vekerdy, Z and Dost, R. 2006. History of Environmental Change 

in the Sistan Basin – Based on Satellite Image Analysis: 1976–

2005. Geneva: UNEP Post-Conflict Branch.

Veldkamp, A and Kroonenberg, S. 1993. Application of 

bulk sand geochemistry in mineral exploration and 

Quaternary research: a methodological study of the 

Allier and Dore terrace sands, Limagne rift valley, France. 

Applied Geochemistry, 8: 177–187. DOI: https://doi.

org/10.1016/0883-2927(93)90033-D

Wong, E, Petrie, C and Fazeli Nashli, H. 2010. Cheshmeh 

Ali Ware: A Petrographic and Geochemical Study of a 

Transitional Chalcolithic Period Ceramic Industry on the 

Northern Central Plateau of Iran. Iran, 48: 11–26. DOI: 

https://doi.org/10.1080/05786967.2010.11864770

Zoljoodi, M and Didevarasl, A. 2014. Water-Level Fluctuations 

of Urmia Lake: Relationship with the Long-Term Changes 

of Meteorological Variables (Solutions for Water-Crisis 

Management in Urmia Lake Basin. Atmospheric and 

Climate Sciences, 4: 358–68. DOI: https://doi.org/10.4236/

acs.2014.43036

https://doi.org/10.1016/0033-5894(79)90091-7
https://doi.org/10.1016/0033-5894(79)90091-7
https://doi.org/10.1177/0959683607086768
https://doi.org/10.1177/0959683607086768
https://doi.org/10.2475/ajs.253.11.617
https://doi.org/10.2475/ajs.253.11.617
https://doi.org/10.1086/629071
https://doi.org/10.1086/629071
https://doi.org/10.1177/0959683610385961
https://doi.org/10.1016/j.crte.2009.04.001
https://doi.org/10.52638/rfpt.2014.114
https://doi.org/10.1007/978-94-007-3934-5
https://doi.org/10.1007/978-94-007-3934-5
https://doi.org/10.1016/0033-5894(74)90062-3
https://doi.org/10.1016/0033-5894(74)90062-3
https://doi.org/10.1191/09596830195753
https://doi.org/10.1191/09596830195753
https://doi.org/10.1191/09596830195762 
https://doi.org/10.1191/09596830195762 
https://doi.org/10.1016/0033-5894(79)90092-9 
https://doi.org/10.1016/0883-2927(93)90033-D
https://doi.org/10.1016/0883-2927(93)90033-D
https://doi.org/10.1080/05786967.2010.11864770 
https://doi.org/10.4236/acs.2014.43036
https://doi.org/10.4236/acs.2014.43036


15Jarahi Open Quaternary DOI: 10.5334/oq.94

TO CITE THIS ARTICLE:
Jarahi, H. 2021. Paleo Mega Lake of Rey Identification and Reconstruction of Quaternary Lake in Central Iran. Open Quaternary, 7: 7, 
pp.1–15. DOI: https://doi.org/10.5334/oq.94

Submitted: 17 December 2020     Accepted: 07 September 2021     Published: 30 September 2021

COPYRIGHT:
© 2021 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 
International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. See http://creativecommons.org/licenses/by/4.0/.

Open Quaternary is a peer-reviewed open access journal published by Ubiquity Press.

https://doi.org/10.5334/oq.94
https://doi.org/10.5334/oq.94
http://creativecommons.org/licenses/by/4.0/

