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ABSTRACT 

The morphology of the surficial features of 60 playas within the 

interior of Iran is studied; in order to determine their characteristics, 

distribution, and ,development. 

Surficial types delineatecl within th~ playa areas consist of clay 

flats, salt crusts, wet zones, intermittent and perennial lakes, fan 

deltas, and swa;mps. These units alone or in combination constitute the 

playa type. The type of playa that forms in an area is determineq by 

the compusition of its sediments and the position of the water table. 

Because the source of the sediments remains essentially stable, the 

playa is modified through time mainly as a resuH of changes in the 

hydrology of its basin. The hydrology is controlled by the form of the 

basin, the permeability of its bedrock~ and its climate. Because the 

form and bedrock permeability of most of the Iranian basins have . re

mained essentially st~ble since the late Pleistocene (Wtirm), subsequent 

hydrologic changes may be attributed to climatic changes. 

Although runoff and winds were mor.e intense during the Wu~m, the 

distribution of runoff and the prevailing wind direct~ons were similar 

to those of the present. Also maximum lacustrine development was con

temporaneous with a period of maximum cold ( Wdrm III) and that climate 

is considered to have been cold and semiarid, but not pluvial. 
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A GEOMORPHOLOGICAL AND PALEOCLIMATOLOGICAL 

STUDY OF THE PLAYAS OF IRAN 

PART I 





CHAPTER 1 

INTRODUCTION 

Playas are low, flat areas in arid basins that may be underlain 

by lacustrine sediments deposited during periods of higher precipitation/ 

evaporation ratios than prevail today. Some playas are still occasionally 

covered by water, at least in some years. 

The former lacustrine periods were synchronous with the glacial 

periods, as has been demonstrated in the United States by Russell (1889) 

at Mono Lake, by Gilbert (1890) for ancient Lake Bonneville, and by 

Antevs (1954) for New Mexico. Morrison and Frye (1965) have presented 

a comprehensive study which firmly establishes the synchroneity of 

glacial events in the eastern part of the midwestern United States with 

the r_adiocarbon-dated sections from former Lakes Bonneville and Lahontan. 

There was a worldwide change in climate, approximately 12, 000 

years B. P., with the consequent recession of the ice sheets and glaciers. 

The lakes which occupied many closed depressions within s~veral of the 

present desert areas of the earth dried up as the climate became warmer 

and evaporation exceeded precipitation. 

The previously extensive lakes had marked their boundaries on the 

landscape by carving wave-cut cliffs, or depositing well-sorted beach 

gravel. Where these features are absent, the stratigraphy of the playa 

1 
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deposits may provide the information required for genetic interpretation 

and reconstruction of climatic history. 

In Iran, the term "kavir" is a generic name for playa, in contrast 

to "dacq" which is a pan containing thin deposits of clay and silt with 

relatively little saline material. The word "Kavir" is also used as a 

geographical name for a particular desert, underlain at shallow depth by 

Miocene evaporites and mudstones, located in north-central Iran. This 

desert, which is called the Great Kavir, includes local depressions filled 

with concentrated .saline deposits derived from the evaporites. The 

filled depressions form true kavirs which have imparted their character 

to this entire desert; hence the name, Great Kavir. The term playa will 

be used in this study for kavir in the generic sense, and the name "Great· 

Kavir" will be retained for the specific area to which it applies .. 

Purpose 

There is no published comprehensive regional study of playas. These 

important indicators of geomorphic and climatic history ha,ye only been 

studied in detail on an individual basis or in regard to a specific feature 

on a regional basis. This study is intended to provide the first compre

hensive treatment of playas throughout the arid regions of Iran. 

A principal purpose of this study has been to examine and map the 

landforms and hydrologic conditions of the Iranian playas in sufficient 
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detail to determine their genesis. Stress has been placed on the 

patterns of distribution and other geographic relationships of the com

ponents of playas and their basins. A second purpose has been to 

compare the deduced Pleistocene climate of interior Iran with that of 

other presently arid areas in an effort to improve understanding of the 

distribution of climatic belts during the Pleistocene. 

Areal Scope 

This study is devoted to 60 playas within the interior of Iran 

(fig. 1) ranging in area from Z5 to 5Z, 8Z5 kmz (Great Kavir). Thirty

three playas are smaller than 300 kmz; except for the Great Kavir, the 

largest playa is 4, 685 kmz. 

Twenty playas have been visited on the ground; twenty playas have 

been observed from low-flying aircraft and twenty have been viewed 

solely from aerial photographs (fig. 1). 

Fieldwork and Evaluation Procedures 

The fieldwork basic to this study was initiated in Iran during 

September 1965 and continued to November 1965. Subsequently, field

work was resumed during the summers of 1966 and 1967 for periods of 

approximately two months each year. 
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The 1965 field season consisted primarily of a reconnaissance 

of the principal playas by truck, fixed-wing aircraft, and helicopters. 

Areas A and B, as delineated in Figure 1, were visited. In 1966, 

fieldwork was concentrated at the playas adjacent and north of the Great 

Kavir, and the latter was also investigated. During 1967, fieldwork 

was accomplished in the playas immediately east of the Qom-Yazd road, 

and in the playas south and east of Shiraz (fig. 1). 

All fieldwork was preceded by library, map and aerial photo 

research. Field mapping was generally done on the aerial photos and 

the data were later transferred to maps. More than ZOO playa samples 

were collected and of these 98 samples were used in -this study. The 

sediments were analyzed mechanically; clay minerals were identified 

by x-ray diffraction; and many samples received chemical analysis in 

order to determine significant local or regional relationships. Details 

of the field and laboratory procedures are given in Appendix A. 

Previous Work 

There has been considerable interest in the relationship of climate 

to surface morphology and genesis since Walther's studies at the turn of 

this century (Walther, 1900). Most of this interest has been oriented 

toward understanding the areal variations of specific surface forms and 

geomorphic processes (Holzner, and Weaver, 1965, p. 592). Because of 
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its recency and the excellent state of pres'ervation of many of its forms, 

the Pleistocene Epoch has been the subject of thousands of studies in 

which its morphologic, stratigraphic, and paleontological evidence have 

been used to reconstruct the processes that occurred and the climate 

that prevailed during that brief but interesting period of geologic time. 

In most cases, present forms, processes and climate are compared 

with their Pleistocene counterparts. 

In Iran, there have been many of these climatogenetic studies 

(Budel, 1963). Inevitably, the most accessible areas have been more 

adequately studied, and the inhospitable and difficult areas generally 

neglected. The previous work discussed below pertains to glacial and 

pluvial lake studies, alluvial deposits and basin morphology and stratig

raphy. 

Desio (1943), Bobek ( 1937) and . Wright (1961) mapped glacial 

deposits in the Zagros Mountains which they considered to be of WUrm 

(Wisconsin) age. Bobek has mapped Wurm moraines in the Elburz 

Mountains (1937) and both Wright and Bobek (1963) have found evidence 

for a pre-W"tirm glaciation of the Zagros and Elburz Mountains. Accor

ding to Bobek (1963, p. 406), the Wurm snowline was 600 to 800 m 

below the present snowline and the lower limit of solifluction was lowered 

700 m. He estimated a W"tirm mean annual temperature depression of 

approximately 4 to 5° Con the basis of a 0.5° C/100 m lapse rate. 
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Wright (1961, p. 156) working along the Iran-Iraq border in the Zagros 

of Kurdistan, measured a w-urm snowline depression of 1, 800 m and 

calculated a lapse rate of 0. 67° C/100 m. U the snowline depression 

were entirely due to temperature depression, then the latter would be 

Wright (1961, p. 156) argued that there was no geologic nor paleon-

tologic evidence to support a temperature depression of 12° C and that, 

therefore, the snowline depression was due in part to increased snow-

fall. Wright conceded that the apparent increased precipitation on the 

outer (western) flanks of the Kurdish Mountains could have occurred con-

temporaneously with the colder but not more humid climate in the Iranian 

Plateau, if the two areas had been separate climatic provinces as they 

are today. Wright argued that the climatic contrasts were actually 

accentuated during the Pleistocene, and that, 11 the increased frequency 

and intensity of the cyclonic disturbances that entered Mesopotamia during 

the Pleistocene could account for increased snowfall on the outer flank 

of the Kurdish Mountains, but the intensified Siberian anti~yclone in 

winter could block the penetration of these storms into the Iranian Plateau11 

(p. 160). Because of the lower winter temperatures in the Pleistocene a 

r 
greater proportion of the precipitation may have fallen as snow, and the 

winter season may have been longer (Wright, 1961, p. 157). Intensified 
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summer cloudiness might have extended the period of snow cover in the 

higher mountains and lengthened the period of runoff. 

Considerable substance was added to this reasoning by a series 

of studies conducted at Lake Zeribar (fig. 1) in the Zagros Mountains 

(van Zeist and Wright, 1963; Hutchinson and Cowgill, 1963; Wright, 

1966; van Zeist, 1967; and Wright, 1968). The converging pollen, 

faunal and chemical evidence supported by radiocarbon dates led to the 

following inferred climatic sequence. At the time of the last glacial 

maximum in Europe (Wurm Ill = 20,000 B. P. ), the Lake Zeribar area 

had a cool, dry climate resembling that of the higher parts of the Iranian 

Plateau today. The lake was deep between 22,500 and 14,000 B.P. 

(Wasylikowa, 1967, p. 313 - 318) and inhabited by two species of Cladocera 

(an order of generally freshwater branchiopod crustacea, "water fleas") 

now confined to higher latitudes. Warm-temperate species of Cladocera 

became common 11, 000 B. P., and the cool-temperate types disappeared 

soon after. The lake fluctuated considerably in level between 14,000 and 

6,000 B.P. 

Three hundred kilometers southeast of Lake Zeribar, there is an 

essentially similar pollen sequence, at least down to the base of the 10, 400 

year -old sediments (radiocarbon dated), within the area of the present oak 

woodland at Lake Mirabad (Wright, 1968, p. 336). Because of this simi

larity, the Mirabad site as well as the adjacent piedmont were probably 



also treeless before 14,000 B. P., and the oak may have had its main 

Pleistocene concentration as far away as the Mediterranean littoral. 
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The Hypsithermal interval, a period during which the climate 

was considerably warmer than at present, was formerly considered to 

have lasted from 9, 000 to 2, 600 B. P. (Deevey and Flint, 1957). Lake 

Zeribar probably reached its lowest levels during the Hypsithermal 

interval. 

Approximately 5, 500 B.P., Bosmina, a planctonic form of 

Cladocera, became common, which implies a deeper lake. According 

to Wright (1963, p. 67) the striking change from warm savanna to forest 

at 5, 500 B.P. reflects a distinct increase in precipitation, or a decrease 

in temperature. According to Heusser (1966; written communication, 

1966, quoted by Porter and Denton, 1967 '· p. 198) possible glacier expan

sion on Mt. Garibaldi in British Columbia about 5, 300 B.P. may be related 

to an initial period of widespread glacier growth during the Hypsithermal 

interval. Pollen evidence suggests a climate cooler and more moist than 

that of today during Atlantic time between 5,500 and 4,500 f3uP. in south

eastern Alaska, a condition consistent with glacier expansion at that time. 

The period of cooler climate and glacier advances, following the 

Hypsithermal interval, is termed the Neoglacial interval (Moss, 1951, p. 

62). The above data suggest that the climatic shift from the Hypsithermal 

to the Neoglacial interval incurred in Iran also about 51 500 B.P. 
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The Caspian shorelines have received careful study because of 

their accessibility and generally excellent state of preservation. 

Grahmann (1937), Bobek (1937), and Leontyev and Fedorov (1953) have 

provided considerable data. The highest Caspian beaches are 80 to 90 m 

above the present lake surface ( -30 m below sea level). These are con-

sidered to have been formed ·during the Mindel glaciation. Beaches at 

73 to 75 and at 2.6 to 2.8 m were considered early and late WUrm respec-

tively. Late WUrm and early Holocene terraces were mapped at 16, 10 

to 12. and -40 m relative to the present Caspian level. 

A thick loess deposit (up to 10 m thick) with Paleolithic artifacts 

occurs along the Caspian coast north of Asterabad. This loess shows no 

alteration to brown forest soils as would be expected if the present humid 

Caspian forest had been growing in the area at that time. Bobek (1937, 

p. 176-177) concluded from these data that the lower tree line against the 

steppe must have been several hundred meters higher than at present. 

Artifacts in the loess have been dated approximately 12., 32.0 B. P. by 

radiocarbon (Ralph, 1955). The early postpluvial period was apparently 

characterized by aridity with a rainfall less than that of the present. 

Recently Ehlers (1969) working along the southern shore of the 

Caspian, has demonstrated the synchroneity of glacial advances with high 

lake levels in this area. He traced a 48 m beachline of the Caspian Sea 

to its confluence with a dominant 40-60 m terrace level of the Chalus 
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"' River. This river terrace was followed into the mountains to the end 

moraines of the W~rm ( ?) -age Takht-e -Sulaiman glaciation. On the 

basis of two lower gravel terraces (ZO and 10 m) he suggested a three-

fold division of the Wurm in the Central Elburz Mountains. 

Peripheral terraces at Lake Urmia were first studied by Kaehne 

(19Z3) who mapped three of these at levels of 75, 160 and Z70 m above 

the lake surface. According to him, the lake spilled through a channel 

in the northwest toward Khoi during the construction of the highest 

terrace. Rieben (1935) delineated terraces between 50 and ZOO m; ZOO 

and 300m; and a high terrace above 500 m. Bobek (1937, p. 165-170), 

mapped two raised beaches at 45 and 55 m, and calculated that the lake 

could have been maintained at its maximum level solely by a 5° C 

depression of the mean annual temperature. Butzer (1958, p. 90) argues 

that the numerous deltas at the 55 m level suggest an appreciably greater 

discharge and consequently a greater precipitation. 

Two major phases of alluvial deposition are considered responsible 

for much of the basin and valley fill in western and northerp Iran (Vita-

Finzi, 1969). The accumulation of the Tehran Alluvium (a generally 

coarse, consolidated alluvial deposit ranging from silt and sand to pebble 

gravel and boulders) began no more than 50,000 years ago (archaeological 

evidence) and had probably ended by 4, 000 B. C. Subsequent to an 

erosional hiatus, the Khorramabad Alluvium (which differs from the 



Tehran Alluvium from which it is separated by a sharp unconformity 

by being mainly unconsolidated and predominant~}' dark brown) was 

deposited during the Middle Ages, and is now being eroded. The two 

depositional phases are tentatively correlated with the WUrm Glacial 

and with the Neoglacial (presumably a late phase) respectively. 
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Vita-Finzi (1969, p. 970) although considering the climatic 

implications of Lake Zeriber's stratigraphy suggested that the coarse 

alluvium must have been transported by "powerful though short-lived 

flows, and hence the predominance of intense and brief downpours." He 

speculated that the annual precipitation totals may have actually re

mained unchanged. He suggested that a reduction in the relative 

importance of cyclonic (as opposed to convectional) precipitation, which 

is responsible for most of Iran's precipitation, would be sufficient. 

According to Vita-Finzi, such a change would be in agreement with the 

evidence for dry conditions in the Zagros and with Bobek's ideas con

cerning the absence of pluvial conditions in Iran during the Pleistocene. 

Seismic soundings and drilling in Oom Playa (Huber, 1960) reveal 

a lower section approximately 350 m thick and an upper sedion which is 

46 m thick near the center of the playa. The lower section consists of 

a basal layer of medium to coarse -grained sand, gypsum and andesitic 

grit. This is covered by brown and green clays with 10 to 25 percent of 

clear salt crystals. The larger upper part of the lower section contains 

brown clay and silt. 
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The upper section consists of an alternating sequence of five salt 

beds with intercalated layers of brown or green clay and silt and two 

sand horizons. The upper section pinches out at the margins of the 

playa and some members are absent. No faunal nor floral data permit 

an attempt at an absolute chronology. Huber (1960, p. 3) concludes that 

the lower section was deposited under a perennial water cover which was 

not quite saturated salt water and was therefore not precipitating any 

salt members. He reasoned that the upper section represented alter

natingly true evaporites and temporary lake sediments under conditions 

compatible with the actual climate. 

Bobek (1959, 1961, 1963) reasoned that the upper section is too 

thick for the Holocene and also represents a sequence of climatic changes 

comparable with those of the Pleistocene. He placed the lower section 

in the Plio-Pleistocene. The salt beds then represent the warm and dry 

interglacial periods and the clay members represent the cold glacial 

periods with a permanent water cover. Bobek (1963, p. 408) argues 

that since the Qom Playa basin was shallow {subsiding) only a slight 

increase in water was sufficient to produce the change from a seasonal 

to a permanent lake. This required increase according to Bobek could 

have been effected by the decreased evaporation rate during the glacial 

periods without any increased precipitation. The lower section required 

a slightly increased precipitation. 



13 

Bobek (1969, p. 187) has altered his previous thinking, and based 

on the compatibility of the uppermost salt layer, which is 7 m thick, 

with the present climate (slightly moister than in the past), he concludes 

that the salt layers are actually deposited during "wet interglacials. " 

The clay layers then represent deposits of a cold dry climate. However, 

the thickness of the uppermost salt layer suggests that it spans th·e entire 

post-w"urm period and thus it would include the Hypsithermal (warm), 

Neoglacial (cold) and Recent (moister). The homogeneity of the salt 

layer and the absence of any unconformities suggests that in spite of any 

climatic variation during the post-w-urm period at Qom Playa, the 

depositional environment was generally similar. It seems unlikely that 

the three post-W"urm intervals were all "wet," but more likely that the 

post-w"urm climate has been generally warm and arid, in spite of the 

possibility of slightly increased precipitation. 

Few areas have stirred as much controversy as the Great Kavir 

with respect to its genesis. This may be attributed to its inaccessibility, 

its subtle combination of playa basins enclosed by a planat~d Miocene 

surface whose strata are difficult to observe from the ground, and by 

the masking effect of "puffy ground" which forms a veneer over the 

Miocene surface. Because of its gross similarity to playas with estab

lished Pleistocene credentials, the Great Kavir was initially interpreted 

as the dry basin of a previous water body which had evaporated during the 

latest period of desiccation. 
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Buhse (189Z) who made the first reported crossing of the Great 

Kavir near Khur, had excavated a pit in one of the depressions and 

measured a salt layer 70 em thick. From this and other observations 

he expressed the opinion that the Great Kavir was the site of a Tertiary 

sea, implying climatic change. Hedin (1910) interpreted the sharply 

truncated loess terrace at Torud as evidence for the previous position 

of the Great Kavir lake. Asklund (19Z7, p. 5Z1) wrote that at different 

places in the peripheral areas of the Great Kavir or not far from them 

there were great terraces. Gabriel ( 1957, p. 154) reported, "Old high

water marks and shorelines are encountered repeatedly in the Kavir" and 

"from the elevation of two inselbergs completely couched in kavir mass -

the soil of the kavir is seen in the distance to constitute arcs and circles 

in the most varied colors. They are sure to border unusually flat 

depressions that in some instances perhaps communicate with one another 

through underground lines and contain the residues of the most recently 

desiccated salt lakes." Gabriel (1957, p. 151) considered the Great Kavir 

to be the product of a late glacial period of greater precipitation followed 

by postglacial climatic variations of alternating wet and dry periods 

manifested by alternating stratification of salt and silt layers. 

Bobek (1959, 1961) points out that extensive erosion surfaces within 

the Great Kavir formed subaerially, required a considerable length of 

time, and presuppose substantially lower levels of the water and sediment 
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fill in the separate basins of the Great Kavir. These levels rose with 

associated transgression of the fill material across the fans and erosion 

surfaces. This rise of the water table was reported by Hedin (1910) 

and again by Bobek (1959, 1961) who observed that the base of sand 

dunes adjacent to the Great Kavir basin were getting "wet feet." Bobek 

argues that the fill of the separate playa basins within the Great Kavir 

has never reached a higher level than at present. The climate during 

this long period of erosion must have been essentially arid because of 

the surrounding pediments with their mainly angular gravels (Bobek, 1963, 

p. 407). It is clear that reported beachlines or terraces can be explained 

as erosion features due to recent tectonics or to the grain of the Miocene 

structures at the surface. There is no unequivocal evidence that a lake 

ever covered the entire area of the Great Kavir. 

Erosional surfaces both within and outside the Great Kavir cut con

glomerates which discordantly rest on lower and middle Pliocene red beds. 

Bobek (1961) therefore considers the erosion surfaces (peneplanes) to be 

of upper Pliocene or Pleistocene age. The Pliocene conglo.merates are 

better sorted and more rounded than the present fanglomerate& overlying 

the erosion surfaces. This would suggest a somewhat wetter climate for 

the Pliocene than can be assumed for the Pleistocene. 

Blandford (1873, p. 499) has indicated on a map of southwest Asia, 

several areas that he considered to have been previously occupied by 
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extensive lakes. Prominent among these are the Great Kavir, Lut 

Desert and Sis tan Basin. Huntington (1905, p. 300 -315) exhaustively 

explores the stratigraphic evidence and the historical data (Alexander 

the Great's march across the southern Lut Desert). He interpreted 

the more recent geological history of Iran as having begun with an arid 

climate at the end of the Tertiary, after which ensued a fluvial period 

composed of some fifteen epochs of expanded rivers and lakes. These 

wet epochs were separated by "interfluvial" epochs of shortened rivers 

and diminished lakes. Huntington implies that the epochs were possibly 

related to glacial and interglacial episodes (p. 301). He concludes that 

southeastern Iran had experienced a change from a more humid climate 

during classical times to its present arid climate. 

Gabriel (1957) and Stratil-Sauer (1957) argue for two pluvial periods 

in the Lut Desert on the basis of two thick superimposed layers of sedi

ments. The older pluvial period corresponds with the Riss glaciation 

which was followed by a period of deflation (interglacial age). The younger 

pluvial period corresponds with the Wurm glaciation which .was followed 

by the postglacial arid period (Stratil-Sauer, 1957, p. 478 and fig. 3). 

Bobek (1963, p. 409) who did not visit this area, but who has 

examined the aerial photographs and studied Stratil-Sauer•s evidence, 

concludes that the fill is of one age and not two interrupted by a period of 

sedimentation (pluvial). Bobek argues that the yardangs carved by the 



wind out of the fill are too high (60 m) to have been interrupted in 

their formation. He concludes that the fill is derived from conditions 

of normal pedimentation from the margins of the Lut Desert, but that 

these conditions no longer exist below 800 m altitude because of the 

aridity of the region. 

Dresch (1968) visited the Lut Desert by helicopter and was able 
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to make the first careful study of its morphology and stratigraphy. He 

concluded from his field observations that the basin fill was a lake 

deposit that has been subsequently eroded by the wind during dry periods. 

During moister periods, the rising base level inhibited wind erosion. 

Dresch did not attempt to assign .wet or dry periods to cold or warm 

Pleistocene phases. 

Recently, Bobek (1969, p. 190) concluded from a photogeologic 

study of the Lut Desert that the basin fill was deposited in a shallow, 

closed lake from upper Pliocene to Pleistocene. According to Bobek, 

there was an increase in aridity in the early Pleistocene which was 

accompanied by wind erosion and this has continued to the l'resent with 

interruptions during "warm periods." Bobek argues that the present 

warm period with increased runoff and playa formation is typical of 

previous warm period interruptions which he equates with "wet inter

glacials." And, that the glacial periods were characterized by greater 



aridity than at present due to increased continentality of the Iranian 

Plateau during the Pleistocene cold phases (p. 191). 

Summary 
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The work cited above suggests that the Pleistocene climate of 

Iran was characterized by regional differentiation comparable to 

present regional diversity but more accentuated by the greater climatic 

extremes and intensities of that period. 

In the outward facing slopes of the northern Zagros and Elburz 

Mountains the glacial periods were 5 to possible 8° C colder than at 

present. There was increased snowfall during the winter. Consequently, 

the snowline was depressed as much as 1, 800 m; the lower limit of 

solifluction was lowered some 700 m. Greater cloudiness during the 

spring and summer provided some protection to the high snowfields and 

the runoff season may have been later and longer than at present. Frost 

action was intensified by the colder temperatures, greater moisture, 

and lengthened period of freeze-thaw cycles. The coarse frost-shattered 

debris was transported by streams with increased discharge to the 

valleys and basins. 

The Caspian Sea level rose approximately 90 m during the Mindel 

glaciation (Leontyev and Fedorov, 1953). Lower levels were occupied 

during later glaciations and the evidence points to synchroneity of glacial 
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advances with high lake levels. Lake Urmia close to the precipitation 

source, but within the Iranian Plateau, also expanded during the 

Pleistocene cold periods, due to decreased evaporation as a result of 

a mean annual temperature depression of 5° C (Bobek, 1937). There 

may not have actually been any increased precipitation. 

Further southeastward, in the Zagros valleys, the cold period 

0 
temperatures were perhaps 3-4 C lower than at present. Increased 

distance from the Mediterranean precipitation source, more southerly 

latitude and lower altitudes resulted in less precipitation and more 

evaporation than in the northern mountains. However, the overall hydro-

logical regime created a water surplus for the expansion of small lakes. 

The palynological evidence suggests a steppe environment where there is 

now oak woodland; consequently the annual precipitation totals may have 

been lower than the present 800 mm. 

The inner flanks of the mountains were in a rain shadow as evidenced 

by higher cirques and moraines. The increased amounts of frost riven 

debris d.ue to the colder temperatures overloaded the streafi1S and resulted 

in considerable aggradation. During periods of brief but intense precipi-

tation associated with convectional precipitation, coarse debris was 

transported through the valleys and into the lower basins. The generally 

cold climate inhibited the spread of vegetation and the periodically intense 

runoff was unimpeded. 
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Within the basins along the inner mountain front, or within those 

basins which received greater discharges, there were perennial water 

surpluses and shallow lakes formed. Further from the mountains, 

there were intermittent lakes and finally only playa lakes. These water 

bodies existed primarily as a result of lower evaporation rates. 

Since the W\lrm period, the higher temperatures, particularly 

summer temperatures, increased the evaporation rates and perennial 

water surpluses in the basins were reduced to seasonal surpluses or 

dried up entirely. Evaporation of shallow saline lakes produced salt 

crusts whose current stratigraphic position at the top of many playa 

sections indicates that the present arid climate is part of a generally 

arid trend that has continued since the end of the Wurm. Interruptions 

to this latest trend, such as the Hypsithermal and Neoglacial, are repre

sented stratigraphically in the "sensitive" lakes within or close to the 

mountains. 

The terms "pluvial" and "wet interglacial" both seem to be 

inappropriate in any description of the Pleistocene climate gf the Iranian 

Plateau. In interior Iran, the critical control of temperature on evapora

tion and the importance of the amount and intensity of local precipitation, 

rather than annual totals, have been the principal climatic elements 

affecting process and determining form. 



CHAPTER II 

THE PHYSICAL-GEOGRAPHICAL SETTING 
OF THE IRANIAN PLAYAS 

The playas of Iran (fig. 1) are widespread throughout the interior 

lowlands but also occupy many intermontane basins. Their distribution 

requires a consideration of their total physical environment. 

Accordingly Chapter II of this study is a brief presentation of the 

principal components of the environment that shape and influence the 

playas. These are lithology and structure, relief, drainage, and 

climate. 

These components interact; changes in any one element directly 

and significantly affect the others. 

Lithology and Structure 

Iran occupies part of the Tethyan geosynclinal belt which extends 

from Morocco to Indonesia (Suess, 190 1-09). The Iranian sector was 

compressed between the Russian Platform and the Arabian Shield. The 

Elburz and Zagros Mountains which formed as a result of this compression 

have been locally welded together in syntaxial knots between which lies the 

r 'elatively inflexible block of the Iranian Plateau. This area is considered 

Zl 
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to be a denuded shield that formed by the accretion of successively 

folded zones resulting from earlier orogeny in the Tethyan geosyncline. 

Iran was completely covered by Cambrian seas. During Late

Cambrian time, land emerged in southwestern Iran, but the seas re

mained to the northwest, northeast, and sQutheast. Gentle epeirogenic 

movements mainly in Pre-Devonian and Pre-Permian times may have 

coincided with Caledonian and Variscan orogenies in other parts of the 

world. However, the contacts between lower and upper Paleozoic 

deposits are essentially conformable in Iran (as well as in many other 

places in the Middle East). This would suggest that the stable platform 

conditions which were created in Precambrian time persisted throughout 

the entire Paleozoic era. King (1967, p. 456) suggests that Paleozoic 

activity was probably characterized by epicontinental flooding. 

In the Late Triassic, the Central Iranian zone. (fig. Z), was sub

jected to intense folding, faulting and thrusting. During the Early 

Jurassic a broad shelf extended westward from a line which ran from the 

southern tip of Lake Urrnia southeastward to the southern ~nd of the Lut 

Desert (Assereto, 1966, p. 1170). Eustatic fluctuations resulted in 

irregular alternation of marine and continental deposits. Assereto corn

pares this platform with the present Sunda Shelf between the islands of 

Java, Sumatra and Borneo. 
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The folded belt of the Zagros {fig. Z) is a conformable sedimentary 

sequence several thousand meters thick, ranging in age from Cambrian 

to late Tertiary, and folded only by the latest Alpine movements in Plio -

Pleistocene times. There are no metamorphic nor igneous rocks, and 

structures are characterized by long, parallel, asymmetric folds which 

are pierced in the southeastern half of the belt by diapirs {salt domes). 

All important positive features are composed of limestone {Oberlander, 

1965, p. lZ). The Zagros thrust zone {fig. 3A) represents the deepest 

part of the former Zagros trough and is sharply delineated along its 

eastern border by the main Zagros thrust. Sedimentation occurred in 

deeper water than in the adjacent folded belt to the southwest, and led to 

the formation of radiolarian shales and flysch-type deposits during the 

Late Cretaceous, accompanied locally by ophiolite intrusions {Bariand, 

and others, 19b5, p. 4). 

The Elburz Mountains are stratigraphically and structurally related 

to the Central Iranian zone, but they were less strongly affected during 

the period of the initial Alpine orogeny. The basement complex exposed 

in the central Elburz Mountains consists of parametamorphic rocks with 

local granitic intrusions and with lateral and vertical transitions into non

metamorphic green shales. Further eastward and north of Damghan 

{fig. 3B) the folded Paleozoic beds are broken and steeply thrust to the 



north. Near the southern flank of the mountains in this area, the 

Mesozoic and Tertiary beds are characterized by Jura-type folds. A 

depositional hiatus, correlated with the "Assyntic" (Precambrian) 

unconformity in East Iran separates the basement complex from the 

overlying sedimentary rocks of late-Precambrian to Cambrian age 

(Stocklin, and others, 1964, p. 2.7-2.9). 

The Elburz Mountains started to rise in early Pontian (upper

lower Pliocene); movements were renewed in la~e Pliocene or early 

Pleistocene (Rieben, 1955, p. 636-639). 
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The Internal Neogene basins (fig. 2.) were formed during Oligocene 

folding. During the Neogene, they filled with molasse-type erosional 

material from the surrounding mountains. These deposits were subse

quently folded by the last Plio-Pleistocene phase of the Alpine Orogeny. 

The central deepest parts of the depressions are covered by playa deposits 

and associated dunes and alluvium (fig. 2.). The middle Miocene beds of 

north-central Iran are warped into low anticlines or domes whose adjacent 

depressions are partly filled with playa deposits. Recent fp.ulting cuts 

across these playas as well as across the adjoining fans. The middle 

Miocene beds provide a source of salt from their extensive salt and 

gypsum beds. The recycled concentrated salts constitute a salt placer 

which manifests itself in the widespread fields of old, eroded salt with 

jagged spikes and knifelike ridges. 
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The Platform Cover (fig. 2.) consists of young alluvial deposits 

overlying sedimentary rocks of Paleozoic-Mesozoic and Tertiary age. 

These in turn cover the Arabian Shield at the head of the Persian Gulf. 

Structural deformations are limited to very gentle undulations which 

parallel the north-south structural trends of Arabia. 

The Dasht-I-Lut Mass shows faulting in several directions but 

only insignificant folding. It is separated by the Naibandan fault and 

by the narrow Shotori Range east of Tabas into two blocks: the Tabas 

block in the west and the Lut block in the east. Three subdivisions are 

delineated on the map: Mesozoic sedimentary rocks which form exten-

sive table-mountains in the central part of the Tabas block; Tabular 

volcanic rocks of Paleogene age which cover older sedimentary rocks in 

the northern part of the Lut block; and, young depressions which are 

filled with Pleistocene deposits. The Tabas block is considered to have 

been separated from the Lut block as early as Late-Triassic time. The 

Naibandan fault zone acted as a mobile belt where tectonic stresses were 

released culminating in the 11Shotori swell" in Late-Triassic time and to 
• 

the thrusting and uplift of the Shotori Range in Tertiary time (Stocklin, 

Eftekhar -nezhad, and others, 1965, p. 61-63). 

Igneous and metamorphic rocks formed in certain structural zones 

as a result of the 11 Assyntic 11 and much later Alpine Orogeny. Five groups 

of rocks are delineated on the map: The Precambrian crystalline 
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basement (fig. Z) is composed of phyllites, locally mica-schists, 

gneisses, amphibolites and other rocks of higher metamorphic grade; 

Extrusive rocks which were mainly emplaced along a line of weakness 

in the Iranian Plateau during the Paleogene. Andesites prevail, but 

basaltic, trachytic, dacitic and rhyolitic varieties are also present. 

The principal volcanic cones of Iran - Damavand, Sabalan and. Taftan -

are included in this unit. From the Russian border southeastward to 

Taftan Volcano this discontinuous but prominent mountain-chain is 

referred to as the Volcanic Belt (Harrison, 1968, p. 156); Granites 

and diorites were emplaced mostly during the Mesozoic and Tertiary 

periods, but a few granites were emplaced in "Assyntic" time; Ophio

lites of Late Cretaceous to Paleocene age are present in some zones of 

strong faulting and thrusting. They are usually associated with radio

larian shales and limestones; Ultra basic rocks are also mapped. 

Relief 

Iran occupies the western part of the Iranian Plateau, a broad up

land at an average altitude of 1, 500 m. High mountains extend along its 

southwestern and northern margins. Lower, but nevertheless rugged 

mountains along Iran's eastern border divide the Plateau into two major 

basins; the eastern one in Afghanistan and the western basin in Iran. 

Within the western basin there are several lesser mountain chains and 
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isolated masses, and among these are extensive desert plains. The 

lowest depressions in these deserts are occupied by the playas (fig. 4). 

The Elburz Mountains are part of the Alpine System, and extend 

for a distance of 960 km across northern Iran, separating the Caspian 

Lowland from the Plateau. The Elburz ranges in width from 64 to 128 

km, with many summits from 3, 600 to 4, 800 min altitude, culminating 

in Mt. Damavand (5, 638 m) which lies approximately in the center of the 

mountain belt. The northern slopes are extremely steep, and rise 

directly from the Caspian coastal plain, which lies at about sea level. 

The altitude of the Plateau reduces the relative relief of the mountains 

along the innter, southern slopes, but even here the change is abrupt, and 

against the level plain the contrast is striking. 

Small glaciers occur on the Alam Kuh, 90 km northwest of Tehran, 

and at the summit of Damavand, 80 km northeast of Tehran. At the Alam 

Kuh (4, 830 m) there is a partly protected glacier 4 km long which ter

minates at an altitude of 3, 780 m. According to Bobek (1963, p. 406), 

this glacier was 22 km long at the Wurm maximum. There is a glacier 

2 km in length at the summit of Damavand (5, 638 m) which termin tes at ar. 

altitude of 5, 099 m. The sharp rise in the snowline at Damavand is due to 

reduced precipitation and increased exposure to sunlight. 

Except for a few high passes, and the lower corridors near Astara 

and Rasht (fig. 4), the Elburz is a major barrier to movement, and a 
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critical element in impeding the flow of moisture laden winds from the 

northwest. 

The Zagros Mountains, part of the southern arc of the Alpine 

System, extend from the Turkish border southeastward for 1, 600 km 

to the vicinity of Bandar Abbas (fig. 4). The Makran Mountains are the 

continuation of the southern arc from the vicinity of Bandar Abbas to 

West Pakistan. 

The Zagros rise northeastward in gradual steps from intact anti

clinal domes along the Mesopotamian Lowland to a series of parallel 

crestlines composed of overthrust slabs (fig. 3A). As a result of this 

asymmetry in section, the highest summits are most interior and closest 

to the scattered lower mountains of the Plateau (Oberlander, 1965, p. 12). 

There is a gradual rise in summit elevations from the northwest 

and--southeast culminating in Zardeh Kuh west of Shahr Kord (figs. 3A, 4) 

which has an altitude of 4, 548 m. 

As a result of deep dissection, the tightly folded and overthrust 

structures present a rough and jagged appearance. These mountains 

were less glaciated than the Elburz, and consequently glacial erosional 

forms such as horns or aretes are rare. There are no glaciers today but 

the scattered cirques above 4, 200 m contain permanent snowfields (Desio, 

1934). 
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The maximum local relief is 2, 400 min canyons through anticlinal 

mountains or in headwater gorges of rivers such as the Dez (fig. 4). 

But, average difference in elevation between ridge crest and valley 

bottoms is approximately 1, 400 m. 

There are three large closed basins within the Zagros system at 

the latitude of Shiraz, and these contain playas and intermittent lakes 

(fig. 4). 

The Eastern Mountains provide a link in the Iranian Plateau between 

the northern and southern arcs of the Alpine System. Near Meshed the 

mountains bend abruptly away from the east-west orientation of the 

northern Alpine System and turn southward. This area of disrupted 

trends is highly faulted and presently unstable; it includes the site of 

the recent (August, 1968) earthquake. The mountains extend southward 

frow the vicinity of Meshed past Berjand and Zahedan to their junction 

with the southern arc east of Iranshahr (Fig. 4). Unlike the Elburz and 

Zagros Mountains which broaden and rise in summit elevations toward 

their central areas, the Eastern Mountains are narrowest ~nd lowest in 

the center of their belt west of Zabol (fig. 4). In this section the moun

tains are 80 km wide and the ridge crests do not exceed 2, 000 m. 

Summit altitudes reach 3, 000 m, which may be as much as 2, 000 m 

above the local desert flats along the Afghanistan border. This northern 

part of the mountain belt is the site of several large playas (fig. 4) and 
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is referred to as the Bidjestan Highlands in this study. South of Zahedan 

the mountains are dominated by the vast volcanic cone of Taftan, at an 

altitude of 4, 04Z m. 

From Jolfa on the Russian border to Taftan Volcano, there is a 

discontinuous yet prominent mountain chain that is approximately 65 km 

wide at its northwestern end but is narrower toward its southeastern 

limit. This chain is characterized by intrusion and volcanism along a 

line of weakness, and has been referred to as the Volcanic Belt (Harrison, 

1968, p. 156). It is considered part of the Iranian Plateau. 

Several granite summits and volcanic cones exceed 4, 000 m, but 

the average altitude along the ridgelines is closer to 3, 000 m. Between 

the Volcanic Belt and the Zagros Mountains there are two prominent 

watersheds; Urmia in the northwest, and the Isfahan Watershed in the 

central zone. If the Makan Mountains are considered an extension of the 

Zagros, then the Jaz Murian Watershed occupies the southern zone (fig. 4). 

Lesser mountains below Z, 000 m and lower divides further delineate 

the western basin of the Iranian Plateau into several watersheds. Collec

tively, the interior watersheds occupy nearly two-thirds of the country 

and contain playas, dune fields, broad alluvial fans and isolated mountains. 

The largest interior watershed is the Great Kavir Watershed which 

contains an area of ZOO, 747 km
2

• The lowest part of this area is occupied 

by the Great Kavir, an immense erosional surface with salt and mud filled 
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depressions and extensive dune fields. Its surface ranges in altitude 

from 650 m in the east to 850 m in the west. Relief is generally mea

sured in centimeters over broad areas, but locally the maximum relief 

may be ZO m. 

The Lut Watershed, which is the second largest, is separated 

from the Great Kavir by a low divide at an altitude of 1, 000 m. Unlike 

the Great Kavir, with a planed surface and great salt crusted depressions, 

the Lut is etched by the wind into yardangs some of which are 60 m high, 

and which trend in a northwest-southeast direction. The material eroded 

from these yardangs lies piled into huge dunes to the south and east, and 

some of these dunes are ZOO m high. The Lut contains the lowest interior 

sump in Iran, at an altitude of only Z05 m. 

Smaller watersheds share many of the above surface features except 

the_yardangs which in Iran, are peculiar to the Lut. 

Drainage 

Almost half of Iran consists of basins from which the#e is no outlet 

and from which the collected drainage is removed by evaporation. Thes~ 

basins form part of a greater system extending from beyond Tehran in 

the northwest far into Afghanistan in the east (fig. 5). 

The distribution and character of the drainage is directly related 

to the relief and precipitation (fig. 5). Moist winds bring considerable 
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precipitation during the winter half of the year to the northern slopes of 

the Elburz Mountains which effectively bar movements of moisture to 

the south. Similarly, the Zagros Mountains act as a barrier to the mois

ture laden westerlies. Rainfall is quickly reduced in amount southwards 

and eastwards so that the interior lies within a vast rain-shadow, and 

becomes increasingly arid from west to east and from north to south. 

Even the air from the southeast monsoon after passing through India 

reaches Baluchistan and Iran almost completely dry. It is stable and dry 

by.the time it descends from the Makran Mountains. 

As a result of topographic configuration and location of the precipi

tation sources, there is exterior drainage along the north, west and 

south margins of the country; the remainder has interior drainage. 

In this study, the principal drainage areas will be termed, "drain

age regions," and subdivisions within the Interior Drainage Region will 

be referred to as "watersheds." Finally, watersheds will contain one or 

more "basins" and these may be open or closed (fig. 5). Iran can be 

divided into the Caspian, Lake Urmia, Persian-Gulf-Gulf 9£ Oman, and 

Interior Drainage Regions. 

The Caspian and Persian Gulf-Gulf of Oman systems drain narrow 

peripheral zones along the north, west and south margins of the country. 

The principal streams of Iran lie in these narrow zones, but carry their 

waters away from the central plateau. This is also the belt of seasonal 
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water surpluses in excess of 2.00 mm; nowhere in Iran is there an annual 

surplus of water (Carter, 1958). 

During the winter season, there is a water surplus of 381 to 1, 778 

mm in the high peripheral mountains, but during the summer there is a 

water deficit of 100 to 12.7 mm. Runoff is at a maximum in late winter 

or early spring when rains melt the mountain snow cover. According to 

Oberlander (1968, p. 2.67) westward flowing discharges from the Zagros 

perennial streams may increase to 10 times their late summer minimum. 

An example of this is the Karun River, one of the largest in Iran, which 

flows southwestward from the highest part of the Zagros (fig. 5). It1s 

discharge ranges from 2., 000 m 3 /sec in April to approximately 2.00 m 3 / 

sec in October (Pirnia, 1951). 

Unlike the Zagros streams with large watersheds for snow retention, 

the Elburz has smaller and shorter streams which rapidly drain the steep 

north slopes, and have very low dry-season discharges (5. 5 m 3 / sec). 

The Lake Urmia Drainage Region consists of Lake Urmia, the 

largest perennial lake in Iran, and its tributaries. The TaJkeh Rud which 

enters the lake from the east is nourished by snow-melt from Savalan and 

Sahand Mountains. The Zarineh Rud which enters the lake from the south 

has somewhat lower discharge than the Talkeh Rud. Lake Urmia is 

approximately 150 km long and 50 km wide; it occupies an area of 4, 000 

km2 during the low water period (September and October) and 6, 000 km2 



during the high water period of snow-melt (May). The mean depth of 

the lake is 5 m and its greatest depth probably does not exceed 15 m. 
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The lake has no outlet and its average salinity is 14.8 percent (Langbein, 

1961, p. 18), about three-fifths as saline as the Dead Sea and comparable 

to Great Salt Lake, Utah ( 13. 80/o). Like the Caspian, Lake Urmia was 

more extensive during the Pleistocene. 

The Interior Drainage Region is the largest in Iran (fig. 5) and its 

streams flow into intermittent lakes or interior basins in Iran, the 

U.S.S.R., Afghanistan, or Pakistan. The watersheds within this region 

are the Qom, Damghan, Great Kavir, Meshed, Bidjestan Highlands, Lut, 

Sis tan, Jaj Murian, Yazd, Isfahan and Zagros Mountains (table 1). 

The Qom Watershed receives several large streams from the south 

slope of the Elburz. The largest of these, the Karaj River, now dammed, 

formerly discharged up to 1Z3 m
3

/sec during the spring snow-melt period, 

but this flow was reduced to 4 m 3 /sec in the fall. Qom Playa in the 

eastern part of the watershed, receives discharge from three streams 

that head in the Zagros; the Qara Chai, Rud-1-Shur, and Qom Rud. The 

largest, the Qara Chai, has a spring flow maximum of 308 m 3 /sec, and 

an October minimum of 4m
3
/sec. (Oberlander, 1968, p. 2.71). Qom 

Playa is annually inundated at its northwest part by shallow water which 

occasionally spreads over the entire playa surface. This water evaporates 

by mid-summer leaving a wet muddy zone. 
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Damghan Watershed, the smallest watershed in Iran, occupies a 

depression between the Elburz Mountains and a mountain ridge separating 

it from the Great Kavir. The principal streams are the Damghanrud and 

the Rud-e-Hasanabad which flow down the south slope of the Elburz and 

terminate in Damghan Playa. These streams are in flood during the May 

snow-melt period and are generally dry in their lower courses during 

late summer. 

The Great Kavir Watershed which annually receives less than 100 

mm of precipitation over most of its area is drained by two principal 

streams. The Rud-e-Shut heads in the Elburz and terminates in a large 

fan at the northwestern end of the Great Kavir. Water was observed in 

the channel northwest of the fan in October 1965 but the flow was negligible. 

The other principal stream, the Rud-e-Mureh, receives a minor tributary, 

the Rud-e-Shur before reaching the northeast corner of the Great Kavir 

where it also terminates in a large fan. The Rud-e -Mureh has been 

reported to be a perennial stream, but its upper channel as well as that of 

its tributary were both dry during late August, 1966. Two ~mall streams 

from the west and east drain tributary basins. These are susceptible to 

wide fluctuation due to partial impoundment by fans or derangement as a 

result of faulting. 

During the spring flood, the toe of the fans throughout the west, 

north and east marginal zones of the Great Kavir are inundated, and wet 
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conditions prevail in the salt crusted channels and basins throughout the 

dry period. A thin layer of dry salt may obscure the underlying wet, 

black plastic mud. For approximately 4 to 6 weeks (August 15 to 

October 1) a thicker salt crust (5 to 8 em) may harden sufficiently in 

dry years to permit the passage of caravans or light vehicles. It seems 

unlikely that the depressions within the Great Kavir are ever actually 

covered by sheets of water. 

Th.e Meshed Watershed is drained by the Kashaf Rud and the Jam 

which are tributaries of the Hari Rud, a stream terminating in the Qara 

Qum Desert of the U.S .s .R. No significant playas occur in this area. 

The Bidjestan Highlands Watershed is a convenient grouping of nine 

basins. It does not include a single large catchment which receives the 

drainage of tributary basins, as in the Great Kavir Watershed. Each of 

two open basins receive the drainage of another adj~cent basin and five 

basins are closed. There is sufficient precipitation and runoff in the 

mountains east of Tabas to nourish small intermittent lakes in the adjacent 

playa (fig. 6), but otherwise the streams of this watershed.dry out during 

the summer. Little information is available concerning the spring-flood 

regimen. 

The lowest and driest depression in Iran is in the Lut Waters·hed. 

This area receives less than 50 mm of precipitation annually in its central 

part, and rain may not fall for several years. However, it is evident from 



the erosional forms that the periodic rain is currently very effective 

along the mountain flanks and well into the center of the desert. The 

only significant stream heads in the mountains near Birjand (fig. 5) 

and flows southward toward the desert east of Kerman. Water was 

observed in segments of its channel on September 22, 1965; effective 

flow must end by mid-summer. 

37 

Only the westernmost part of the Sistan Watershed is contained 

within the borders of Iran. The major drainage feature is the Hamun-1-

Helmand, a group of perennial lakes, swamps and clay flats at the mouth 

of the Helmand River. This large stream heads in the Hindu Kush and 

its flood discharge is 1, 680m3 /sec. During the dry season, the flow 

falls to 56m3 /sec. The Hamun-I-Helmand contains fresh water as a 

result of annual replenishment primarily from the Helmand River and 

discharges through a southwestern outlet. 

The Jaj Murian Watershed is drained by the Rud-i-Halil from the 

northwest and the Rud-i-Bampur from the east in the vicinity of 

lranshahr: These streams, which head in the high mountains of the 

watershed have steep gradients and generally flow all year. They ter

minate in an intermittent lake in the center of the watershed. 

The Yazd Watershed consists of a 450 km long, northwes ~-southeast 

oriented trough, between the main ridge of the Volcanic Belt and a low 

mountain chain through the central axis of the country. This trough is 
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partly subdivided by lower ridges and spurs into several closed basins 

with short, intermittent streams. The principal drainage consists of 

a series of integrated tributaries which head in the north slopes of the 

southern Zagros. The main stream terminates in a large playa east of 

Yazd. As a result of its distant location with respect to the northwestern 

source of precipitation, this stream system dries up in early summer. 

Reliable water supplies are obtainable only from dense groupings of 

qanats around the major settlements. This watershed falls just within 

the 100 mm isohyet (fig. 6) and most of its significant runoff is from 

snow-melt during May. 

The Isfahan Watershed is comparable to that of the adjoining Yazd 

in size, shape and orientation (fig. 5). The largest stream, the Zayandeh 

Rud, flows eastward from the high central part of the Zagros past Isfahan, 

and then terminates in the Gavkhuni Depression near the center of the 

watershed. Due to its source in the high snowfields of the Zagros, the 

Zayandeh attains a spring discharge maximum of 1, 680 m 3 /sec which 

approaches the spring discharges of some of the Zagros' w~stward flowing 

. · . 3 
streams. In the late fall, the flow of the Zayandeh declines to 2.8 m I sec. 

Several shorter streams with steep gradients flow down the eastern slope 

of the Zagros and terminate in salt crusted playas within the trough of the 

watershed. 
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Precipitation and consequently depth of snow is considerably less 

along the ridge of the Volcanic Belt, the northeast divide of the water

shed. Westward flowing streams dry up by early summer. As a result 

of the greater runoff from the Zagros, considerably larger fans have 

pushed the playas eastward resulting in their asymmetric location, 

against the northeast side of the watershed. 

The Zagros Mountains Watershed is a convenient grouping of three 

closed intermontane basins within the southern Zagros (fig. 5). The 

largest of these, the Neriz Basin, contains the only significant stream, 

the Rud-E-Kor, which heads in the high central part of the Zagros and 

flows southeastward to terminate in Neriz Playa. The effect of altitude 

and location on precipitation are striking in the Neriz Basin. It is 

estimated that annual precipitation at 4, 000 m along the northern divide 

amounts to 500 mm. The annual precipitation at Neriz, however, at 

1, 609 m at the southeastern corner of the basin is only 191 mm. 

Ground Water 

The main aquifer in the Iranian Plateau consists of alluvium of 

Pleistocene age which may locally reach a thickness of 400 m (Issar, 

1969, P• 94). The coarser material including gravel beds, which are 

interbedded with clay, extends further into the basins at greater depths 

in the section. This stratigraphic relationship suggests previously 

greater stream discharges capable of t ransporting coarser mate::.-ials 
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further from their source. 

Most of the southern flanks of the Elburz Mountains are composed 

of impervious to semipervious andesites or impervious marls and clays 

of Miocene age which impede recharge of the alluvial aquifers by water 

coming from the mountains. Recharge of the ground water is high at 

the fan heads which are composed of the coarsest and most permeable 

materials. Consequently, natural recharge of the alluvial aquifers in 

the plateau depends mainly on the runoff from the mountains which spills 

onto the alluvial fans (Issar, 1969, p. 94). However, at Damghan where 

limestones of Cretaceous and Jurassic age are in contact with the alluvial 

aquifers, there is substantial underground discharge from the mountain 

aquifers into those within the Damghan Watershed (fig. 5). 

Seldom does the water flowing from the mountain streams into the 

basins reach the playas which are the local base levels. The streams 

which do reach the playas are generally fed by ground water. The aquifers 

in the subsurface of the alluvial fan& are phreatic, but towards the center 

of the basin artesian conditions develop as a result of confi,ning clay 

layers. The uppermost aquifer does remain phreatic to the margin of 

the playa, where the water from the toe of the fan spills out over the 

playa surface creating a "wet zone." 

Evaporation through the capillary zone from the phreatic aquifer to 

the surface results in salinization of the water. However, water in the 
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confined aquifers below the upper phreatic aquifer remains fresh. There 

is seepage from the lower confined aquifers upward, and salt marshes 

are generally fed by such artesian flow. 

The Present Climate 

Iran occupies a latitudinal belt almost 16 degrees wide between 

0 0 
24 15' and 39 45' north. It contains three climatic regions which reflect 

its location relative to the earth's shifting belts of atmospheric circulation 

and the distribution of its mountain systems. 

A Mediterranean climate prevails over northwestern Iran and in 

the Elburz and Zagros Mountains (Hare, 1961, p. l 71). Eastward and 

southeastward across these mountains there is a rather abrupt change, 

within the zone of the rain shadow, to a subtropical steppe climate. 

Fuz:.ther southeastward into the increasingly drier interior plateau, there 

is a s·1btropical desert climate. 

Atmospheric Circulation 

Winter 

There is a strongly developed high-pressure system over the 

interior of Asia during the winter. This system, which reaches a maxi-

mum over Siberia and decreases outward, is not a continuous one. 

Outlying but related highs cover the Anatolian and Iranian Plateaux (fig. 

7). At the same time low pressure centers are located over the warm 
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waters of the Caspian Sea and the Persian Gulf-Gulf of Oman. The 

pressure diminishes in intensity from northeast to southwest, and the 

winter winds are consistently from the northeast over the northern and 

northeastern parts of Iran. 

Iran is under the influence of the westerlies from October to May, 

with two types of atmospheric depressions moving along the track. One 

type is related to shallow waves moving rapidly in the upper troposphere 

on a westerly air stream. These waves move either along a northerly 

track bringing the main rainfall to the country, or a southerly one 

crossing the southern part of the plateau. The second type of depression 

is represented by stationary or slow-moving depressions in the lower 

troposphere. These lows absorb moisture from the Persian Gulf which 

results in heavy precipitation over the Zagros and even onto the inner 

plateau (Ganji, 1968, p. 235). 

During April, the upper -air circulation over the Iranian Plateau 

becomes dominated by the subtropical center of high pressure and the 

rainy season ends with the northward migration of the subt:ropical jet 

stream. The interior of Iran warms up rapidly in the spring and by May 

the summer pressure pattern is well established. 

Summer 

There are similarities and differences between the winter and 

summer pressure patterns. The distribution and orientation is similar 
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but the pressure gradient is higher in summer (fig. 8). The relatively 

cool air over -the Caspian results in a high pressure cell in this area. 

The heated plateau surface produces one of the lowest thermal pressure 

centers in the world, where average pressure may be less than 994 mb. 

(Ganji', 1968, p. Z 16). The center of this low is ZO mb. higher in 

winter. As a result of the higher, summer pressure gradient, strong 

winds prevail in the eastern part of the country. 

Iran experiences no reversal of wind direction from winter to 

summer because high pressure prevails in the north at all seasons. The 

high lies to the northeast in winter and to the north-northwest in summer 

(figs. 7, 8). Summer wind directions tend to shift to the northwest. The 

two most important local winds are the "shamal" of the Persian Gulf 

and the "Wind of lZO Days" in Sistan. These result from the strong low

pressure cell over West Pakistan. The shamal is a northwesterly wind 

that blows from February through October, reaching its maximum inten

sity during July and August (fig. 8). The Wind of lZO Days begins at the 

end of May and blows with regularity from the northwest u:otil late August. 

Temperature 

Temperature in Iran is related to latitudinal position, the distri

bution of land surfaces relative to altitude, and to the importation of air 

masses which are warmer or colder than those of the Iranian Plateau. 

The interior deserts are characterized by high average annual temperatures 
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which extend in a belt from the vicinity of Qom to Bam (Fig. 9, table 2). 

To the west and north of the desert belt, annual temperatures decrease 

with higher latitudes and altitudes (fig. 10). 

January is the coldest month in Iran, with mean monthly tempera

tures ranging from 2.0° c in southeast Iran to less than -10° c in the 

higher altitudes of northwestern Iran. July and August are the warmest 

months, with mean monthly temperatures ranging from 2.5° C (July) at 

Tabri.z to 37° C (July) at Abadan on the Persian Gulf. The interior 

deserts and their adjacent areas become heated earlier than the coastal 

areas or the higher ground of the Elburz and Zagros Mountains. However, 

the highest temperatures are recorded along the Persian Gulf (Kuros, 

1943, p. 2.1). 

Data for diurnal temperature ranges are not generally published in 

Iran.. However, they are available for Tehran and ~ahedan. The mean 

monthly temperatures and the mean diurnal temperature ranges for these 

stations during the months of July and January are as follows: 

Tehran Zahedan 

July: 

mean temp. 

mean diurnal temp. range 
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Tehran Zahedan 

January: 

mean temp. 

mean diurnal temp. range 

The annual range of temperature generally iriereases with latitude 

and distance from large bodies of water. The lowest annual range 

occurs along the Gulf of Oman, and two high temperature ranges are in 

the central desert and in the northern part of Khuzistan along the south

west foothills of the Zagros. 

Precipitation 

The northwest-southeast trending ridges of the Zagros impede the 

prevailing moisture laden westerlies of the winter season. Similarly, 

the_east-west trending Elburz Mountains obstruct the prevailing moist 

northwesterly winds. No air masses from the Mediterranean, Black Sea 

or Caspian Sea can reach the interior of Iran without a subsiding motion 

resulting in adiabatic warming and increased stability (Wej.ckmann, 19.56, 

P• lZ). Consequently, interior precipitation decreases from north to 

south and from west to east except where mountain spurs or masses (such 

as the Bidjestan Highlands) interrupt this general pattern (fig. 6). 

The ppincipal precipitation is therefore orographic as well as 

cyclonic (fig. 9, table 3). 
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Precipitation is also influenced by the cold, dry anticyclonic 

circulation of the Iran high (fig. 7) which is dominant during the early 

winter months and tends to block the passage of the westerly depres

sions. This delays the rainfall maximum from this source by one to 

two months going from west to east, until late winter when the anti

cyclone weakens (Butzer, 1958, p. Z3). 

The mean annual precipitation of 400 mm is matched only in the 

northern Elburz and western Zagros Mountains at altitudes between 

1, 000 and 1, 500 m. Larger amounts are received in the higher parts of 

the mountains and along the Caspian Sea. Much lower amounts are re

ceived in the interior deserts and along the southern coast. 

Winter 

Although some stations receive their maxima in spring or fall, 

approximately 65 percent of the surface area of Iran receives almost 

half of its annual precipitation during the winter (fig. 11; Ganji, 1968, 

P• Z36). Most of the country receives less than ZOO mm with the excep

tion of the Caspian coast and the high mountains. In spite 9f the fact that 

winter is the rainy season, half of the land surface receives less than 

100 mm. 

Snowfall is heavy on the northwest slopes of the Elburz where it 

remains from December through March. On the highest summits and in 

protected hollows, snow patches may linger throughout the year. Snowfall 
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in northwestern Iran and in the Zagros occurs from November through 

March, generally at altitudes above 1, 500 m. The snowline retreats 

upward during the spring and by mid-May it has usually disappeared 

from south-facing slopes at an altitude of 2., 700 m. Isolated high 

hollows or cirques above 4, 2.00 m have permanent snowfields (Oberlander, 

1965, P• U). 

Spring 

Cyclonic activity declines by 50 percent during the spring months, 

and the weaker depressions no longer penetrate into the interior. Melting 

snow in the mountains increases the moisture content of the air that is in 

contact with the ground. As a result of intense solar radiation and 

reflection from the snow-covered surfaces, the heated, moist air rises 

from the ground and reaches upper layers of air which are still cold. The 

resulting condensation takes place at relatively low elevations above the 

ground. This convectional rain generally increases from southeast to 

northwest reaching a maximum in northwestern Iran and in the higher 

Zagros. A small area near Meshed also receives most of ,its precipi

tation at this time (fig. 12.). 

At this time, there is a maximum runoff from the high Zagros due 

to the effect of the heavy rainfall on the high snow-cover. Discharges 

from larger streams flowing westward out of the Zagros may increase 

ten times -their late-summer minimum (Oberlander, 1965, p. 267). 
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Maximum discharges also occur at this time from the snow-covered 

slopes throughout the mountains of Iran. The lower fans are choked with 

the fresh debris, and water spills out onto the playa surfaces forming 

intermittent lakes. Depending on water supply and evaporation, these 

lakes may persist until late summer. 

Summer 

Except for the Caspian area which receives 2.5 percent of its annual 

rainfall at this time, summer is a dry season all over Iran. This is the 

time of maximum heat relieved only occasionally by summer showers, 

mainly in northwestern Iran. 

Autumn 

With the return of the westerlies by mid-October, cyclonic activity 

is resumed, expecially in the Caspian littoral which receives its maximum 

precipitation at this time (fig. 13). The western Zagros and northwestern 

Iran receive from 2.5 to 30 percent of their annual precipitation but south

ward this percentage decreases. The interior remains the driest part of 

the country. Here in some years a few stations record as little as 10 per

cent of their mean annual precipitation. The atmospheric depressions 

which occasionally reach the interior are not well developed in the autumn, 

and this area receives less than SO mm of precipitation at this time. 
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Evaporation 

Only limited data are available concerning evaporation in Iran 

(Ganji, 1967, letter), as follows: 

Location Mean July Temp. Total Annual Precip. Annual Evap. (pan) 
(°C) (mm) (mm) 

Tabas 

Varamin (44 km 
southeast of 
Tehran) 

32.7 

28.8 

76 2112 

136 3364 

These meager data suggest that a considerable water deficit 

occurs in the interior during all seasons. At the height of the spring 

snow-melt period or after occasional rainstorms, when the runoff 

temporarily exceeds the infiltration capacity of the soil, water may 

reach playas. However, this temporary surplus is quickly evaporated 

by a combination of high heat and a dry wind. 

Vegetation 

Humid forests occur only as a narrow belt along the well-watered 

northern margin of the country. The tall, broad-leaved, deciduous trees 

are relics of the warm temperate forest that covered parts of Europe and 

northern Asia in the late- Tertiary (Bobek, 1968, p. 284). 
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Semi-humid forests of oak and juniper cover northwestern Iran. 

Further southeast, oak becomes dominant in the typical "Zagros ian 

forest" of the mountains. Along the westward facing slopes the lower 

tree line follows the 500 mm precipitation line which ranges from 700 m 

in the north to 1, 000 in the southeast. The upper tree line is generally 

at an altitude of Z, 000 m and it is probably controlled by the January 

mean temperature of 10° C (Wright, 1961, p. 133). 

A "dry" type of forest consisting of pistachio-almond and maple 

trees was formerly more extensive and bordered the eastern, inner 

margin of the Zagrosian forest at an altitude of approximately 1, 800 m. 

This forest requires from 300 to 400 mm of annual precipitation depen

ding upon seasonal distribution. 

A second dry type of forest consisting of juniper, which was 

previously more extensive, now occupies thin stands on the south slopes 

of the E1burz Mountains up to altitudes of Z, 400 m. The lower tree line 

lies at 1, ZOO m; and the juniper forest grows within a zone of precipi

tation that ranges from 300 to 500 mm. 

Adjacent to the dry forests or in areas that may have been forested, 

but generally above an altitude of 1, 800 m, there are associations of 

dwarf bushes, grasses and herbaceous plants such as Artemesia. This 

treeless steppe has a present climate which may be characterized as 

cool and dry with annual precipitation ranging from ZSO to 500 mm. 
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Small and scattered stands of pistachio and almond are found below 

the other forest types and within a zone of precipitation ranging from 

ZSO to 300 m. This sparsely covered steppe occurs in the lower 

elevations of northwestern Iran and along the lower flanks of the moun-

tains. 

Eastward and southward into the interior of the plateau, the 

increasing salinity reduces the number of forest species and numerous 

halophytes appear. Tamarisk is the only tree that extends into the mar-

gins of the drier basins. Along the shores of the playas there may be a 

zone of phreatophytes. 

I 

Man has interfered with vegetation by extensive cutting for con-

struction material, fuel and agricultural land. Presently, only a few 

relics of the natural vegetation can be found in the most remote places. 

In view of the marginal nature of the interior forest cover, man's inter-

ference has further reduced the capacity of the inner mountain slopes to 

retain water and to more evenly extend the short period of spring runoff. 

It is, however, doubtful that vegetation within the inn.er plateau 

seriously affected the amount and intensity of overland flow during the 

Pleistocene. It seems more likely that increased cold during the cold 

periods was more deleterious to growth than any relative increase in 

humidity might have been favorable. Furthermore, no evidence has been 
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found in any of the late-Pleistocene sediments, along the inner mountain 

flanks, of buried trees or other vegetation debris. 



CHAPTER III 

THE INTERIOR WATERSHEDS AND THEIR PLAYAS 

The watersheds of the Interior Drainage Region (table 1) and 

their playas are described in this chapter proceeding from Oom Water

shed in the northwest more or less clockwise to the Zagros Mountains 

Watershed in the southwest. Gross physical parameters of the playas 

and references to specific aerial photographs are listed in Appendix B. 

Oom Watershed 

The Qom Watershed lies in a corridor approximately 300 km wide 

between the southwest flank of the Elburz Mountains and the northeast 

flank of the Zagros Mountains (fig. 5). The highest altitudes are found 

north of Tehran but decrease northwestward along the divide with the 

Caspian Drainage Region (fig. 14). The divide ridge rises again along 

the southeastern and northeastern divides of the watershed. The moun

tain chain of the Volcanic Belt roughly bisects the watershed. The north

eastern half contains Daryacheh-y&-Howz Soltan and Oom Playa; the south

western half contains Arak Basin. Major faults are parallel to the trend 

of the Volcanic Belt which is a zone of weakness and recurring earthquake 

activity (fig. 14). 
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Igneous rocks are responsible for most of the positive relief in 

the watershed, except for the southwester~ divide which contains slates, 

shales, sandstones, and some coal beds, and the northwestern divide 

composed of folded Plio-Pleistocene coarse clastics. Miocene evapo

rites are widespread in the lowlands. They provide the channel ways for 

the principal streams and are the source for the playa salt crusts. 

The 300 mm isohyet lies close to the northeast divide, and extends 

further into the watershed near the northwest and southwest divides. 

Greater precipitation from the west is reflected in the drainage pattern 

which is best developed along the west and southwest divides. The major 

stream, the Oara Chai, heads in the westernmost corner of the watershed 

and almost crosses the entire area to its termination at Oom Playa (fig. 

14) where the annual precipitation is less than 100 mm. 

Arak Basin 

Arak Basin occupies a depression in folded sedimentary rocks be

tween the metamorphic series of the Zagros and the igneous rocks of the 

Volcanic Belt. The basin divide is a ridge generally extendlng 1, 000 m 

above the surface of the playa (fig. 14), with the highest summit close to 

the Zagros Mountains. 

Arak Playa (fig. 14) which was not visited on the ground, contains a 

salt crust (94%) and small discontinuous areas of intermittem pools (6%). 
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The latter cannot be shown at the scale of Figure 14. There are three 

salt pan areas along the southwest shore of the playa and two low 

islands which barely project above the salt crust. Numerous villages 

and a dense concentration of qanats ring the playa, indicating large 

ground-water supplies and extensive and intensive cultivation. 

The aerial photos of Arak Playa were taken on August 26, 1955, 

just after the hottest and driest time of the year. Several large streams 

continue into the playa for one kilometer terminating in irregularly-

shaped pools up to 500 m by 150 m in area. The stream and pool margins 

within the playa are fringed with white, fresh-appearing salt which merges 

with and tends to transgress the older salt crust cover of the playa. A 

circular dark-toned area one kilometer in diameter emerges slightly 

above the salt crust in the center of the playa. A similar but smaller area 

lies 2. 5 km to the northeast of the central island. These emerged areas 

appear to be salt encrusted and seasonally awash. They have rough pitted 

surfaces. Some of the pits have white spots which are interpreted as fresh 

salt blooms. The margins of the dark-toned areas are ring.ed by rough 

salt masses with a distinctive honeycomb or polygonal pattern. Dark-toned 

curved bars or spit-like features facing western and southern quadrants are 

accentuated at their outer faces by white salt. The circular, dark-toned 

areas are interpreted as shoal areas against which salt crusts have been 

grounded by wind blowing from the west and south. The curved bars may 
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represent features that were constructed in shallow water. Three kilo

meters east of the shoals, dark-toned furrows 75 m long and 5 m wide 

occur in the salt crust together with pits up to 20 m in diameter (fig. 

15). Both pits and furrows which are oriented northeast-southwest, are 

locally occupied by salt blooms. The pits may be due to subsurface 

springs. The water occupying the pit may be blown against the downwind, 

generally northeast, side of the crust causing attrition by solution and 

forming an adjacent furrow. The same wind direction is indicated by 

some of the curved-bar features. 

More than 30 percent of the salt crust is occupied by polygons, 

many of which are up to 60 m in diameter. The three saltpan areas are 

spaced approximately 4 km apart along the southwest shore. The northern 

most area is 800 m long northeast-southwest and 600 m wide northwest

southeast. The freshness and sharpness of the individual pan margins 

suggest that this area is most actively worked. 

Slightly fewer villages and cultivated fields occupy the lower land 

northwest and east of the playa. At least one terrace can b~ distinguished 

by remnants that are best preserved along the northeast margin of the playi 

(fig. 15). Upslope from the heads of the scarps the terrace is cultivated 

up to the alluvial fans. This upper boundary is further demarcated by the 

rather abrupt termination of light-toned materials which are presumably 

fine grained as evidenced locally by the fineness of the dendritic drainage 
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pattern superimposed on them The whiteness of qanat rims immediately 

south of the boundary, and downslope of the fan material, accentuates 

the contrast. One area of uncultivated or fallow fields north of the playa 

is moderately dissected. Salt has accumulated along the sides of the 

channels within the dissected area, and in channels along the scarp faces 

fronting the playa. Two Miocene outcrops possibly containing salt-

bearing beds occur in the mountains north of Arak Playa. However, both 

outcrops are drained by streams flowing northeastward to Qom Playa. 

There are insufficient map data to compute the height of the terrace, but 

an estimate of from 3 to 5 m is suggested by stereoscopic observation at 

the scarp fronting the playa, and along the stream within the dissected 

area. Extensive cultivation in the southwest area adjacent to the playa 

obscures the tone of the surficial material. All drainage is channelized, 

and no salt accumulation is apparent. Previous flushing may have been 

more efficient because of the closeness of the mountains. It is not possible 

to extend the inferred upper limit of the terrace into the other peripheral 

areas because of the cultivated surface and the lack of vertical control • 
• 

The terrace at Arak Playa is interpreted as an erosional terrace cut 

into lacustrine deposits. The presence of salt in the deposits suggests 

that fresh water lake deposits, now obscured by the alluvial fans, may be 

further upslope. "Lake Arak" is therefore inferred to have occupied a 

considerably larger area than that now occupied by Arak Playa. The present 
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hydrologic conditions in the lake basin and the present climate (p. 54) 

suggest that only minor reductions in the temperature, especially 

during the summer months, may suffice to reduce the evaporation and 

return the lake to its previous high level. Insufficient data are available 

to quantify the changes in temperature and possibly the precipitation 

required. Currently, the salt flushed from the marginal terrace along 

the southwest shore of the playa is transgressing the older salt crust. 

This suggests that there has been a recent increase in runoff which may 

reflect a change toward a slightly more moist climate (see introduction 

to appendix C). 

Daryacheh-ye-Howz Soltan Basin 

The basin is enclosed by mountains of the Volcanic Belt .at its 

southwest, west, and northwest divides. A ridge of Miocene rock extends 

eastward from the northeast termination of the volcanic rocks, to a spur 

which overlooks the fan of the Shur Rud. The basin which is now drained 

by an outlet stream through its southeastern divide (fig. 16) was until 

recently closed as the result of the coalescence of two opposing fans. The 

word Daryacheh (lake) is used in Iran, much as "lake" is in the U. 5. and 

in Australia for a playa, even though standing water is not always present. 

Daryacheh-ye-Howz Soltan (fig. 16) contains two parts connected by 

a narrow drainageway. The western part of the playa at an altitude of 806 

m currently receives runoff from the adjacent mountains and from overflow 
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from the ea,st,ern part through the drainageway. The eastern part re

ceives runoff fl'Om the mountains along its north margin, from the most 

northerly distributaries of the fan of the Shur -Rud, and from the north 

distributaries of the fan of the Qara Chai. The other distributaries of 

the above fans conduct water southeastward to Qom Playa. 

The centers of both parts of the playa are surfaced with salt crusts 

(l4o/o) which are bordered by wet zones (76o/o). The salt crusts display 

concentric white and gray bands around a generally gray-toned central 

area (fig. 17). One gray area visited on August 29, 1967, was surfaced 

by hard, rough salt with relief of 4 em (fig. 18). The crust was 5 em 

thick and underlain by wet, gray, clayey silt. The surface of the central 

area of the crust was inundated by approximately SO em of water. 

Polygons occupy both white and gray areas. Their boundaries are 

generally poorly defined, especially in the central area where inundation 

with consequent solution tends to keep the salt surface featureless. 

Ground observation indicates that the concentric banding is due to water 

staining rather than to more substantial changes in the surface morphology. 

Polygons· are generally 6 m in diameter, but larger polygons up to SO m 

in diameter occupy the northeastern corner of the western part of the 

playa (fig. 19). The salt crusts are perennially flooded, and the central 

areas may be inundated throughout the year. 

The wet zone (fig. 17) extends outward from the margin of the salt 
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crust to a zone of phreatophytes approximately -20 m wide. The wet zone 

is perennially flooded and the retreating water lines are later cut by 

streams from the adjacent fans. Locally, the fans extend across the wet 

zone and encroach upon the margin of the salt crust as along the north

west margin of the salt crust in the west basin (fig. 17). A section in 

the wet zone (fig. 17) 250 m from the salt crust and 650 m from the 

phreatophyte zone contained: 

0-1 em reddish-brown (2. 5YR4/4) clayey-silt with 12 percent salt. 

Sample 1 

1-4 em bluish-gray (5B 5/1) clayey-silt containing salt crystals 

up to 5 mm in diameter, horizon with 14 percent salt. 

Sample 2. 

4-6 em grayish-green (5G 4/2) clayey-silt with 14 percent salt. 

Sample 3. 

6-20 em gray (5YR/l) clayey-silt with 22 percent salt. 

Sample 4. 

The water table was at 20 em on October 10, 1965, at the end of the dry 

period. Mechanical analyses of samples taken in the middle of each of 

the first three horizons (fig. 20; samples 1, 2, 3) indicate generally well 

sorted fine materials. The curve of sample 4, which was taken from a 

zone 14 em wide, suggests that more than one sedimentary horizon is 

present. Clay ranges from 35 to 40 percent with les_s than 5 percent fine 
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sand. Clay mineralogy of the top and bottom horiZons indicate kaolinite

illite percentages of 11-87 and 10-90 respectively. There were no other 

significant clay minerals. The top horizon of reddish-brown, clayey

silt was traced outward to the zone of phreatophytes where it thickened 

to a Z6 em layer resting on coarser buff to brown sand. Outward of the 

phreatophyte zone..Jh~ reddish-brown horizon merges with coarser 

materials of similar color and lithology. 

Within the wet zone area that was studied, the fan-derived materials 

undergo a color change from reddish brown to gray due to reduction in 

the vertical zone of annual flooding. Salinization spreads upward into the 

most recent materials and it appeared that the salt crust was resting on 

the clayey-silt. Locally, as reported above, the fan material covers the 

salt crust. 

A series of waterlines and beach ridges of sand and gravel with 

relief of less than 10 em extends upslope from the zone of phreatophytes 

and terminates at an altitude of approximately 826 m, 20 m above the 

playa surface (fig. 17). The highest waterline is locally prC?minent as a 

low scarp near the north margin of the playa. The scarp or waterline 

may be traced easily along the north, west, and south periphery of the 

playa. Its position along the northwest margin of the large fan of the Shur

Rud, and along the north margin of the fan of the Qara Chai is poorly 

defined and must be inferred from locally preserved remnants. 
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Bobek (1959, p. Zl) reports (no reference cited) that approximately 

in 1879 the western part of the playa was flooded by a deflection in the 

course of the Qara Chai. At that time the lake reached a height of ZO m 

above the playa. In 1934, the Qara Chai shifted its course back to the 

main basin. According to Bobek, the western part was being fed in 1959 

by the waters of the Shur-R ud via the eastern bas in. Bobek (19 59, p. Z 1) 

stated that as a result of the 1879 flood, the western basin was "only partly 

filled with mud, the rest being still covered by water only" (no reference). 

In summary the playa was in existence prior to its flooding. At 

that time its surface was approximately 40 m above the level of Qom Playa. 

Miocene salt-bearing deposits which crop out north of the east basin are 

extensively drained by the Shur -Rud and therefore a previous playa salt 

crust is considered likely prior to the 1879 flood. The present salt crust, 

5 em thick could represent either some of the salt dissolved from the 

former crust by the post-1879 lake and later precipitated over the lacus

trine mud as the lake level fell, or is a recent salt crust which has 

accumulated during the last 90 years. A combination of both mechanisms 

is likely. 

A long continuous fault is conspicuous in the mountains south of the 

western basin (figs. 16, Zl). It trends northwest-southeast and terminates 

just west of the apex of the Qari Chai fan. The sharpness of the fault, 

only locally obscured by fan depos-its (fig. Zl), suggests recent tectonism. 
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The southwest margin of the western basin continues as a very straight 

alluvial-fan line bordering the lighter -toned deposits of the basin. The 

fan line, which parallels the fault, terminates near the heads of the dry 

channels of the Qara Chai and the main channel of that river. The 

straight fan line may actually be a fault. In view of the location and 

orientation of the main fault athwart the channel of the Qara Chai, as it 

turns northeastward into the basin, it seems likely that the recent 

drainage diversions of that river are due to recurring tectonism. 

Local but nevertheless widespread transgression of the alluvial 

fans across the wet zone and onto the salt crust indicates that the runoff 

is currently greater than in the recent past and reflects a change toward 

a moister climate. 

Qom Playa 

Qom Playa occupies the easternmost and lowest part of the water

shed (765 m). Igneous and evaporitic rocks comprise most of its adjacent 

northeast and southeast ridges, and a large dune field borders its southern 

margin. The northwest margin adjoins extensive alluvial p!ains whose 

streams mostly originate in the Zagros Mountains (fig. 14). The playa 

has the general form of an equilateral triangle with sides approximately 

60 km long. 

During the spring, rain and snow melt flood the plains and cover 

the lower northwest part of the playa with a shallow sheet of water. This 
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water generally evaporates by mid-summer leaving dark, soft, water-

soaked clays. The salt crust, which covers two-thirds of the playa (fig. 

14), gradually thins towards this wet zone (Huber, 1960; fig. 22). The 

salt crust is sharply delineated by polygons ranging from 2 to 10 m in 

diameter with ridges generally 6 to 20 em high, respectively. 

Several islands project through the salt crust near the south shore 

of the playa. The largest of these, Sargardani Island (figs. 14, 23), 

rises 70 m above the playa. Approximately 20 percent of the island con-

sists of unconsumed hills and ridges with flat to rounded summits peri

pherally bounded by 30 ° to 35° gullied slopes (fig. 24). These are cut at 

their base by pediments (fig. 23). The pediments are generally mantled 

by alluvial fans, but scattered inselbergs indicate that the rock surface is 

0 at shallow depth. The slope of the fans decreases from 4 at the toe of the 

hill-slope to 2° at their line of truncation by a beachline (fig. 23). 

The island is composed of rhyolite which weathers into a reddish 

yellow (7. 5 YR 6/6) soil. The flat to rounded summits are armored with 

a pavement of coarse, angular gravel (fig. 24) which is pitted by sand 

abrasion. Beneath the gravel, a zone of weathered rhyolite with 14 per-

cent clay is locally 30 em deep and grades into bedrock. 

Although Miocene volcanics (National Iranian Oil Company, 1959), are 

widespread in the area, the apparently rapid rate of current erosion as 

suggested by the gullying would seem to argue for a younger date for the 



rhyolite. An upper limit is set by the playa stratigraphy (see below). 

The author estimates that 80 percent of the original surface has been 

consumed since the end of the Pliocene. 
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A single beach cuts the fans around Sargardani Island, 1-2 m above 

the salt surface (fig. 25). Neighboring islands are similarly bordered 

by a 1-2 m beach. There are no beaches nor beach remnants thus far 

reported around the perimeter of Qom Playa and none were seen during 

an aerial reconnaissance around the shore of the playa in August, 1967. 

These observations suggest that the islands may occupy a depression in 

the playa surface. 

Four samples were collected from Sargardani Island. Sample 5 is 

from the highest summit (fig. 24) and samples 6, 7, and 8 are from the 

single beach deposit (fig. 25). Sample 5 was taken 70 m above the playa 

surface and 1. 9 km west of the beach samples, and represents residual 

weathered material beneath a thin lag-gravel cover. The beach samples 

were collected from a single pit which was dug into a surface 1. 2 m above 

the playa. Stratigraphic relationships are shown in Table 4,. 

The island rock is buff to reddish yellow, quite angular and very 

vesicular, containing mostly glass with some feldspar crystals a few 

millimeters wide. The light shade of the rock suggests an intermediate 

to acidic composition. 



One would expect the beach materials to have been derived en

tirely from the weathered rock of the island. However, Woo (personal 

communication) found fragments of dolomitic limestone and a trace of 

shale in samples 6-8 and concluded that these materials are probably 

derived from xenolithic fragments brought up by late Tertiary lavas. 

Laboratory analyses of the samples by the author were used by Woo 

(personal communication) in the following reconstruction. 
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Table 4 and Figure 26 show the percent weight of the soluble salts 

and the specific conductance as a straight line function, with the exception 

of sample 7. Salt content of sample 7 is highest and that of sample 6 is 

the lowest. This relationship sugg.ests that periodic rainfalls may leach 

the salt from the upper horizon, and that sample 6 represents the horizon 

where effective capillarity stopped. The evaporation of the capillary water 

concentrated the salt into this layer. Seasonal flooding may contribute to 

salt leaching from the upper horizon, especially if the flooding develops 

rapidly and is quickly dis·sipated. The high salinity of sample 7 may con

trol its relatively low kaolinite and higher chlorite content. Contrary to 

sample 7, sample 5 the residual soil, contains the highest kaolinite and the 

lowest chlorite content. The soluble salt content of sample 5 is probably 

derived from the playa through the agency of the wind. 
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Particle size analyses are presented in Figure 27 as cumulative 

curves. The size distribution of the four samples clearly suggest a 

progressive development from a residual material toward beach sedi-

ments. In Figure 27, sample 5 assumes a well-graded profile indicative 

of mechanical weathering in situ. The slight rise of the slope at the 

coarse end of the curve probably reflects the presence of the lag gravels. 

Samples 7 and 8 are similar but different in the degre~s of modifi-

cation from. sample 5. Their size distribution indicates sorting due to 

water handling. The coarser debris remained behing; the sand and silt 

sizes were removed by the agency of the wind but more significantly by 

wave action on the beach. The removal of the sand and silt sizes is 

almost complete at the surface of the beach, represented by sample 6. 

The size distribution of sample 6 is bimodal. The coarse two-

thirds of the sample reflects the profile of a beach gravel, and the finer 

grained one-third shows affinities with both the inherited residual and 

with the water-sorted samples. The preservation of the inherited 

fraction may be attributed to flooding of short duration or to protection 
• 

of the fine fractions within the pore spaces of the gravels. 

The pore spaces of the cubic packing and rhombohedral packing of 

Well sorted particles are 47.64 percent and 25.95 percent respectively 

(Pettijohn, 1957, p. 83). The abrupt change in slope characteristics of 

sample 6 occurs at the no. 4 mesh size (fig. 27), At this point, the minus 4 



mesh size (4. 76 mm) is 27.53 percent by weight, which should be 

slightly larger by volume. Thus it is possible that the fine-grained 

fractions were preserved in the rather closely packed pore spaces or 
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in the partially filled voids of cubic or loosely packed gravels. The ex

tremely angular shape of the beach gravel may be due to a short interval 

of flooding. 

If we assume that all the gravels concentrated in the beach sample 

6 were derived from material like the original residual sample 5, then 

the concentration ratio is about 1:2, or by weight two S's are required for 

one 6. In the process of sample 5 evolving into sample 6, half of its 

weight in sand and silt fractions were removed. 

The persistency of the clays in all the samples may be an indicator 

of the desert climatic conditions. The soluble salts may act as coagulents 

for the clays which then form large aggregates and act as cementing agents 

in the sediments in spite of the addition of water during periodic rainfalls 

or inundations. There is not enough water to flush away either the· salts 

or the clays and the clays remain as a constant ingredient id all of the 

samples. 

In conclusion, the weathered debris from the summit of Sargardani 

Island transported downhl.ll to the beach, lost most of its sand and silt 

sizes, and part of its clays. There was a corresponding concentration of 

its gravel and coarse sand sizes. 



During the winter of 1959-60, the National Iranian Oil Company 

drilled two holes in the playa along a north-south line, north of 

Sargardani Island (plate 1). The test holes were supplemented with 

seismic soundings (Huber, 1960). 
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The deepest hole (plate 1; site 2) went to a depth of 245 m without 

reaching bedrock, and the shallower hole (site 1) went to 65 m. Seismic 

data indicate a gradual increase in the thickness of the Quaternary from 

0.0 m on the Island to 250 m at site 2 and more than 400 m in the middle 

of the playa. 

The base of the Quaternary has a slope of more than 5°30 1 from the 

outcrops on the island towards the base of site 2, which is significantly 

steeper than the gradient of the gravel fans surrounding the playa (1 to 2°; 

fig. 25). Huber (1960, p. 2) points out that such a steep slope should 

normally carry coarser material than found in the sand zones in the test 

well. He suggests that subsidence of the basin continued after the 

deposition and increased the slope of the bedrock surface. However, 5° 

30' could correspond to the pediment slope. 

The unconsolidated deposits of the playa consist of two principal 

sections; the lower one, approximately 350 m thick is predominantly 

brown clay and silt, and the upper section, 46 m thick, contains salt beds 

separated by beds of clay and silt. 



70 

The lower section (plate 1) consists of layers of brown and green 

clay, some with gypsum sand. From 181 to 206m, and from 242 to 245 

m, the medium to coarse sand contains two fractions. One is composed 

of coarse angular fragments of rhyolite and represents outwash fan 

material from Sargardani Island (Huber, 1960, p. 2). The other fraction 

is well-rounded, fine to medium gr.ained wind-blown sand (predominantly 

quartz sand). The remainder of the sand consists of authigenic clear 

gypsum crystals. Between the two sand zones, the clay section contains 

from 10 to 25 percent of clear salt crystals probably derived from the 

connate salt water in the clay during compaction (Huber, 1960, p. 2). 

The upper section (plate 1) contains 5 salt beds at site 1 which are 

separated by brown and green clay and gypsum sand. From site 1 to 

site 2, 2. 4 km north of Sargardani Island, salt zone V disappears and the 

bottom of salt Zone IV rises from 37 to 27 m in depth. The horizon thick-

nesses at site 1 are estimated from plate 1 as follows: 

Salt .zone I 6.8 m 

brown clay 
green clay 
brown clay 

Salt zone ll - 3. 1 m 

gypsum sand -
clay 

1. 7 m 
1. 7 m 
2.0 m 

9.2 m 
2.2 m 
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Salt zone III - l. 5 m 

brown and green clay 2.6 m 

Salt zone IV - 6. 0 m 

green clay 6.8 m 

Salt zone V - 2.0 m 

Totals 19.4 m 26.2 m 

No microfossils nor pollen were recovered from the cores. Huber 

(196o, p. 3) concludes from these data that the contrast between the 

practically salt-free lower 6/7th of the deposits and the salt-rich upper 

l/7th suggests a change in the conditions of sedimentation and evaporation. 

He suggests that the lower part was deposited under a perennial water 

cover which was not quite saturated salt water and therefore not precipi-

tating any salt members. The upper part, detailed above, would be 

alternatingly true evaporites and lake sediments. 

Bobek (1963, p. 408) initially considered that the salt layers re-

presented deposition during warm and dry interglacials. More recently 

(Bobek, 1969, p. 187), he concluded that the salt was deposited during 

II t . 
we mterglacials" (seep. 13). The clay horizons were correlated with 

deposition during cold periods (glacials). 

At Searles Lake, California, the radiocarbon-dated stratigraphy as 

revealed by core drilling (Flint and Gale, 1958, p. 693) is: 



Upper Salt 

Parting mud 

Lower Salt 

Bottom mud 

Mixed layer 

n 

18 to 27 m thick 

6 m thick- Pluvial (23, 000 to 10,000 B.P.) 

8 to 11 m thick 

30m thick- Pluvial (46, 000 to 23,000 B.P.) 

213m thick 

The upper and lower muds correlate with the Woodfordian and 

Altonian glacial substages of the U. S. midwest section (Morrison and 

Frye, 1965, fig. 2). The lower salt correlates with the Farmdalian sub

stage (interglacial soil horizon). The homogeneous upper salt layer 

corresponds to a time interval which includes the Twocreekan substage 

(interglacial soil horizon), the Valderan substage (glacial) and Holocene 

stage which encompasses the Hypsithermal and Neoglacial events. The 

important point to consider is that at Searles Lake and at Qom Playa, the 

present, uppermost homogeneous salt crusts do not appear to reflect the 

lesser climatic fluctuations of the post-W"urm period. In spite of minor 

fluctuations in the amount of precipitation or of temperature, the climate 

has been arid and the deposits reflect this environment. 

There are numerous, small dune complexes in the extensive alluvial 

flats between Oom and the playa. The dunes are generally barchans; no 

stabilized dunes were observed. Dune orientations indicate that the pre· 

vailing winds are from 290° to 310°. Between Daryacheh-ye -Howz Soltan 

and Oom Playa, several barchans are evolving into seif dunes. In all of 
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these cases, the barchans which indicate a wind direction from 300° have 

developed an elongated left horn which becomes the seif dune. The latter 

indicate wind directions from 320° to 340°. The most evolved forms in 

the sequence have a "tadpole 11 form with a blunted head and tapering tail. 

Several evolving seif dunes have joined one or two other dunes. The re-

sultant sei£ dune is consequently sinuous in plan. According to Bagnold 

11954, p. 223), the seif dune develops as a result of the combined action 

of moderate prevailing winds from one direction and occasional strong 

cross winds. One of the arms (horns} of the barchans becomes extended 

by the action of the cross winds and develops into the seif dune. This 

appears to be a plausible mechanism in some of the dunes of the Qom 

Watershed despite a recent statement by Verstappen (1968, p. 217) that 

there are no cases in which seif dnnes are known to have evolved from 

barchans according to the method enunciated by Bagnold. 

An extensive dune field (erg} south of Qom Playa consists of great 

overbpping sheets of sand which resemble shingles overlapping to the 

southeast. Although the erg is large (693 km
2

), it is not poflsible to 

ascribe this deposit exclusively to a glacial period because the dunes are 

currently very active. The source of the sand is the large alluvial plain 

between Oom and the playa (fig. 14}. 

Oom Playa originated as a tectonic basin, but in the absence of any 

faulting · d' . 1mme lately adJacent to or within the playa sediments, it must 
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be assumed that it has not been subsequently disturbed. Filling of the 

basin continued perhaps throughout the entire Pleistocene. Sediments· 

have moved over long pediments where attrition has reduced particle 

size. The materials were possibly deposited in a shallow lake during 

cool periods of low evaporation. Arid periods were times of salt en-

crustation. This genesis conforms with the playa stratigraphy. slope of 

the subsurface island margin, and the absence of any beaches around the 

playa. The preservation of the single beach around Sargardani Island is 

due to its recency and the absence of a concentrated drainage. 

The morphologic and stratigraphic evidence from the Oom Watershed 

indicates that previous periods of erosion and deposition may have been 

significantly different than those which are operative today. These 

"indicators" suggest previous climates that were alternately cooler and 

perhaps more moist, and then warm and dry as at present. The high 

drainage-basin/playa ratio for Arak Playa (37.Z, appendix B) coupled with 

the evidence for at least one terrace, and the present climatic data (fig. 9) 

all argue for a previous lake significantly larger than the present playa • 
• 

Currently, fresh sediments are transgressing Arak and Daryacheh-ya-

Howz Soltan Playas. and there is extensive development of a wet zone at 

Qom Playa. These observations suggest that the present climatic cycle 

may be somewhat moister than that which prevailed in the Qom Watershed 

during the recent past. 
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Damghan Watershed 

The Damghan Watershed occupies a generally rectangular area of 

z 
18,700 km along the southeastern flank of the Elburz Mountains (fig. 

28). Peaks along the northwestern divide range from 3, 300 to 3, 908 m 

in altitude, approximately Z, 300 to Z, 900 m above the playa floor. The 

other divides are between Z, 000 and 3, 000 min altitude. In addition to 

Damghan Playa, a considerably smaller playa occupies a trough at the 

eastern margin of the basin which drains into Damghan Playa (fig. ZS). 

The two lowest passes are in the eastern corner of the basin at altitudes 

of approximately 1, ZOO m. One pass leads eastward into Sabzevar 

Basin, and the other pass leads southward into the Great Kavir. 

The _northwestern divide is underlain by Mesozoic rocks, chiefly 

limestones. Igneous rocks form the ridges along the southwest and south-

east divides, and Eocene volcanics and some Miocene evaporites are 

prevalent in the bedrock of the northeastern divide. Major faults generally 

parallel to the mountain front, extend across the northern part of the water-

shed. 

The precipitation along the mountain front ranges from 400 mm at the 

highest summits to 150 mm on the slopes north of Damghan. At Damghan 

there is an abrupt, local, decrease in precipitation to 61 mm, and this 

amount generally prevails throughout the lowland. 
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Damghan Playa 

The two principal streams, from the Elburz Mountains, are the 

Damghan Rud which has built a large fan along the northwest margin of 

the playa and the Rud-e-Hasanabad which enters the playa from the 

northeast margin and is currently entrenched approximately 5 m below 

the playa surface. Smaller streams enter the playa from the southwest 

and from the eastern trough. These have considerably less discharge 

than the principal streams and they generally dry up in early summer. 

Damghan Playa occupies an area of 2, 391 km2 in the central part 

of the drainage basin. The surface of the playa slopes southwestward 

from an altitude of 1,094 to 1,050 m with a gradient of 2m/km. The 

slope of the playa and the 5 m incision of the Rud-e-Hasanabad into the 

playa surface suggest southwestward tilting of the playa basin. 

Damghan Playa may be subdivided into a clay flat (47o/o), a wet zone 

(34%), and an area occupied by a salt crust (19%; fig. 28). 

The clay flat occupies 1, 124 km2 adjacent to the margin of the playa. 

The sediments consist of sandy, silty-clay which is hard surfaced when 

dry, but slippery when wet during the winter and spring. This seasonally 

dry area is particularly well developed in the northern part of the playa 

where its flat, hard surface is used by the railroad (plate 2). The present 

playa drainage is incised approximately 5 m below extensive undissected 

areas of this clay flat. A currently active lateral fault (plate 2) across 



the distributaries of the Rud-e -Hasanabad has resulted in significant 

offsets in the stream channels. The clay flat area is narrower along 

the east-west and south margins of the playa. 
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A perennially wet area of 801 km2 encircles the central salt crust 

and merges outward into the clay flat. Only during the summer is it 

possible to distinguish between these two outer areas. The wet zone is 

considerably more saline than the clay flat, which is periodically flushed, 

and its drainage system is more susceptible to change. Although it is 

frequently inundated during the winter and spring, the surface is clear 

of standing water but saturated during the summer. A northeastward 

trending fault scaarp 2 to 3 m high, follows the northeast margin of the 

salt crust into the wet zone. Small fans down the scarp indicate that the 

fault is recent and active. Near the center of the toe of the Damghan Rud 

fan, the discharge is perennial, and the wet zone extends into the fan 

without the presence of an intervening clay flat. Similar hydrologic con

ditions prevail at the southeast margins of the playa. 

The lowest part of the playa is occupied by 4S6 km2 of. salt crust 

which is asymmetrically situated as a tabular body at the southwest -margin 

of the playa. Approximately 60 percent of the salt crust is occupied by 

well-defined polygons with raised ridges. The largest polygons are 125m 

in diameter and contain smaller polygons which are 20 m in diameter • 

Several wet salt areas occur at the east and west ends of the salt crust. 
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Although these were observed on 7 October 1965 at the height of the dry 

season, it is not known if they are perennial features • 

Marginal Features 

Adjacent to the northern margin of the playa, there are a series 

of three levels underlain by stratified pebble gravel, sand and silty-clay 

(plate Z; figs. Z9, 30, 31). These levels are generally separated by 

recent alluvial fan gravels. The concentric arrangement of the three 

levels around the playa immediately suggests that they may be former 

beaches or other deposits of a lake that filled the depression now occupied 

by Damghan Playa. However, no gravel or beach shingle was observed 

on any of the surfaces of the three levels. The materials are well defined 

for ZZ km along the perimeter of the playa and the levels are remarkably 

well preserved, in spite of local dissection by numerous periodic streams 

fro~. the adjacent mountains. No similar deposits have been found else

where around the margin of the playa. 

The three levels are separate in the west but merge in the east at a 

steep alluvial fan. At their western limits, the first level E\nds abruptly 

and the second and third levels merge before they also end abruptly ·(plate 

Z; figs. Z9, 30). 

The segments of the highest or first level are 750 m wide at their 

northernmost extent and lie at a maximum altitude of 1, 156m. The first 

level slopes down to the southwest with a gradient of 6. z m/km (plate Z). 
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Dissection by periodic streams in the vicinity of the limestone hill (fig. 

30) bas cut the deposits to a depth of 10 m, exposing sections that con

tain well-stratified material (fig. 31). Particle size ranges from a few 

scattered cobbles to pebbles, granules, sand, and silt with clay fractions. 

Numerous stratified channel deposits are exposed, many of which pinch

out downstream (fig. 32.). Some stratified layers are cemented by 

calcium carbonate and many of the surface crusts are similarly cemented. 

The coarsest material is generally in the basal part of the section near 

the upstream margin of the deposit. 

The segments of the second level are parallel to the first level and 

are generally discrete in the west, except at their western limit, but 

merge with those of the first and third levels in the central and eastern 

parts of the area f(pl.ate 2.). A low scarp southeast of the limestone hill 

marks the boundary of the first and second levels. The sediments under

lying the first and second levels are continuous, which implies that the 

levels are erosional features of a common deposit. The second level is 

700 m wide at its northernmost extent and lies at a maximum altitude of 

approximately 1, 138 m. The second level also slopes to the southwest 

with a gradient of approximately 6. Z. m/km. An exact measurement is 

not possible because of the gradual transition of the highest part of the 

second level to the first level ~(plate 2.). 



An unusual feature of the second level is a backslope along those 

level remnants which are discrete (fig. 33). The surface of the second 

level is 2 m above the nearest part of the alluvial fan immediately north 

of it. A possible explanation would assume lateral headward erosion of 

insequent streams along the break in slope of the first level. It is of 

interest to note '(plate 2.) that the backslope is best developed in the west 

along a steeper alluvial fan which would favor insequent development. 

The third level is the most extensive, and grades into the present 

playa (plate 2.). The boundary between the second and third levels 

coincides with the position of drainage ditches, suggesting that a natural 

scarp exists along this line. The third level is in fault contact with the 

playa proper; north of the railroad, where cultivated areas border the 

natural surface of the playa. Insequent drainage is considered to be the 

agent for the development of some backslopes along the western parts of 

the third level. There are insufficient data for the exact measurement of 

the gradient of the third level but it. slopes to the southwest. 

Analysis of the Marginal Deposits 

The sediments are characterized by stratified materials which 

become finer upward through the section. This type of development occurs 

near the margin of a playa or lake where the finer particles transgress 

shoreward over the coarser fan load as a playa or lake expands. The 

reverse process is now occurring at the northern margin of the first level 
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where the gravels of the recent active fan are transgressing over the 

finer material (fig. 34). 

Four samples (numbers 9, 10, 11, 12) were collected from the 

marginal sediments. Samples 9, 10, 11 were taken from the first level 

and Sample 12 was taken from the second level (table 5). The sample 

locations are indicated in Plate 2. 

Mechanical analyses of the sediments (fig. 35) indicate that they 

are well-graded sandy, silty-clay. The high clay content of the materials 

(22 to 47o/o) suggests a lacustrine or playa environment. 

The conductivity of solutions of the samples (see appendix A) which 

is a measure of their saline content (principally halite) is as follows: 

Samples 

9 
10 
11 
12 

Conductivity (micro mho units) 

2,450 
l, 200 

700 
2,200 

Surface samples from the adjacent recent fans have conductivities 

of from 300 to 500 micro mhos. This suggests that the sediments of the 

first two levels are considerably more saline in spite of their longer 

exposure· to periodic flushing. Although no samples were collected from 

the third level, the prevalence of surficial salt efflorescences comparable 

to those present on the first and second levels, but absent from the alluvial 

fans, implies that the sediments of all three levels were deposited in a 

generally saline environment. 
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The first two levels are erosional surfaces developed on the same 

deposit. The third level is morphologically and stratigraphically related 

to the first two levels. It is reasonable to conclude that all the levels 

are derived from one lacustrine deposit which has been locally faulted 

and tilted, preferentially eroded linearly and concentrically, and partly 

obscured by currently active alluvial fans. 

Genesis of Damghan Playa 

It is likely that Damghan Watershed was once occupied by a shallow 

saline lake (Lake Damghan). The 6.Z m/km southwestward gradient of 

the first two levels cannot be due to isostatic rise of the former lake bed 

because this slope is towards the basin rather than away from it. In fact, 

the lake is inferred to have been too shallow to require isostatic adjust-

ment. 

The concentric development of the levels on a single deposit suggests 

that they have been eroded by wave action in a body of water whose level 

fell discontinuously. Another possibility is that the levels represent more 

resistant layers in a sequence of strata subjected to aerial erosion subse-
• 

quent to recent upfaulting. 

If the levels represent stillstands during the progressive lowering of 

the lake surface, there should be other remnants of these levels around the 

margin of Damghan Playa, especially, in view of the extent and degree of 

preservation of those described above. No traces of other remnant&~ have 
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been found. Although beach gravels may have been destroyed at the:,first 

level, their absence from the second and third levels is more difficult 

to explain. Even if these arguments are set aside, there remains the 

problem of why the upfaulted beaches in more vulnerable erosional 

position should persist while the beaches of the downthrown block have 

disappeared. Considered collectively, these data do not support the 

concept of a lake with a discontinuously lowered water surface. 

A more tenable explanation would assume a shallow saline lake 

whose sediments would reflect a generally arid environment. The exten

sive salt body in a basin of a few evaporitic outcrops suggests concen

tration over a long period of time. Subsequent to or during terminal 

evaporation of the lake, the northern margin of Damghan Playa was 

uplifted and faulted {plate 2.; fig. 36). The freshness of the preserved 

levels composed of undoubted playa sediments testifies to the youthfulness 

of this tectonism. 

Several major east-west and northeast-southwest trending faults 

cut across the mountains north of Damghan Playa (Nationallranian Oil 

Company, 1959; Bariand, and others, 1965). The orientation of these 

faults is compatible with the orientation of the fault across the marginal 

deposit, and with the southwest tilting direction. It is of interest to note 

that earthquakes have been reported at Damghan in 856, and in 1802. 

(Ambraseys, 1968, p. 487-492.). Shahrud was damaged by an earthquake 
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in 1890, and tectonism is a continuing force in the region. 

The manifestations of the southwest tilting are the present south-

west slope of the playa surface, the incision of the Rud-e-Hasanaba.d, 

and the location of the salt crust, a late deposit, near the southwest 

corner of the depression. 

The concentric development of the levels represents differential 

erosion of a horizontally deposited sequence of playa sediments around 

a gently curved shoreline (plate 2; fig. 36). The levels may represent 

better cemented, less pervious materials; the risers between the levels 

may have contained higher gypsum or salt concentrations which were more 

susceptible to solution and were quickly eroded. 

As a result of the combined effects of faulting and tilting, the 

highest exposed playa deposits now lie 106 m above the salt crust, that is, 

the lowest part of the present playa surface (plate 2; fig. 36). 

Although the evidence reviewed above may not be conclusive, the 

presence of Lake Damghan is considered likely in view of the proximity 

of the Elburz Mountains which were glaciated during the Pleistocene. 

Increased runoff from the spring snow-melt coupled with lowered evapo-

ration rates over the watershed would suggest a water surplus available 

for lake expansion. 

The absence of beachlines or wave-cut features precludes a more 

definitive assessment of the Pleistocene environment in the basin, or 
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a quantitative analysis of the climatic parameters. The presence of 
. ·. · ·, 

a single bracldshlacustrine deposit with no apparent unconformities in 

the exposed sections records a single, comparatively recent episode of 

lake expansion. This episode would most likely correspond to a late-

Pleistocene glacial stage. Earlier and more extensive lake expansions 

are probable in view of the Qom Playa stratigraphy, but the geomorphic 

evidence at Damghan Playa is not obvious. Study of the buried sediments 

beneath the salt crust remain the best possibility for elucidating the 

history of Damgban Playa. 

The transgression of the wet zone into some of the alluvial fans, 

and the generally extensive development of this zone (34o/o of the area of 

Damghan Playa) suggests that the current climate in the watershed is 

more moist than in the recent past. 

Damghan East Playa 

The small playa east of Damghan Playa, here referred to as Damghan 

East Playa, lies at an altitude of 1, 055 m. It is a seasonally dry playa 

with small, scattered springs in the eastern part (fig. 28). The surface 

of generally puffy ground and the presence of springs indicate that the 

ground-water table is at shallow depth. The outlet stream is constricted 

by fans from the north and south slopes of the valley. Fans are trans-

grea .~mg the playa. 
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Dark-rimmed polygons occupy less than 10 percent of the surface, 

and these are concentrated around the ground-water discharging areas 

(springs). The polygons are up to 30 m in diameter. There is no 

evidence for marginal beaches or lacustrine deposits, but this playa is 

considered to have been a part of the area previously occupied by Lake 

Damghan. 

Great Kavir Watershed 

The Great Kavir Watershed (figs. 5, Z8) occupies an area of 

ZOO, 747 km2 in the northeastern quadrant of Iran. The northwestern 

divide, in the Elburz Mountains (fig. 5) has summit altitudes which de

crease from 4, OOZ min the east (fig. Z8) to about 3, 000 m north of 

Sabzevar Basin. The southwestern and southeastern divides have summit 

altitudes which generally range from 1, 500 to Z, 000 m, with a few peaks 

just under Z, 400 m along the southeastern divide. Within the watershed 

the lowest altitudes are found at the surface of the salt crust basins, and 

the lowest of these lies at an altitude of 650 m, southeast of the Rud-e

Mureh fan delta (fig. Z8). 

In the rain shadow of the Elburz Mountains, the annual precipitation 

decreases from 300 mm near the divide to less than 100 mm in the Great 

Kavir Basin. Mountains along the northeast divide benefit from moisture 

laden air skirting the southern shore of the Caspian and penetrating the 
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valleys and lower pcisses north of Shahrud. Precipitation in this eastern 

area ranges from 100 to 150 mm in the mountains, but there is con

siderably less in the adjacent lowlands (fig. 9). 

In spit~ of the rapid decrease in precipitation southward, broad 

valleys with underfit and intermittent streams, below the mountain front, 

attest to the past erosional effectiveness of the southward flowing streams. 

The thick deposits of coars~ alluvium which extend out from the mountain 

front (p. 39) are further evidence of previously greater stream discharge. 

The Great Kavir Watershed contains the Sabzevar, Great Kavir, 

Bardeskan, Siah KuJ?. and Southwest Basins. The Sabzevar, Great Kavir 

and Siah .. Kug Basins were visited on the ground. All of the watershed has 

been studied from aerial photos, and most of it has been viewed from low 

flying aircra!t. 

The centrally located Great Kavir Basin receives the exit streams 

from the other open basins and is the terminal sump for the entire water

shed. Consequently, the Great Kavir Basin is a system within a system, 

responding not only to its features but to those of its tributary basins • 

. ~here are similarities and differences among the basins of this sys

tem. S~bzevar and the Great Kavir Basins both have a great range in 

relief and consequently in distribution of precipitation, but the Miocene 

evapo~ites which underlie most of the Great Kavir are more scattered in 

the Sabzevar· Basin, and in the other smaller tributary basins. There is 
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no doubt that the ubiquity of the easily eroded evaporites has been a 

major factor in the peneplanation of the Great .Kavir.. All of the basins 

lie within tectonically active zones, and features such as incised 

channels or active fans may not always be the products of climatic 

change. Each basin must be examined carefuUy; the combinations of 

environmental elements and the variations . in their intensity and sequence 

are infinite. 

Sabzevar Basin 

The basin of Sabzevar Playa includes part of the southeast slope of 

the Elburz Mountains, and extends southward to its former divide with 

the Great Kavir (fig. Z8). That divide is now breached by the Rud-e -Mureb, 

Two curving ridges parallel to the northern bend at the eastern end of the 

Elburz, divide the watershed into three east-west trending valleys. These 

valleys are drained by streams of the Mureh system which have cut through 

the ridges that are composed primarily of conglomerates and volcanics of 

Tertiary age. 

Sabzevar Playa 

Sabzevar Playa occupies the southernmost and largest of these three 

valleys. The playa is lZZ km long (east-west) and 8 to 30 km wide (north

south) with an area of Z, 103 kmz (fig. Z8). The surface of the playa slopes 

to the southwest with a gradient of 0. 5 m/km. Along the fan· delta of the 

Rud-e·Mureh, the gradient is 1.0 mlkm (fig. Z8). The western part of the 
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playa contain's 70 percent of its area and its most interesting features. 

Consequently, the analysis of the playa is primarily concerned with the 

western part and its marginal features (plate 3). 

Sabzevar Playa receives the seasonal runoff of numerous peripheral 

streams and the two master streams, the Rud-e-Mureh and the Rud-e-Shur. 

The Shur flows west from the mountains above Mishabur for 240 km to its 

junction with the Mureh. From its headwaters to the Great Kavir, the 

Mureh is 320 km long. 

The Mureh enters the playa from the north, 12.8 km east of Abbasabad. 

The single channel subdivides into numerous distributaries which fan out 

over an area of approximately 400 sq km (plate 3) before rejoining a main 

channel in the southwest part of the playa. The Shur enters the playa from 

the east and maintains its identity for 19. 2 km in the principal part of the 

playa before it subdivides into many distributaries. These distributaries 

are less well defined than are those of the Mureh, and disappear into the 

playa for short di~tances before reappearing to join into tributaries which 

eventually enter the Mureh. After receiving the Shur as a major tributary, 
• 

the Mureh drains the southwestern part of the playa and then flows to the 

Great Kavi~. -

A large alluvial fan encroaching upon the playa from the north mar-
,·. t- · 

gin, east of the Mureh, has imposed its drainage system on the northeast 
. ;·; . ~ 

surface of the playa. Some of its ~hannels enter the Mureh system but 
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most of them maintain a separate identity along the north-central part 

of the playa. 

An incised channel lies 3 m below the surface of the playa, in the 

central area, This channel receives distributaries from the Mureh and 

Shur Rivers at almost right angles, which suggests that it is cutting 

headward due to a reduced base level (uplift or lowered water table) and 

has captured the distributaries. 

Sabzevar Playa is bordered by alluvial fans with margins that are 

rather sharply delineated, At present, the alluvial fans are encroaching 

upon the playa, as is clearly shown at the toe pf the large fan immediately 

east of the Mureh. Old maps of the area do not show the present extent 

of this large fan. The alluvial fans have slopes of 10° to 15° along the 

north and west margins of the playa, and slopes of 5o to 10 o along the 

south mar gin. 

Parallel and adjacent to the alluvial fan toe, there is frequently a 

narrow band of light or white-toned m~teric:~.l which is conspicuous on the 

aerial photos, and which resembles the beach of a previous lake. 

Such an a:J:"ea, north of the playa margin, was visited during 

September 1965. The terminal area of this white ~one was underlain by 

intricately dissectecl gypsum which pinched out towa,.rd the head of the 
\ 

fan. Subsequently, better examples of tlli.s white gyp~:~um aprop. wel:'e ob-

served at Siah Kuh (p, 143) ang Aghda Playa,.s (p, ZOS)! Whi.te gypsum 



~pro~s can fo:rm at any point where the capillary water intercepts the 

surface of the ground. However, gypsum aprons are generally best 

developed along the toes of alluvial fans. 

91 

Peripheral to the alluvial fan toes and extending over the surface 

of the playa, there are irregular zones of surface stains ranging from 

a few meters to 5 kilometers in width. The zones of surface stain are 

best developed along the western and northeastern margins of the playa 

(plate 3). The zones of surface stain in the northeastern area were 

first observed during the September 1965 visit to the playa. At that 

ti:rp.e, the surface of the playa was extremely hard, flat and smooth with 

few areas of salt encrustation or salt biscuits. The general distribu

tion of water-born debris not as yet dissipated by the wind suggested 

that the surface stain zone had been recently inundated. The general 

ab~e:q.ce of channels within the stain zones suggested that these are 

~re~s of terminal evaporation and deposition rather than throughways 

fo:r Wate+ movill.g from the fans to the center of the playa. 

Pur:i.ng a subsequent visit to Sabzevar Playa in August 1966, the 

sa:rp.e a+ea of stain zones was visited. It was clear from the greater 

exte~t of the fresh stain zones, superposed on the more obscure stain 

Zones, that the recent winter had been wetter (p. 93). The playa stain 



zones provide a _guide to the extent and recency of seasonal flooding, 

and are generally areas characterized by firm surfaces during the 

summer dry season. 
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Surficial Materials and Fe·atures: Within the margins of the mapped 

area of the playa, seven types of surface units have been delineated (plate 

3). Several units are composites and many boundaries are transitional. 

Plate 3 was prepared from aerial photos taken during the latter half of 

June 1955 with the result that surfac.!'e conditions shown are those of the 

relatively dry period. However, the surface of the playa is one of ground

water discharge throughout and ground water is believed to lie everywhere 

within about 3 m of the surface. It is not clear whether ground water 

flows out of the southern end of the basin, but this is possible as the 

general state of the surface is not one of heavy salt accumulation. 

Map Unit 1 (plate 3) is generally dry and flat, consisting mainly of 

hard, smooth areas but with scattered puffy ground, channels, and 

phreatophytes. The microrelief of the hard areas is generally less than 

3 em but is as much as 5 em locally. Sample 13, taken from the surface 

of a hard smooth area (see plate 3) is a generally poorly graded, sandy. 

clayey-silt (fig. 37). It includes a high co~centration of halite indicating 

a ground-water discharging source (table 6). Puffy ground is found in 

patches, and along dry channels. The channels associated with the hard 
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areas are generally less than 2.5 em deep and 3 m wide although the side~ 

are often sharply eroded vertical cuts. These channels are abrupt dis-

continuous features, which are part of the distributary system. Phreato-

phytes occur singly or in small groups, frequently adjacent to patches of 

puffy ground or along channels. Hard, dry compact surfaces (plate 3) 

are normally associated with a deeper ground-water level than that 

occurring at Sabzevar. The existence of this type of crust within a ground-

water discharging playa can be explained by frequent surface flooding. 

Such surfaces contain standing water during the rainy season, as has been 

observed on numerous playas in the western United States. At Sabzever, 

the hard surface was observed to have greater areal extent in August 1966 

than in September 1965, presumably because of flooding during the rainy 

winter of 1965-1966. Map Unit 1 occurs in the northeast, central, and 

southwest parts of the playa. It occupies a total of 90 sq km or 6.1 per-

cent of the mapped area. 

·' 
Map Unit 2. contains dry, soft, puffy ground and locally includes salt 

crusts and channels. The microrelief of the puffy ground r"!-nges from 5 

to 15 em. Many variations of this type of surface exist, but it is generally 

capable of supporting normal vehicular traffic, with minor rutting. Moist 
. .. ; 

plastic sediment is generally encountered at shallow depths. The local 

salt crusts are generally 5 mm thick and may be either flat and &mooth or 

•· 
warped in tentlike forms associated with puffy ground (fig. 38). Sample 14, 



94 

taken from just benea.th a 5 mm thick salt cru(Jt (see plate 3; fig. 38) 

is a generally poorly graded, sandy, cla.yey-silt, somewhat finer thaQ 

sample 13 but remarka'Ply similar in grain size distribution (fig. 37). 

Mineralogically (tabl~ 6) the principal difference between samples 14 

and 13 is the former's higher content of ha.U,te which is r?flected in the 

existence of an overlying sa.lt cru~t and the puffy condition of the gJ;ound. 

Channels are generally le11ts tha.n ZS em de~p and 3 rn wide with sides 

that are generally modified into rouQd~d 11tho~lders. Map Unit Z is 

rather widely distributed, and occ.Q.pie~ a t9ta.l of 139 sq km or 9. 4 pe:r-

cent of the mapped area. 

Map Unit 3 is generally dry ~d f!M, consisting of hard smooth 

areas with widespread ~~Joft puffy gro~d and local a.:reas of hard crll~t, 

This terra.in h dissected by nllmeroQ.s closely epaced braided channels 

supporting phre•tophytes. Map Unit 3 ~s very widely distributed a.nd 

occupies a total of l,136 eq, :Jtm or 77 ~ 1 percent of tbe mapped area, The 

deepest c.han11eh observed witMn Map Unit 3 were in the central part of 

the playa where they are ~ m. d~ep a..ml lO m wide M the d~e~est part bqt 

widen to 30 m withill l m of the kavj.:r su:rfac.e. Olle cham~el was £illed. 

with wet sa.lt 15 em tnhlk r~etin~ on a layer of wet blaclt clay appro~imately 

ao em tll~c.~. The wet sal~ oc.cqJ'red in a ~@gm~mt of ~e che~.m~el aP.d it~t 

i .. iti.t ~d termina.l bo~da:ri~~t wer~ slla.fp (na, ~9), 

l.f.ap U~it 4 conta.i~• t~ene:ra.ny moi~t., nat areas with soft, p~y 
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groun.d ami is dh~ected by nQ.merous closely spaced braided channels 

marlc~d. by phreatpphytes. These moist a:reas lie mainly on the peri

ph.ery of ~he fan of the MQ.reh in the west-central part of the playa. The 

map unit o~cupl.e~ ~ total of az sq km or 5. 6 percent of the mapped area. 

Map Unit 5 inch~des two small areas of dense phreatophyte vege

tation near the central part of the playa. The phreatophytes, apparently 

a var~ety of p~c~elweec:l approximately 1 m high, are concentrated along 

c;hannels about Z m below the general surface of the playa. Map Unit 5 

occupies a total of 5 liJq km or 0. 5 percent of the mapped area. 

Map Unit 6 (fig~ 40) which occurs in the southeastern part of the 

mapped a:rea contains sand dune~. This unit is related to extensive dune 

fields w4ich ac:ljoin it, but is included within the playa boundary because 

playi:L s.edirp.e:p.t._, constitute the me1jor part of the unit, and are the materials 

l.!.pcm whjc;;ll the d11.ne~ rest. The dunes in the northwest part of the unit are 

Cl.lmost. aU of t.P.e barchan type. They are from 4 tp 10 m in height and 

from 3() t9 SQ min width (between the horns). The most exposed barchans 

along the nQ:rthwest rnil.:rgiJ:l are smalle:r, more active, and qave been 

fonned. by winds blQwj.ng from 340° t:r\le north. Less exposec:l barch·ans 

towa:rd. t.ll~ ce.nt.e.r, pf the ~n.H, e1re larger, more stable e~.n.d have been 

formed. Qy winc:l' blo~n.g f:rorp 305° to 3l5° tr\le north. 

~Q~iitlJ9inl.l c:lun.~~ in. the ce:q.trill part of the a;rea are 10 t.o 15 rn 

biiA, ao to 49 'Wiele a:Q.d up to ~50 m long. Tbese are den~ely vege~ted. 



96 

and stable, and they were formed by winds blowing from 304° to 308° 

true north. 

Current blowouts and sand drifts at the noses of Miocene outcrops 

indicate that the present prevailing wind is from 340° to 343° true north. 

The occurrence of the two dune orientations suggest that the local 

winds were previously from 305° but have subsequently changed through 

35° of arc to the present direction, 340° true north. Map Unit 6 occupies 

.z 
a total of 18 km or 1. Z percent of the mapped area. 

Bedrock of presumed Miocene age is exposed in the southeastern 

part of the playa in narrow zones trending north-south {Map Unit 7; plate 

3; figs. 40, 41). The rock consists of siltstone and mudstone with salts 

generally in the form of halite or gypsum. It crops out in long, .narrow 

ridges the surfaces of which consi$t of rough salt-encrusted mud at the 

summits, and polygonally cracked salty silt on the lower slopes and 

gullies (fig. 4Z). Locally, particularly along the thalwegs of either 

summit or slope gullies, · the surface is pitted with solution holes up to 35 

em in diameter but mostly somewhat smaller (fig. 4Z). Tqese extend 

approximately ZO em beneath the surface and then curve downslope, no 

doubt following a path between the salty-mud crust and the underlying; ; 

relatively intact Miocene rock. · One hole was measur.ed through a length 

of Z m, but extended further. 

The largest holes are all in the largest summit gullies, approximately 



97 

~ m below .the ridge tops. These areas are temporarily subject to 

sufficient runoff during rainfall to explain the concentration of solution 

holes. Some of the large holes have funnel-shaped orifices which 

merge imperceptibly with the surface; these appear to be modified by 

smaller solution holes developing within their margins. These obser

vations suggest that there have been at least two and possibly more 

periods of karstif~cation of the mud crust due to increased moisture. 

The present environment is conducive to both mass movement (mudflow) 

and solution. 

Miocene rock was collected from the base of the 5 m high bluff 

(fig. 41; sample 15), and from the surface of the ridge summit near a 

concentration of solution holes (fig. 42, sample 16). These materials 

were crushed, immersed .in distilled water, and their solutions measured 

for conductivity (see appendix A). The results are as follows: 

Sample Conductivity in micro mhos 

15 4,250 

16 30,000 

The 7 times greater concentration of salt at the surface of the ridge 

summit and the currently active processes of solution and mass movement 

do not appear to be compatible. Therefore, the summit salt concentration 

may be a relictof a previously more arid environment at Sabzevar Playa. 
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To the east and northeast there are numerous small outcrops of 

similar rock in which the trends are northeast rather than north, 

suggesting a joint system. Map Unit 7 occupies 3 sq km or 0. 2 percent 

of the mapped area. 

A recent fault scarp can be seen in the northwest part of the 

playa. Along its western extent the north side appears to be a few 

meters higher than the south side. The north side has moved to the 

east relative to the south side as indicated by the offsets of streams 

normal to the fault. 

Examination of the distribution of surface and drainage features 

of Sabzevar Playa (plate 3) reveals the following relationships: 

1. Unit 1 which is the least dissected of the units is almost 

entirely located within the northeastern quadrant of the 

playa. Isolated vertical control points indicate that 

this part of the playa is one of the most elevated areas. 

Elements of unit 1 are separated by lower areas of u:nit 3 

and these areas are traversed by streams which mostly 

originate from the Rud-e-Shur and flow northwest during 

the winter flooding period. It would appear that unit 1 

represents the highest and oldest surface remnants of the playa. 

2. Unit 2 which is more dissected than unit 1 also occupies 

high areas within the playa. The elements of unit 2 are 
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located in the high northeastern quadrant, along the western 

rim of the fan of the Rud-e-Mureh, and in more isolated 

patches across the southeastern part of the playa adjacent 

to the major trail. 

3. Unit 3 which occupies 77 percent of the surface area is the 

lowest and most dissected of the dry, flat surfaces. There 

appears to be a regular progression in the extent of 

dissection of the surface areas of the three units no doubt 

reflecting erosional periods with a subsequent lowering of 

the playa base level. 

4. Unit 4 mostly occupies a lobate area around the toe of the 

Rud-e-Mureh fan which suggests that ur~it 4 is comparable 

in genesis to the wet zone of playas with more marginal 

fans. The fan of the Rud-e-Mureh transgresses the playa 

and its toe may have been completely inundated during a 

principal runoff period with the result that peripheral 

deposition occurred in water, as at a delta. Woo (personal 

communication) has suggested the name fan delta for this 

feature. 

5. Unit 6 is almost entirely located within the southeastern 

corner of the playa, in the lee of unit 7 (bedrock outcrops) 

and the higher playa area traversed by the principal trail 



(plate 3). The dunes within unit 6 contrast strikingly with 

those just outside of the boundary of the playa (fig. 40, 
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plate 3). The playa dunes are generally larger and less 

concentrated. In addition, the dunes outside of the playa 

boundary appear to be in part oriented northeast-southwest, 

which is most likely a reflection of structural control from 

the underlying Miocene rocks rather than deposition from 

winds blowing parallel to that orientation. 

6. The small salt basin near the western margin of the playa 

lies against the fan delta. It is apparent from the strand

lines that cross unit 2 that a shallow lake or pond was im

pounded at its present outlet by a continuation of the fan 

delta, now breached. The unusual freshness of the strand

lines accentuated by the salt suggests that the impoundment 

was a relatively recent event. 

7. The most striking aspects of the drainage pattern are the 

direction of flow from the two master streams (plate 3), 

their points of interference and deflection in the central 

zone of the playa, and the way in which local peripheral 

streams are immediately diverted by the master streams. 

In the east central part of the playa, north of the 808. 9 m 

altitude control point, there is a zone of rever sal in drainage 
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direction {northwest to sou'l;heast) as one procedes north-

ward along}h~ main trail {plate 3). There are undoubtedly 

several stream channels in the northeastern quadrant which 
. . ' ' I 

may individually ~ndergo rever sal in stream flow depending 

upon the directionof the storm and possibly the season. 

8. Sc~ttered throughout a 10 km wide belt extending eastward 

fromthe Miocene outcrops {plate 3, figs. 41, 43), there . 
J ;. . • • 

are o~iented, cuneiform features that are densely vegetated 

(plate 3,, f~g. 43). The triangular shaped heads are general-

ly aligned in groups 300 to 700 m long and 100 m wide. Local-

ly, the cuneiform features consist only of "heads 11 {upper 

right center of fig. 43) or seem to fade into irregular dark 

patches. These features have not been studied on the ground, 

bu~ w_oo {personal communication) studied the aerial photos 

of these features and observed that channels in the playa run 

straight across them, and adjacent qanats cross them without 

deviation. Consequently, these features have no appreciable 

relief. Sketches by Woo {fig. 44) suggest that their extreme-

ly regular orientation (northeast-southwest) and general 

arrangement in rows are structurally controlled and probab-

ly developed along joint systems. 
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From the above observations, we may speculate that the cuneiform 

features are densely vegetated areas at points of periodic artesian 

seepage (heads only), or are controlled by seepage along joint systems 

(heads and tails aligned in groups) as suggested in Figure 44. 

The southeastern margin of the mapped area (plate 3) of Sabzevar 

Playa is a topograplrlc high where the playa sediment cover is very thin, 

The old fixed dunes indicate a wind direction from the northwest. The 

northeast-southwest topographic high was a natural barrier which caused 

the deposition of the dune fields. The aeolian sands were no doubt 

derived from the playa and the adjacent alluvial fans. 

Genesis of Sabzevar Playa: The Miocene deposits underlying 

Sabzevar Baein were deformed during the evolution and isolation of the 

basin in post-Miocene time (Gansser, 1955). The folded Miocene rocks 

were eroded and considerably planed· prior to the deposition of the playa 

sediments, as is indicated by the stratigraphy of the southeastern part of 

the mapped area. 

The basin probably remained closed during the Pliocepe and it 

received the sediments from an extensive watershed. Beaches are fragile 

deposits, and there may have been a Pliocene lake in Sabzevar Basin, but 

there is no evidence of strandline features.· 

Cutting of the gorge of the Mureh may have be.en facilitated by 

faulting across the rock ridge. This possibility is suggested by the close 
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proximity of a nearly north-south, cross-fault of post-Neogene age 

parallel and 4 km east of the gorge (fig. 28). A mid-Pleistocene date 

is suggested for the gorge cutting. 

The huge fan delta of the Mureh, in the northeastern part of the 

Great Kavir, was derived from Sabzevar Basin. The size of this fan 

delta (1, 392 km
2

) provides some idea of the amount of material that has 

been removed from Sabzevar Basin during the Pleistocene. 

The present surface of Sabzevar Playa as can be seen on aerial 

photographs is faulted and it has been shown by altimeter measurements 

to be tilted to the southwest. The present location of the main channel 

of the Shur along the southern margin of the playa may be due to this 

tilting. A very late Pleistocene to recent date is suggested for the 

faulting and tilting. 

With later dissection of the playa, the old Miocene erosional sur-

face has been partly exhumed with the consequent development of the 

II 'f f cune1 orm eatures 11 and the dune fields which are mainly stabilized by 

vegetation. The dissection of the playa and the emplacemen.t of an 

extensive dune system suggests a climate not unlike the present but one 

with possibl;y more winter runoff and considerably more intense summer 

winds. The longitudinal dunes (305° true) may have been formed at this 

time, These conditions would fit a Pleistocene climate. Unfortunately, 

the degrading character of Sabzevar Playa indicates that its Pleistocene 
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deposits may have been transported to the northeastern basin of the 

Great Kavir. 

The karstic features developed in the salty crust of the Miocene 

ridges and the currently active processes of solution and mass move-

ment suggest that there has been more than one cycle of cooler and more 

humid climate at Sabzevar Playa. The karst fur,ther indicates that these 

periods of more moist climate were P.receded and perhaps separated by 

periods of aridity more intense than at present. 

The "salt basin lake" is probably a very recent feature due to 

impoundment by the front of the Mureh alluvial fan. This aggradation 

may reflect a change in runoff with climatic implications. A Neoglacial 

date may be tentatively assigned to this lake. 

The current playa dissection is represented by outlet channels in 

the southwestern part of the playa which are 6 to 8 m below the playa sur-

face, while those within the center of the playa are 1 to 3 m below the 
' 

surface. Map unit 1 probably represents relicts of an older playa surface. 

There are several regional similarities between Dam~han and 

Sabzevar Playas, which may be listed as follows: 

1. Upfaulting of northern marginal areas. 

z. Currently active playa faults. 

3. Sout}lwestward slope of playa surface. 

4. Current dissection of playa surfaces. 
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Great Kavir Basin 

Great Kavir 

The term "Great Kavir" refers to the central and lower part of 

an extensive drainage basin, the Great Kavir Basin (figs. 5, 28}. 

Although the Great Kavir occupies the lower part of this interior basin, 

it is essentially part of an elevated "plateau" 650 to 850 m above sea 

level. Thirty seven percent of its area is composed of intricately 

folded Mio-Pliocene sediments which have been eroded to a peneplain 

surface. Interfingering within the peneplain surface are salt-encrusted 

depressions which also occupy 37 percent of the area of the Great Kavir. 

In order to best present this complex area, this section is divided 

into t},e following parts: (1) Geographic setting; (Z) Areal subdivisions; 

(3) Genesis of the Great Kavir. 

Geographic Setting: Although the general location of the Great Kavir 

is well known, its precise boundaries have never been described. In this 

study it has been observed that the western, southern and eastern boun

daries of the Great Kavir are sharply defined by the toes of .coarse alluvial 

fans and prominent dune fields. The northern boundary between Mo·aneman 

and the fan delta of the Mureh is delineated by an alluvial apron. However, 

the northern boundary from Moalleman westward to the fan delta of the 

Rud-e-Shut is more difficult to fix. In this sector, the topography is 

transitional from peneplained surface to pediments to low mountain slopes, 
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all cut in Miocene rocks and salt domes whose structures are clearly 

exposed. Consequently this part of the boundary has been drawn 

westward along the mountain front and southwestward over an irregular 

divide marked by salt domes. 

The Great Kavir may be subdivided into an eastern and western 

basin which are separated by a broad peneplain cut into Miocene rocks. 

The peneplain divide is marked by three salt crust basins in a north-

south alignment (fig. Z8). Their position near the western limit of the 

peneplain, and the development of 'three east to northeast trending 

troughs (occupied by the linear wet zones) in the eastern half of the pene-

plain indicates that the regional slope has been toward the east. It is 

• 
likely that currently active streams flowing westward into the western 

basin will eventually breech the divide basins by headward cutting and 

shift..the divide eastward. The present stream cutting is due to recent 

tectonism. The Mioc~ne rocks and the younger sediments of the basins 

are cut by several northeast trending faults which are currently active 

(fig. Z8). 

Around the margins of the Great Kavir, higher erosion surfaces 

have been cut into the Miocene rocks. These surfaces are now only 

scattered remnants due to uplift and erosion. 

The eastern and western basins receive their primary drainage 

from the Rud-e-Mureh and Rud-e-Shut respectively which rise in the 
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Elburz Mountains. These ephemeral streams debouche from narrow rock 

gorges onto the broad flats of the Great Kavir where they have formed 

extensive, generally symmetrical fan deltas. Other map units within or 

adjacent to these large basins include the wet zone, salt crust, clay flat, 

eroded surface of the Miocene rocks, and dune field (fig. 28), distributed 

as follows: 

Unit 

Fan delta 

Wet zone 

Salt crust 

Clay flat 

Eroded surface of 
the Miocene rocks 

Dune field 

Totals 

Km
2 

Percent 

2,892 5.5 

3,106 5.9 

19,676 37.2 

895 1.7 

19,314 36.6 

6,942 13. 1 

52,825 100.0 

Fan Delta: The Rud-e-Mureh has cut a narrow gorge approximately 

100m deep through volcanic rocks northeast of its fan delta (fig. 28) in the 

Great Kavir. The river falls from an altitude of 792 m just above its 

junction with the Rud-e-Shur in the southwestern corner of Sabzevar Playa 

to an altitude of 708 min the center of the fan delta, 100 km away. Several 

altimeter readings in the eastern basin suggest that the lowest point lies 

approximately 650 m above sea level. 
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The fan delta occupies an area of 1, 392 km
2 

in the northeastern 

corner of the Great Kavir. At its northeast and northwest sides there 

are adjacent alluvial fans. Along its 70 km long southwest periphery, 

it is separated from the nearby salt crust by a wet zone which ranges in 

width from 2 to 12 kilometers. This zone is found adjacent to all 

alluvial fans, but not all occurrences can be shown at the small scale of 

the accompanying maps. 

The Rud-e-Mureh maintains a generally axial position through the 

fan with only two significant distributaries crossing the fan southeast of 

the main channel. Of the two peripheral drainages, the northwest system 

is best developed and suggests more runoff from that direction. The distri· 

bution and development of the wet zone reflects the extent of peripheral 

discharge. 

Minor fan deltas issue from the smaller streams but they are incor

porated into the wet zones and generally lose their morphological identity. 

The Rud-e-Shut cuts through approximately 30 m of Miocene rocks 

before reaching the western part of the Great Kavir where its fan delta 

occupies an area of 1, 500 km
2

• The north and west sides of the fan delta 

which are each 40 km long border alluvial fans from the adjacent moun

tains • Narrow wet zones separate the delta from salt crust basins along 

the east and southwest perimeters. An area of Miocene rocks abuts the 

southeast margin. 



109 

The principal channels during 1955 (date of aerial photography) lay 

between the fan delta and the western alluvial fans. Gullying was con

spicuous in the northern third segment of the fan. 

Wet Zone: The wet zone contains clay and silt, and frequently both 

halite and gypsum, but saline crusts are either absent or very thin. This 

is a transitional zone which is periodically inundated and always wet at or 

near the surface. Its width may ch~nge from year to year, and it may be 

shifted outward by an expanding playa. During the late summer dry period, 

the wet zone may be superficially dry. At that time, it is possible to drive 

vehicles across a narrow strip of the wet zone to reach the firm surface of 

the hard salt. 

In the Great Kavir, two types of wet zone areas may be distinguished, 

the more common occurring at the toes of the alluvial fans. Extensive 

zones of the type border the fan deltas of the Rud-e-Shut, the Rud-e-

Mureh and the east and west shores of the western salt basin (fig. 28) • 

The wet zone i~ actually higher than the adjacent salt crust, although the 

vertical distance may be less than one meter except for the .larger salt 

crust basins. The wet zone derives its water from the alluvial fans and 

the supply is visibly surficial during the wet seasons. In the dry period, 

the wet zone is supplied by the ground water which lies closer to the sur

face at the margins of the playa basin. 



The second type of wet zone occupies a linear basin or narrow 

trough within the area underlain at shallow depth by Miocene rocks. 
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Many of these zones are too narrow to map and are locally referred to 

as "shatts" (fig. 45). In the Great Kavir three extensive linear wet 

zones with a northeast-southwest trend occur in the central part of the 

Kavir (fig. 28). These wet zones occupy sediment-filled troughs whose 

surface gradients are less than one degree. All of the surfaces are 

characterized by thin salt crusts, only locally absent1 or dried curled 

mud platelets beneath which is a generally black, brackish wet mud. It 

is clear that these troughs are drainageways through the Kavir, and they 

are seasonally inundated. They are particularly treacherous because of 

the superficial crusts which impart a false security (fig. 45). The thin 

development of salt crusts seems to be a result of the periodic movement 

of water which dissolves part or all of the previously existing crust. A 

new crust forms with the onset of the dry season and the concurrent 

evaporation of the brine. 

Samples from a wet zone (figs. 28, 46, 47; table 7) were collected 

from two distinctive surficial environments. Sample i 7 is salt crust 

which contains about 3 percent medium sand of aeolian origin, and one per

cent clay. Halite constitutes 96 percent of the coarse fraction. Sample 

18 is well graded in the finer fractions and suggests periodic water

handling. Ita halite content i8 only 18 percent (coarse fraction) but its 
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clay content is Z5 percent (table 7). 

The three linear wet zones drain eastward into the eastern basin. 

Although the troughs which encompass the wet zones are now choked 

with sediments, it seems clear that these drainageways were formerly 

important channels for transporting the erosional debris toward the 

eastern basin. 

Salt Crust: The salt crust overlying basins of the Great Kavir 

occupies areas in the east, west and center. The eastern basins are 

generally continuous, but are locally interrupted by Miocene outcrops 

in the form of northeast-striking ridges. Aside from peripheral trails 

this area is difficult of access and generally unknown. The aerial 

photographs reveal extensive white salt crusts interspersed with black 

salt concentrations and occasional drainageways. 

The two salt-crust basins in the western area of the Kavir lie 

adjacent to the fan delta of the Rud-e-Shut. The southern basin, which 

receives additional drainage from a small playa to the west (fig. ZS), is 

three times the size of the northern basin, is wetter and has a more • 

continuous salt crust. Only 5 percent of its area is covered with a black 

salt. Twenty percent of the northern basin is covered with black salt, 

an indication of regression in the evolution of the salt--crust. (see ·p. 117). 

The surface of the northern basin at 745 m lies 15 m above the southern 

basin. All these observations indicate that the northern part of the 
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western area of the Great Kavir has been uplifted relative to the south 

within comparatively recent times. 

The meager data concerning altitudes indicate that the salt surfaces 

of the Kavir basins are at different levels. The basins in the western 

area are probably connected hydrologically, as are these in the eastern 

area. The surface of the southern basin in the eastern area is 50 m 

higher than the salt surfaces adjacent to the Mureh fan delta. There is 

thus a significant gradient northward toward the fan delta. Three salt

crust basins in the central area of the Kavir occupy downwarps in the 

Miocene rocks. The salt crusts of these basins lie at different levels, 

and they are probably hydrologically independent. It is estimated that the 

middle basin surface lies at an altitude of approximately 850 m. There 

are numerous smaller, salt-crust depressions within the Great Kavir 

which are not mappable at the scale of l:Z,SOO,OOO. No drilling data are 

as yet available for any of the basins of the Great Kavir. 

Nowhere in Iran have the salt. crusts undergone such a varied 

development as in the Great Kavir. Their evolution may be. considered 

under these topics: 

1. Sources of the salt. 

Z. Transportation. 

3. Deposition. 

4. Morphology. 
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The salt crusts are mainly derived from the weathering and erosion 

of the Miocene evaporites which comprise almost all of the bedrock under

lying the Great Kavir. S~veral salt domes actually crop out in the nor

thern part of the Kavir. Analysis of a piece of unweathered Miocene 

siltstone indicated that it contained 14 percent of the salt content of Kavir 

salt crust. Owing to the virtual omnipresence of these sources of salt, 

concentration may be achieved in a relatively short time. 

The transportation of salts in solution occurs through runoff and 

associated ground-water discharge during the wet season, and by 

capillary movement toward the surface during the entire year. 

Whereas fractional crystallization is to be expected from the 

desiccation of Pleistocene lakes, as at Death Valley, the apparent ab

sence of such a crystallization sequence in the Kavir suggests another 

means of deposition. Also, the relationships between source and salt 

crust are somewhat different in the Kavir; the salt crust overlies the 

principal source. Ground water is clearly the means for the solution 

of salt, and for its capillary movement upward to the crust •• There is 

significant ground water movement as well as some artesian flow through 

the salt crust fractures. 

Playa fills are composed of fine-grained materials whose surfaces 

are cracked due to desiccation. The cracks perpendicular to the upper 

drying surface generally assume polygonal patterns. These cracks are 



the conduits of water periodically flooding the surface or of rising 

ground water, and also determine the pattern of cracks in the salt 

crust which may develop over them. 
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At the outer perimeter of the wet zone, the wet muds are coated 

with an efflorescence of -salt a few millimeters thick. Seasonally, the 

surface layers of this mud dry and polygonal cracks form in them. Fre

quent inundation prevents the accumulation of surface salt and removes 

salts that accumulate in the cracks. The cracks themselves usually 

disappear with the next flooding. 

Toward the center of the basin and further from the wet zone, the 

polygonal cracks persist and more salt accumulates in them than can be 

removed by additional flooding. In addition, the salt crust persists and 

grows by accretion during each period of evaporation following inundation. 

Fresh brine introduced along the cracks is less saline than the indigenous 

brine and consequently evaporates more readily. During the intense heat 

of midday the fresh thermally expanded brine bubbles out along the cracks, 

and rapid evaporation of the brine liquid results in the formation of salt 

blisters or blossoms which line the cracks {fig. 48). The cracks persist 

as the salt crust thickens (fig. 49). 

Woo illustrated the process (figs. 48-50, 51) and has sug

gested (personal communication) that the rate of evaporation depends 

upon the direction of the wind; and the edges of the salt plates 
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facing the wind grow faster than those on the leeward side. The faster 

growing windward edges override the slower growing leeward edges. 

This mechanism (fig. 50) create11 an illusion of laterally expanding 

polygonal plates which appear to overthrust each other (fig. 51). 

Bobek (1959, p. 22 -23) believed that the polygonal plates grew 

due to continuous crystal growth of halite from brine in c.ontact with the 

unc!er surface of the plates. However, in the absence of evaporation 

beneath the plates, there is no mechanism available to concentrate the 

brine, and crystallization of the salt is not possible. 

As the salt crust thickens, it extends outward at the expense of 

the wet zone. The latter then shifts peripherally to higher ground, but 

its total area tends to diminish. 

Occasionally, black briney muds are extruded upward between the 

white polygonal salt plates. Bobek considered this caused by the pressure 

of the overlying load (1959, p. 27). Another possible cause would be 

thermal expansion of the mud. Salt is quite transparent to infrared 

(Gawarecki, S., USGS, oral communication) and the underl~ing black mud 

is an ideal black body. During the day, the desert sun heats and the·rmally 

expands the wet mud directly beneath the salt plates. Along the cracks, 

however, the evaporation of the brine effectively lowers the temperature. 

Thus a pressure gradient forces the plastic briney muds from beneath the 

center of the salt plates outward and upward through the peripheral cracks • 
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The briney muds solidify into black salt dikes along the cracks. In Iran, 

the white salt is called "namak safid"; and, the black salt, "namak 

siyah" (fig. 52). 

Generally, the uneven escape of the pressurized mud results in the 

tilting of the polygonal plates. A more even, peripheral escape of the 

mud results in the formation of a bowl structure called "kaseh" or honey

comb ground. Eventually, the kaseh ground composed of namak siyah 

becomes a rough, jumbled mass of sharp and angular salt blocks, ridges 

and pinnacles (fig. 53). 

The rough surface features are sharpened by the effects of wind

driven rain and silt. The aeolian silt added to the old salt already 

darkened by the admixed black mud from beneath the crust imparts a 

dark matte appearance to this grotesque surface. Areas of namak siyah 

are impassable for animals or vehicles, because of the rough, razor 

sharp salt ridges and pinnacles. Relief ranges from 30 to 50 em; and a 

man can cross this obstacle only by carefully selecting each footfall. 

It is evident that the namak siyah represents the oldesot exposed 

salt crust in the Great Kavir, but the actual age of this type of formation 

is unknown. A similar formation in Death Valley, California, known as 

the Devil's Golf Course can not be older than 2, 000 years B. P. (Hunt, 

and others, 1966, p. Bl30). 



The namak siyah can develop as long as the salt crust is expan

ding; that is, as long as brine can reach the surface. A drop in the 

water table, sufficient to affect the capillary fringe, could terminate 
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the growth of the crust. In the absence of any significant precipitation, 

there appears to be a balance between the upward thrusting salt and the 

erosive force of the wind-driven rain and silt. No namak siyah was 

observed that could be interpreted as undergoing regression or reduc

tion of relief from a previous greater relief. Such areas may exist, 

particularly in the western area where the northern basin contains ex

tensive namak siyah and where uplift is known to have occurred. 

Clay .Flat: Clay flats occur in four areas along the margins of the 

Great Kavir (fig. 28). They lie adjacent to wet zones to which they are 

lithologically similar. Consequently, they are distinguished from wet 

zone.s on the basis of their higher position above the dry season water 

table. 

The northwestern area of clay flat (figs. 28, 54, 64) near Moalle

man, which was visited in September, 1966 has a smooth, flat, hard 

surface which is locally dissected by shallow channels 2 to 10 em deep 

and 1 to 3 m wide. A 2. 4 m pit and borehole in the undissected surface 

revealed extremely uniform structureless materials. Sample 19 from a 

depth of 60 em consisted of generally poorly graded and moderately well

sorted clayey-silt with 2 percent fine sand (fig. 55). There was an 
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increase in water content of the sample from 4 percent at 10 em. to 5 

percent at 60 em. No free water was encountered at the bottom of the 

borehole (Z. 4 m). 

The morphology and composition of this area resemble those of 

any dry clay playa. The tight, dry silt suggests that presently this 

particular area may be only infrequently covered by the winter and 

spring flooding. An abrupt western boundary between this clay flat and 

its adjacent wet zone is accentuated by localized dissection. In view of 

the recent tectonism in the vicinity of Torud, this clay flat has probably 

been recently uplifted. 

The linear northeastern clay flat flanks the northwest side of a 

large anticlinal structure (fig. Z8). Although generally intact, the north

western margin of this dry area is being gullied by numerous small 

streams which drain into the adjacent wet zone. This area, like the 

northwest area, has probably been subjected to recent uplift. 

The area immediately north of Khur (fig. Z8) is a tributary clay 

playa which the author crossed in October, 1965. In spite qf the great 

aridity of the area (less than 10 em/year precipitation), the surrounding 

mountains furnish sufficient runoff during the winter and spring to scour 

the generally flat surface. Widespread puffy ground indicates that the 

water table is at shallow depth. The general dissection of the surface of 

this area as well as the area southeast of Khur suggests a recent increase 

in runoff. 



119 

Eroded Surface Cut in Miocene Rocks: The Great Kavir is under

lairiby }Aiocene rocks which are clearly distinguishable from the air 

from .beneath a thin regolith. The present surface which cuts across 

the Miocene beds (fig. 28) is characterized by a peneplain locally dis-

sected as a result of tectonism; low domes and anticlines, some of which 

have been gullied; and intervening troughs through which most of the 

erosional debris has been transported to the adjacent basins. 

The peneplain in the western part of the Kavir has been locally 

affected· by tectonism. Consequent ephemeral streams are now incised 

in the Miocene rocks and have formed narrow gorges up to ZO m deep,, 

frequently crossing beds that dip 60 to 70° (fig. 56). Subsequent tribu-

taries commonly follow evaporite horizons to their junction with the 

master streams which terminate in the local basins. 

One of the most remarkable aspects of the Great Kavir and the 

reason for its name is the flat surface covering thousands of square kilo-

meters veneered by "puffy ground" (fig. 57), an integral part of most 

true playas. "Puffy ground" is a mixture of clay and silt mth up to 47 

percent halite (table 8, samples 20-ZZ, fig. 58) which has been churned 

as a result of salt crystallization upon the evaporation of surface water 

following winter soaking, or the summer evaporation : of capillary water • 

This repeated wetting and drying with its consequent churning action 

reaui~a 'in a rough surface that has been likened by Bobek (1959, P• 17) 
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to a ploughed field. He uses the local term for this type of surface 

material which is "zardeh". Although the Miocene beds are obscured 

by the zardeh and are generally indistinguishable on the ground, they 

are clearly delineated from the air (fig. 59). 

Zardeh is light yellowish-brown (10 YR 6/4) at the surface, but 

locally speckled by white salt crusts up to 4 mm thick (fig. 57). The 

broken or warped surface has a relief of from 10 to 50 em, and the 

contorted horizons below the crust are roughly parallel to the surface. 

The zardeh darkens to dark yellowish-brown (10 YR 4/4) at a depth of 

60 em as the water content increases. A hard horizon of salt, gypsum 

and silt is frequently e~countered 6 to 10 em below the surface. This 

layer may range in thickness from 10 to 30 em and a similar horizon 

may be repeated at greater depth. These buried salt horizons resemble 

caliche soils and may have similar climatic implications. Consequently, 

the looser, less saline topsoil (upper 6 em) may represent a pedological 

adjustment to a recent more humid climate. The greatest thickness of 

zardeh encountered in the field was 1. 6 m; Bobek (1959, p. 17) reported 
• 

that zardeh "may reach one meter or more in thickness". 

Inspection of Figure 58 and Table 8 indicates that as a result of the 

soil churn~ng, the percentage of clay increases from 25 percent at 60 em 

to 35 percent at the surface, and that approximately half of this increase 

occurs in the upper third of the profile. An additional result of the mixing 
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is the tericiency , toward better grading upward in the pr·ofile. Again, this 

changt?is largely achieved at 18 em from the surface. 

Thi:rty-three percent of the soil contains halite at a depth of 18 

em. This is due to the presence of a hard salt horizon (see above). 

Both gypsum and quartz are more concentrated at the surface;- ·calcite 

distribution undergoes little change; and plagioclase has a greater con

centration at depth. Among the clay minerals, chlorite and the mont

morillonite and mixed-layer clay concentrate in the 18 em horizon where 

illite content is less and kaolinite is absent. However, it must be 

stressed that these data are from only three samples from an area which 

has been little investigated. 

Interspersed within the zardeh areas, or more frequently adjacent 

to the marginal hills, there are small areas with smoother, more sub-

dued microrelief of less than 10 em. These flatter surfaces of pale brown 

(10 YR 6/3) a~e commonly interrupted by patches of dark brown (10 YR 4/3) 

called 11 charbeh11 (Bobek, 1959, p. 17, uses this spelling version of the 

Persian word "kharabeh"). Charbeh also occurs in slight depressions, 

but was never observed on slopes. At one location, sinkholes 20 em in 

diameter and 30 em deep were :ob served in the charbeh as well as 

in the"adjacent pale brown soif (fig. 60). Surface samples taken from 

30 em on either side of a charbeh boundary (fig. 61) were examined 

in the laboratory, and the data are presented in Table 8. An additional 

surface sample of charbeh from a different locality was similarly 
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examined, and the data are presented for comparison. Mineralogically, 

the only differences appear to be in the absence of gypsum, the presence 

of anhydrite, and a lower concentration of calcite in the charbeh. No 

distinct patterns are apparent among the clay minerals nor in the 

mechanical analyses (fig. 6Z). 

In addition to the obvious differences of color and surface mor

phology, the charbeh is remarkable for its unusual deliquescence. It 

is always wet at the surface, even during midday in summer. The 

following data indicate the water content of the samples: 

Sample no. 

Z3 

Z4 

zs 

Percent water by weight 

1.6 

4.3 

9.5 

Interstitial brine which was centrifuged from sample ZS and 

examined chemically (Rettig, 1967, info-rmal communication) contained: 

Ca 

Mg 

504 

Cl 

ZZO,OOO PPM 

Z9, 000 PPM 

Z, 100 PPM 

464,000 PPM 

Recalculation of these data would indicate the following constituents 

of the pore liquid: 
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Ca C1
2 609,279 PPM 

Mg C12 100,446 PPM 

Mg 804 2,642 PPM 

Mg 2,821 PPM 

The unusually high concentration of Ca Cl2 explains the deli

quescence of the charbeh soil. Stewart (1963, p. Y13, Y14) has shown 

that the crystallization of anhydrite rather than gypsum is favored when 

the temperature of the solution is either above 27° C., or has a sodium 

chloride salinity higher than 15 percent. Calcium chloride is one of 

the most soluble salts, being considerably more soluble than sodium 

chloride. Therefore, the high concentration of calcium chloride in the 

charbeh is undoubtedly the primary control for the calcium sulphate to 

be crystallized as anhydrite rather than gypsum (Woo, personal com

munication). 

The geomorphic significance of charbeh was first discussed with 

B. F. Jones (U. S. Geolog_ical Survey) who had extracted the pore 

liquid (see above) by centrifuge in 1966. It was immediately apparent 

that the extreme solubility of the material made it vulnerable to f" Joding. 

Its presence indicated concentration by leaching from the only source avail

able, the underlying Miocene evaporites of the Great Kavir. Any signifi

cant flooding would have interrupted this process and removed the charbeh 

to the Kavir basins. Therefore, charbeh must develop over a long period 
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of time and under special environmental conditions. Its occurrence in 

the Miocene surface suggests that the Great Kavir has not been inundated 

for a considerable period of time. Note that the recently developed 

sinkholes were observed mostly in charbeh, a material most susceptible 

to karstification with the advent of a moister climate. It is often diffi-

cult to establish the precise relationship of the sinkholes to the Miocene 

beds because of the soil cover. Frequently, however, the sinkholes and 

charbeh clearly follow an evaporite bed (fig. 63) ,_ and the process of 

karstification can be seen to have been only recently initiated. 

Bobek (1959, p. 15-16) reports that the sinkholes develop in the 

salt beds and that coalescence of the sinkholes evolves into the vales and 

"shatts" (fig. 45). The latter are narrow streambeds with a white crust 

overlying black, muddy brine; shatts are essentially narrow, linear, 

thinly salt-covered wet zones. These are too small to map at the scale 

used in this study. Although Bobek (1959, p. 15) reports intermediate 

stages in shatt formation, many of these may be relicts of moist climates, 

and not related to the present. 

At .the north-central margin of the Great Kavir, at Moalleman 

(fig. 28), there is an east-west trending anticline that has been extensively 

denuded, gullied and subs·equently modified by mass wasting (fig. 64). The 

structure is 40 km long, 7. km wide and its maximum height above the 

adjacent. fiats is 2~0 m. Th~ side slopes of the anticline range from 15 to 

20° 



Moderately dipping to vertical (Z5 to 90°) Miocene beds are 

generally exposed at the surface. The crest of the anticline appears 

to have been planed, uplifted and subsequently gullied. Parts of the 

original flat surface are preserved as closely spaced erosional rem-

nantsi (fig. 65). The rough salt-crusted mud and solution holes 

developed in the Miocene ridges at Sabzevar Playa were not observed 

on the surface of the Moalleman anticline. These features are no 
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doubt present in view of the similar lithology and environment, and the 

presence of sinkholes in the drier, central area of the Great Kavir. 

The western half of the anticline has been extensively dissected by 

gullying, and it is crossed by several transverse streams. The eastern 

half, though genetally intact, is gullied but no transverse drainage has 

been effected. Isolated remnants capped by low-dipping (5° to 10°) 

resistant bed~ (unroofed from the anticline) are aligned parallel to and up 

to one. kilometer f~om the base of the structure. Products of sheet wash 

and gullying cover the adjacent flat. 

Relief in the lower ~actions of the eastern gullies is ul> to Z5 m, 

but at the flattened crest of the anticline, the relief does not exceed 5 m. 

The crestai interfluves and upper sections of the gullies are covered by 

mud flows ~hich have partially e·ngulfed the sides of the lower sections 

(fig. 66);: The mudflo~ material is fine grained and remarkably free of 

coar.e det~itus, and it re~embles the weathered debris overlying the 
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adjacent Miocene rocks. The surface of the mudflows is delineated by 

the polygonal cracks which extend across the surface of the adjacent 

regolith. The absence of a salt crust in this area indicates that leaching 

and subsurface flow have been active and that the mudflow sediments and 

the in situ weathered material have a relatively high infiltration capacity. 

Incipient gullying now occurs in the mudflows and in the weathered 

Miocene rocks. 

The south pediment is generally covered by the slope debris. 

particularly in the southeast quadrant. There, it lies below a cover of 

clayey-silt which is part of a seasonally dry zone. The north pediment 

is buried beneath alluvial fans from the adjacent mountains. Thus the base 

of the anticlinal slopes has been effectively anchored, and the hillslope 

angle has declined below the angle of the original rock dip slopes. The 

shift in emphasis from back-wearing to down-wearing has increased the 

rate of weathering especially along the broad crest, and contributed to the 

availability of debris for mass wasting (mudflows). 

Stocklin (1955, G.R. 153) mapped several flat debris-covered sur

face remnants around the sides and nose of the Moalleman .anticline as 

"erosional terraces" (fig. 64). According to Stocklin ( 1969, personal 

communication) they "do not necessarily represent older, higher Kavir 

levels but are rather "tectonic" terraces due to young (Quaternary) up

lifting of rising structural features such as the Moalleman anticline 11 • He 
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points out that they occur on the flanks of anticlines and salt domes near 

the border and rarely within the Kavir. The tilt of the "terraces" 

always conforms with the underlying structures; thus the southeast slope 

of the "terrace" in Figure 64 above conforms with the south flank and 

east plunge of the Moalleman .anticline and may just "reflect recent 

(Quaternary) reactivation of the folding". 

A consideration of the slope of the "terrace" remnants, the 

; 

transitional character of the surface from exposed bedrock to debris 

mantle, and the plunge of the lowest remnant beneabhthe clay flat surface 

(fig. 64). all tend to suggest that the "tectonic terrace" remnants are 

tilted pediment remnants. 

Bobek (1959, p. 51) reports two erosional surfaces above the Kavir 

in its northwestern marginal area. The higher and older one capping the 

local salt domes, and the lower and younger one forming a tilted and up-

lifted pediment which is undergoing dissection. 

Nineteen kilometers south of the Moalleman .anticline and immed-

. iately east of the Jondaq road, there is another anticlinal structure 12 km 

long east-west, 7 km wide and generally flat (figs • 59, 64). Denudation 

has lowered the crest at least 2, 000 m, (see p. 129) reduced the slopes 

f 0 0 rom 10 to less than 1 and exposed the truncated beds. These beds 

like most of the others in the Kavir are sharply delineated from the air 

in· spite of approximately one meter of regolith. The surface of the 
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structure, except for the northeast quadrant, is smooth and flat with 

local relief measured in centimeters (figs. 59-A, 67). The silt crust 

is 1 to Z mm thick and delineated by small polygonal patterns. Beneath 

the crust, the soil is dry, soft and powdery. Below 1 em (depth of 

tire maximum rutting, fig. 67), the ground is moister and firmer. 

Locally, resistant gypsum beds extend 10 to 15 em above the surface 

and continue along the surface for several meters permitting measure-

ment of bed attitude. The broken gypsum fragments are scattered at 

the base of the outcrop and exhibit no preferential concentration or slope 

orientation. All of these observations indicate that movement of debris 

downslope is currently imperceptible or negligible. -

The northeast quadrant of the anticline was not visited on the ground 

but aerial photos reveal incipient gullying on somewhat steeper slopes. 

Frequently, the initial rill or gully follows a salt bed (fig. 59) and the 

drainage leads into a closed basin adjoining the anticline. South of the 

anticline (fig. 59-B) wet linear areas lead into the small trough basin, 

but the sides of the adjacent structures are ungullied. Incipient gullies 

0 
are present on 7 slopes adjacent to a small basin 10 km northwest of the 

anticline. Another large anticline, Z5 km to the northeast, of comparable 

relief is ungullied. This entire area has been subjected to severe earth-

quakes, continuing to the present (Ambraseys, 1968). The possibility 

that this localized incipient gullying may have been initiated by recent 
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local downwarping in the adjacent basins as well as by increased runoff 

can not be precluded. 

Within the trough, south of the anticline, several types of surface 

material may be distinguished. The shallow linear wet areas at B must 

be bypassed during the wet season. An area of namak siyah (black salt) 

at C and in Figure 53, occupies half of the small basin. Small patches 

of namak safid (white salt) occur at D within a more extensive wet zone. 

Incipient drainage patterns at E suggest a fluctuating water table. 

A very rough approximation of the average amount of denudation 

that has occurred in this area may be obtained by projecting the bed 

attitudes of the smaller anticline (fig. 64) from the generally flat surface 

(fig. 68). The flattened anticlinal crest and the present relief are not 

significant in this gross estimate. The reconstruction of the visible beds 

indicates that at least Z., 000 m of sediments have been removed from the 

anticline since the late Pliocene (5 million years ago) when the structures 

were formed. This amounts to a mean denudation rate of 40 em per 

1,000 years. 

For purposes of comparison the following denudation rates apply to 

arid or semi-arid regions: 

90 cm/1,000 yrs. (early stages of the erosion cycle in 
areas underlain mostly by sedimentary 
rocks) 
Schumm, 1963. 
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30 cm/1,000 yrs. (mountain basins) Corbel, 1959. 

10 cm/1,000 yrs. (slope 10°) LaMarche, Jr., 1968. 

These estimates and the present low relief suggest that the anti

cline may have been denuded at a relatively rapid rate perhaps 

approaching 90 cm/1,000 yrs. during the initial period of warping and 

uplift. Subsequently, that rate may have decreased to less than 10 em/ 

1, 000 yrs. as the slope gradients were reduced. Significantly decreased 

runoff due to climatic change with contemporaneously diminished overland 

fiow as a result of evaporation over longer slopes and increased infil

tration capacity of the thickening regolith are suggested as further causes. 

for the reduction in the denudation rate. 

Dune Field: Extensive dune fields have accumulated in three areas 

along the southern and southeastern margin of the Great Kavir (fig. Z8). 

The western dune field~ the Rig-i-Jin (sand of the ghosts) encompassing 

an area of 3, 855 km
2 

is the second largest dune field in Iran, next to that 

in the Lut Desert. 

Along the northeastern margin of the Rig-i-Jin·(figs. ?8, 69) the 

sand system forms a series of honeycomb structures loosely connected 

into longitudinal dunes and separated by sheets of sand which thicken to 

the southwest. Honeycomb structures in this area are roughly triangular 

in plan with the sides indicating strong east and west wind components. 

Blunting of the northeast side of the honeycomb structure, and the distinct 
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northeast-southwest alignment of series of connected structures indicate 

that the prevailing wind is from the northeast. Disintegration of the 

Miocene rock as it is abraded by blowing and churning sand provides a 

ready source of additional sand. 

At the northwestern margin of the Rig-i-Jin (figs. Z8, 70) the 

longitudinal dunes composed of the honeycomb structures have shifted to 

a generally north-south orientation. Of great interest are the wet dunes 

which are all oriented northeast-southwest and indicate great wind inten

sity from only the northeast prior to their partial inundation by the 

encroaching salt crust from the west. The exact margin of the salt crust 

is sawtooth-shaped as it follows the contour line around the dunes. 

Additional evidence that the ground water level is rising may be found at 

the northern margin of the Rig-i-Jin where a narrow extension of the wet 

zone __ projects between the Miocene rocks and the dune field (fig. Z8). U 

sand transport were currently dominant over wet-zone and salt-crust 

expansion, this narrow zone athwart the prevailing winds should have 

been quickly filled with sand. 

All of these observations suggest that the Rig-i-Jin formed during 

a period of intense wind activity, greater than that which prevails today. 

At that time strong northeasterly winds shifted the west margin of the dune 

fie~d into the western basin where it encroached upon the salt crust. More 

recently the atmospheric pressure system has changed locally in both 
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direction and intensity; and although the prevailing winds are still from 

the northern quadrant, the intensity appears to have diminished so that 

components of east and west winds are able to construct opposing sys

tems which manifest themselves in the honeycomb structures. At the 

same time, these counteracting winds prevent strong movement of the 

dunes in any one direction. 

The dune fields along the south central margin of the Kavir occupy 

2. 
an area of 499 km • These dunes are piled as shingles against the 

adjacent mountains and their orientation indicates strong prevailing 

winds from the northeast. 

Two hundred and thirty kilometers of the southeastern basin margin 

is bordered by a zone of sand dunes which is at least 10 km wide. 

Occupying a total area of 2., 589 km2., these dunes indicate a prevailing 

wind . .from the north. However, closely packed dunes thrown up against 

the southwest trending hills suggest that northwest winds are also impor-

tant. Current weather data for this area indicates that there is a strong 

northwest wind during the summer, and during the winter a ,Jlorth wind 

prevails. Bobek (1959, p. 49) reports that ciunes along the southwest 

shore are being inundated by a rising water table. He cites Hedin (p. 49) 

for similar reports concerning the shoreline east of Khur. 

Bobek (1959, P• 47-48) considered that the main sources of sand for 

all of the dune fields were probably the alluvial fans north of the Kavir. 
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He refers to Hedin's statement that the dune sand consists of one-fifth 

to one-third quartz with the remainder being mainly limestone together 

with fragments of metamorphic and igneous rocks. Although the fan 

delta of the Rud-e-Shut did undoubtedly provide the main source of sand 

for the Rig-i-Jin (fig. 28), the southern and southeastern dune fields 

were considerably farther away from the alluvial fans along the northern 

margin of the Great Kavir. 

It would seem to the present author that Miocene sediments within 

the Kavir are a more likely source of dune sand than the more distant 

fans. The average composition of the Miocene material (table 8, samples 

2.3-2.5) is 31 percent quartz and 69 percent other mineral fragments, of 

which calcite and dolomite are the most abundant, totalling 29 percent. 

Currently, although there is a concentration of quartz at the surface 

of th,e zardeh, the calcite content is 27 percent both at 60 em and at the 

surface (samples 22, and average of 23-25). Calcite has a greater speci

fic gravity (2. 72) than quartz (2. 56), but it is considerably softer (3 Has 

compared with 7 H) and thus more easily abraded and prob=tbly more 

likely to be transported because of its smaller size. These observations 

suggest that the surficial quartz concentration may be a lag deposit that 

aceiunulated in the period following the formation of the dune fields, and 

during ~hich the winds had gradually abated in intensity. The present 

surface of the Kavir, however, has not been degraded of its calcite. In 
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addition, large blowouts or conspicuously deflated areas are uncommon 

on the Kavir surface. The surficial zardeh crust is generally resistant 

to current wind activity, and the unusual integrity of the surface argues 

against significant current wind abrasion. 

Genesis of the Great Kavir: The Great Kavir has evolved under 

generally arid but periodically more humid climatic conditions. Con

tinuing tectonism and unusual lithology have contributed toward the 

formation and modification of its unique features. 

The Central Iranian Basin was invaded by a shallow sea through 

gaps in the still embryonic Zagros Mountains during the early Oligocene 

(Gansser, 1955, p. 289). At the beginning of the Miocene, the deposi

tional environment changed from marine to brackish and eventually to 

lacustrine-terrestrial. Brackish deposits alternated with terrestrial 

deposits as the sedimentation kept pace with the subsidence of the basin .. 

These deposits are referred to as the Upper Red Formation (Gansser, 

1955, P• Z91) • The Cent:ral Iranian Basin was probably closed to the 

sea in late-Miocene time. 

There are no sharp boundaries between the Miocene and Pliocene 

within the interior of the basin, but conglomeratic deposits, the 

Bakhtiary gravels of Pliocene age, unconformably overlie the Upper Red 

Formation in peripheral areas. The Bakhtiary gravels are considered 

to represent gravel-fans which spread-out along the peripheral mountain 
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fronts during a period of mid-Pliocene uplift. During the late-Pliocene 

(circa 5 million B. P.) and extending into the Pleistocene a strong 

regional diastrophism occurred which warped both the Miocene (Uppe·r 

Red Formation) and Pliocene (Bakhtiary gravels) deposits into the 

present anticlines, domes and minor basins which constitute the struc

tures of the Great Kavir. 

The gypsum, marl and anhydrite beds together with the salt 

horizons of the Upper Red Formation indicate that generally arid con

ditions prevailed throughout the Miocene. Bobek (1959, p. 56) suggests 

that the well-rounded cobbles and pebbles of the Bakhtiary formation, 

as contrasted with the more angular gravel of the current alluvial fans, 

indicate that they were deposited under somewhat more humid conditions 

during the middle Pliocene. 

Schumm (1968, p. 1577) has pointed out that in a very arid region, 

"an increase in precipitation will increase sediment yield because the 

vegetational cover will not improve sufficiently to retard erosion effec

tively." It is therefore reasonable to assume that from the inception of 

the Bakhtiary event until the recurring Pleistocene cold periods, the 

generally semiarid climatic conditions were optimum for denudation 

(Leopold, Wolman and Miller, 1964, p. 48). 

;the anticlines and domes that formed in the Great Kavir suffered a 

denudation of at least Z, 000 m (see fig. 68). The estimated average 
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denudation rate (40 em/ 1, 000 years since the late Pliocene) and the 

current low slope gradients within the Great Kavir suggest that higher 

denudation rates prevailed during the initial period of diastrophism, 

which may have continued into the Pleistocene. A combination of 

maximum relief and slightly increased runoff (higher precipitation/ 

evaporation ratio) during the late Pliocene and early Pleistocene cold 

periods produced a physical environment in which erosion was most 

effective and very little weathered debris covered the surface. 

The inception or increased frequency of high intensity rainfall and 

snow during the Pleistocene cold period fall and winter must have scored 

and gullied the soft Miocene rocks. Expansion and incision of the drain

age system as a result of the more permanent water supply, at least in 

the lower stream courses, facilitated denudation. The eroded debris 

was quickly transported through drainageways (present linear wet zones) 

into the adjacent basins. Because of the inferred closure of the Central 

Iranian Basin during the late Miocene, and its compartmentation into 

several independent basins as a result of the late Pliocene diastrophism, 

the debris from the Z, 000 m of denudation could only have been trans

ported into the depressions within the Great Kavir (salt crust area : 

eroded Miocene area; p. 107). 

The glacial period summer winds were generally similar in 

orientation to the present summer winds, but were more intense as 
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deduced from the size and current stability of the extensive dune fields 

within and adjacent to the Great Kavir. The predominantly north winds 

removed the loose surficial sand from the surface of the Kavir and 

transported it to the southern boundary. 

The interglacial periods which were probably similar to the 

present arid regime were characterized by the formation of salt crusts 

at the surfaces of the several Great Kavir basins. The higher mean 

annual temperatures resulted in a diminished precipitation/ evaporation 

ratio, No precipitation data are as yet available from the center of the 

Great Kavir. However, low intensity precipitation was observed during 

the early morning of October 5, 1965 in the middle of the Great Kavir, 

south of Torud. The fine drizzle fell for 3 hours and hardly wetted the 

surface. The general absence of gullying in the Great Kavir, except 

where previously noted, suggests that low intensity precipitation is the 

prevalent form of current precipitation; it may also have characterized 

the interglacial rainfall. 

The presence of two erosional surfaces above the pres.ent peneplain 

surface of the Great Kavir (see p. 127) implies that at least two 

Pleistocene tectonic events have been superimposed on the late Pliocene 

structures. Minor tectonism is a currently continuing force in the Great 

KaVir, ~he occurrence of uplifted erosional surfaces at Damghan Playa 
! 

il Well ae in the Great Kavir suggests that the entire region may have been 
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subjected to similar if not contemporaneous tectonism. 

Subsequent reduction in relief during the Pleistocene may have 

reduced the slopes below the minimum required for effective erosion 

in spite of the recurrence of cooler periods with increased runoff. At 

that point, as well as during earlier interglacial periods, weathering 

and erosion were more in balance and denudation proceeded more 

slowly as the previously gullied anticlines were transformed into 

smooth, flat domes and extensive areas became pediplains. 

Tator (1953, ·p. 1Z9) has pointed out that the "optimum climate 

for widespread pedimentation is one which will develop the most exten

sive shifting of the loci of runoff corrasion, but which will at the same 

time provide a rate of weathering (quantity of debris) not to exceed the 

ability of transportation media to keep debris in motion. 11 An arid 

climate with its ephemeral runoff provides a mechanism for shifting 

the loci of runoff corrasion. Homogeneity of the rock (as in the Miocene 

sediments) facilitates the lateral shifting of rills or shallow gullies. 

The partly reduced anticlines along the north margin pf the Great 

Kavir have survived because of their initially larger size as well as 

their subsequent uplift. Their gullies, which are partially engulfed by 

mudflows, suggest a period of greater effective runoff (Pleistocene cold 

period) followed by a more recent arid period (post-Wurm). Mudflows 

may have formed during each of the interglacial periods but their lobes 



would have been extremely vulnerable to subsequent erosion. The 

present regolith of the Kavir is not moving laterally, otherwise the 

delineation of the Mior,ene beds, one meter below the surface, would 

be obscured. The regolith in its present form and thickness probably 

resembles an interglacial regolith. However, the pedimentation pro

cess may have ceased on initially low domes during the Pliocene so 

that in those places the Kavir regolith may be a very old soil whose 

development has spanned the entire Pleistocene period. 
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The most recent rise in the ground water levels in the Kavir 

basins, the karstification of the zardeh and the incipient gulling in the 

peripheral mudflows indicate that there has been a recent shift toward 

a more humid climate. 

B ardeskan Basin 

Bardeskan Playa occupies a narrow trough whose streams drain 

into the Eastern Basin of the Great Kavir (fig. Z8). The southern boun

dary of the playa is a generally smooth east-west line along the front of 

recent coalescing alluvial fans. The northern boundary is extremely 

irregular due to numerous recent and older fans which have been initiated 

or reactivated by continuing movement along the Great Kavir Fault, which 

sharply bounds the foot of the flanking northern mountain slopes. North 

of Bardeskan,recent fault scarps 10 to 15 m high cross the active alluvial 

fane at right angles to the drainage. Most of the bedrock consists of 
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Eocene sediments, locally with pyroclastics, but Miocene outcrops are 

conspicuous along the Great Kavir Fault. 

The outlet stream to the Great Kavir was partly blocked by an 

extensive fan from the north which had forced the stream against the 

southern alluvial fans. The generally dark tone of the blocking fan as 

compared to the lighter tones of the adjacent fans suggests that the 

former fan is older. This is supported bythe paucity of fan distri-

butaries and the well-developed axial stream. 

A dense drainage pattern in the western and central parts of this 

clay playa indicate that in spite of the previous outlet obstruction, the 

surface is currently undergoing incision. The absence of well-formed 

channels in the southeastern part of the playa, and the presence of local 

wet areas of limited extent indicate that deposition is occurring. This 

recent impoundment is due to expansion of a large fan from the north, 

no doubt activated by the Great Kavir Fault (fig. 28). The eastern peri-

meter of this fan is partly occupied by longitudinal dunes oriented from 

0 
310 to 315 and aligned with a principal pass in that sector. 

The tonal quality of the playa surface on aerial photos suggests 

that Bardeskan Playa is a moist clay playa surfaced with fine -grained 

materials. There is no evidence for marginal beaches or lacustrine 

deposits, but previous temporary impoundment is suggested by the 

position of the fan at the mouth of the valley. 



Siah Kuh Basin 

Siah Kuh Basin is a small, open drainage basin in the south

western corner of the Great Kavir Watershed (figs. 5, 28). Sharp

crested ridges 400 to 900 m above the playa are drainage divides at 

the north, west, and south boundaries of the basin. Low passes 

approximately 100 m above the playa provide northwest and southwest 

connections with Qom Playa. 
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Siah Kuh Playa is drained by seasonal streams which flow east

ward from a maximum altitude of approximately 786 m into the west 

basin of the Great Kavir (altitude 730 m). Large faults {fig. 28) occur 

north of the playa and one extends into the northeast corner. Miocene 

rocks occur in the northeastern corner of the basin, but these are 

drained by direct tributaries of the outlet stream. 

The northern part of the playa is wet in late August, the driest 

part of the year, and has been mapped as a wet zone (49o/o). The southern 

part is dry by mid-July but is moist again in November. This seasonally 

dry clay flat (51%) has a rough, puffy surface with 6 to 10 em of local 

relief (fig. 71). Shallow gullies, cut by intermittent, eastward flowing 

streams, are up to 40 em deep and 10 m wide. The gullies with anasto

mosing channels, dissect the flat (figs. 72, 73). The abundant phreato

phytes along the channelways indicates low salinity and the availability 

of perennial ground water at shallow depth. 



From the west shore eastward to the wet zone, the gradient is 

approximately 0.6 m/km, but this slope flattens in the wet zone. 
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The puffy surface, gradient, degree of dissection, and drainage 

egress are comparable to similar conditions at Sabzevar Playa. Both 

playas have ground water discharging surfaces and an integrated surface 

drainage. 

Samples 26, 21, and 28 were collected in the clay flat (fig. 71); 

their pertinent data are as follows: 

Sample Depth (em) Color ·Percent salt by wt. Percent water by wt. 

26 0-5 10 YR 6/4 15.0 1.0 

21 15-20 10 YR 5/4 44.2 0.7 

28 35-40 10 YR 4/4 2.5 6.2 

Normally in playa sediments, color "values" decrease with depth 

as water content increases; "chroma" in a vertical section is generally 

constant. The unusually high concentration of salt at 15-20 em depth 

rather than at 0-5 em, coupled with the lowest water content appear to 

be anomolous conditions. 

In view of the dissection of the sampled area, it may be assumed 

that samples l6 and 27 were originally part of the same deposit, a sur

ficial salt crust. Subsequently, as a result of a lowered water table, 

dissection accompanied by leaching has reduced the salt concentration of 

sample 26, The present development of puffy ground on the surface of the 
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clay flat and the growth of phreatophytes along the channels suggest that 

there has been a recent increase in runoff. 

The sample collection was made at 0700 hours on 28 August 1967. 

At this time of the day there is generally moisture condensed in the 

interstices between particles less than one centimeter below the surface • 

. This is due to intense radiation during the night which results in chilling 

at the surface. The moisture is rapidly lost as the temperature rises, 

and the moisture gradient in the ground resumes its normal increase 

with depth. In view of the fact that color examination is made of the entire 

5 em of the sample section, the localization of the moisture in the section 

does not significantly affect its overall "value. 11 These observations help 

to explain the "normal" order of colors with increasing depth and the 

seemingly anomolous vertical distribution of water. 

Recent activity along the southeastern fault (trending northeast-

southwest, see fig. 28) may have stimulated activity on a large fan which 

extends along the north margin of the exiting drainage. This fan has 

forced the streams southward which in turn has partially hppounded the 

eastern part of the playa. 

A prominent feature around the west margin of the playa is the 

white gypsum apron (figs. 73, 74) at an altitude of 812 m, 26m above 

the adjacent playa surface. The apron zone is approximately 50 m wide, 

cut by numerous shallow gullies, and partially buried at its higher slope 

. ' 
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by alluvial fan gravel. The apron front has an 8° slope over a distance 

of 4 m; somewhat steeper slopes occur along the dissected sides. The 

upper surface of the apron has a z. 5° slope which is comparable to the 

slope of the fans. 

Samples 29, 30 and 31 were collected in the side of an apron seg-

ment (fig. 74); their pertinent data are as follows: 

Sample Depth (em) Color Percent salt by wt. Percent water by wt. 

29 0-5 10 YR 6/4 1. 8 1. 0 

30 15-lO 10 YR 6/4 l.8 1.4 

31 35-40 10 YR 6/4 1. 8 1. 0 

The section was composed almost entirely of gypsum with mixed 

silty-clay and salt. The water distribution closely follows the salt 

distribution, and color is uniform throughout. 

Gypsum aprons develop most prominently along the toes of alluvial 

fans, but can develop at any point where the ground water intercepts the 

surface and the transported salts are precipitated upon evaporation of the 

water. The considerable dissection of the gypsum apron at Siah Kuh 

Playa may indicate that it is no longer forming and that it may have been 

developed during a somewhat moister period. Note that sample l9 has 

been somewhat degraded of its salt, suggesting leaching. 

The observations from Siah Kuh Playa suggest that it occupied a 

previously closed basin in which a shallow saline lake subsequently 
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formed. Impoundment could have been initiated by activity along the 

existing eastern fault, accompanied by fan encroachment, or fan 

encroachment and impoundment may have resulted from increased run

off due to climatic change. The development of the gypsum apron could 

have been contemporaneous with this period of lake formation. Conse

quently climatic change (moister climate) is considered more likely as 

a mechanism for the development of the lake. 

Subsequent breeching of the impoundment, due to either faulting or 

attrition of the fan toes by episodic runoff during a more arid period, 

lowered the water table beneath the playa. The surface of the playa was 

dissected and the salt crust was leached. The current rise in the water 

table, as evidenced by the fresh puffy ground and the phreatophytes, 

suggests recently increased runoff due to a somewhat moister climate. 

Southwest Basin 

Southwest Playa occupies a small triangular basin (fig. 28, inset) 

along the southwest divide of the Great Kavir Watershed (fig. 5). The 

basin is open at its southeast corner, and the exit stream is currently 

able to maintain its channel against encroachment from the adjacent fans • 

The narrowness of the exit channel indicates that this basin currently 

contributes little discharge to the Great Kavir. The narrow ridge divides 

consist primarily of undifferentiated metamorphic rocks; no Miocene 

rocks are present. The playa lies at an altitude of approximately 775 m, 
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which is 1, 450 m below the highest summit along the northeast divide. 

Southwest Playa is clay surfaced and its largest area contains a 

centrally located wet zone. This zone occupies 4 percent of the playa 

(June 25, 1956, date of aerial photos), and peripheral staining suggests 

that a larger area may be covered by water during the spring snow

melt period. 

The generally sharp smooth fan-playa contact and the dull, dark

gray toned fans suggest relatively little fan activity subsequent to a 

former period of maximum playa inundation. The current localized 

activity and the' wet zone in the playa may reflect a recent trend toward 

a somewhat moister climate. 

Bidjestan Highlands Watershed 

The Bidjestan Highlands Watershed contains nine drainage basins 

which are separated by rugged mountains up to 3, 000 min altitude, and 

more than Z, 000 m above several of the adjacent playas (fig. 75). The 

precipitation, which falls mainly in the winter as snow, originates in the 

moisture laden air from the Caspian Sea. Maximum precipitation falls 

along the northeastern divide of the watershed in the path of the south

eastward moving storms. The precipitation decreases westward from 

more than 300 mm at the northeastern divide to less than 100 mm west 

of Tabaa. A secondary precipitation high of over 150 mm occurs in the 
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south-central part of the watershed around high mountains (fig. 6). 

Yazdan, which lies in a trough between the two precipitation highs, re-

ceives considerably less than 150 mm of annual precipitation (fig. 75). 

Large continuous faults cut through this mountainous area. The 

principal ones are the Great Ka vir Fclult, the Kahkh and Qain Fclults, and 

the Naibandan Fault (fig. 75). During the severe earthquake of August 

31, 1968, in which 12., 000 persons were reported killed, there was up 

to 3_ m vertical displacement along the Kahkh Fault (fig. 75). As a result 

of continuing tectonism, drainage disruptions are common. 

Only the Bidjestan and Tabas Basins were visited on the ground. 

The other basins were observed from the air, but they have been studied 

primarily from aerial photographs. 

The nine basins are as follows: 

Basin 
2. Area (km.) Percent of Total 

Bidjestan 2.3,869 2.3.4 
Tor bat 14,876 14.6 
Qain 11,489 11.2 
Khaf 12,779 12.5 
Yazdan 10,389 10. 1 
Tabas 11, 260 11.4 
Zanughan 7,930 7.7 
Sir van 3,935 3.8 
Chahak 5,42.0 5.3 

Totals 101,949 100.0 

Khaf and Yazdan Basins include an area of 10, 600 km
2 

in Afghanist~. 

Torbat Basin drains into Bidjestan Basin, and Qain Basin drains into Khaf 
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Basin. The other basins are closed. 

Salt crusts, which occupy parts of the playas of three basins, may 

be the evaporites of shallow lakes which once covered the areas of these 

playas. However, no marginal beaches· nor terraces were observed in 

any of the basins. 

Bidjestan Basin 

Bidjestan Basin, containing Iran's largest playa (4, 685 km2) also 

has one of its smaller drainage basin/playa ratios (5. 0). This basin 

receives the overflow from Torbat Basin by an intermittent stream which 

passes through a narrow valley constricted by Cretaceous rock outcrops 

and old stabilized dunes (fig. 75). The basin entrance may have been 

closed in the past by the Cretaceous rocks, or more recently by more 

extensive dune fields. 

Bidjestan Playa lies close to 'the northwestern divide of the basin, ...______ 

against the more resistant Jurassic sandst~nes and conglomerates. Here 

there is only a narrow alluvial slope and practically no significant wet 

zone. The southeastern border of the playa consists of a broad alluvial 

slope (figs. 76, 77) with a well-developed wet zone. The adjacent rocks, 

with the exception of the generally resistant Cretaceous limestones at 

the basin entrance, are more easily eroded Eocene volcanics. In addition 

to greater erodability, the mountains around Bidjestan enjoy 50 mm more 

precipitation and have 800 m more relief than the northwest divide. 
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Consequently, the playa has been pushed against the northwest side of 

the basin by the greater supply of debris from the southeast. 

The playa contains an extensive clay flat (78o/o), a localized wet 

zone (7o/o), and a well-developed salt crust (15%). 

The northern end of the clay flat has an altitude of approximately 

890 m. Its slope toward the salt crust (altitude 880 m) is not percep

tible except for the presence of scattered, shallow intermittent gullies 

which indicate the slope direction. Cultural development is almost 

entirely in the northern part of the clay flat where water is most available. 

Nearer to the wet zone and salt crust, the clay flat develops a 

rough, puffy surface with relief ranging from 10 to 16 em (figs. 75, 78). 

The salty-clay crust, up to 3 em thick, contains generally poorly-graded 

materials (fig. 79). The underlying clayey-silt is more poorly graded. 

Deposition in a lacustrine environment is suggested by the good sorting. 

The significant increase in the amount of clay in the surface sample 

(no. 32., table 9) compared to the deeper sample and the presence of the 

salt encrustation suggest a high water table that periodically inundates 

the surface. Differences in clay mineral composition of the sample·s 

also reflect different saline environments. 

The clay flats with puffy ground adjacent to the southeastern alluvial 

fans (fig. 76) are well-dissected. The deep channel extensions into the 

Wet zone (of July 30, 1956) indicate further drying during August and 



September (lower water table) prior to erosion from the winter and 

spring runoff. 
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The southern part of the clay flat is dissected by intermittent 

stream channels 1 to 2 em deep and salt crusted or filled with salt 

blossoms. The principal namak safid stream is 5 km east of Naginu , 

and its surface lies 3 m below the clay flat (fig. 80). The salt is 10 em 

thick and overlies black briney mud of undetermined depth. Dissection 

o£ the clay flat suggests a previously lowered water table, as at 

Sabzevar Playa. But, the salt crusts and salt blossoms suggest that 

the water table is currently rising. 

The wet zone is best developed at the mouth of the northeastern 

stream, around the southeastern alluvial fans and at the south margin 

of the salt crust where streams from the adjacent, locally wide, alluvial 

slope are concentrated (figs. 75, 76). This part of the zone is probably 

more constricted in late September just prior to the onset of the rainy 

season. Fewer channels in the northeastern part of the wet zone indicate 

a closer approach to perennial inundation. 

The albedo of the salt crust suggests a generally rough, old sur

face but resolution of the photo is not adequate to reveal details. However, 

fresh salt blossoms are well-developed in a wedge-shaped area which 

widens to the north and which parallels that part of the wet zone which is 

well-inundated. Here the salt blossoms are able to develop through a 



thinner crust overlying the playa muds. 

Salinization of the clay flat northeast of the salt crust and 

salinization of the channels in the southeast and south areas of the 

playa suggest that subsequent to a drop in the water table, there has 

been a recent trend toward increased runoff and a rising water table. 
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There are no marginal beaches or terraces peripheral to the 

playa. The northwestern margins are too steep to expect preservation 

of such features, and the southeastern alluvial fans have been too active. 

The large stabilized dune fields adjacent to the entrance to 

Bidjestan Basin are composed of longitudinal dunes with north-south 

and northeast-southwest orientations e The latter orientation becomes 

more pronounced towards Torbat Basin. At the southeastern end of the 

playa the stabilized longitudinal dunes are oriented north-south. Current 

wind activity, as judged from the general absence of active dunes, appears 

to be considerably less than in the past. 

Torbat Basin 

The Torbat Basin, delineated near its north and south margins by 

major active faults, is an area of great instability (fig. 75). Although 

extensive outcrops of Miocene rocks occur between the Great Kavir Fault 

and the playa, salt deposits are not visible in the stream channels nor in 

the playa, which has no salt crust. 



Torbat Playa has an area of 1, 549 km2 , which is composed 

entirely of clay flat. The northwestern end of the playa, which is 

traversed by the principal stream from the northeast (fig. 75) is 

currently undergoing considerable dissection. Parallel to the initial 

northeast-southwest trend of the stream, and slightly southeast of it, 
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there is a narrow discontinuous wet zone. South of the wet zone, which 

is too small to delineate on Figure 75, the playa surface is relatively 

smooth and flat and little dissected. There are only faint traces of 

drainageways with their phreatophytes. The narrow northeast pro-

jection of the playa has a similar surface but with local patches of dark-

toned sediments indicating incipient wet zones of negligible extent. 

The two dissimilar playa environments, in close proximity on 

either side of the narrow wet zone, suggest a fault across the playa (fig. 

75)._. A slightly raised northwest block tilted in that direction could account 

for the northwest dissection and the impoundment .of the southeastern playa 

drainage. 

Between the stream from the northeast and the stabilized dune fields 
• 

in the northeastern part of the playa, there are numerous scattered and 

parUy stabilized dunes on the surface of the clay flat. Adjacent to the 

northeastern stabilized dunes, orientation!:! of the scattered dunes are 

similar, but adjacent to the long axis of the playa, dune orientations are 

northwest-southeast (fig. 75) or parallel to the long axis of the playa. 
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The stabilized dune fields at the southwestern margin and in the south-

eastern area are of the honeycomb type and indicate previous strong 

winds from several directions, but particularly from the northwest, 

southeast and north. Current wind activity in this area is significant 

but obviously less than in the past. Considerable amounts of sand are 

still being deposited in the playa. 

Although the southeastern part of the playa appears to be impounded, 

with evidence for a rising water table, it is not clear whether this repre-

sents solely the accumulation subsequent to the faulting, or a recent 

increase in discharge due to a climatic change. 

Qain Basin 

.. 
Qain Basin which drains eastward into Khaf Basin (fig. 75) is narrow 

and constricted by mountains that rise almost 1, 800 m above the adjacent 

playa surface. The mountains in the northern part of the basin are com-

posed of Miocene rocks and those in the central and southwestern parts 

' 

consist of Eocene clastics and volcanics. Active fans from the west and 

east have significantly reduced the area of the playa. 

The playa is a well-dissected clay flat and even during the middle 

of August 1956 (aerial photo date) dark-toned areas and channels indicate 

considerable water. Slightly less dissected areas are occupied by several 

villages surrounded by dark gray squares of cultivation. The general 

absence of qanats further indicates that the surface water supply is both 



adequate and of good quality. 

An extensive dune field at the southeastern margin of the playa 

contains large dunes stabilized by vegetation and oriented northeast

southwest (fig. 75). Recent wind activity is limited as indicated by 

small unvegetated dunes with northeast-southwest orientations. 
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The combination of fan encroachment and playa dissection suggests 

a recent trend toward increased runoff in the area, following depression 

of the water table. 

Khaf Basin 

Khaf Basin receives the outlet stream of Q~in Basin. The playa is 

confined along most of its margin by tighUy folded and locally faulted 

Miocene rocks. Evaporite beds are intricately leached and dissected 

adjacent to the northeastern arm of the playa (figs. 75, 81). Depressions 

within the bedrock are filled with salt as are the channels which extend 

down to the playa. 

The current play~ drainage is now concentrated in three areas, 

principally at the terminus of the distributaries of the northwestern stream 

(from Oain Playa), with second and third areas at the western and eastern 

ends of the northeast arm of the playa (fig. 75). The playa contains a clay 

flat (84%), a small wet zone (less than one percent), and a salt crust (16o/o) 

in the northeaetern arm. 
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· The clay flat is generally flat and smooth in its southeastern part 

where it is locally covered by salt wash adjacent to evaporitic rocks. 

The northeastern part is moderately dissected. The broadest interfluves 

andfreshest water are located in the northwestern end of the playa. The 

small wet zone lies adjacent to the western margin of the salt crust • 
. -~ · ·· 

The salt crust adjacent to the northeastern end of the playa is 
.... .-J· 

seasonally washed by waters from the entering eastern stream (fig. 75, 
;- .: :' 

81), This area has a smooth surface locally interrupted by springs (fig. 

81), Periodic flooding has stained the salt surface, and,locally, alluvial 

fans have encroached upon it. 

The central area of the salt crust is extremely rough with at least 

one or more meters of relief. The positive features appear to be intri-

cately etched white salt. This suggests that the crust is composed of at 

least.a moderately thick salt layer that is currently undergoing some 

leaching. There is a remarkable similarity between the leached and dis-

sected Miocene rocks nearby and the eroded salt crust. In view of the 

large ~~t source, only a relatively short period may have been required 

for the formation of the surficial crust. 

Dissection of the clay flat together with the leaching of .the salt crust 

suggest that the base level of the playa has been lowered. Currently, 

however, the presence of numerous springs in mid-August 1956 (aerial 

photo·date), and fans encroaching on the margins of the salt crust indicate 



that ground water and runoff are increasing. The present climate at 

Khaf Playa is somewhat moister than in the recent past. 

Yazdan Basin 
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Yazdan Basin which is mostly in Afghanistan is broad and generally 

flat. There are only scattered mountains composed of Miocene evaporites, 

Eocene volcanics, and igneous intrusives. The southwestern divide, com

posed of Cretaceous limestones, rises more than 2, 000 m above the playa, 

There has been considerable transgression by alluvial fans and dunes of 

the playa surface, 

The playa consists of a moderately dissected clay flat with inter

fiuve areas containing local wet zones and scattered clusters of phreato

phytes. Dark· gray-toned surfaces suggest widespread puffy ground and 

a ground water discharging surface. The largest wet zone (not mappable) 

is located in the southwestern corner of the playa. 

An extensive dune field occupying the northwestern corner of the 

basin includes stabilized longitudinal dunes, oriented northeast-southwest. 

Small dune fields of honeycomb pattern are currently more active closer 

to the center of the basin. 

Significant fan transgression over the playa surface has occurred 

along the western margin of the playa. The fan activity and the high 

water table suggest that the climate is currently moister than in the 

past. 



157 

Tabas Basin 

·Tabas Basin is enclosed by high mountains along its west, north 

and east margins; one. summit along the east divide is 2, 822 m above 

sealevel or 1,272 m above the playa. The southern boundary of the 

b~sin has a low divide. which at its lowest pass is approximately 200 J;n . 

above the playa. The mountains along the northern and western divides 

are composed of Jurassic clastics; the higher eastern ridge contains 

primarily Carboniferous rocks. A continuation of the Naibandan Fault 

extends along the eastern margins, and numerous faults cut across the 

general northwest-southeast structural trends. Many of the playa boun

daries are ill-defined because of active encroachment by alluvial fans, 

particularly along the well-watered northeast margin. The northeast 

side of the playa is densely populated, by desert standards, and has 

numerous qanats. Because of its surplus water supplies, Tabas has 

been an important watering place along the old caravan route since the 

days of Marco Polo (Gabriel, 1963). 

Tabas Playa is a compound playa consisting of a clay•flat (600/o), a 

sctlt crust (350/o), and several intermittent lakes which occupied 5 percent 

of the playa in mid-August 1956 (aerial photo date). The lakes and salt 

crust are at the southern end of the playa (fig. 75). 

The clay flat is moderately well-dissected, particularly along its 

'c6ntral and southern parts; broad interfluves up to one kilometer in 
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width are prevalent in the northern part. Here the surface is covered 

by puffy ground with local relief of up to 5 em (figs. 75, 8Z). The 

salty-silt crust 0.5 em thick is very pale brown (lOYR 7/3). At a 

depth of 18 em, there is a sharp moisture boundary and the clayey-silt 

is dark brown (lOYR 4/3). The low relief of the crust, the shallow 

depth of the moisture line, and the presence of scattered phreatophytes 

indicate that the surface is periodically inundated and that .the ground 

water is perennially at shallow depth (ground observations were made on 

October 3, 1965). 

The salt crust around the largest lake (fig. 75) has a generally 

regular border. The smaller lakes, especially the smallest, southern

most one, have irregular, lacey edges which resemble growing snow

flakes. There is a general relationship between the size of the lakes and 

the ~egularity of their salt margins. There may be a critical size for 

the lakes with respect to fetch (in spite of the presumed shallowness of 

these lakes). Once this critical size is attained, perhaps during a series 

of wet years, wave action is sufficient to disturb the newly-formed, 

thinner crust or erode the older crust. 

The dissection of the clay flat suggests that the water table has 

been lower in the past. Current salinization of the surface materials 

indicate• a rieing water table and consequently, increased runoff. 



Zanughan Basin 

Zanughan Basin is mostly mountainous with narrow constricted 

valleys or flats of only limited extent. The mountains, composed 

almost entirely of Eocene volcanics, reach a maximum altitude of 
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Z,910 mat the southern divide, 2, 361 m above the surface of the playa. 

Through this high area passes the Naibandan Fault (fig. 75) a major· 

fault which extends southeast to Bam, in the Lut Watershed (fig. 83). 

Zanughan Playa is a clay flat that is being reduced in area by 

large active fans primarily from the southwest and northeast. Puffy 

ground and dark-toned channels, some of which have clumps of 

phreatophytes, are prominent in the northeast corner of the playa and 

indicate that the primary drainage is from this sector. Coalescing 

fans south of the playa have apparently covered over extensive areas of 

the former playa surface. The central part of the playa is relatively 

smooth and undissected and here also the fans are encroaching upon the 

playa surface. 

The dune field west of the playa is composed of generally stabilized 

sand ridges in a honeycomb pattern although the ridges are connected in 

longitudinal masses oriented northeast-southwest. Blunted northeast

facing ridges indicate that the prevailing wind is from that direCtion. 

The extensive fan activity coupled with the high water table sugges~ 

that there baa been a recent increase in runoff at Zanughan Playa. 
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Sirvan Basin 

Sir van Basin floor is at an altitude of 1, 2.60 m which is 1, 468 m 

below the highest summit (fig. 75), Eocene volcanic rocks form the 

divides and crop out in the middle of the playa. The beds are prominent 

and strike north-south with only minor cross -faults visible. The playa 

is asymmetrically located against the west divide of the basin in a 

narrow valley. 

Larger fans from the northeast together with a huge dune field 

have reduced the area of the playa. In the limited areas available 

between the dunes and the fans there are scattered villages with culti-

vated fields many of which have been subsequently abandoned to the sand. 

Although the southern fans are considerably smaller than their 

northern counterparts, they are also encroaching on the flat surface of 

the southern part of the playa. 

The playa is a clay flat which is relatively undissected except in 

its northern corner adjacent to the dune field. Water from beneath the 

sand moves southward into the playa, and the dark-toned channels in mid-
• 

August 1956 (aerial photo date) indicate a perennial source. The generally 

dark-toned surface of the playa suggests widespread puffy ground. 

The dune field is stabilized and composed of dunes with honeycomb 

pattern as well as distinctly longitudinal forms. These are oriented 

north-south in the northern part of the field, and northwest-southeast in 
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the southern part. 

Fan encroachment over the playa and a rather shallow water table 

suggest that the current climate may be slightly moister than that of 

the recent past. 

Chahak Basin 

The similarities between Sirvan and Chahak Basins include: size, 

relative relief, basin/playa ratios, asymmetry of the playa locations, 

and playa surface material. One principal difference is the occurrence 

of .Miocene bedrock in the southern part of the Chahak Basin. The 

absence of any conspicuous evaporite horizons in the outcrops, presence 

of villages along ch~nnels originating in the Miocene, and the settlement 

and cultivation of playa areas all indicate that evaporites are probably 

absent from this rock. 

Unlike Sirvan Playa which is generally confined in a narrow valley, 

Cbahak Playa has been pushed against its west divide by large fans from 

al()ng its entire eastern margin. Along this eastern zone of contact, 

th~re are numerous scattered villages to exploit the water. 

The principal drainage enters this dry clay playa from the north 

end and dark-toned channels in mid-August 1956 (aerial photo date) 

indicate a perennial source of water. Dissection is moderate in the 

n~rthern part of the playa, but it disappears toward the center of the playa 
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surface. From the center to the southern margin, scattered dark

toned surface areas indicate puffy ground. However, salinity must be 

low as judged from the presence of cultivated fields and scattered 

clumps of phreatophytes. 

As at many other playas, the area of Chahak Playa is being 

reduced by fan transgression. The current climate at Chahak Playa 

is therefore considered to be slightly more humid than in the past. 

Summary 

The playas of the Bidjestan Highlands Watershed have been sub

jected to significant recent fan encroachment (Yazdan, Zanughan, Sirvan 

and Chahak Playas), dissection which has been followed locally by 

salinization of the surface materials (Bidjestan, Qain, Khaf and Tabas 

Playas), or leaching followed by spring activity (Khaf Playa). These 

sequences all suggest recent increases in runoff and rising water tables. 

The present climate is more moist than it has been in the recent past. 

Large stabilized dunes throughout the watershed, in contrast to 

considerably smaller and more widely scattered active dunes, indicate 

that current wind activity is much less than that which prevailed in the 

paet. The stronger winds possibly occurred during the Wurm. 
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Lut Watershed 

The Lut Watershed in southeastern Iran (figs. 5, 83) is mainly 

part of the Lut block, (fig. 2). whose western boundary is the Naibandan 

Fault (fig. 83) and whose southeastern boundary lies close to the eastern 

divide. The block extends northward into the southwestern corner of 

the Bidjestan Highlands Watershed and terminates southward near the 

southern divide. The fault block is tilted to the south- southwest with 

the northeastern margin forming the elevated edge and the southwestern 

depression of the Lut forming the lowest part. 

The Kerman Mountains along the western divide reach an altitude 

of 4, 000 m, more than 3, 500 m above the eastern depression (fig. 83). 

These mountains are composed of Mesozoic continental beds and marine 

limestones. The northern and eastern divides are lower and are com-

posed primarily of Eocene volcanics which extend into the north-central 

part of the watershed. The southern divide is composed of extrusive 

rocks and includes several volcanic cones. 

The mountains east of Kerman and south of Zahedan receive up to 

200 mm ·of precipitation annually. Other ridges along the divides receive 

from 100 to 150 mm of precipitation. A trough of lower precipitation 

extends southeastward from the Great Kavir to the center of the Lut, 

which is the driest part of Iran. Here, less than 50 mm of precipitation 

. il r~ceived on an average annual basis. Periods of several years may 
I 



be completely dry with no precipitation being recorded locally. 

The Lut Watershed has been studied from a low flying aircraft, 

but primarily from aerial photographs. 
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Flanking the mountains are extensive coalescing fans which 

border and encroach upon several playas as well as on the huge central 

part of the basin. The fans along the western, higher divide provide 

most of the seasonal floodwaters into the basin center. 

Except for the Kahak Playa in the northeast (fig. 83), the playas in 

the Lut Watershed occupy poorly mapped or unmapped depressions; 

consequently, no attempt has been made to delineate their divides. These 

playas are shown in Figure 83 by- letter designation. The northern playas 

with the exception of playa C are connected to south-flowing streams 

which reach into the northern part of the depression. Four playas (F, G, 

H, I) are closely connected with the environmental regime of the basin 

center, and three southeastern playas are nourished from northwest 

flowing streams (J, K, and L). 

The central, lower part of the watershed which receives less than 

50 mm of precipitation annually contains the lowest interior sump in Iran, 

205 m above sea level (fig. 83). This area is unsuitable for habitation 

because of extremely rough terrain, immense dune fields and the severe 

lack of water. Consequently, the central Lut Watershed remains one of 

the most barren and little known areas in Iran. 
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The following section includes the Northern Playas, the Central 

Basin, and the Southeastern Playas. 

Northern Playas 

The northern playas include Kahak Playa, and playas A, B, C, D, 

and E (fig. 83). 

Kahak Playa occupies a presently open basin bounded by Eocene 

volcanics along its northwestern, northern and eastern divides and by a 

ridge of basic extrusive rocks along its southwestern and southern 

divides. The divides rise toward the east and the highest point at 2, 575 

mlies 1,081 m above the playa on the southeast. The light-toned surface 

of the playa is only locally marked by channels. This suggests a firm, 
I t . 

dry clay surface, which has been confirmed by a traveler. The location 

ofnumerous small communities in the vicinity of Kahak near the playa 
' ,. ~· 

outlet suggests a moderately shallow ground water table, and low salinity. 

Alm~st all of the currently active fan encroachment affects only the north-

east margin of the playa. The southwestern margin of the playa is pro-

tected for the present from similar encroachment by a narrow zone of 

stabilized dunes 1 to 2 km wide. These were no doubt once more exten-

aive, but are being covered by the advancing fans. Numerous clumps of 

Phreatophytes border the constricted outlet and indicate a goo supply of 
1:.· 

water. The proximity of adjacent fans suggests that there is a delicate 

~~~e bet.ween the through-flowing stream and the fans. The original 



impoundment of the basin may have been due to fan closure during a 

period of increased runoff. The current regime is indicative of 

moister conditieas than in the past. 
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Playa A receivellarge .intermittent streams from the north and 

west, as well aa from coalescing fans which encircle it. The light

toned surface of this clay playa appears to be relatively smooth and 

little dissected but the playa deposits are being covered by fan gravels 

particularly from the east. Small areas of stabilized dunes east of the 

playa show now significant recent activity and it seems likely that 

increased runoff may have recently accelerated. 

Playa B has a g.enerally gray-toned surface especially in its north

eastern half near its principal entering stream (fig. 83). This suggests 

a clay playa with a surface of puffy ground, and a relatively high water 

tabl". Numerous phreatophytes occur in clumps along the northwestern 

margin. The southwestern half of the playa is drier and its margin 

appears to be currently stabilized,, Slight fan activity is visible along 

the southeaatern playa margin. 

Playa C has a gray-toned surface with local areas of phreatophytes. 

Isolated dark points with stain-banding suggest water discharging points 

in this clay playa with widespread puffy ground. The general surface 

conditions suggest a seasonally high water table which may be of recent 

origin. 
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Playa D receives some overflow from Playa B, but the inlet 

stream, receives most of its water from the adjacent northeastern fans. 

The elaya surface has a mottled dark gray tone with numerous light 

and darker-toned channels aligned with the long northwest-southeast 

axis ·oi:_the playa;.. This clay playa is moderately well dissected particu

larly in its lower -southern part. Fan encroachment is minimal and 

restricted mainly to the area of the entering stream (fig. 83). 

The above three playas (B, C, D) have high water tables and no 

visible salt crusts, although puffy ground indicates some salinity. The 

generally moist condition of these playas together with dissection of 

playa D suggests an increase in runoff in recent time subsequent to a 

previously lowered water table. 

Playa E receives almost all its water from the Kerman Mountains 

whic:hUe close to its western margin. Only a minor amount of water 

comes from the south-flowing stream (fig. 83). Numerous dark-toned 

channels occupy the northwestern half of the playa and indicate considerable 

dissection. The lighter-gray to white-toned southeastern half of the playa 

is indicative of a generally flat, smooth clay surface. However, well

incised channels with phreatophytes, especially at the southern end of 

the_ J)~(Lya, lead into the south-flowing stream (fig. 84). Along the south

western margin of the playa, fan activity is restricted to a few large 

channel areas. Interfluve~ are dark-toned and dotted with vegetation, 



suggesting relative inactivity (fig. 84). Further northwestward the 

playa margin is more irregular and the adjacent fans have numerous 

light-toned channels indicating currently greater runoff from this 

direction. 

The apparent reactivation of fan activity from the northwest and 

dissection of the playa may be a response to tectonic uplift or more 

likely, a reflection of increased runoff due to a moister climate. 

Central Basin 
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The Central Basin may be delineated into the following units: the 

Lut Plateau, Lut plains and playas, Yardangs, and Dune fields. 

The central, lower part of the basin is filled by a fine -grained 

formation, the Lut formation which consists of horizontally-bedded 

silty-clay and limey, gypsiferous sand which coarsens towards the mar

gins of the deposit (Bobek, 1963, p. 409). This formation is considered 

to be from 135 m (Dresch, 1968, p. 144) to 200 m thick (Bobek, 1963, 

P• 409). Salty beds within the deposit suggest deposition in a playa 

environment. 

The Lut formation forms a plateau whose generally flat surface 

slopes southward from an altitude of 535 m to 393 m (fig. 83). The 

plateau surface, which is encrusted by a mixture of salt, gypsum and 

silty-clay, is furrowed and pitted (fig. 84). The furrows, oriented 
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apptO~mately 333° true, are aligned in the direction of the prevailing 

. •·. ' 0 
wind (from 333 true). Depressions in the furrows or related pits 

are c~mmonly filled with salt (fig. 84) which is periodically dissolved 

out of the formation during a wetting and subsequently redeposited in 

the hollow. The distinctive character of the surface facilitates its 

delineation. A nested depression whose bottom is at an altitude of 

446 m (Dresch, 1968, p. 150) lies in the southeastern part of the plateau 

(fig. '83-) • 

. · The Lut Plateau is covered by fans along its northwest and northern 

margins (fig. 83), and it abutts the Eocene volcanics along its north-

eastern margin. Its eastern margin is covered by a huge dune field 

(figs. 83, 85). The plateau is terminated along its southwest and south 
. ' 

margin by a scalloped escarpment up to 150 m high (figs. 83, 86, and 87). 

The Lut plains are the ultimate base level in the basin. East of 

Shahdad (fig. 83), the plain constitutes a narrow zone along the fans (fig. 

88), but it broadens to the north where it turns eastward and forms a 

Vt1.de corridor below the escarpment of the plateau. The pl~in extends 

for 150 km turning southeast and then south along the escarpment and 

finally pinching-out in a blind alley between yardangs and escarpment. The 

altitude of the plain decreases from Z7Z m below the southwest escarp-

tnent to Z05 m at the blind alley (Dresch, 1968). 



Within the plain are a few buttes detached from the escarpment, 

salt-crusted and clearly cut from the Lut formation. In the northern 

part of the plain there are large isolated yardangs, smaller ones 

covering extensive areas, and a large salt-crusted playa {F). The 

playa boundaries are actually zones which are quite mobile and these 
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no doubt shift with each new flooding. This is the terminus for the south

flowing stream, as well as for streams from the adjacent escarpment 

(fig. 83). Southeastward in the plain, the drainage is quite local and is 

from the adjacent escarpment (fig. 87). 

An embayment in the southern escarpment of the platea\J is simi

larly occupied by a terminal plain whose materials were deposited by 

the north-flowing stream (fig. 83). At its apex there is a dark gray

toned zone {playa H), probably a mixture of saliferous muds and black 

salt.... This sump at slightly below Z70 m is higher than the northwestern 

one (ZOS m). 

Southeast of Shahdad, a long narrow salt-crusted playa (G) between 

the fans and the yardangs is periodically flooded by eastwa:.;d flowing 

streams from the fans. The floodwater spills out as arms among the 

yardangs, and salt-stains record the event. The largest playa {I) re

ceives numerous streams from the southwestern and southern divides 

and the current discharge forms a north-flowing outlet stream of 

•ufficient force to maintain a channel through SO km of shifting •and. 



Play. lis presently undergoing dissection of its clay flat. 

The details of the description of the yardangs that follows are 

frorn Professor Dresch's recent paper, "Reconnaissance in the Lut 

1Irar1)11 , 1968; these augment the author's aerial observations and 

photointerpretation. 
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Around the northern perimeter of the yardang area (fig. 83) 

scattered ridges are composed of the Lut formation and oriented in the 

direction of the prevailing wind (333 ° true). These extend into the plain 

and are clearly wind eroded yardangs. In the northeastern part of the 

yardang area two buttes (one of which is shown in Figure 83) are rem

nants-of the extension of the plateau to the east. These are surrounded 

by lower buttes and ridges whose summits are generally accordant. -at 

an elevation of 60 m above the adjacent plain (fig. 89). The summits 

are rounded on broader surfaces, but sharply notched and gullied below 

narrow ,ridges. The summit surface according to Dresch is composed 

of a reg derived from the disaggregation of an encrusted deposit con

ta~ng scattered gravels. The broader . summits are sharpJy truncated 

by vertical slopes which reveal the bedded Lut formation (fig. 89). 

Buttes, ridges, and small remnants are all aligned in the direction of 

the prevailing wind. The furrows between the features are extensions 

of tbe ~.plain and these can be flooded as is evidenced by connecting 

depr•ilaions with salt stains from previous inundations. In this area, 
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erosion by wind and water are clearly discernable. 

Within most of the· yardang area, the buttes and rounded summits 

have disappeared, and long, continuous ridges with gullied slopes 

extend to the horizon (figs. 88, 90). These are separated by generally 

flat-bottomed furrows. Local relief of 60 m is comparable to that in 

the northeastern area. 

The slopes are convex and composed of a series of facets controlled 

by more resistant beds; the average compound slope is 42.0
• A layer of 

clay or gypsum from 10 to 15 em thick mantles_ the slope. This material 

swells upon wetting and moves downslope so slowly that the clayey mantle 

remains continuous and of the same thickness (Dresch, 1968, p. 146). 

Desiccation polygons occur on flat areas or benches. Rain-wash is not 

able to penetrate the clay mantle, but thickened with fine load, it furrows 

the slope. These furrows or gullies are entrenched. 

Some drainage develops in closed depressions or in pits in soluble 

beds, and many small valleys among the ridges remain suspended, being 

connected with the base level furrow only by a pit or grotto.(fig. 90; 

Dresch, 1968, p. 147). 

The base of the convex ridge slope makes a steep angle with the 

flat-bottomed furrow (fig. 90). This is the result of erosion from 

periodic floodwaters from the north which penetrate into the furrows and 

sap the base of the slopes to a height of from 1 to 2. m (Dresch, 1968, 
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p{ l47). Aeolian erosion is effective in the flat-bottomed furrows and 

·a.ttlie base of the slopes already sapped by the floods. At these places, 

the protective mud is absent. Dunes and sand ridges a:ce developed 

and move along the furrows. As the influence of periodic flooding 

diminishes toward the south, aeolian influences increase and the 

yardangs trail out into sand ridges (fig. 83). 

Dresch has made a distinction between the yardangs of the north 

ahd those of the south, referring to the latter as "kalut" (desert 

villages). These are clearly yardd.ngs which have been modified by 

solution, solifluction, gullying and wind erosion. Because the transition 

is gradational, this author prefers to adhere to the standard term, 

"yardang", and to add descriptive terms as necessary. 

There are three areas of sand concentration in the Central Basin. 

One is a series of sand ridges which extends from the southern end of the 

yardang area to a huge dune field which is the second concentration, at 

the eastern margin of the Lut Basin, and the third is a smaller dune 

, field at the southern end of the Lut Plateau (fig. 83). 

The sand ridges a~e derived from the excavation of the furrows 

between the yardangs. From the southern terminus of the yardangs, the 

sand ridges continue in the same orientation. Farther south the sand 

ridges tUl"n in a smooth curve through southeastward to east-southeastward 

(fig. 83). Near the large dune field, the ridges are cut by the north 
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flowing stream from playa I, but they continue for a few more kilometers 

to where they abutt the principal dune field. Within the area of sand 

ridges, there are scattered dunes of both barchan and longitudinal types. 

The dune field (figs. 83, 85, 91), the largest in Iran, is approxi

mately 10,000 kmz in area, and is the product of long continuing aeolian 

erosion of the Central Basin. Sand ridges and overlapping sand sheets 

occur in several orientations, the most prominent being northeast

southwest in the northern and southwestern areas, and east-west near 

the southeastern margin. Huge pyramid dunes, perhaps ZOO m high, are 

prominent along the western margin. Between the dunes, salty clay flats 

with drainage patterns, water lines, and phreatophytes near protected 

slopes indicate that a local perched water table may be at shallow depth 

seasonally. 

A small dune field has accumulated in the lee of the south escarp

ment of the Lut Plateau (fig. 83). Near its western margin barchans are 

prominent, but further north and east the sand is piled in masses or in 

honeycomb patterns. Along its northeastern margin the terminal plain 

is encroaching on the dune field, and the exposed dunes are being trun

cated by the periodic floodwaters. 

Southeastern Playas 

Playa J is a clay playa with large areas of its surface covered by 

dunes or sand sheets. It is moderately well-dissected along its south-
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east'ern margin by a stream which originates in playa K (fig. 83). The 

lattelfls a clay playa undergoing considerable dissection from streams 

around its northern, eastern and southern margins. The incised 

channels, with a heavy growth of phreatophytes, flow northwestward 

into the outlet stream. 

Playa Lis a clay playa that is considerably dissected although 

currently moist in its central area. It is drained by a stream which 

terminates in playa I. 

The southeastern _playas are being dissected by currently active 

streams originating in the adjacent divide. This erosion is considered 

to be due to a combination of previously reduced base level and recently 

increased runoff. 

Genesis of the Features of the Central Basin 

Th_~ ~_ge of the Lut formation is unknown but it most probably repre-

Bents filling of a depression caused by late-Pliocene or early-Pleistocene 

block faulting. The size of the material, stratigraphy, and marginal 

co~sening all point to a playa environment with oscillation .between wet 

and drier periods. Excavation of the Lut formation was initiated by a 

drop in the water table, and possibly reactivation of block faulting with 

southwest tilting. 

A lowered water table due to increasing aridity would facilitate the 

Wo.rk of the wind and wate.r. And, tilting would accelerate the erosion of 
1-



higher areas. Continued aridity with lowering water table would 

enhance dissection of the lower areas during periodic flooding. Wind 

transportation of the dry surficial silt and sand to the southwest area 

of accumulation would bare the fresh surface to renewed desiccation 

and subsequent removal. As long as the general cycle of aridity and 

wetness continued the combined processes of deflation and periodic 

water scouring could penetrate lower levels. 
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Currently, the Lut Plateau is only pitted and furrowed rather than 

deeply dissected, but the stark relief of the yardang area closer to the 

southwestern divide and its highest mountains, is considerably greater. 

Clearly, proximity to the piedmont slopes and their periodic torrents 

was critical in the dissection of the yardangs. In the northeastern part 

of the area (figs. 83, 89) close to the .northern plain and its periodic 

flooding, the yardangs have been cut up into buttes with vertical cliffs, 

and there are more extensive summit areas and less evidence of gullying. 

Moreover, in addition to increased runoff closer to the southwestern 

divide, there is noticeable evidence of present precipitatioq as indicated 

·by the solution and earth flow forms in the western yardang area. 

Periodic cessation in the excavation of the Lut formation was 

suggested by Bobek (1963, p. 409) who reported three or four erosional 

terraces cut in the Lut formation. Indeed, the accordant summit level 

of the yardangs (60 m above the adjacent northern plain and approximately 
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40 to 90 m below the Lut Plateau) suggests a former surface, as do the 

buttes preserved in the northeast part of the yardang area. 

Dresch (1968, P• 152) has proposed that the reg protecting the 

more intact yardang summits is a channel gravel derived from dis

aggregation of the Lut formation (presumably during a moister period). 

Subsequently, because of its greater resistance it was brought into 

positive relief as the adjacent interfluves (composed of the Lut formation) 

were er.oded and then etched out by the wind (presumably during a drier 

period). 

Horizontal surfaces would therefore represent halts in the pro

gressive excavation of the Lut formation during periods of aggradation. 

These would be relatively moist periods with increased runoff and 

restriction of wind erosion to a shorter season. A return of aridity 

woul.d result in the resumption of more intensive wind erosion aided by 

periodic flooding and scouring. The presence o£ at least one and possibly 

more surfaces below the Lut Plateau may represent moist periods. 

Gabriel (1957) and Stratil-Sauer (1957) have proposed.two pluvial 

periods in the Lut Desert on the basis of two thick superimposed layers 

of sediments. But Bobek (1963, p. 409) states that there is only one 

deposit. 

Currently, there is aggradation in the Lut plains together with playa 

clepo11ition. Earth flow, gullying, and solution in the yardangs all indicate 



178 

periodic wetting of sufficient magnitude to inhibit wind erosion. The 

present cycle must be considered more moist than that which has pre

vailed in the recent past, The peripheral evidence from the northern 

and southeastern playas suggests increased runoff and playa dissection. 

Subsequent to the preparation of this section, Bobek published a 

paper pertaining to the Lut depression (Bobek, 1969), also based on 

photointerpretation. There is good agreement in the two maps prepared 

from the aerial photos, and there is agreement on the interpretation of 

some of the present trends (aggradation and rising water table). 

Bobek considers the present climate a typical interglacial climate 

and argues that the current gullying of the yardang slopes is evidence of 

increased precipitation during an interglacial period (wet interglacial). 

He concludes that the glacial periods were actually characterized by more 

arid.conditions as a consequence of the enhanced continentality of the 

Iranian Plateau (Bobek, 1969, p. 191), 

Bobek (1937), Wright (1961) and Ehlers (1969) have already estab

lished the fact that during the glacial period~ the Iranian Plateau 

experienced increased runoff and rising base levels and lake levels as a 

result of reduced evaporation due to lower temperatures, Therefore, these 

colder, more moist periods can hardly be described as more arid than the 

present period. 



179 

The climate of the post-W"urm period is clearly reflected in the 

playa salt crusts which are found throughout the plateau. Therefore, 

this period can hardly be characterized as a "wet interglacial," even 

if we assume that precipitation may actually have increased slightly. 

Gullying of the slopes of the yardangs may well represent a pro

cess which has continued throughout the Pleistocene and into the present • 

. The gullies are being deepened and extended during each winter rainy 

season, while aeolian processes predominate in other seasons. More 

evidence is required before these forms can be attributed solely to 

increased precipitation during an interglacial period. 

Sistan Watershed, Western Part 

The Sis tan Watershed contains an area of 350, 000 km
2 

of which 

only. twenty-six percent lies in Iran, against the western divide (fig. 5). 

The mountains of the northern, southern and eastern divides culminate, 

iri ·the northeast, in the Hindu Kush Mountains whose summits rise to 

5,300 min altitude. Faulting, along and parallel to·the we~tern divide 

of ·the watershed, has created a series of small tectonic basins (fig. 92) 

the larges-t of which is occupied by the Sistan lowland in the vicinity of 

Zabol. 

Annual precipitation exceeds 150 mm in the mountains from Birjand 

... ,9Utheaat for 250 km. Precipitation totals then decrease to approximately 
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130 mm along the continuing lower ridgeline, and then increase along 

the divide opposite Kureginawar Basin, reaching a maximum annual 

precipitation in excess of ZOO mm in the vicinity of Taftan. (figs. 6, 9Z). 

The precipitation totals further decrease from 116 mm at Zahedan to 

51 mm at Zabol (fig. 92). 

This watershed was not visited on the ground. The basins north 

of Zahedan were viewed from the air, and the entire watershed was 

etudied from aerial photos. 

Hamun-i -Helmand 

As a result of the southwest slope of the watershed, the Iranian 

area contains the lower course of the Helmand River and the Hamun-i-

Helmand, the largest single expanse of fresh water in the Iranian plateau 

(figs. 9Z, 93). This lake receives several seasonal streams from the 

western divide, but the main source is the Helmand River. The lake 

reaches its maximum size in May at which time it covers an area of 

2 
3, 000 km and is up to 11 m deep. During the summer it contracts due 

to reduced inflow, loss through its outlet into an Afghanistan sump, and 

because of evaporation as a result of the "Wind of lZO Days" (Fisher, 

1968, P• 78). The lake is reduced to three separate water bodies which 

vary slightly in area from year to year (fig. 92) •. but which collectively 

cover an area of approximately 1,165 km2 • An approximately equal 

area dries out into a clay flat~ .. and 669 km2 remains as a swamp 
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(Fisher, 1968, P• 78). The area of swamp consists primarily of a 

band ot varying width around the perennial lakes, and is not delineated 
,, . . . ·. 

in Figure 9Z. The short seasonal flow through the lake drainage is 

sufficient to keep the water fresh. 

Pleistocene sands and clays have been reported around the peri-

phery of the Helmand lakes (Fisher, 1968, p. 77) but to date there has 

been no study of these deposits. As the gathering depression for the 

Helman4 ~rainage, the Helmand lakes or lake must have been considerably 

more expanded during the Pleistocene when meltwater from the Hindu 

Kush glaciers and snowfields was greater and evaporation losses were 

less, Unfortunately, current stream discharge trends are obscured by 

expanded irrigation withdrawals. 

A small clay playa west of the Hamun-i-Helmand (fig. 9Z) lies in 

an unmapped basin enclosed by faulted Eocene and Paleogene volcanic 

rocks. This area will be referred to as "West Playa". A large inter-

mittent stream enters the playa at its western margin and has spread its 

f~ onto the playa surface. The fan-playa contacts along the other mar

gins are relatively sharp and the dark-toned fans are generally inacti.ve. 

The playa s~face around the western fan is moist with puffy ground. 
·: · 

The eastern half of the playa surface; is drier and smoother with no 
l~ V ; · • 

apparent dissection. The recent fan activity from the west and the 

evil$~nc;e for a rising water table suggest a current trend toward a moister 



The smaller tectonic depressions within the S1stan -watershed 

consist of Ismailabad, Kureginawar, Chah Ghaib, and Khash Basins. 

lsmailabad Basin 

18Z 

The Ismailabad Basin liessoutheast of-Birjand (fig. 92) between 

the western divide composed of mixed Paleogene deposits with volcanics 

and pyroclastics, and a faulted curving ridge to the north and east com

posed of Eocene volcanics. Enclosed within the northwestern area 

between the intersecting faults is some Miocene rock. There is a low, 

narrow pass to the south surfaced with fan gravels. The highest ridge 

summit is at an altitude of 2, 748 m; 1, 400 m above the playa, and 

1,070 m above the low southern-'-~ 

There are several active fan areas around the margin of the playa, 

and their streams continue into the playa (fig. 94). The principal drainage 

is from the north, and cultivated fields occupy the northern end of the 

clay fiat. Cultivation also occurs along the narrow southwestern margin 

of the playa, far from the salt crust. 

The fan-playa contacts are locally very sharp and here the dark

toned fans with few active channels suggest a previous period of inactivity 

(fig. 94). Waterlines parallel to the northeast margin of the intermittent 

lake area indicate that periodically the lake must cover a more extensive 

area and impinge upon the fans. 



Ismailabad Playa is a compound playa consisting of a clay flat 

:(81%), a wet zone that is periodically covered by a shallow lake (13"/o), 

and a salt crust (6%) in the low northeastern corner of the playa (figs. 

9Z, 94) which is also inundated by the intermittent lake. 
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The clay flat has been dissected by numerous small streams which 

terminate in the northeastern depression, in the wet zone. The well

distributed phreatophytes indicate that the water table is presently at 

shallow depth with only moderate fluctuation. 

The surface of the wet zone (fig. 94) is heavily salt-stained in its 

southwestern and southern areas with the irregular stains transgressing 

in those directions. This indicates prevailing summer winds from the 

north andnortheast during evaporation of the lake. 

The salt crust is rough and pitted, resembling the salt crust at 

Khaf Playa (p. 156; fig. 81) which is considered to have undergone con

siderable leaching due to a previously lowered water table. There 

a}lpears to be no relationship betw~en the Miocene rock and the salt 

9rust because the Miocene crops out on the northeast side of the divide. 

The previously leached salt crust, and the old, inactive fan areas 

~uggest that Ismailabad Playa had a low water table during a period of 

~reater aridity than now prevails. Currently, the active fans, dissected 

clay fiat, widespread phreatophytes and intermittent lake all indicate an 

increase in runoff and a higher water table. 
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Kureginawar Basin 

Kureginawar Basin immediately northwest of Zahedan (fig. 92) 

lies between the western divide and a lower curving ridge to the north-

east, east and southeast. The faulted ridges are composed of Paleogene 

volcanics and pyroclastics, but intrusives crop out over extensive areas 

between the western divide and the playa. The ridge line has few low 

passes and the main road to Zahedan crosses the southeastern divide at 

more than 2, 000 m. The altitude of the playa surface is estimated to be 

1, 500 m. 

The fans around the playa are active as evidenced by the extensive 

channels of light-toned gravel, and the fan-playa contact has a generally 

smooth curving line locally serrated by the fan channels. These obser-

vations suggest a waterline along the base of the fans prior to the recent 

dissection. 

The principal drainage into the playa is from a large stream 

entering the playa along its northwestern margin. This stream has built 

a fan delta into the playa and has temporarily impounded a small shallow 
. . 

lake at the northern end of the playa (fig. 92). A smaller fan delta 

transgressing the playa from the northeastern margin has constricted a 

wet zone whose adjacent northwestern area is the site of an intermittent 

lake during the spring or early summer. The lake and intermittent lake 

areas occupy 18 percent of the playa, the wet zone occupies ZZ percent, 
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aid the clay flat and fan deltas (not differentiated at this scale) occupy 

60percent of the playa surface. 

The clay flat and fan deltas support a dense growth of phreatophytes. 

Scattered sand dunes are localized at the south-eastern end of the playa, 

but the dunes show no preferred orientations. Some dunes are stabilized. 

The contact between the clay flat and the wet zone is locally punctuated 

with small ponds indicating ground water discharge during late summer 

(August 2 3, 19 6 5) • 

The morphology of Kureginawar Playa suggests that a lake pre-

viously covered the entire playa. Subsequently, the lake contracted as 

the climate became more arid. Most recently, increased fan activity bas 

constricted or impounded parts of the playa which are now covered by 

perennial and intermittent lakes. The current climate is moister than 

thatlVhich prevailed in the recent past. 

C bah Ghaib Basin 

The Chah Ghaib Basin, in the southwestern part of the large Sistan 

Watershed, is enclosed by high ridges except at its southeastern corner 

where the divide is a broad upland at an altitude of approximately 1, 750 m. 

The surrounding bedrock consists of Paleogene volcanics and pyroclastics 

. ~pt small basalt cones northwest of the playa. Major faults parallel the 
) ;".: 

southwest and eastern divides and intersect at the southeast corner ·of the 
~ f ;~ 
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basin. The altitude of the clay playa surface is estimated to be approxi

mately 1, 450 m, almost 2., 600 below the imposing peak of Taftan 

Volcano, northeast of the playa (fig. 92.). The discharge is evenly distri

buted around the playa from currenUy active fans, except from the south

east low divide. Fans are transgressing the playa surface which formerly 

was considerably more extensive. 

The playa surface is characterized by widespread puffy ground and 

local areas of wet zones. Some maps refer to the playa as a hamun 

(lake) which indicates that an intermittent lake has occupied the area in 

the recent past. Inundation may be periodic, but the absence of well 

defined stain-zones suggest that the lake is not seasonal except at the 

toea of larger fans. The present trend is toward a moister climate. 

Khash Basin 

The Khash Basin is dominated by Taftan Volcano at its northern

most corner, and by a high narrow ridge along its eastern divide. Its 

southwestern and southern divides ·are broad uplands with scattered 

nob-like domes. The basin is open near its northeastern corner (fig. 

92.), and.numerous adjacent small, fresh faults across the divide suggest 

that the opening may be recent anil due to faulting. Paleogene volcanics 

and pyroclastics crop out around the playa except at its northwestern 

margin where the volcanic materials are Pleistocene. Relief of 2., 500 m 



separates the summit of Taftan Volcano from the playa surface, and 

the principal drainage into the playa is from the north. There is con

siderable fan encroachment onto the playa as well as dissection of the 

~aya surface. 
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Kllash Playa is a clay playa, large areas of which, particularly in 

its northwestern arm around Khash, are cultivated. Numerous southeast 

flowing channels in the playa curve around to the northeast in the larger 

southern area of the playa, and coalesce to form the exit stream at the 

northern end of the northeastern arm. 

Although the previously reduced base level of the playa may be 

related to the inferred breaching of its northeastern divide due to 

faulting, the extensive fan encroachment and stream activity suggest 

recently increased runoff in the basin. 

It seems likely, in view of the intermittent lakes, that several of 

the playas in the western part of the Sis tan Watershed were covered by 

shallow lakes during the Pleistocene cold periods. Subsequently, these 

lakes evaporated as a result if increasing aridity. The fanfi became 

inactive, and the water tables in the playas fell to low levels. 

Recent fan activity, playa dissection, and rising water tablea all 

indicate increased runoff and a moister climate. Some tectonic influences, 

particularly at Khash Playa, may exert important controls over the hydro

logic ayatema of the basins. 



188 

Jaj Murian Watershed 

The Jaj Murian Watershed (figs. 5, 95) is separated from the 

Lut Watershed by the massive southeastern termination of the Volcanic 

Belt, culminating in the huge cone of Bazman Volcano. The western and 

southern divides of the basin are composed of intrusive and extrusive 

rocks that intrude or cover Upper Cretaceous rocks, the latter are 

faulted parallel to the southern divide. Along the eastern divide, the 

faulted Miocene rocks contain outcrops of the evaporite-bearing Upper 

Red Formation (p. 134). This watershed has only been studied by 

means of aerial photos. 

Maximum relief in the basin is 4, 000 m between the high summit 

in the northwestern arm and the center of the depression (fig. 95). The 

principal part of the depression is oval-shaped and the surface lies below 

600 m. Annual precipitation exceeds ZOO mm in the high northwestern 

arm of the watershed, and exceeds 150 mm in the eastern part, 

immediately east of Iranshahr (fig. 95). The southwestern quadrant of 

the watershed receives less than 100 mm of precipitation annually. 

At the center of the watershed there is an extensive wet area which 

is the terminal sump. It occupies an area of 3, 775 km2 or 5 pe~cent of 

the entire basin. Although it receiv.~s the peripheral dr~inage of numerous 

intermittent streams, the principal sources are the Rud-i-Halil from the 



189 

northwest and the Rud-i-Bampur from the east. These streams, which 

rise at high elevations, have reduced but generally dependable flows 

during the dry season. 

The floor of the depression is underlain by a thick but as yet un

measured sequence of alluvial and lacustrine silts and clays. Extensive, 

stabilized dune fields lie along the south and southeast margins of the 

floor of the depression, and scattered dunes are to be found throughout 

the dry floor of the depression. There has been considerable encroach

ment onto the northern margin of the playa by currently active alluvial 

fans (fig. 9 5) • 

The wet, central area may be subdivided into three zones, (1) an 

intermittent lake, (2) a wet zone, and (3) the swamp area (fig. 95). 

The intermittent lake (figs. 95, 96) changes considerably between 

the wet and dry seasons, and generally disappears in late summer or 

early fall. Because the lake basin is so gently inclined, small changes 

in volume are reflected in large changes in area. During late August, 

1957, the lake occupied an area of 880 km2 or 23 percent ot: the entire 

·wet area. It probably disappeared shortly thereafter. Although the· water 

of the lake is reported to be drinkable, according to two sources (Gt. Brit. 

Admiralty, 1945, p. 98; Oberlander, 1968, P• 272), a third source 

'(Fisher, 1968, P• 108) reports that the lake is composed of brine. 
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Aerial photos of the lake margin (fig. 96) reveal very white -toned 

areas which may be saline crusts. It is difficult to believe that this 

interior sump would cont.ain fresh water. Note further that the north-

eastern streams head in Miocene rocks which probably contain evaporites. 

The wet zone constitutes 41 percent of the wet area upon the dis-

appearance of the lake. During late August, 1957, the wet zone occupied 

z an area of 675 km or 18 percent of the wet area. The boundary between 

the wet zone and the swamp is transitional and no doubt shifts from year 

to year. Strandlines cut along the southwest margin of this zone, against 

an extensive dune field (dunes are reported to be up to 30 m high (Gt. Brit. 

Admiralty, 1945, p. 105), are estimated to be up to 10m above the level 

of the lake surface (fig. 95). The northwest extension of the strandlines 

scarp is considerably gullied, and the white-toned gullies suggest the 

possibility of saline silt or clay. Fisher (1968, p. 109) reports old 

strandlines in the basin but does not locate them. An examination of the 

aerial photos failed to reveal other strandlines except those in close 

proximity to the wet zone. However, in view of the considerable seasonal 

streamflow and the steep peripheral stream gradients, old marginal lake 

beaches would most likely be eroded or buried. 

There are insufficient topographic data available to permit the 

extension of the visible strandlines to adjacent areas, but the area of 

swamp appears to be below the highest strandline. 
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The swamp area occupies 59 percent of the wet area and its upper 

boqndary lies against the silt and clay plains. This boundary is also 

transitional and is drawn on the basis of the termination of the saturated 

(d~rk-toned) materials. 

The silt and clay plain occupies a relatively narrow and irregular 

zone north and south of the wet area, against the impinging fans. The 

latter are very active. East and west of the wet area the silt and clay 

plains is more extensive, especially toward lranshahr. Low scattered 

longitudinal dune swarms (fig. 96) are oriented northwest-southeast and 

thin sand ridges tailing out to the southeast indicate that the prevailing 

wind is from the northwest. However, on an adjacent photo .west.of 

Figure 96, a field of small barchans indicates a predominant west wind 

(fig. 95). 

More complex are the dunes in the southwest quadrant of Figure 96. 

Their general ridge trend along the west margin of the photo is north

south with the steep lee slope on the east side. They are at least 30 m 

high and form a honeycomb pattern with small interior pans., many of 

which contain phreatophytes. Further east or north, the ridge trends 

toward northwest-southeast. In the east-central part of the photo, a 

group of several barchans have lee slopes to the southeast and elongated 

ho,:rns in the same direction, Their coalescence suggests an incipient 

honeycomb pattern. 
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In the western part of the dune field and in the adjacent plain, the 

west wind has been predominant. Further east and north, the effect of 

the west wind has been modified by a stronger northwest wind. The 

sources of these winds are two principal passes, one to the west and one 

to the northwest. The old, stabilized large dunes are oriented in the 

same directions as adjacent younger dunes, indicating that wind 

directions have been essentially the same since the old dunes were 

formed, presumably during the Pleistocene. The complex pattern of 

the dunes seems to indicate that there is generally a variation of pre-

vailing winds between west and northwest. 

The high strandlines peripheral to the north and south margins of 

the current wet area indicate that a more extensive lake previously 

occupied the basin. At its maximum extent this lake probably covered 

2. 
an area at least as large as the present w~t area (3, 'J75 km ) • A con-

sideration of the amount of deposition that has occurred since that large 

lake receded from its maximum, and the estimated height of the highest 

strandline (10 m), suggests that the former lake was consiqerably deeper 

than the present shallow sump. The large lake must have developed 

during a moister period, and there may have been alternating lacustrine 

(moist) and arid periods. The white-toned gullies, which suggest saline 

materials (p. 190 ) , could reflect arid periods during which there was 

even less precipitation than at present (150 mm). 
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The extensive, stabilized dune fields represent previous periods 

of more intensive aeolian transport. Although the pressure systems 

. which ge_nerated these large dunes were more powerful, they operated 

in the same directions as the current pressure systems. 

It seems likely that the Jaz Murian Basin was the site of a large 

lake which fluctuated in areal extent during the Pleistocene .period. It 

is a promising location for areal mapping of the old strandlines and 

stratigraphic study of the buried section. Currently, the considerable 

fan development is considered to be a result of recently increased 

runoff. 

Yazd Watershed 

The principal part of the Yazd Watershed extends from Ardistan 

to ~erman and occupies a linear depression between the Volcanic Belt 

and a discontinuous mountain chain composed of folded sedimentary rocks 

(figs. Z, 5, 97). The northeastern part of the watershed contains three 

closed basins and an adjacent depression which is connecteq to the 

southern part of the principal depression by a north flowing stream 

(fig. 97). 

The playas of the principal depression were examined on the ground. 

All of the playas have been studied by means of aerial photos. 



194 

Inspection of Figure 97 indicates that the divides of the Yazd 

Watershed as well as those of the basins are generally marked by 

numerous faults. Tectonism has been a critical factor in the evolution 

of the basins and is continuing. 

The southwestern divide contains some of the highest summits in 

the Volcanic Belt, with peaks rising southeastward from 3, 683 m near 

Ardistan (fig. 97) to 4, 419 m southeast of Kerman. The northeastern 

divide, underlain by igneous and metamorphic rocks, is considerably 

lower, with most of the ridges close to 2, 000 m; however, these rise 

abruptly toward the southeast corner of the basin, to more than 3, 900 m. 

The northwest divide is ill-defined, consisting of a slight rise between 

the Qom and Yazd Watersheds. This divide is estimated to be at an 

altitude of 1, 000 m, 

Precipitation in excess of 200 mm annually falls along the north

western and southeastern corners of the watershed. Most of the 

southwestern divide receives more than 150 mm annually, but the north

eastern divide receives considerably less. The floor of the, watershed as 

well as the lower divides northeast of Aghda receive less than 100 mm 

of precipitation annually. 

The Yazd Watershed has been subdivided on the basis of the most 

recent maps into five basins: the Ardistan,· Gono Gu, Zarin, Northeast, 

and Yazd Basins, The first four basins contain single terminal sumps, 
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but the Yazd Basin contains several depressions which are in part 

·· interconnected (fig. 97). 

Ardistan Basin 

Ardistan Basin is separated from the Yazd Basin by a broad, low 

divide at an altitude of approximately 1, 100m (fig. 97). Most of the 

runoff into the basin comes from the high southwestern divide as is 

indicated by the more extensive, and more active fans flanking this 

divide. These fans are currently encroaching upon the playa and its 

adjoining dune field (fig. 97). The northeastern fans are darker·-toned 

with sharper playa boundaries and have fewer channels. They suggest 

relatively less activity than their cross -valley counterparts. 

Ardistan Playa (fig. 97), the largest playa in the Yazd Watershed, 

is 135 kmlong and 30 km wide at its broadest point. It occupies an area 

2. . 
of 1, 52.5 km which includes a clay flat (70o/o), a salt crust (2.8%), and a 

small anticline of Miocene rock (2.%) within the area of the salt crust 

(fig. 98). An extensive linear dune field adjoi:1s ·the central, south-

western margin of the playa. 

The clay flat is most extensive at the northwest and southeast ends 

of the playa. At the northeast and southwest margins the clay flat is 

reduced to a narrow zone (fig. 97). North of the Miocene outcrop (figs. 

97, 98), the interior margin of the clay flat is locally a fault scarpwhose 

~n~_a are pbscured by recent debris. A narrow wet zone separates the 
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clay flat from the salt crust (fig. 98). This wet zone is not mappable 

at the scale of the map, but it surrounds the salt crust and reaches its 

maximum width (Z km) at the northwest corner of the salt crust. 

The clay flat in the northwest part of the playa has a generally 

flat, smooth surface which is locally puffy with some salt encrustation, 

and surface relief is up to ZO em. Sample 34 (figs. 97, 99; table 10) 

was collected at a depth of 0-7 em in a puffy area. The well-sorted 

clay-silt suggests deposition in quiescent water. The low percentage of 

clay is striking when compared to the higher clay content of the Great 

Kavir clay flat (table 8). The Ardi stan clay flats receive their 

materials primarily from igneous rocks; the Great Kavir materials 

have been recycled from sedimentary rocks. 

One of the most striking features of the Ardistan clay falts are the 

phr~atophyte mounds that are up to 5 m high (figs. 100, 97). Phreato

phyte mounds pass through a sequence of stages in their development 

(Neal, 1965, P• ZO). Initially, a phreatophyte grows above a shallow 

water table. The plant is a natural obstacle to windblown s~lt and sand, 

and these sediments accumulate around its base. Water may discharge 

during periods of a higher water table along the root system resulting in 

the precipitation of carbonate and salts over the silt-and-sand accumulation 

at the base of the plant. The surface crust of carbonate and salts acts 

to retard wind and water erosion. 
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The phreatophyte extends its root system as the mound grows 

~Jaward, and plant growth is in equilibrium with the sedimentation rate. 
· ~oi~ H 

, ~.e . plant dies when its roots can no longer reach the water table or 
l', .,, 

when there is a sudden drop in the water table. Phreatophyte mounds 

may occur in all stages of development at any site. If the plants on 
•.:. ~ . 

~~unds of various heights have died and no new phreatophyte growth has 

Qccurred, there has probably been a sudden drop in the regional water 

ta,ble. 

After the death of the phreatophyte, the mound is eroded by wind, 

rain and periodic flooding from the fans. Only truncated, concentric 

growth bands on the floor of the playa may remain to mark the site of 

its former position (Neal, 1965, p. Zl). 

There are many phreatophytes at the surface of the Ardistan Playa 

clay flat in addition to mounds of various heights which no longer have 

phreatophytes. This relationship suggests that there was a sudden drop 

in the water table, and the excellent state of preservation of many of the 

mounds indicates that this event must have been relatively ~ecent. Subse-
, 

quently, the water table has risen and the area has been colonized by new 

plants. Based on the density of the phreatophyte growth near the margin 

of the playa (fig. 100), the depth to the water table in October, 1965 was 
~t 

.estimated to be less than 5 m. 
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The salt crust is extensively water-stained and wet in its central 

area. No polygons can be distinguished on the 1:30, 000-scale aerial 

photographs, and it may be presumed that this area has few surface 

features as a result of periodic inundation. Along the west margin of 

the salt crust, there are some polygons up to 60 m in diameter. These 

occupy approximately 10 percent of the salt crust and are sharply 

delineated. 

The margin of the narrow wet zone is locally characterized by the 

extension of fresh salt projections over the wet mud (fig. 98). The 

recent fault scarp is accentuated by a line of fresh salt. The salt in the 

clay flats and especially in the puffy ground (sample 34, table 10) has 

been recently leached out of these deposits due to increased runoff and 

greater relief triggered by faulting. Aghda Playa, discussed below, 

provides additional examples of fresh salt encrustation on the existing 

salt crust. 

In the northwestern half of the dune area are primarily longitudinal 

dunes formed by a strong north-northwest wind and modified by winds 

from the north and northeast (fig. 101). The largest dunes are up to 1Z 

m high but most are less than 10 m high. Barchans are small but 

numerous at the northwestern exposed corner of the dune field. All of 

the dunes are undergoing some modification, and they can not be termed 

stable in spite of the relatively fixed position of some large dunes with 
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resp'~tfto cultural features. Vegetation was not observed on any of the 

dunei nor along their immediate bases, except where cultivated fields 

abuttid against the dunes. 

' It appears that although there is continuing modification of the 

dunes, their original emplacement must have occurred during a period 

ofWind intensity greater than prevails today. Currently, there is active 

fan encroachment, increased runoff, and a higher water table. Both 

increased available moisture and continuing tectonism are responsible 

for the recent morphologic changes at Aghda Playa. 

·Gono Gu Basin 

Gono Gu :J3asin in the northeastern corner of the Yazd Watershed 

(fig, 97) is a small closed depression whose divides are composed of 

metamorphic and extrusive rocks, with a small outcrop of Miocene rock 

along the northwest divide. The most prominent feature in the divide 

perimeter is a large fault. which cuts across the northwest part of the 

basin (fig. 97). The fault lies along a straight mountain front at the 
: {1<·: 

' . 
apices of the continuous fan slope. Recent movement along this fault has 

obviously triggered unusual fan activity as evidenced by numerous light-

toned fan channels, an irregular fan toe boundary, and several bird's 

foo~ :-deltas ·which have spread out into a narrow wet zone of the playa sur

face,. By contrast, fans along the southeastern divide are comparatively 

•table Wi~ few light-toned channels and a sharp, straight fan-playa contact. 
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Gono Gu Pl.aya is a small diamond-shaped playa which occupies an 

area of 170 kmz. Most of the playa is a clay flat (74o/o) which is almost 

dried out by early summer. A smaller area (2.6%) extending from the 

northwest margin of the playa to the central part was very wet with local 

areas of shallow water on June 13, 1956 (fig. 97). Local, discontinuous 

wet zones along the northwest and northeast margins are too small to 

show at the scale of Figure 97. 

The northeast quadrant of the playa includes the widest clay flat 

zone. It is from the adjacent slopes that the fans are most active, 

suggesting that faulting is also most active in that area. 

In view of the p:cesumed tectonically initiated fan activity along the 

northern divide of the basin, the stability of the southern fans, and the 

wet condition of the playa, it seems reasonable to assume that the playa 

has been wet for some time and that its area is rapidly contracting. 

Evidence for recent climatic change is obscured but the climate has 

probably become moister. A narrow zone of coalescent barchan dunes 

along the southeast shore of the playa appears to be stabili~ed. The dunes 

indicate winds from the northwest to west. 

Zarin Basin 

Zarin Basin adjoining Gono Gu Basin (fig. 97) has divide ridges com

posed of numerous lithologic types. The north and northeastern divides 
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contain primarily metamorphic rocks with conspicuous northeast

southwest lineations. The southern divide includes Jurassic limestones 

cut by later intrusives. Along the southwestern divide there are Miocene 

rocks intruded by salt domes. These latter rocks extend eastward into 

the central part of the basin. Prominent but discontinuous faults extend 

northeast-southwest across the basin (fig. 97). 

Zarin Playa consists of two parts, formerly connected east of 

Zarin but subsequently separated by the encroachment of large coalescent 

fans from the adjacent northeast slope. The large fans are dark-toned, 

suggesting that the playa separation is not a recent event. However, 

fresh small fans emanating from the mouths of the older fan streams 

suggest recently renewed fan activity. At the apices of the older, dark

toned, large fans there are several small faults whose formation may 

have been the cause of the former fan activity (fig. 97). 

The bordering dune field is not considered to have been an immediate 

cause of the playa separation because the longitudinal dunes along the 

northern margin of the dune field are oriented north-south; • those east 

of Zarin and adjacent to the fans are oriented northeast-southwest. The 

winds were therefore either parallel to the trough or off the fans. However, 

as the dune field expanded outward (northeastward) from its adjacent 

southwest slope, it would have impinged upon the narrowing playa neck. 
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The northwestern playa (fig. 97) contains an area of 280 km
2 

of 

which 45 percent is a clay flat and 55 percent is a wet zone. 

The clay flat occupies the south and southwestern part of the playa. 

A small projection of the clay flat into the wet zone is actually a delta 

at the terminus of a principal stream which heads in the Miocene out

crops (fig. 97). The lower part of this stream is loaded with salt. The 

fan-playa contact is generally sharp, and the dark-toned fans with few 

active channels suggest current stability. The interior margin of the 

clay flat is well-defined, indicating a fairly regular perennial position. 

The wet zone is well-defined with extensive areas of shallow water 

present on June 13,· 1956. A prominent channel from the southeast 

corner of the playa extends into the south-central part of the wet zone 

where it continues briefly northeastward. The channel is filled with a 

salt.crust whose margins are transitional into the adjacent wet clays. 

This namak safid is a relict of a lower water table when the current wet 

zone was a clay flat. A rise in the water table has inundated the salt 

filled channel causing its margins to bleed into the darker -toned wet clay. 

The southeastern playa is bordered by an extensive dune field along 

its southeastern and southwestern margins. The dunes currently appear 

to be generally stable. Several wind directions are indicated, but along 

the margin of the playa, winds from the northeastern quadrant appear to 

be dominant (fig. 97). 



The northern border of the southwestern playa consists of 

~p~derately active fans. The fans at the northeastern corner of the 

pl~ya are most active and supply the principal streams into the playa 

(flg. 97) • 
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. The southeastern playa is tr.iangular in plan (fig. 97) and includes 

all.. area of 300 kmz. Most of the playa, principally the eastern half 

consists of a clay flat (87o/o), and a smaller area in the center of the 

western half is composed of a wet zone (13%). 

The eastern clay flat has several large channels which terminate 

in the center of the playa, at the wet zone. Numerous patches of 

phreatophytes along the channels indicate a moderately shallow water 

table and tolerable salinity. Water-stain zones parallel to the margin of 

the entire clay flat mark the position of periodic water sheets. The stain 

zones are most prominent in the western half of the clay flat around the 

wet zone. 

The wet zone includes the termini of the channels from the eastern 

part of the clay flat. These are filled with salt crusts which are locally 

growing.outward into the adjacent wet clay areas. Other salt crusts are 

marked by dark-toned spots indicating ground water discharge points in the 

playa. Some salt-wet clay contacts are zonal and indicate bleeding of the 

salt into the wet clay areas of the wet zone. The general aspect of the 

~alt-wet clay relationships suggest a recent trend toward moister 



conditions in the playa with increased runoff leaching peripheral salt 

from puffy ground in the clay flats. 

Northeastern Basin 

Z04 

The small basin southeast of Zarin Basin (fig. 97) contains no 

communities and is referred to in this study as Northeastern Basin. 

It's divides are composed of metamorphic rocks with conspicuous 

northeast-southwest lineations along the northeastern divide. Faulting 

has been restricted to the southeast perimeter of the basin. 

Fan activity is most conspicuous in the southeast corner of the 

basin adjacent to the faulted divides. However, this is also the largest 

catchment area and the source of the playa's largest entering stream. 

The playa includes an area of 115 kmz of which 61 percent is a clay 

flat and 39 percent is a salt crust. The local areas of wet zone are too 

small and irregular to be shown at the scale of Figure 97. 

The fan-clay boundary is generally sharp, but the weakly defined 

parallel stain zones suggest that the playa is periodically inundated. 

Therefore, most of the seasonal discharge must come from the principal 

streams in each of the two playa arms (fig. 97). The clay flat is cut by 

numerous channels terminating in the small wet zones, or directly into 

the salt crust. The channel endings are not sharp, but merge with salt 

and briDe -filled troughs. 
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The salt crust is most irregular, with small inclusions of wet 

clay areas or even shallow water. Several central areas of the salt

·crust margin have lace-like projections of salt extending into the 

adjacent wet clay. Scattered dark-toned spots on the white salt crust 

indicate ground water discharge points in the playa. The transitional 

salt-wet clay boundary and the intertonguing salt filled drainageways 

suggest that the salt may have been recently reworked and redistributed 

by increased runoff in the basin. 

Yazd Basin 

The Yazd Basin has two principal sumps. The northern sump 

contains Aghda Playa and the northeastern sump contains Bafq Playa, 

which receives the terminal discharge from most of the basin. Three 

clay playas. southeast of Bafq Playa occupy small depressions, all of 

which are drained by a stream reaching Bafq Playa (fig. 97). Inter

mittent streams from the Yazd area drain northwestward toward Aghda 

Playa or eastward toward Bafq Playa. The basin is divided in it's 

central area by a linear outcrop of intensely faulted Jurassic limestone; 

· this is the northwestern margin of the Tabas block. 

Aghda Playa 

Aghda Playa occupies an irregular depression adjacent to Ardistan 

and Zarin Basins. The adjacent divides contain volcanics, clastics and 



limestones, but more importantly, scattered large outcrops of salt

bearing Miocene rock. Extensive active fans have encroached upon 

the playa, particularly from along the southwest divide. The two 

principal streams, from the southwest divide, enter the playa at its 

northern and southern ends. Intermittent streams reach the playa 

from as far southeast as Yazd (fig. 97). 

Z06 

Aghda Playa contains an area of 1, ZSO kmz which includes a clay 

flat {58%) and a salt crust {4Zo/o). Narrow and discontinuous wet zones 

between these features are best devloped along the southern margin of 

the salt crust. These zones are too small to illustrate at the scale of 

Figure 97. 

The clay flat completely encircles the salt crust, pinching out to a 

narrow zone along the southeast margin of the salt crust (fig. 97). 

Along the western margin of the playa, the clay flat is up to 8 km wide 

and has an irregular contact with the fans. Most of the clay flat in this 

area has a fresh, rough, puffy surface reflecting high salinity and a 

shallow ground water table (fig. lOZ). 

Samples 35 and 36 from this area (figs. 97, 99, lOZ) indicate that 

the material is moderately well-graded clayey-silt with approximately 

30 percent clay. The tendency toward bimodality is best expressed in 

sample 36 (fig. 99) • The latter sample with high halite (76%, table 10) 



and low gypsum (Zo/o) content suggests an incipient salt crust modified 

by water action and mixing. 

Z07 

Sample 37 is moderately well-sorted in its silt fraction, but 

includes well.;.graded medium to fine sand and clay, with only 15 percent 

clay. Considering its thickness (Z3 em), its lower halite {13%) and clay 

(15%) contents, and its higher gypsum (Z4%) content, it represents 

cyclic sediments derived from arid-zone weathered debris that is 

periodically flushed into the playa. 

Local areas along the western part of the clay flat contain sink

boles and related collapse depressions (fig. 103). Some depressions 

are oval shaped, up to one meter long, 60 em wide, and 16 em deep. 

The ovals are preferentially oriented with the long axes northeast

southwest. The surfaces of the depressions are covered with loose 

granular agglomerations of silt and clay, and some depressions may 

have a sinkhole. These karst features suggest that salt is being flushed 

from the sediments due to a rise in the ground water table. If the water 

were reaching these features from the surface, there would be related 

channels connecting the depressions, and such is not the case. 

The loose granular agglomerations are lag materials which are 

loosened from the crust as the salt cement is leached away. These are 

then available for wind transport out. of the depression. The thicker 

deposit of the granular material at the southwestern corner of the ovals 



indicates that the predominating wind is from the northeast. 

The large wedge-shaped southern clay-flat area is dissected by 

numerous channels with fringing phreatophytes. Its southernmost 
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part is densely settled. The narrow northeastern zone of this clay-flat 

wedge is bordered by an extensive alluvial fan slope sweeping down 

from ridges or radiating away from isolated peaks (figs. 97, 104, 105), 

all composed entirely of volcanic rocks. The fans are currently well 

watered with numerous phreatophytes evenly distributed over the surface. 

White-toned areas at the toes of the fans (figs. 104, 105) are actually 

puffy ground that has been washed and smoothed by periodic flooding 

from the fans (fig. 106). The channels from ~he fans extend into the 

apices of the white-toned areas, crossing the latter and continuing 

through the adjacent puffy ground to the salt crust. The salt which 

cho~es these channels in their lower courses spreads out onto the older 

salt crust and is accentuated by its fresh white crystal pattern (fig. 104). 

The unaltered puffy ground at the fan-playa contact lies at an 

altitude of 974 m, 9 m above the lowest part of the salt crufit (figs. 97, 

107). This puffy ground with a slope of 5. 5° toward the salt crust is 

unusual in its roughness and relief (up to 14 em) in view of its proximal 

position to the fan margin. Ordinarily, the peripheral part of a clay 

flat is most susceptible to periodic flooding and it is consequently the 

emoothest part of the zone. This relationship is well illustrated at 
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Damghan, Sabzevar, and numerous other playas. Consequently, it may 

be assumed that the puffy ground has not until recently been affected by 

runoff from the fans, and that previously there has been a relatively 

arid period of fan inactivity. In addition, the roughness and angularity 

of the old broken and partly wind-abraded crusts suggest that the puffy 

ground has not been forming for a considerable period of time. There 

are no fresh surfaces or related fresh salt extrusions to suggest 

renewed activity. Therefore, this puffy ground is considered to be out 

of reach of tlE current water table, and no longer in equilibrium with 

the hydrologic balance of the playa. 

It can readily be seen from the analyses of samples 38 and 39 

(table 11, figs. 104, 107) that with such a large source of surficial salt 

available in the puffy ground, any slight increase in runoff will leach the 

salt.irom the puffy ground and ultimately deposit it on the existing salt 

crust of the playa (fig. 104). 

The transgression of the white-toned areas onto the puffy ground 

indicates that the latter was once more extensive when the :vater table 

of the playa was at a higher level. Subsequently, the water table of the 

playa has been lowered, and the puffy ground has become a relic of that 

former period. Encrusted with hard silty-salt, it has largely resisted 

wind erosion. Most recently, there appears to have been an increase in 

runoff resulting in the washing, leaching and smoothing of the puffy 
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ground. Nowhere was there any evidence that the white-toned, smooth 

areas contained fresh puffy ground. Therefore, it is assumed that the 

current trend toward a more moist climate, at this location, has not 

recently been preceded by similar moist trends culminating in a water 

table of sufficient height to form puffy ground in the smoothed areas. 

The time at which the current moist trend was initiated is not known; 

however, it does appear to have been in progress for perhaps a century 

or more. 

The extensive salt crust is characterized by overlapping water

stain zones, local wet zones, and the peripheral transgression of fresh 

salt (fig. 104). In view of the well washed surface, no large polygons 

would ordinarily be developed, and none were observed. 

Sand dunes are found only locally in the vicinity of Aghda Playa. 

However, there are enormous concentrations of gypsum sand piled 

against the ridges and even extending over cols to the other slope (fig. 

108). These features are best developed on the leeward slope of east

west oriented ridges and their process of formation was observed 

during the period August 5-6, 1967 in the area of Figure 104. 

This area has strong north and northeast winds which strip the 

flats and fans of their fine-sized particles and blow them against the 

nearest obstacle. Many of the east-west ridges receive large sand 

accumulations at their bases. During periods of high wind, as was 
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experienced during the night of August 6, 1967, the sand is actually 

blown up and over the ridges through the lower cola. It falls on the 

leeward slope where it forms an "aeolian fan." Analysis of sample 

40 {table II) from an aeolian fan indicates that the material is locally 

derived from the weathered debris and essentially leached of any halite. 

Observations at Aghda Playa suggest the former presence of a 

significantly higher water table and possibly a shallow brackish lake. 

However, no former beachlines were observed. Following a long con-

tinuing trend of aridity, there has recently been an increase in runoff, 

and a rise in the water table. 

Bafq Playa 

Bafq Playa occupies a depression east of Yazd which is the princi-

pal sump for the Yazd Basin. Numerous Miocene outcrops border the 

faulted Jurassic limestones west of the playa (fig. 97). The divide north-

east and east of the playa is composed of metamorphic rocks intruded 

by granites. Although the principal streams enter the playa from the 

south, the peripheral, generally light-toned fans indicate si,gnificant 

current activity. Much of this activity is prominent along the north and 

northeast margins of the playa, areas that are not locally faulted. Conse-

quently, the activity can not be ascribed to tectonism. 

Bafq Playa is 75 km long and has a maximum width of ZO km; its 

z 
area is 750 km • It can be divided into a clay flat {60o/o) and a salt crust 



(40o/o). A narrow zone of clay flat extends along the northeast margin 

of the salt crust but is too small to show at the scale of Figure 97. 

Small, discontinuous areas of wet clay along the northwest margin of 

the salt crust are also too small to map at this scale. 

2.12. 

The clay flat occupies the southern and northwestern parts of the 

playa and is well dissected by distributaries from the fans or from 

transit streams from the south. The streams in the southern part of 

the clay flat support a dense growth of phreatophytes which diminishes 

northward as the salt crust is approached and the salinity of the streams 

increases. 

The salt crust occupies the northern half of the playa and extends 

almost across the playa from east to west. The crust is concentrically 

stained, perforated by small wet zones, or locally covered by fresh 

salt along its perimeter. Irregular areas within the older darker -toned 

salt crust are occupied by wet clay or fresh white salt. The edges of the 

salt crust are locally broken or upturned indicating that the present crust 

is either floating on very shallow water or resting on satur.ated mud. 

The distribution of fresh white salt around the crust perimeter is some

what more limited than at Ardis tan or Aghda Playas. 

The fan activity, dissection of the southern part of the clay fait, 

and transgression of the fresh salt onto the older crust all suggest 

increased runoff at Bafq Playa and a currently moister climate. 
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~outheastern Clay Playas 

The two playas northeast of Bayaz and the playa at Khabutar Khan 

are dry clay playas, extensive surfaces of which are densely settled and 

intensively cultivated (fig. 97). The three playas are drained by a 

north-flowing stream which empties into Bafq Playa (fig. 97). 

Dissection is moderately well developed in the Bayaz playas and 

the surfaces are locally scored by channels up to one meter deep. 

Qanats and related irrigation systems criss -cross the playas and ter

minate in villages and adjacent fields . The peripheral fans show 

moderate activity but there is no evidence for any significant accumu

lation of seasonal water. Most likely , excessive water demands have 

lowered the local water table. 

At Khabutar Khan Playa, the surface is flat, smooth, and hard 

(fig. 109). Desiccation polygons up to ZO em in diameter mark the sur

face. A pit dug into the crust revealed an apparently uniform section. 

However, sample 41 (fig. 99) is well graded and its tendency toward 

bimodality suggests mixing of two uniform horizons. This sample con

tains a remarkable high clay content (7Z%), very little halite (3%), and a 

rather high percentage of calcite (50%, table 10) which reflects an 

adjacent limestone hill. 

A well under construction was lZ. 6 m deep and dry (fig. 110). A 

nearby qanat was Z1. 6 m deep with 15 em of water at the bottom on 
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October 17, 1965. Local people reported that the water table had been 

lowered during the last several years, especially since the installation 

of water pumps in the area. 

Continuing dissection of the Bayaz Playas coupled with moderate 

fan activity suggest that the maximum period of desiccation has been 

followed by a trend toward increased runoff due to a moister climate. 

Hydrologic evidence at all three playas is complicated by cultural inter-

ference. 

There is an extensive dune area south of Kerman (fig. 97) which 

includes prominent barchans and longitudinal dunes. These appear to be 

generally stabilized and indicate that they were formed by predominantly 

southwest winds. Smaller active dunes around the margins of this area 

indicate that the southwest wind continues to predominate. 

Summary 

The presence of salt crusts in four of the playas argues for the 

previous existence of shallow saline lakes in these depressions during a 

period of moister climate. The absence of strandlines may be due to 

their subsequent destruction by the fans, or to the general absence of 

these features because of the shallowness of the lakes. Both reasons 

probably apply. 

Following the most recent period of maximum aridity, there has 

been an increase in runoff and accumulated moisture at seven of the nine 



playas in this watershed. Four of the seven moist playas also show 

evidence for recent tectonism. Gono Gu Playa has probably become 
·" ' . 

wetter, but the evidence at Khabutar Khan Playa is inconclusive. 
·. ' · 
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' Large dune fields are generally stabilized and the dune orientations 

indicate that the predominating winds in the northern part of the Yazd 

Watershed are from the northern quadrant. At Kerman, however, in 

the southern part of the watershed the predominating wind is from the 

southwest. 

Isfahan Watershed 

The Isfahan Watershed occupies a young depression between the 

folded sedimentary rocks along the northeast flank of the Zagros Moun-

tains and the Volcanic Belt (figs. 2, 5, Ill). A large overthrust lies 

close to the southwest divide. The divide southwest of Sirjan is com-

pose'd of metamorphic rocks which are locally faulted. The northeast 

divide, composed almost entirely of igneous rocks, contains local out-

crops .of Miocene rocks, particularly east of Abarquh and southeast of 

Sirjan. There are several scattered Miocene outcrops in the center of 

the watershed north and northwest of Abarquh. In addition to the over-

thrust along the southwest margin of the watershed, a major fault crosses 

the area from northwest to southeast. 
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The watershed divides are generally more than 2, 000 m above the 

surface of the trough, and reach a maximum relief of about 2, 600 m 

northeast of Abarquh. Isfahan Watershed slopes generally to the north

west with the surface decreasing in altitude from 1, 710 mat Ibrahimabad 

Playa to 1, 300 m at Varzaneh Playa. However, drainage from the 

Isfahan area (altitude 1, 597 m) extends southeastward to the northern 

margin of Varzaneh Playa. 

Annual precipitation exceeds 600 mm in the northwest corner of the 

watershed but decreases to 71 mm at Isfahan (table 3). Along the south

west and south divides annual precipitation exceeds 200 mm. The divide 

area east of Abarquh also receives in excess of 200 mm. The lowlands 

of the watershed generally receive less than 100 mm of precipitation 

annually. 

There are insufficient data to permit the delineation of basins within 

the Isfahan Watershed. Ibrahimabad Playa drains into Sirjan Playa through 

a small stream; and Lavar Maidan Playa drains into Abarquh Playa along 

the southwest margin of a fault (fig. 111). A small playa to the northwest 

of Sirjan Playa, which is now separated from the latter by a low divide, 

may have once been part of the Sirjan Playa drainage system. The area 

between the Gavkhuni Depression and Abarquh Playa is poorly known, and 

a gap exists in the aerial photography. 
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The Gavkhuni Depression northwest of Abarquh includes the 

Varzaneh Playa and two smaller playas, the larger of which drains into 

Varzaneh Playa (fig. 111). 

Sirjan and lbrahimabad Playas were visited on the ground and 

studied from helicopters. All of the playas except large areas of those 
• 

in the southern part of the Gavkhuni Depression have been studied by 

means of aerial photos. 

Varzaneh Playa 

Varzaneh Playa encompasses an area of 550 km2 which may be 

delineated into a clay flat (Z5o/o) and an intermittent lake (75"/o) which 

generally disappears during the summer. The lake area then becomes 

amarsh or "batlaq" (figs. 111, llZ). 

The clay flat is a narrow zone between the lake and the margin of 

the playa. Along the west margin of the lake, the clay flat is stained by 

water marks accentuated by salt encrustations; the slope is very gentle. 

An extensive dune area marks the western boundary of the clay flat (fig. 

lll). 

Some faintly developed strandlines along the northwestern corner 

of the clay flat are cut against the dune area. These are estimated to be 

up to 7 m above the level of the present lake. Considering the generally 

steep to moderate slope of the adjacent land, a Pleistocene Varzaneh 
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Lake would not have been much more extensive than the present area of 

the playa. The generally stabilized dunes were formed by a prevailing 

northeast wind. 

The northern clay flat broadens around the delta of the principal 

stream into the playa (figs. 111, 112). The western clay flat is steeper 

and the perennial waterline is very close to its inner margin (fig. 112). 

This area may be subdivided on the basis of surface modification into a 

higher, drier zone and a lower zone which may be periodically but not 

perennially inundated (fig. 112). The two zones are best illustrated in 

the clay flat southeast of the volcanic rock hill (fig. 112) where an 

irregular line of salt encrustations marks their natural boundary. The 

road within the moist zone appears as a sharp, dark-toned line on photo

graphs of June 13, 1956, but its continuation in the drier zone is a sharp 

white line, accentuated by salt. The moist zone is darker-toned, and 

has a smoother surface; the drier zone is lighter-toned and has a rougher 

surface which includes blowouts and small dunes. The generally dark

toned fans suggest only moderate, local activity (fig. 112). 

The intermittent lake receives most of its water from the northern 

stream which was just drying up in- mid-June, 1956. The high albedo of 

the water surface, and the peripheral stain zones suggest a very shallow 

brackish lake, similar to the intermittent lakes at Neriz and Shiraz Playas 

(fig. 129). The general absence of broad zones of concentric waterstains 
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as at Jaz Murian Playa (fig. 96, date August Z7, 1957) may be attributed 

to the earliness of the season; and probably these stain zones appeared 

later in the summer of 1956. However, it is also possible that the 

general absence of stain zones on June 13, 1956 is due to the fact that 

the current areal extent of the lake is greater than it has been in the 

recent past. A consideration of the size of the lake (75% of the playa) 

lends some credence to this line of reasoning. Unfortunately, late 

summer photography of this playa is not availabie. 

The two small playas of the Gavkhuni Depression are reported to be 

salt encrusted. The larger, southeastern playa is shown as a salt marsh 

on the Soil Map of Iran (Dewan and Famouri, 1964). They are mapped 

in Figure lll as salt encrusted playas. Only marginal photography of 

these playas has been available. 

Abarquh Playa 

Abarquh Playa receives its principal source of water from two 

streams along its northwestern margin and from a stream which enters 

the playa at its southeastern corner. These three streams cut through 

Miocene rocks which probably contain evaporites. Numerous smaller 

streams enter from the southwest and northeast margins. Of particular 

interest are the northeastern streams, many of which have been incised 

in their upper courses by continuing uplift along the northeast side of the 
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major fault (fig. 111)., As a result of this continuing uplift, debris

choked streams and locally, mudflows, heading in these incised valleys, 

spill out onto the clay flat or wet zone and extend into the salt crust 

(figs. 111, 113). 

Abarquh Playa is difficult to categorize. On July 6, 1956, several 

local areas were clearly inundated, particularly those areas adjacent to 

the mouths of the principal streams. The major part of the central area, 

however, was composed of old or muddied salt crust with scattered fresh 

salt-filled depressions. For purposes of generalization, therefore, 

Abarquh Playa has been subdivided into a clay flat (Z3o/o), a wet zone 

(13°/o), and a salt crust (6411/o). 

The clay flat occupies all of the southeastern projection of the playa 

and extends in narrow bands along its southern and northeastern margins. 

The fan-clay flat contact is very irregular, and the numerous light-toned 

fan channels indicate significant current runoff. Phreatophytes are well

distributed in the outer perimeter of the clay flat but become sparser 

near the salt crust. The surface of the clay flat is moderat.ely well

dissected by northward and westward flowing streams. It is crossed by 

the major fault near its widest extent. The principal southeastern stream 

is able to maintain its channel in spite of continuing movement along the 

fault (see above). 
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East of the mouth of the southeastern stream (fig. 111) and for a 

distance of approximately 10 km northwest along the major fault, there 

is little evidence for recent tectonism. Further northwest, however, 

the fault scarp is more accentuated, streams are more incised, and 

mud flows become prevalent along the margin of the salt crust. Here, 

tectonism is currently active and significantly contributing to the playa 

fill. 

The wet zone is extensively developed in a broad band around the 

northwestern margin of the playa and is centered near the two principal 

northwestern streams (figs. 111, 113). Numerous, marginalfreshsalt 

inclusions suggest that the watersheds of the principal streams are 

currently being leached of their salt accumulations. 

The generalized salt crust is characterized by numerous fresh 

salt encrustations (fig. 113), local shallow ponding, a dark-gray tone 

which suggests old or sediment covered salt, and a conspicuous absence 

of concentric stain zones. The absence of stain zones is indicative of a 

salt crust that has not recently experienced perennial, peri~heral 

oscillation of the inundation zone. Either the salt crust at Abarquh Playa 

has maintained its currently saturated state for a considerable period of 

time, or the previously existing concentric stain zones have been dissolved 

and removed ' during a period of increasingly more expanded inundation 

lrithrcentilauing saturation. 
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The entire suite of playa and related features at Abarquh Playa 

argues for a current trend toward a more lacustrine phase complicated 

and partially muted by currently continuing tectonism. 

Lavar Maidan Playa 

Lavar Maidan Playa receives the drainage of two principal streams. 

The largest stream enters the playa at its south margin and splits into 

numerous distributaries which have dissected the clay flat (fig. 111). The 

northwestern stream built a fan delta across the northern neck of the 

playa, impounding the drainage. Subsequently, folloWing desiccation of 

what must have been a shallow lake, a salt crust developed in the low 

area adjacent to the impoundment. 

The fan-playa contact around Lavar Maidan Playa is generally 

irregular, and much of the fan areas are occupied by currently active 

streams, particularly those fans adjacent to the faults. 

Lavar Maidan Playa may be divided into a fan delta (llo/o), a clay 

flat (81%), and a salt crust (8%). An incipient wet zone is npt mappable 

at the scale of Figure 111. 

The fan delta is densely settled around its toe area and at its apex. 

Dark-toned channels indicate continuing water supplies on June 22, 1956 

(aerial photo date). The peripheral exit drainage around the fan delta and 

against the fault is surficially restricted to a few small channels. 
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The clay flat is well-dissected by the numerous distributaries of 

the southern stream. Dense growth of phreatophytes in the channels 

indicates low salinity and adequate water supplies. In addition, many 

channel banks have been breeched or covered by expanded stream widths, 

and a wet zone appears to be developing along the clay flat-salt crust 

contact (fig. 111), and at the clay flat-fault contact. The current 

impoundment at the northern end of the clay flat indicates that there has 

been a recent increase in surplus seasonal water that cannot be easily 

accommodated by the playa outlet. 

The salt crust margin is generally sharp and without the usual 

transitional wet zone except along it$ southeast boundary with the clay 

flat, and locally along its western fan contact. Where the wet zone is 

developing, the water clearly covers the pre-existing salt crust. There 

are no conspicuous water stains on the crust to suggest previous 

perennial flooding. 

Lavar Maidan Playa was once connected with Abarquh Playa, but 

was cut-off from that playa by a fan delta which blocked the through 

·valley (fig. 111). A shallow lake formed behind the impoundment and its 

later desiccation resulted in the formation of a salt crust. Although there 

is currently some exit drainage around the fan delta, the valley is still 

essentially blocked by the delta. Recently, an increase in runoff has 

resulted in the accumulation of water at the northern margin of the clay 
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flat, against the salt crust and fault contacts. 

A small playa approximately 12 km northwest of Sirjan Playa 

(fig. 111} is entirely covered by a salt crust of 25 km2 area. A small 

bird's foot delta extends over the southwest corner of the salt crust 

indicating a very recent transgression. This small playa will be 

referred to as Sirjan Northwest Playa. 

Sirjan Playa 

Sirjan Playa, the largest playa (1, 625 km2) in the Isfahan Water

shed, occupies a triangular shaped depression southwest of the city of 

Sirjan (fig. 111}. Fans are considerably more active along the northeast 

margin of the playa, adjacent to the highest slopes in this part of the 

basin. The southwest and southeast fans are only locally active, with 

large dark-toned fan areas suggesting a long period of inactivity. The 

largest streams enter the playa along its easternmost corner. 

Sirjan Playa contains a clay flat (68"/o) and a salt crust (32o/o). Wet 

zones are limited to local areas along the northeast and north margins of 

the salt crust, and these are too small to map at the scale of Figure 111. 

The extensive clay flat adjacent to the city of Sirjan is densely 

settled and cultivated. A linear area along its northwest margin 

(enclosed by a dashed line in Figure 111} is not now occupied by villages, 

and is somewhat more moist. This area includes some rectilinear 
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patterns which resemble previously cultivated fields, especially along 

its eastern, higher margin. These relationships suggest that the local 

water table may be rising and that the encroachment of the brine may 

have caused abandonment of the lower fields. 

West of Sirjan (fig. 111) there is extensive puffy ground adjacent 

to many of the villages (fig. 114). In general, puffy ground with its 

higher salt content is avoided by settlements. Consequently, it is 

reasonable to assume that the puffy ground is transgressing the clay 

flat due to a rising water table charged with a high saline content. 

The narrow western area of .the clay flat is sparsely settled due to 

its general inaccessibility as a result of the salt crust and mountain 

spurs which extend into the salt crust, blocking or impeding north-

south movement. 

A remarkable aspect of the salt crust is its sharp contact with both 

fans and clay flat. The crust is in immediate contact with the fans or 

debris slopes where the adjacent land is steep. At the southern corner of 

the crust, a peninsula backed by a limestone hill is surrounded by salt 

(figs. 11.1, 115). A narrow spit built into the ancient lake by currents 

whipped by northwest winds is sharply outlined by the salt crust. 

At the northern corner of the salt crust, a projecting island is 

marked by several beachlines (figs. 111, 116). The highest beachline is 

very roughly estimated to be 5 m above the salt crust. This island is 
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too small to illustrate in Figure 1 H. 

Along the western margin of the salt crust (figs. 111, 117) the 

crust impinges directly on the clay flat without any intervening wet 

zone. Several concentric stain zones indicate periodic wetting. 

The salt crust is estimated to contain polygons over 50 percent 

of its area. Some of these, particularly in the southern area, are up 

to 60 m in diameter and include smaller polygons. Pits dug into the 

crust in the northern and central parts of the area revealed that the 

crust is almost uniformly 4 em thick and overlies bl~ck mud to a depth 

of at least ZO em. 

One pit in the salt crust was located along the Sirjan Playa Road 

(figs. 111, 118), where the crust is flat and rough with local relief of 6 

to 8 em. Polygons are poorly defined, but fresh salt biscuits accentuate 

the old lineations. The salt is almost pure halite (table lZ) with only a 

trace of other constituents. Beneath the crust is the ubiquitous black, 

briney mud composed of well-sorted clayey-silt (fig. 119), clearly 

suggesting deposition in the quiescent environment of a lake • 
• 

Near the southeastern margin of the salt crust the surface is com-

posed of old, stained, rough salt. Locally, water under hydrostatic 

pressure pierces the crust and spills out over a small area. Subsequently, 

the water evaporates or recedes and a fresh white salt blossom marks the 

water discharge point (figs. lll, lZO). The adjacent crust is washed and 
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smoothed by the water. 

Sirjan Playa was previously covered by a lake whose strandlines 

and spits are locally preserved. It is estimated that the lake level was 

at least 5 m higher than the existing salt crust and it is likely that there 

were higher beachlines, no longer preserved. Desiccation of this large 

lake resulted in the formation of an extensive salt crust. Other salt 

crusts and intervening muds are no doubt preserved in the playa, 

reflecting climatic oscillations. At its maximum aridity the clay flat 

northeast of the salt crust provided a broad area for settlement, and 

water was available from the fans along the northeast divide. Most 

recently, there appears to have been a rise in the water table with conse

quent salinization of the clay flat . 

Ibrahimabad Playa 

Ibrahimabad Playa occupies a small depression at the southern end 

of the Isfahan Watershed (fig . 111). Steep mountains composed of meta

morphic rocks rise abruptly along the playa 1 s western and southern 

boundaries, and the fans are restricted to a relatively narrow but active 

zone. Large ground water supplies are indicated by recent wells which 

supplied the demands of road construction in this area. The eastern and 

northeastern boundaries of the playa lie against a broad and gently sloping 

alluvial plain which rises to rugged summits composed of Eocene volcanics, 
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Mesozoic limestones and coarse clastics of Neogene age. This broad 

plain is well-watered, and is subject to heavy spring flooding. 

Ibrahimabad Playa drains into Sirjan Playa through a low trough 

that lies against ~he southwest mountain front. The northeast side of 

the trough makes a smooth connection with the Sirjan and Ibrahimabad 

plains. 

Ibrahimabad Playa is a clay flat playa of 400 kmz showing con-

siderable variation in surface features. Along the southwest and south-

east margins, several small streams extend into the playa for a short 

distance and then disappear (figs. 111, lZl). Although these streams 

are intermittent, a dense growth of phreatophytes along the channels 

indicate a shallow water table and low salinity. Other areas near the 

northeastern margin of the playa {figs. 111, lZZ) are cultivated and also 

support natural vegetation. The latter provides excellent browsing for 

the camels raised here. Local salt encrustation in the small depressions 

confirms the presence of a shallow water table (fig. lZZ). 

Puffy ground occupies at least 80 percent of the playa.surface and 

its local relief ranges from 5 to 15 em. The roughest surface is 

generally the least disturbed by seasonal flooding; consequently the 

center of the playa has the puffiest ground. Nearer to the margins of the 

playa, puffy ground may be only periodically (every Z to 3 years) inundated 

and its relief may not exceed 5 em (figs. 111, 1Z3). 
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The hard crust, up to 5 em thick (fig. 123), consists of moderately 

well-graded silty-clay (fig. 119, sample 44) with a slight tendency 

toward bimodality. This tendency persists with increasing depth as the 

material becomes finer and the clay fraction increases to 62 percent 

(fig. 119, samples 44-46). 

There are significant changes in the mineralogical composition 

with increasing depth, as seen in a comparison of samples from 0-5 em 

depth with those from 15-37 em (table 12). Halite decreases 72 percent, 

quartz decreases 10 percent, and calcite increases 56 percent. There is 

no gypsum present in the crust, but it occurs in lower samples. Plagio

clase is generally stable. Among the clay minerals, there is a 92 percent 

increase in montmorillonite and mixed-layer clay, a 66 percent decrease 

in kaolinite, and a 71 percent decrease in illite. There is no chlorite 

present in the crust, but it appears in sample 45 (5-15 em depth) where 

it constitutes 14 percent of the clay minerals; it then decreases 50 percent 

in sample 46 (15-37 em depth). 

The analyses of the above samples suggests that the -qpper playa 

sediments have been worked by water sufficiently to be moderately well 

graded. The increase in coarseness of the sediments toward the surface 

suggests increased working in recent time. The sharp decline in calcite 

upward in the section probably reflects a shift in the source. The divide 

area northeast of the playa is the primary source of limestone; a very 
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small limestone body outcrops along the southeast divide. The bedrock 

closest to the sample pit (fig. 111) consists of schist. 

In a generally quiescent water environment such as a shallow lake, 

silt-size materials would have a tendency to be well-distributed. As the 

lake disappeared, intermittent streams would only locally deposit 

materials from their headwaters. The streams which have most recently 

affected samples 45 and 44 are limestone-free and are diluting the original 

calcite content of the lacustrine materials. There is a direct correlation 

between halite and illite and these are inversely related to montmorillonite 

and mixed-layer clay. 

Close to the margin of the playa, but particularly well-developed 

along the southwestern corner, the surface is flat, hard and smooth, with 

desiccation polygons up to 25 em in diameter (figs. 111, 124). This area 

is perennially washed so that any incipient puffy ground that may have 

evolved during the previous dry period is smoothed. One may see 

transitional zones in which there is increasingly more puffy ground as the 

distance from the margin increases and periodic flooding b,!:lcomes less 

likely. 

lbrahimabad Playa was most likely occupied by a lake which drained 

into the lake of the Sirjan Playa area. However, a single body of water 

occupying the two areas would have necessitated a water surface 30 m 

higher than the present surface of Sirjan Playa. 
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It is possible that Isfahan Watershed was more uniform in altitude 

during early-Pleistocene time, especially within the southeastern part 

of the basin. Lakes formed in the depressions could have been locally 

combined (Abarquh-Lavar Maidan; Sirjan-lbrahimabad). Then tilting 

of the main trough to the northwest was accompanied by desiccation due 

to climatic change. A salt crust developed in the lower northwestern 

part of each pair of playa lakes. The location and direction of faulting 

in the Isfahan Watershed lend credence to this possibility. Currently, 

the overwhelming evidence in the watershed points to increasing runoff 

and continuing tectonism. 

Zagros Mountains Watershed 

The Zagros Mountains Watershed contains the Maidan-1-Gil, Neriz, 

and.Shiraz Basins which were all studied on the ground as well as from 

low flying aircraft and from aerial photos (fig. 125). 

The Neriz Basin lies along the Zagros thrust zone (figs" 2, 5). The 

Maidan-1-Gil Basin lies along the northern margin of the Zq.gros thrust 

zone with its playa mainly occupying an internal Neogene basin {fig. 2). 

Shiraz Basin is entirely within the folded belt of the Zagros. 

Mesozoic limestones are the principal rock along the northeastern 

divide of the Neriz Basin; Eocene shales and limestones form the south

Western divide. The latter constitute most of the divide rocks of the 
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Shiraz Basin except for the northwest divide which is composed of Oligo

Miocene red beds and limestones, and Miocene shales. Metamorphic 

rocks form the divide of the Maidan-1-Gil Basin with a local area of 

Upper Cretaceous, marly, sandy flysch along the southwestern divide. 

Small outcrops of Miocene rock within the Shiraz Basin probably contain 

mostly shales or saliferous materials and some evaporites. The 

Bakhtiary gravels of mid-Pliocene age occur in scattered outcrops 

throughout the region. 

The annual precipitation decreases southeastward from 500 mm in 

the high mountains along the northwest divide (figs. 6, 1Z5) to 191 mm at 

Neriz (fig. 9). The other divides generally receive from ZOO to 300 mm 

of precipitation annually. The eastern and southern divides of the 

Maidan-1-Gil Basin, however, receive from 150 to ZOO mm of precipi

tation annually as the distance from the source increases. 

M aidan-1-Gil Basin 

Maidan-1-Gil Basin is characterized by a broad alluvial fan slope 

along its northeast divide, and two sharply defined overthrusts which cut 

across the southwest divide (fig. 1Z5). The bedrock ridges immediately 

southwest of the playa are more resistant than those rocks of the original 

overthrust which now underlie the playa. Alluvial fans from these 

resistant rocks form a zone 1 to Z km wide along the southwest margin 
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of the playa. This narrow zone can not be shown in Figure 125 because 

of scale limitations. 

The fans along the southwest margin of the playas are moderately 

active. The fans along the northeast margin of the playa drain a con-

siderably larger area (fig. 125) and they are currently very active and 

encroaching upon the playa. In the absence of conspicuous faults in the 

area of their apices, it may be assumed that there has been an increase 

in runoff in this area. 

Maidan-1-Gil {literally translated as "clay flat") Playa lies 1, 600 

m below the highest divide summit (fig. 125) but only 200 m below the 

lowest pass, which is east of the playa and which leads into the Isfahan 

Watershed (fig. 111). The principal streams enter the playa along its 

northern margin and secondary streams enter from the southwest and 

southeast corners. Numerous fan streams terminate at a well-defined 

phreatophyte line along the playa margin. 

The playa occupies an area of 425 km
2 

and may be divided into a 

clay flat {8611/o) and a wet zone {14%), which is no doubt inundated during • 

the spring runoff period. Several thin wet zone areas peripheral to the 

largest fans can not be shown at the scale of Figure 125. In addition, 

8znall, scattered salt encrustations in the vicinity of the wet zone are 
'I'( 

alll.o not mapped. 
~,.-!; ' 
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The clay flat is smooth and generally firm as evidenced by wide

spread vehicle tracks with only moderate rutting. Puffy ground of less 

than 6 em microrelief is conspicuous adjacent to wet zones, and suggests 

seasonal or periodic flooding. Of special interest are the striking tonal 

differences within the clay flat, due to water staining, which are most 

conspicuous from the air (compare figs. 12.6 and 12.7). At the ground, 

the contact between the two tonal zones is still sharp, but the darker

toned zone has apparently increased value, due to viewing angle. 

Desiccation polygons 6 to 10 em in diameter cover the surface of 

both tonal zones and extend without interruption across their boundary 

(fig. 12.7). The absence of surface modification in the darker zone 

argues for wetting by means of ground water discharge rather than sur

face flooding. 

Samples 47 and 48 were collected from the lighter-tone zone (figs. 

12.5, 12.6, 12.7), and samples 49 and 50 were collected from the darker

toned zone. 

The most conspicuous difference between samples 4 7 .and 49 (fig. 

12.8; table 13), aside from their color difference, is the considerably 

higher halite content of sample 47. Note that slightly more water is 

retained by the lighter -colored material (sample 4 7) but this is no doubt 

due to the hygroscopic quality of the salt and can not be detected by the 

eye. 



Both surface samples are moderately well-graded (fig. 1Z8), 

reflecting working by water. The deeper samples indicate better 

sorting, but also mixing of more uniform horizons (tendency toward 

bimodality). 

The morphological, mineralogical, and mechanical analyses 

suggest that the clay flat is subject to periodic ground water discharge 

which leaches the surficial salt from the clay flat in the dark-toned 
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zone. In the light-toned zone more time is available to concentrate the 

surficial salt by capillary movement and evaporation of the ground water 

brine at the surface. 

Aerial photography of the wet zone, taken on October 6, 1956, at 

the end of the dry season (the closest station, Neriz, has no precipitation 

during October) shows scattered pools, and wet vehicle tracks from no 

doubt drier years. Local patches of salt crust and associated stain zones 

suggest seasonal flooding from the adjacent streams (fig. lZS). The 

absence of a well developed salt crust, as at Sirjan Playa across the 

divide, is probably due to the absence of evaporites in the ~asin. 

The general encroachment of fans along the northeast margin of the 

playa coupled with the absence of any playa dissection (high water table) 

suggests that currently there has been an increase in runoff in the basin. 

This is supported by the presence of a large wet zone in which there is 

COnsiderable obliteration of vehicle tracks, and persistent pools of water 



at the termination of the dry period. There is no evidence for peri

pheral higher strandlines. 

Neriz Basin 
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Neriz Basin is rimmed by a high northern divide with altitudes of 

approximately 4, 000 m (fig. lZS). The southwestern divide is con

siderably lower with summits averaging approximately Z, 600 m. The 

lowest pass lies along this divide at an altitude of 1, 6Z8 m, only 70 m 

above the playa surface (fig. 1Z9). 

The streams from the higher northern divide _of the Neriz Basin 

flow southeastward into the Rud-E-Kor which empties int~ the Neriz 

Playa. The lower course of the principal channel of the Rud-E-Kor 

passes through an extensive delta deposit, the surface of which is Z to 3 

m above the adjacent playa (fig. 130). The channel was dry on August 

lZ, 1967, except for a few scattered, brackish pools. Numerous smaller 

streams around the playa dry up by early summer but there are several 

spring-fed ponds which are a source of fresh water (fig. 131). These 

ponds generally occur at the base of a limestone knob or cliff, and 

commonly contain small fish. 

Neriz Playa was occupied by a doughnut-shaped lake whose surface 

was 3m above the present playa at its maximum extent. Its former 

position is now marked by conspicuous beaches (fig. 13Z). Recent fan 



activity bas locally removed segments of these beaches, but their 

·generally extensive distribution suggests that runoff in this part of 

the basin has been negligible. 
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Bobek (1963, p. 406) considered that the Rud-1-Kor once drained 

through the area of the pass which is now 70 m ·above the playa (fig. 1Z9) 

and continued southward around the western flank of-Kuh-E-Estabanat. 

He argued that this previous• outlet of the basin was blocked during the 

Wlirm by accelerated aggradation at the foot of Kuh-E-Estabanat, and 

the impounded drainage formed Lake Neriz. 

At the present time, a small stream heads in the mountains north

east of Kuh-E-Estabanat, and flows between that mountain and the Neriz 

divide before turning north and east through the pass (fig. 129). There 

seems no doubt that this stream once flowed past Ta}abad where its 

beheaded member now continues southward. Alluvial fans from the 

mountain have indeed blocked the middle course of the stream, effecting 

the diversion. 

There are numerous shallow qanats which crisscross the valley at 

Tajabad (4Z m above the playa). During a visit to the town by the author 

on August 16, 1967, the chief moghani (qanat digger) reported that there 

were two gravels in the area. The upper gravel was loose and easy to dig, 

but the lower gravel generally encountered at a depth of approximately 16 

rn ~as coarser and consisted of better cemented, rounded pebbles and 
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cobbles. Because the older gravel was so difficult to excavate, it cost 

three times as much to remove as the upper gravel. 

Immediately adjacent to the qanats and the village of Tajabad, 

there are several outcrops of a coarse conglomerate composed of 

cemented pebbles and cobbles principally of limestone {fig. 133). This 

conglomerate is identical to those in larger exposures in the area which 

are indicated on the Geological Map of Iran (National Iranian Oil 

Company, 1959) as the Bakhtiary Gravels of middle-Pliocene age. The 

subsurface extent of these gravels, based on surface outcrops and the 

moghani's information, is shown in Figure ll9. In view of the shallow 

depth of the Bakhtiary gravels {l6 n'l above the playa) this area could not 

have been the site of a Pleistocene outlet from Neriz Basin. 

It is likely that there was a pre-Bakhtiary outlet to the Neriz Basin 

thro.ugh the low pass area, but by the late Pliocene this area had already 

been closed. Therefore Pleistocene Lake Neriz is considered to be 

directly due to the partial filling o(a closed basin as a result of climatic 

change. 

Neriz Playa 

The present playa U, 915 kml) may be divided into intermittent 

lakes {lZifo, in late August, 1965), salt crust {39%), and clay flats (39%), 

which include the beaches which can not be shown at the scale of Figures 

ll5 or ll9. 



The two intermittent lakes at Neriz Playa are separated at their 

western ends by the delta of the Rud-1-Kor; an extensive clay flat 

separates the eastern ends of the lakes. During June, 1956 (aerial 
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photo date), the lakes extended over most of the salt crust (fig. 1Z9). 

Bobek (1963, P• 406) who visited the playa at that time reported that the 

southern lake, Lake Bakhtegan, was only one meter deep. In late 

August, 1965 the lakes occupied a smaller area, with more salt crust 

visible at their eastern margins (fig. 134). This lake stage was used in 

Figures 1Z5 and 1Z9. However, on August 10, 1967 the lakes had prac

tically disappeared(fig. 135) except for small areas adjacent to springs. 

Small woody plants near the shore of Lake Bakhtegan had recent vegetable 

·debris in their branches, up to a height of one meter above the floor of 

the playa (fig. 136). 

Therefore, contrary to recently published reports (Oberlander, 

1968, p. Z77), these lakes are not permanent but intermittent. Curzon 

(189Z, vol. Z, p. 111-llZ), citing the absence of references to a lake in 

the Neriz Basin in ancient geographic accounts of the area,. suggested 

that the recent lakes are an historic development due to the destruc.tion of 

ancient irrigation systems by the Mongols. He suggested that previous 

drainage diversions have been responsible for the continued desiccation 

of the basin. 



240 

An ancient reservoir at the northern margin of the playa (fig. 137) 

attests to the degree of irrigation development that previously existed 

in this area. In view of the current marginal nature of the Neriz lakes, 

their previous desiccation as a result of extensive water use by that 

ancient civilization is a possibility that can not be entirely discounted. 

The salt crust at Neriz Playa is extensive (figs. 129, 134, 138) 

but poorly developed (fig. 139) due to annual inundation by fresh water. 

The salt polygons are irregular with diameters of 130 to 150 em. The 

raised edges are from 2 to 8 em in height and fresh salt (fig. 138, right 

foreground) indicates continuing movement of capillary water during the 

dry season. 

The pit illustrated in Figure 139 was excavated on October 20, 

1965. That year was considerably wetter than 1967; however, water 

was only encountered in· the pit at a depth of 40 em although the materials 

were moist throughout the section. The thinness of the salt crust (one 

centimeter) and the absence of any other similar crusts in the section 

suggests that the crust is entirely dissolved during each spring flooding 

and redeposited during the dry season after evaporation of the briney lake. 

This shallow section, however, may represent only a relatively short 

span of playa history, and deeper buried salt crusts may be present. 

The mechanical analysis of sample 53 (fig. 140) indicates a _generally 

well-graded sandy, silty-clay. There is a slight tendency toward 
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:~imodality or mixing. This sample was worked by water and partly 

,,mixed with another lower horizon. Samples 51 and 5Z are well-sorted 

clayey-silts which indicate deposition in a quiescent water environment. 

There is a very abrupt color change in the section at a depth of 30 

em (table 14) from light olive gray (5Y 6/Z) to olive brown (Z. 5Y 4/4). 

This change is also reflected in a large increase in the proportions of 

clay-size material and quartz, and a slight decrease in water content 

(tight clay). Salt is reduced to only 3 percent of the coarse fraction, and 

kaolinite, a weathering product, disappears. 

Sample 53, which represents the sediment of a section one em 

thick (Z9. 5-30.5 em depth) may overlie the coarser fraction of its water

sorted horizon. This could explain its high percentage of clay (5Zo/o). The 

well-sorted sediments above sample 53 indicate a lacustrine environment 

sub~equent to a period of·perhaps increasing runoff. The crustal sample 

(no. 51) with its good sorting and high halite content reflects the environ

ment of the present intermittent lake. 

The clay flat zone is best developed in a long corrido:t which con

stitutes the northeast part of the playa (fig. 1Z9). This area is densely 

populated and cultivated in its northern part, and large scale irrigation 

systems employing water pumps are supplanting the qanats. One pump at 

, Chah-y-Gaz (fig. 141) was installed in a well 15 m deep with a diameter 

,, of 3m. The depth of water on August 13, 1967 was only one meter after 
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a period of considerable pumping. The pump is stopped every night to 

permit recharge of the well. Examination of the well section revealed 

fine silts and clays with local, coarser sandy horizons. No salt layers 

were observed in the section. The other large clay flat areas occur at 

the Rud-1-Kor Delta, at Neriz, and around the mouths of the larger 

seasonal streams. These higher areas, periodically flushed by fresh 

water, are densely cultivated. Because of cultural disturbance, the 

outer limit of the clay flat at Neriz and at the Rud-1-Kor Delta can only 

be approximated utilizing aerial photographs and the largest scale topo-

graphic sheets (1 :Z50, 000). 

The most significant feature of Neriz Playa is the series of sand 

and fine-pebble gravel beaches which encircle the playa and which 

because of their narrow areal extent are included in the clay flat unit 

of Figure 1Z9. 

These beaches are especially well developed along the northwest 

shore of the northern lake (Lake Tashk) where they extend into a berm 

behind which there was a small lagoon (fig. 13Z). The beaches west of • 

the berm (fig. 142) have been protected by a limestone cliff and are 

densely vegetated. They occupy a zone 30 m wide and range in height 

from O. 89 to z. 91 m above the playa. Six strandlines were delineated 

and measured. The highest beach is the widest and best developed; the 

other beaches are comparable in width to each other. All the beaches are 
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dcharacterized by very flat surfaces separated by steep risers. There 

is a sharp increase in slope from strandline 4 to strandline 5 which is 

also reflected in the schematic profile illustrated in Figure 143. It 

appears, from the presence of recent plant debris, that strandline 6 is 

(inundated periodically, and may be of recent origin. 

Three samples were collected from pits in each of the beach 

strands and from the playa, at depths of 0-5, 15-20, and 35-40 em. A 

·sample of the adjacent limestone bedrock was also collected. This 

limestone is considered to be a part of the Asmari limestone of Oligocene 

age which underlies most of the area. Clay mineral content of each 

sample was determined (see appendix A) and the results are listed in 

Table 15, and illustrated graphically in Figure 144. 

The clay mineralogy of the Neriz samples presents a complex 

pattern, but some distinctive trends are discernible. The uppermost 

sample at each strand (a) is considered to be the least altered in view of 

its higher position above the zone of ground water movement and greater 

, m·oisture retention. The highest sample (54) contains significantly 

different proportions of the clay minerals then its parent bedrock. These 

clays were presumably deposited in a fresh water lake. The kaolinite 

decreases down the slope toward the playa as does the chlorite, but to a 

lesser extent. lllite increases downward toward the playa. At the sur-

1face of the playa, in a highly saline environment, kaolinite approaches 
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its minimum value, illite decreases, and chlorite increases in percen

tage, Vertically downward within the playa there is a reversal of these 

trends in a less saline environment, 

A beach merely marks a position during which the lake level is 

sufficiently stable to form a strandline, The extent of the beach is a 

measure of that stability, However, beaches may be abandoned andre

occupied by the lake, and this sequence may not be obvious in the 

morphology. The abrupt discontinuities and overlaps in the clay mineral 

percentages of the strandlines (fig. 144) suggest considerabfe lake flue-

tuation, 

Chronology 

Scattered on the surface of beach strand 1 and 2. were numerous 

artifacts (fig, 145), These were identified by Professor Frank Hole, 

Rice University (letter, April 9, 1968) as Late Baradostian (table 16) 

blades and "thumbnail" scapers, According to Professor Hole, the 

"thumbnail" scrapers were, "more Zarzian than Baradostian because of 

their size," but in considering the entire suite of artifacts, he concluded 

that their age was close to 2.0,000 years B.P. 

The artifacts show no evidence of wind abrasion nor of working by 

water • The smallest edges are remarkably sharp and intact. It is con

cluded that these artifacts were dropped on the surface of the beaches 

together with other unretouched blades by one or more hunting parties 
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that camped beside a fresh water lake. The highest beach is considered 

to predate the artifacts. 

In North America, continental glaciation reached its maximum 

position in the Great Lakes Region with the deposition of the Shelbyville 

Moraine in Indiana approximately 20, 000 B. P. (Morrison and Frye, 

1965, fig. 2). This also coincides with the early Pinedale Glaciation in 

the Wasatch Mountains and a high stand at Lake Bonneville. In Europe, 

this period also coincided with glacial advance w"urm III (Alimen,. 1967, 

table 14) which was the Wurm glacial maximum in the Alps. 

The most significant absolute (radiocarbon) late-Pleistocene chrono

logy to date from Iran comes from the analyses of cores taken from Lake 

Zeribar (p. 1:, fig. l) in western Iran. These studies (van Zeist and 

Wright, 1963; Hutchinson and Cowgill, 1963; Megard, 1966; Wright, 

1966; van Zeist, 1967) have recently been summarized by Vita-Finzi 

0969, p. 967-971). 

Lake Zeribar lies within the Zagros Mountains at an altitude of 

1,300 m. The surrOtmding mountains range from 2, 100 m 1 to 3, 000 m. 

Annual precipitation is estimated to be about 800 mm, and the mean 

January and July temperatures are estimated to be 2.
0 

and 2.8° C respec

tively. The lake is 4 km long and 1. 5 km wide, exclusive of the marsh 

and sedge that encircle the open water. The lake, which ranges from 4 

to 5 m in depth, overflows during the spring runoff period. 
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During the period 22, 600 to 14,000 B. P., this area was covered 

with Artemisia steppe which is indicative of a cool and relatively dry 

climate similar to the present cool, dry steppe of Anatolia. The lake 

was occupied by a northern Cladocera fauna (an order of generally 

freshwater branchiopod crustacea, "water fleas"), which is now con-

fined to higher latitudes. Plant microfossils indicate that the lake was 

deeper at that time than at present. 

Approximately 13,000 B.P. the vegetation changed to an oak-

pistachio savanna as the climate became warmer. Cladoceran species 

with southern affinities replaced the northern species, and the lake level 

started to fluctuate considerably. About 5, 500 B.P. the savanna thickened 

to an oak forest, presumably reflecting an increase in precipitation or 

decrease in temperature to climatic levels comparable to the present. 

The archaeological evidence at Neriz Playa argues strongly for a 

late-Pleistocene (Wlirm) lake which reached its maximum extent approxi-

mately 20,000 B.P. 

Approximately 11,500 B.P., the climate in the Lake Zeribar area 
• 

became warmer and precipitation increased slightly (Wright, and others, 

1967, P• 441). The beach profiles from Lake Tashk (fig. 143) steepen 

considerably between strandlines 4 and 5 suggesting a rapid desiccation 

of the lake after the formation of strandline 4. In the absence of any 

absolute chronology for this strand interval, the author can only suggest 
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that this steepening reflects the post 11, 500 B. P. warming trend. 

Furthermore, the slight increase in precipitation at Lake Zeribar 

was probably negligible in the Neriz Basin compared with the higher 

evaporation. 

It is inferred that the critical element of increased evaporation 

due to increased temperature resulted in accelerated desiccation of 

Lake Neriz. This period included the Hypsithermal interval (Deevey 

and Flint, 1957) which reached its maximum circa 6,000 B.P. The 

inferred minimum lake level during the Hypsithermal maximum is 

shown schematically in Figure 143. 

Approximately 5, 500 B. P., Lake Zeribar became deeper and the 

vegetation changed from warm savanna to forest (p. 8), as a result of 

an increase in moisture. This author considers that the increase in 

moisture was most likely due to slightly reduced temperature which 

presaged the Neoglacial interval. Dated events of this period include an 

advance of the Oberaar Glacier in the Swiss Alps 4, 600 ± 80 B. P. 

(Gfeller, and others, 1961, p. 19), and pollen evidence from southern 
• 

Chile suggests advances between 6, 500 and 4, 500 B. P. (Heusser, 1966) o 

The Neoglacial interval is reconstructed in Figure 143 where it is 

shown schematically with dashed lines o It is inferred that beach strand 

5 represents the highest lake levels at the Neoglacial maximum. Subse-

quently, and continuing to the present, there has been considerable 
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fluctuation of the lake levels between the playa and beach strand 5. 

It is possible that some of the upper playa sediments above sample 

53 (p. 241 ), which reflect a lacustrine environment, may have been 

deposited in this Neoglacial lake. 

In order to study recent and late historical changes in the climate 

of the Neriz Basin, several trees were cored by means of a Swedish 

tree borer. As first elaborated on by Douglass {1928) in his studies 

in the American Southwest, the width of annual growth rings depends 

primarily on temperature and precipitation, although there may be 

other factors controlling growth, such as wind exposure, light, and 

cultural interference. Shulman (1956, p. 9) concluded that tree ring 

chronologies tend toward greater sensitivities as the tree sites become 

more limiting in terms of climatic elements. The tree line is therefore 

a sensitive site for tree growth. Unfortunately in the Neriz Playa area, 

if a tree manages to survive the elements, it rarely eludes the charcoal 

hunters. The largest trees grow along qanats or are carefully irrigated 

when they are specially sited for decorative purposes. One. tree at an 

altitude of 2, 113 m, 30 below the adjacent divide, southeast of Neriz 

(figs. 129, 146) was at the local tree line. Its core, studied by Dr. R. L. 

Phipps of the Tree Ring Laboratory, U.s •. Geological Survey, is graphed 

in Figure 147. Periods of poor growth are listed below. Another tree 

in the Eastabanat Valley at an altitude of 1, 650 m (fig. 129), somewhat 



tower than the tree line, was also cored and its rings are graphed in 

Figure 14 7. This growth pattern is very similar to that of the older 

tree. A comparison of the data from the oldest tree with other tree 

ring chronologies or recorded events is listed below: 

Neriz Basin 
poor tree growth 

1967 

1954 

1931-33 

1917 

1900-03 

1875 

1868 

1860 

1843 

1833 

Southwest Yukon 
(Krinsley, 1965) 
glacial advances 

1957 

1937 

1917 

1897 

1840 

Alps 
(Heuberger, 1968) 
glacial advances 

1920 

1890-1900 

1875 

It is suggested that the most recent climate in the Ne~iz Basin, 

particularly the temperature, reflects the general climatic pattern 

observed at other high altitude locations in the Northern Hemisphere. 

249 

This contemporaneity of climate strengthens the argument that the post-

W'urm climatic history of southwestern Iran reflects the well documented 

histories of that period from North America and from Europe. 
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Reconstruction of Late-Pleistocene Temperatures 

Evidence has been presented that Lake Neriz was a late

Pleistocene (Wurm) lake which reached its maximum extent approxi

mately ZO, 000 B. P. At that time the snowline along the southern flanks 

of the Neriz Basin's northern divide lay at an altitude of 3, 400 m 

(Bobek, 1937, fig. 9). Across that divide the snowline descended to 

3,000 m (Wrightl 1961, p. 155) because of its exposure to precipitation

laden winds. The altitudes of glacial cirque bottoms, which are 

considered to lie close to the actual snowlines of the Pleistocene 

glaciers, were used in the calculation of these Pleistocene snowlines. 

Currently, the snowline at the northern divide of the Neriz Basin, 

measured from the altitude of perennial snowfields or glacierettes, lies 

at an altitude of 4, 100 m (Bobek, 1937, Fig. 9), which just intercepts 

one summit (4, Z75 m). Consequently, the Pleistocene snowline lay 700 m 

below the current snowline at the northern divide of the Neriz Basin. This 

depression of the snowline, relative to the present, could have been due to 

either increased precipitation, lower temperature, or a combination of 

both. It will be assumed in this section that the snowline depression was 

due to lower temperature. This assumption is supported in Chapter V 

(see p. 311 ) • 

The depression of the Pleistocene snowline (700 m) multiplied by 

the lapse rate provides an approximation for the temperature depression 
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during the warmest month (July) of the Pleistocene glacial episode. 

Bobek , (1937), Louis (1944), Flohn (1953), Butzer (1958), and 

Wright ( 1961) have generally used a figure of 0. 55 ° C per 100 m for 

the lapse rate in the Middle East. Baker (1944, p. 225) calculated a 

0 
mean annual lapse rate of 0. 6 C per 100 m, and a mean July rate of 

0 
0,65 C per 100 m for ground stations in the semiarid mountains of 

western United States. Wright ( 1961, p. 156) calculated mean annual 

0 . 
and mean July lapse rates of 0. 75 C per 100 m m a transect from the 

Mesapotamian piedment across the Zagros Mountains to the Iranian 

Plateau, with data from 20 short-period stations in southwestern Iran. 

He applied a latitudinal correction because of the spread between pied-

0 
mont and plateau stations yielding a corrected lapse rate of 0. 67 C 

per 100 m. 

The following upper air data are from Tehran (U.S. Weather 

Bureau, 1966, Jan., July): 

Altitude Temperature Lapse Rate 

Jan 5, 692 m 
0 

-18.5 c 
0 

0. 65° C/1..00 m 
3, 097 m - 1. 5 c 

0 
0.55 C/100 m 

1,519m 7.2°C 
mean 0. 60° C/100 m 

0 
July 5, 862 m - 6. 3 c 

0 . 
0 • 7 5 C / 10 0 m ·. 

3, 132m 14. 3°C 
0 

0.85 C/100 m 

1, 458 m 28.6°C 
0.80° C/100 m mean 
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From the above data it may be concluded that in the vicinity of 

Tehran, the maximum lapse rate occurs in mid- summer and at lower 

altitudes. The snowline is controlled by the summer temperature and 

the cirques which form at or near the snowline reflect the summer 

lapse rate. It is important to note that in the vicinity of Tehran, Mt. 

Damavand reaches 5, 780 m. U we can assume that Pleistocene lapse 

rates were comparable in the same regions, then the cirques which 

--
formed on Mt. Damavand should reflect the smaller, mid- summer 

0 
lapse rate (0. 75 C/100 m}. 

There are no free upper air data for the Zagros Mountains, but 

we may conclude from Wright's data and from the upper air data for 

Tehran that the lapse rate in the Zagros Mountains for the altitudes 

under consideration (3,400 to 4,275 m) lies between 0.67° and 0. 75° C 

per 100 m. 0 
A lapse rate of 0. 70 C/100 m is considered conservative, 

and will be used in this study. Therefore, a snowline depression in the 

northern part of the Neriz Basin of 700 m X 0. 70° C/100 m equals a 

0 
temperature depression of 4. 9 C during the summer in the. glacial 

period which coincided with the maximum expansion of Lake Neriz. 

Leopold (1951, p. 156) has pointed out that this temperature 

depression would have been greatest during the glacial period summer 

and considerably less during the winter. Accordingly, the present 

mean monthly temperatures for Neriz are graphed in Figure 148. A 
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Pleistocene progression of temperatures has been prepared-by applying 

the maximum temperature depression for July (4. 9° C) and propor-

tionately reducing the present temperatures of the other months. The 

Pleistocene mean monthly temperatures provide a Pleistocene mean 

0 
annual temperature of 14 C. 

Shiraz Basin 

Shiraz Basin is long and narrow, and its divide ridges are 

characterized by moderately uniform altitudes (fig. 12.9). The highest 

·summit at 2., 980 m lay below the Pleistocene snowline in this area. The 

lowest pass, southwest of the playa, lies at 1, 500 m, only 40 m above 

the playa. Unlike Neriz Playa, Shiraz Playa is centrally located in the 

basin. However, the principal drainage comes from the north, as does 

the precipitation. 

Shiraz Playa 

The basin/playa ratio for Shiraz Playa is 14.8 compared to 13.8 

for Neriz Playa. This similarity expresses itself hydrologically in the 

occurrence of beaches around the margin of Shiraz Playa which mark the 

level of an ancient shallow lake (fig. 149). The beaches are generally 

well-preserved except near the villages, or locally where they are now 

being removed by active fans. 

Shiraz Playa (2.57 km2.) may be subdivided into an intermittent lake 

(54o/o), salt crust (2.l%), and clay flats which include the narrow beach 
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zone (240/o), fig. 12 9). 

The intermittent lake, although quite shallow, fills the center of 

the valley bottom during the spring runoff period. In April 1967, near 

its maximum seasonal extent, the greatest measured depth of the lake 

was 50 em (Huber, 1967). Around the margin of the west shore of the 

lake the salt is 12.5 em thick (fig. 150) which is considerably thicker 

than the Neriz salt crust and which indicates that the streams dis-

charging into the lake have a much higher saline content. 

Water analyses from the two lakes (Pendleton, written communica-

tion, February 1970) provided the following data: 

Lake Shiraz (ppm) 

339,040 Mg. 
5, 200 Na. 
5, 320 Cl. 

Lake Bakhtegan (ppm) 

8, 360 Mg. 
125 Na. 
122 Cl. 

The larger proportion of lake area at Shiraz Playa is in part due 

to its greater salinity, which reduces losses by evaporation (Harbeck, 

Jr., 1955, p. 1). Lake Shiraz contracts considerably during the summer, 

more in some years than in others, but in late October 196i there was 

still a considerable body of water occupying the playa. 

The salt crust is generally smooth and less than 2 em thick, but in 

the central sector along the west shore it attains a thickness of 12. 5 em 

(figs • 129, 150). The salt is collected along the lake margin where it is 

purest (fig. 151), and sold locally for table use. Underlying the salt is a 
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black briney mud which contains salt crystals. The mud is a well-sorted 

clayey-silt (fig. 140) which has settled out of the lake, and in which the 

salt crystals have subsequently formed. The saline content of the black 

mud is extremely high (79o/o of the coarse fraction), which explains the 

diagenetic crystals (table 14). 

The clay flat occupies two broad areas near the two principal 

stream mouths. Although water is plentiful, high salinity has restricted 

the growth of phreatophytes. Around the steeper northeastern and south

w~stern shores of the playa, the clay flat is a very narrow zone. Peri

pheral to the flat there are old beachlines and related caves in limestone 

(fig. 15Z). 

Six beach strands are preserved in many areas along the north

eastern shore of the playa. They are particularly well developed on a 

narrow promontory which is accessible by road from Shiraz (fig. 153). 

The altitude of each of the six beach strands above the playa (fig. 

143) was carefully measured as had been done at Neriz Playa. Three 

,samples were collected from pits in each of the beach stran.ds and from 

the playa, at depths of 0-5, 15-ZO, and 35-40 em. A sample of the 

adjacent limestone bedrock was also collected. Clay mineral content of 

each sample was determined (see appendix A), and the results are listed 

in Table 17 and illustrated graphically in Figure 144. 



It is immediately apparent from examination of Figure 143 that 

the number and spatial relationships of the beach strands at Shiraz 

Playa correspond to those at Neriz Playa. Consequently, these two 

lakes probably were contemporaneous during the late and post- W"urm 

period. 

In spite of the fact that there are obviously many differences in 
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the limestone samples from the two playas, the clay composition of 

beaches la indicates that a long weathering period in a similar environ

ment has produced a similar suite of clay minerals of relatively similar 

proportions. Beach la corresponds to the maximum position of the lake 

and was the stage at which the lake waters were freshest. Maximum 

divergence in the clay mineral percentages occurs in beaches Z, 3, and 

4 which suggests lake fluctuation and changing environment. 

B. F. Jones and z. S. Altschuler of the U.s. Geological Survey 

(oral communications) consider the environment of the basin more signifi

cant in determining clay mineral evolution than the lake itself. Dr. Jones 

pointed out that during conditions of increased runoff throughout the 

basin, the weathering products (clay minerals} from the entire basin 

(subject to generally similar climatic conditions for the same period of 

time) would be flushed into the lake. At these times, greater uniformity 

of the clay mineral percentages would be expected. 
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Consequently, it is of significance that the two positions having 

the greatest uniformity of clay mineral percentages correspond to 

beach strands la and 5 a. These beaches presumably mark the high 

stands of lakes following periods of increased runoff due to reduced 

temperature and evaporation. These two periods would correspond to 

the Lake Neriz maximum (Wurm III), and to the Neoglacial maximum 

(fig. 143). 

The erratic percentages displayed in beach 6 sugge11Jts recent 

fluctuation, and this is substantiated by the evidence of recent vegetable 

material on that strandline. 

Specific conductances of the playa horizons are as follows: 

a 

Playa b 

c 

Neriz (micromhos) 

41,000 

11,000 

8, 500 

Shiraz (micromhos) 

23,000 

9,000 

8,000 

It must be pointed out that the lower salinity values at Shiraz 

reflect the dilution of the local brine due to the presence of numerous 

fresh water springs near the place at which the sample was collected 

(fig. 152). From these data and from reference to Figure 144, it is 

evident that the strongly saline environments of Neriz and Shiraz Playas 

greatly affect the proportion of clay minerals. 
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However, measurement of the specific conductances of all the 

beach samples resulted in a range of 280 to 630 micromhos in beaches 

1 through 5, with no relationship between position and salinity. It is 

evident that the salt which may have existed previously was initially 

of low concentration, and after it was quickly leached from the beaches, 

the clay minerals were subject to a more typical basin environment 

than that of the lake • 

The range in specific conductances within the beach 6 sediments 

(380 to 3, 800 micromhos) reflects the recent fluctuation of the lakes. 

Faunal Indicators of Climate 

Numerous small fish were collected from a broad shallow pool at 

the foot of a limestone cliff near the measured beaches (figs. 152, 154). 

The pool was connected to many other similar pools by narrow 

passages through rock rubble from the nearby cliff. The water was 

from 10 to 30 em deep, rich in green algae, and obviously coming from 

springs emanating from the base of the limestone cliff. Nearest the 

cliff, the water temperature was 24° C and in the pools the temperature 

0 
was 27 C; further out toward the center of the lake, the temperature 

0 
was 29 C. Air temperature at that time was 30° C (1100 hours, August 

18' 1967). 

The fish were submitted to Dr. Stanley Weitzman of the National 

Museum who identified them (letter, February 20, 1968) as follows: 



"The twenty one specimens of fishes that you collected 
in southwest Iran are apparently all the same species and 
belong to the genus Aphanius, family cyprinodontidae. An 
attempt to identify these specimens to any known species 
failed. This is not necessarily because they are new. 
Unfortunately the species of Aphanius from Iran are not well 
studied and until they are compared with all the species in 
Iran and other areas in Asia, proper or even tentative identi
fication is impossible. 

Aphanius in its ecological adaptations is similar to 
Cyprinodon in the southwest of North America, living as 
relics of more widely distributed species of pluvial Pleis
tocene times. As in Cyprinodon, the shrinking Pleistocene 
water systems, lakes etc. have left ponds, pools, and small 
lakes, mostly spring fed. These are occupied by Cyprinodon 
in North America and Aphanius in the "Near East". Often 
these fishes have been isolated in these pools etc. for a con
siderable length of time. Often too, the number of living 
specimens in a given spring fed pond is rather small and the 
population is probably subject to rather rapid genetic drift 
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as well as ecological selective factors. Thus the populations 
are often very distinct in color pattern and other characteristics 
from one area to another. Thus many species and subspecies 
of these animals have been recognized. These have been well 
studied in North America, but really good studies of all Asian 
forms remain to be done." 

According to Kosswig (1955, p. 73), the genus Aphanius is a relic 

of the old fauna of the Tethys Sea. During the Alpine orogeny these fish, 

, having migrated inland, were trapped in the rising Iranian :plateau. They 

survived because of their euryhalinity. These fish unlike lungfish can 

not hibernate during the dry season in lake muds; they can only exist 

in oxygenated water. Consequently, their presence in Lake Shiraz 

suggests that this lake has never completely dried up, even during the 

I 

dry Hypsithermal interval. Similar fish were seen in pools around the 



margin of Lake Neriz, although specimens were not collected. It is 

of course possible that these fish could have been transported by man 

from one playa lake to another. However, these fish are not eaten in 

the area today, and the local people report that they have never been 

used as food. 
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It seems clear that the same or very similar climatic parameters 

that prevailed in the Neriz Basin during the late Pleistocene, must have 

also existed in the Shiraz Basin. The absence of older and higher beaches 

does not preclude the existence of earlier Pleistocene lakes in this area. 

It suggests that if these lakes did exist, they were also shallow and 

occupied the lower parts of the basins, which are now filled with sedi-

menta. 

Recent fan activity coupled with wide fluctuations in the lake levels 

suggest that there has been an increase in runoff in the Zagros Watershed. 

Since examination of Figure 147 indicates a general trend toward poorer 

tree growth during the last century, the increased runoff can be more 

easily ascribed to a cooler climate rather than to an increase in precipi

tation. 



CHAPTER IV 

COMPARATIVE GEOMORPHOLOGY OF THE IRANIAN PLAYAS 

The playas and their surface types are described in relationship 

to their basins and watersheds in Chapter III. In this chapter, these 

features together with their associated landforms are discussed for 

Iran as a whole, with emphasis on their spatial relationships, environ-

ment and morphological genesis. References to playas are made by 

numbers which are cross-referenced in Plate 4 and in Appendices B 

and C. 

Surface Types 

The extent of the various surface types in playas of the Interior 

Drainage Region (appendix D) is as follows: 

Are! Percent of total 
(km ) playa area 

Surface Type 

salt crust 27,624 41 

clay flat 23,724 35 

wet zone 6,702 10 

fan delta 3,229 5 

swamp 2,889 4 

intermittent lake 1, 912 3 

lake 1, 172 2 

Totals 67,252 100 

261 
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The frequency of sur"fa~~ types in the 60 playas is (plate 4 

appendix C): 

Surface type Number of Playas Percent of all playas 

clay flat 50 83 

salt crust Z4 40 

wet zone 14 Z3 

intermittent lake 6 10 

fan delta 3 5 

lake z 3 

swamp z 3 

This section is devoted to a description of the surface types and 

their distribution and genesis. 

Fan Delta 

Fan delta is the name applied in this study to a large alluvial fan 

which transgresses the playa and whose toe may be completely inundated 

during the principal runoff period with the result that peripheral deposition 

occurs in water, as at a delta (e.g., playa 6). Although the fan delta 

materials are not a part of the playa sediments, their surface area is 

significant (llo/o of each of the three playas shown in plate 4) and they are 

considered a surface type of the playa. 



263 

The fan delta of the Rud-e-Shut at the northwestern margin of the 

Great Kavir (plate 4), occupies an area of 1, 500 km2 and is the largest 

in Iran. The slightly smaller fan delta of the Rud-e -Mureh ( 1, 392 km2) 

occupies the northeast corner of the Great Kavir. Considerably smaller 

fan deltas occur in playas 6 and 54. 

The single channel which enters at the head of the fan delta may 

be subdivided into numerous distributaries {e. g., playa 6), or maintain 

a principal channel with a generally axial position as in the fan delta of 

the Rud-e-Mureh (fig. 28). Phreatophytes are commonly found along 

the channels because of the greater availability of water and lower 

salinity. The gradient along the axis of the fan delta ranges from 1. 0 to 

2,0 m/km compared with the generally flat to barely perceptible gradient 

of the playa. Particle size of fan delta materials decreases from coarse 

pebble gravel at the fan head to silt and clay at the toe. The toe of the 

fan delta terminates at the wet zone or salt crust (see below). 

The locations of the prominent fan deltas shown in Plate 4 are deter

mined by the evidence of former large, probably perennial ;:;treams, 

Which head in the Elburz or Zagros Mountains. The size of the fan deltas 

when compared to the present stream load and regimen indicates that 

these features are relicts of streams with considerably greater discharge. 

No prominent fan deltas were observed in the more interior watersheds. 
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Wet 4one 

Unlike fan .deltas which locally transgress the playa, alluvial fans 
) 

encircle the playa. T~e alluvial fan-playa contact, which changes only 

slightly from year to year, is a narrow zone along which water reaches 

the playa and in which it may remain throughout the summer. 

The ~ater flowing directly from the mountain streams into the 

basins seldom reaches the playas, which are the local base levels. The 

streams that do reach the playas are generally fed by ground water flow. 

The aquifer of the alluvial fans is phreatic, but towards the center of the 

basin artesian conditions develop as a result of confining clay layers. 

The uppermost aquifer does remain phreatic to the margin of the playa, 

where the water from the toe of the fan spills out over the playa surface 

creating a relatively wet zone. Evaporation through the capillary zone 

from the phreatic aquifer to the surface results in salinization of the 

water. Consequently, in addition to clay and silt, the wet zone fre-

quently contains both halite and gypsum~ However, saline crusts are 

either absent or very thin. 

The wet zone is a transitional zone which is periodically inundated 

and always wet. Its width may change from year to year, and it may be 

shifted outward by an expanding playa, or shifted inward by changing 

hydrological conditions within the basin (e. g., playas 4, 11). Wet zones 

are obviously more common during the spring runoff period, but many 
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of them persist through the summer. Most of these are too narrow to 

be shown at the scale of Plate 4. 

During the late summer dry period, the wet zone may be dry 

enough at the surface to permit access to the adjacent salt crust. The 

wet zone is actually higher than the adjacent salt crust, although the 

vertical distance may be less than one meter except for the larger salt

crusted basins. 

In the Great Kavir, two types of wet zone areas may be distin

guished. The more common type borders the toes of alluvial fans and 

fan deltas (plate 4). The second type occupies a linear basin or narrow 

trough within the area immediately underlain by Miocene rocks. Many 

of these zones are too narrow to map and are locally referred to as 

"shatts" (fig. 45). The more extensive linear wet zones have surface 

gradients of less than one degree which slope toward the salt crust areas. 

It is clear that these troughs are drainageways through the Kavir, and 

they are seasonally inundated. Small wet zones occupy the centers of 

some playas (plate 4, playas 41, 43) , and they may also oc~upy inter

mediate zones between the clay flat and the salt crust (e. g., playas 4, 11). 

The wet zones are almost entirely located within an irregular 

band which extends generally clockwise from the Jaj Murian Watershed 

to Bidjestan Highlands Watershed. Those wet zones that receive the 

largest streams are best developed and most extensive (e. g. • playas 2, 
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3, 4, 7, 11, and 39). Wet zones are generally absent or poorly 

developed in the southeastern playas, which is a reflection of the aridity 

in that area o£ Iran. 

The wet zones occupy 10 percent of the total playa area (see 

below), and from 7 to 76 percent of the surface of the 14 individual 

playas in which they occur, with an average value of 28 percent. The 

largest wet zone occupies one third of Qom Playa (925 km2) at the 

eastern end o£ the Qom Watershed (plate 4). The wet zone of the adjacent, 

northwest playa occupies 76 percent of the surface, which is a considerably 

larger percentage than the next largest, 55 percent (playa 42). 

In some playas (e. g., 36, 39) wet zones and intermittent lakes lie 

adjacent to each other, and in other playas (e.g., 16, 50, 59, 60) it is 

evident that the intermittent lakes are wet zones during part of the year. 

The recent expansion of the wet zones at the expense of other drier sur

face types (e.g., playas 4, 7, 9, 11, 41, 42) suggests a rising water 

table as the result of increased runoff. 

Clay Flat 

The clay flat is a generally firm surface underlain by dry clay and 

silt, with variable amounts of salt. It is distinguished from the wet zone, 

with which it is lithologically identical, on the basis of its higher position 

above the dry season water table. The surface of the clay flat may be 
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:modified by surface runoff (e. g., playas 4, 6, 9, and 11) or churned 

:by the crystallization of salt upon the evaporation of brine reaching the 

surface by capillarity. In the. latter case, the surface becomes more 

·irregular and less firm. The term "puffy ground" is applied to clay 

flat areas that have unrlergone this modification (e.g, playas 6, 9, 11, 

45, and 57). Puffy ground ranges from a few centimeters to as much as 

50 em of relief, but average relief is 10 em. The salt content may be 

as much as 47 percent by weight. 

Clay flats with high water tables and up to 40 percent salt by 

weight may contain channels in which segments are filled with white 

salt (figs. 39, 80) and which are referred to as "namak safid" streams. 

A rising or fluctuating ground water table may dissolve the salts from 

the clay flat sediments resulting in karst-like features such as collapse 

hollows or sinkholes (fig. 103). 

The surfaces of the fine -grained sediments are cracked due to 

desiccation. Cracks perpendicular to the upper drying surface generally 

assume polygonal patterns, as much as 60 min diameter b\lt generally 

less than one meter (fig. 109). They may persist from year to year or 

disappear with the next wetting. 

Phreatophytes commonly occupy a narrow zone along the outer 

margin of the clay flat adjacent to the alluvial fans, or they may grow in 

channels within the playa where water is adequate and its salinity is low. 
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Mounds up · to 5 m high (fig. 100) develop as wind blown silt and sand 

is trapped by the phreatophytes. The growing accumulation of sedi

ments forces the plant to grow upward, and to expand its root system 

downward. A sudden drop in the water table may kill the plant. Conse

quenUy, the location of phreatophytes and the condition of phreatophyte 

mounds have important hydrologic implications. 

It should be clear :from the above descriptions, that the clay flat 

has a large range of surface conditions which are determined by the 

composition of the sediments and the hydrology of the playa. A low 

water table and low salinity, and a large clay content (7~%) can produce 

a concrete-like surface (e. g., playa 49). High salinity and a high water' 

table produce a puffy, soft surface (e. g., playas 6, 11). Although there 

may be some range in particle sizes of the finer sediments, clay flats 

are mainly underlain by poorly graded, well-sorted sediments which 

suggests deposition in quiescent water. 

Clay flats may occupy any dry part of the playa, and they may 

occupy the entire playa. However, their location is normal).y peripheral 

to other surface types (e. g., playas 4, 11, 40, 45, 50. 56, 59, and 60). 

The clay flats occupy 35 percent of the total playa area (see above), 

and from 3 to 100 percent of the surface areas of the 50 playas in which 

they occur, with an average value of 80 percent. In ~6 playas they 

occupy the entire surface. The largest clay flat (3, 654 km~) occupies 
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78 percent of the surface of Bidjestan Playa (playa 11). 

Clay flats are found in all the watersheds except in the Qom and 

Jaj Murian Watersheds, but in these there are well-developed wet 

zones (playas 2, 3, 39). The clay flat surface type predominates in 

the northeastern and south-central watersheds; this is probably due to 

the general absence of Miocene evaporites which produce salt crusts, 

and the absence of water to form wet zones. 

The clay flat is the predominant type of playa surface that has 

formed during the recent past. Changes in its water content or sedi

ment composition are immediately reflected in the modification of its 

morphology, so that the surface condition of a clay flat is an important 

indicator of hydrologic conditions within its basin and ultimately of 

recent climatic trends. 

Salt Crust 

The salt crust is a generally firm, flat, moist surface which is 

locally interrupted by low, narrow ridges composed of salt in the form 

of polygons. This white salt (namak safid) may contain patches of rough 

blackened salt (namak siyah) with sharpened pinnacles and blocks. Relief 

ranges from a few centimeters at the polygon ridges to 50 em in the 

namak siyah (fig. 53). The diameter of the salt polygons, inherited from 

the clay flat polygons, ranges from approximately 10 ems to 125m (e.g., 

playa 4), but the most common range is from one to two meters. The 



salt crust ranges in thickness from less than one centimeter (e. g., 

playa 59) to 6. 8 m (e. g., playa 3, but most salt crusts are probably 

in the low part of this range, except in the Great Kavir. 
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Some salt crusts contain 99 percent pure halite with only traces 

of other constituents (table 14, playa 60), but many contain sufficient 

coarse detritals or clay minerals to alter their appearance and modify 

their physical characteristics (table 14, playa 59). Because of their 

deliquescence, salt crusts are always moist, and their occurrence is 

generally indicative of a shallow water table. 

Salt crusts occupy the lowest part of the playa, which may not 

coincide with the playa center (e.g., playas 14, 16, 46, a_nd 54). They 

may be in direct contact with any other surface type, but tend to be 

associated with wet zones in the northern part of the Interior Drainage 

Region, and with intermittent lakes in the Zagros Mountains Watershed. 

Salt crusts make up 41 percent of the total playa area (see above) and 

after clay flats, they are the most common of the surface types. 

occurring in Z4 playas. 

They occupy from 6 to 100 percent of the surface areas of these 

Z4 playas, with an average of 53 percent. In 7 playas they occupy the 

entire surface. The largest aggregate of salt crust areas in one playa 

occupies 74 percent (19, 676 kmz) of the surface of the Great Kavir 

(exclusive of the areas directly underlain by Miocene bedrock)., The 
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distribution of the salt crusts is related not only to the location of the 

Miocene rocks (see Internal Neogene basins, fig. 2), but to the position 

of the local water table. Consequently, open basins with Miocene rocks 

maycontainonlyClayFlatPlayas (e.g., 6, 8, 12). 

The salt crusts are mainly derived from the weathering, erosion 

and redeposition of the Miocene evaporites rather than from the concen

tration of salts in previously deep lakes which received salts from rocks 

of average composition over a long period of time (as for example, Lakes 

Bonneville, and Lahontan). If the latter case applied in Iran, there would 

be some evidence of high beachlines and fractional crystallization of the 

salts. Instead, the salt crusts have grown as a result of the accretion of 

thin salt layers that form from the: evaporation of the briney water that 

periodically floods the playa surface, and which comes from the area of 

the _Miocene rocks. The crusts are modified by brine moving upward 

through polygonal cracks as detailed below. 

Analysis of a piece of unweathered Miocene siltstone indicated that 

it contained 14 percent of the salt content of a salt crust. ~iocene 

evaporites may contain 90 percent or more halite, and salt domes (plate 

4) are almost pure salt. From these sources of salt, the observed con

centration in crusts may be achieved in a relatively short time. 

The transportation of salts in solution occurs through runoff and 

associated ground water discharge during the wet season, and by capillary 
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movement toward the surface during the entire year. At the outer peri

meter of the wet zone, the wet muds are coated With an efflorescence of 

salt a few mm thick. Seasonally, the surface layers of this mud dry, 

and polygonal cracks form in them. Frequent inundation prevents the 

accumulation of surface salt and removes salts that accumulate in the 

cracks. The cracks themselves usually disappear with the next flooding. 

Toward the center of the playa and further from the wet zone, the 

polygonal cracks persist and more salt accumulates in them than can be 

removed by repeated flooding. The salt crust grows upward by accretion 

during each period of evaporation following inundation. Fresh brine 

entering the cracks is less saline than the indigenous brine and conse

quenUy evaporates more readily. During the intense heat of midday the 

fresh, thermally expanded brine bubbles out along the cracks, and 

rapid evaporation of the brine liquid results in the formation of salt 

blisters or blossoms which line the cracks (fig. 48). The original cracks 

remain as the salt crust thickens (fig. 49). 

The more vigorous evaporation of brine along the cracks thickens 

the edges of the polygonal salt plates. The rate of evaporation depends 

upon the velocity of the wind; and., the edges of the salt plates facing the 

wind grow faster than those on the leeward side. The faster growing 

windward edges override the slower growing leeward edges and this 

mechanism creates an illusion of laterally expanding polygonal plates 



which appear to overthrust each other (figs. 50, 51). 

The thickening salt crust extends outward at the expense of the 

wet zone, which then shifts peripherally to higher ground, but its 

total area tends to diminish. 

Black briney muds may be extruded upward between the white 

polygonal salt plates. Bobek thought this caused by the pressure of 

the overlying load (1959, p. 2.7). The extrusion could also be caused 
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by thermal expansion of the mud. Salt is quite transparent to infrared 

(Gawarecki, S., USGS, oral communication) and the underlying black 

mud is an ideal black body. During the day, the sun heats and thermally 

expands the wet mud directly beneath the salt plates. Along the cracks 

however, the evaporation of the brine lowers the temperature, and 

a pressure gradient forces the plastic briney muds from beneath the 

center of the salt plates outward and upward through the peripheral 

cracks. The briney muds solidify into black salt dikes along the cracks. 

The uneven escape of the pressurized mud usually results in the 

tilting of the polygonal plates. More even, peripheral esca,Pe of the mud 

results in the formation of a bowl structure called "kaseh" or honey

comb ground. The kaseh ground composed of namak siyah develops 

into a mass of sharp and angular salt blocks, ridges and pinnacles 

(fig. 53). 
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The namak siyah is sharpened by the effects of wind-driven 

rain and silt. The aeolian silt added to the old salt already 

darkened by the admixed black mud from beneath the crust imparts 

a dark matte appearance to this rough surface. Areas of namak siyah 

are impassable for animals or vehicles, because of the razor sharp 

salt ridges and pinnacles. Relief ranges from 30 to 50 em; and a 

man can cross this obstacle only with great difficulty. 

The namak siyah probably represents the oldest exposed salt 

crust in the Great Kavir, but the actual age of this type of formation 

is unknown. A similar salt crust in Death Valley, California, known 

as the Devil 1s Golf Course, can not be older than Z, 000 years B. P. 

(Hunt, and others, 1966, p. Bl30). 

As long as fresh brine continues to reach the surface, the namak 

siyah can develop in the surface of the expanding salt crust. A drop in 

the water table, sufficient to affect the capillary fringe, could terminate 

the growth of the crust. In the absence of any significant precipitation, 

there appears to be a balance between the upward extruded salt and the 
0 

erosive force of the wind-driven rain and silt. No namak siyah was 

observed that could be interpreted as undergoing regression or reduction 

of relief from a previous greater relief. However, such areas may exist, 

particularly in the western part of the Great Kavir where the northern salt-

crusted basin contains extensive namak siyah and where uplift is known to 

have occurred. 
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The salt crusts are currently growing by accretion, and this 

process appears to be a continuation of a trend that has a long and 

uninterrupted recent history, as evidenced by the absence of any 

unconformities in the 6. 8 m thick salt crust at Qom Playa (plate 1). 

Intermittent Lake 

Intermittent lakes usually disappear at the end of the dry season, 

but may persist during a period of several exceptionally wet years. 

They are very shallow, even during the period of maximum runoff. In 

April, 1967, the greatest measured depth of Lake Shiraz (playa 60) was 

50 em. A considerable range in salinity is indicated by the following 

data: 

Lake Shiraz (60) Lake Bakhtegan (59) 

ppm ppm 
Mg 339,040 8, 360 

Na 5,200 125 

Cl 5,320 122 

Intermittent lakes are associated with wet zones (play.as 36, 39), 

salt crusts (playas 16, 59, 60) and with one clay flat (playa 50). Where-

ever they occur, nearby mountains provide a heavy discharge during the 

snow-melt period, and there is sufficient recharge of the ground water 

table to enable the intermittent lakes to persist through the summer. 
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The six intermittent lakes occupy only 3 percent of the total 

playa area (see above), and from 5 to 75 percent (average 32 percent) 

of individual playa surfaces. The largest intermittent lake (playa 39) 

2 occupies an area of 880 km , which is 23 percent of the surface of 

the playa. 

Strandlines (playas 39, 50) and beaches (playas 59, 60) indicate 

that these intermittent lakes were the sites of larger, deeper perma-

nent lakes in the past. 

Lake 

The only permanent lake of significant size is the Hamun-i-

Helmand (playa 33), which owes its existence primarily to the Helmand 

River which heads in the Hindu Kush of Afghanistan. The lake reaches 

its maximum size in May at which time it covers an area of 3, 000 km
2 

and is up to 11 m deep. During the summer it contracts due to a 

reduction in inflow, loss through its outlet into an Afghanistan sump, 

and because of evaporation as a result of the "120 Day Wind" (Fisher, 

1968, p. 78). The lake is reduced to three separate water bodies which 

occupy 38 percent of the playa (figs. 92, 93). Reports of lacustrine 

deposits from around the periphery of the Hamun-i-Helmand suggest a 

previous lake of considerably larger extent. 

A small lake at the northern end of playa 36 appears to have been 

in existence for many years, and has been mapped as a perennial lake. 
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Its persistence is considered to be the result of sufficient recharge of 

the ground water from surrounding mountain streams into an extremely 

narrow basin; thus reducing the surface area of the valley bottom which 

is most susceptible to a higher evaporation rate. This lake occupies 

8 percent of the surface of the playa. 

These two lakes occupy only 2 percent of the total playa area. 

Swamp 

Swamps are reported around the margins of the Helmand Lakes 

(playa 33, Fisher, 1968, p. 78), but these have not been shown in Plate 

4 because of inadequate photographic coverage. According to Fisher, 

the swamps occupy approximately 24 percent of the area of the playa. 

Swamps occupy 59 percent of the surface of the Jaj Murian Playa 

(39) and lie peripheral to the wet zone. They are fed by two large 

streams which have reduced, but generally dependable, flows during 

the dry season. 

No data are available concerning the type of vegetation in the 

swamps, and the small scale photography is not adequate fctr such dis

tinctions. Swamps occupy 4 percent of the total playa area. 

Playa Types 

The 60 Iranian playas have been placed in seven groups on the 

basis of their surface types, as follows (see appendix C): 
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Playa type Name and components Frequency Percent of Playas 

A Clay Flat Playa: clay flat Z7 45 
(one with fan delta) 

B Wet Clay Flat Playa: clay 5 8 
flat, wet zone 

c Clay Flat-Salt Crust Playa: 7 lZ 
clay flat, salt crust 
(one with fan delta) 

D Wet c:::;lay Flat-Salt Crust Playa: 7 lZ 
clay flat, wet zone, salt 
crust (one with Z fan deltas, 
and Z with no clay flat) 

E Salt Crust Playa: salt crust 7 lZ 

F Intermittent Lake Playa: 5 8 
intermittent lake and other 
types (does not include playa 
36) 

G Perennial Lake Playa: lake and z 3 
other types 

Totals 60 100 

These categories are not always clearly separable, and several are 

related to each other. Types A, E, and G are distinctive and may be 

considered as end members of a triangular system. Types,B and F would 

occupy intermediate positions between A and G, and C would lie between 

A and E. Type D might occupy a central position within the triangular 

system. 

In the above groupings, accommodation was made for special cases, 

consisting of playas which contain fan deltas, Wet Clay Flat-Salt Crust 
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Playas with no clay flats, and one playa with both an intermittent lake 

and a perennial lake. 

Although the fan delta has been mapped as a surfac e type, its 

materials are not playa sediments and genetically it is separated from 

the playa as a discrete unit (see fan delta, p revi ous section). Conse-

quently, there is no reason to distinguish playas containing fan deltas 

as a separate type. 

Both playas 2 and 3 contain wet zones and salt crusts but no clay 

flats. Group D includes all three of thes e surface types. In view of 

the fact that a wet zone has been define d as merely a wet clay flat, the 

important consideration in this accommodation is satisfie d by the 

lithology and hydrology of playas 2 and 3 . 

Playa 36 contains both an intermittent lake and a perennial lake 

2 and both are of equal area(9 km } • This playa has been placed in group 

G (perennial lake playa} because of the greater significance of a permanent 

lake in an arid region. 

The areal extent of playa types in the Interior Drainage Region is 

as follows: 



Playa type 

D - Wet Clay Flat -
Salt Crust Playa 

A - Clay Flat Playa 

F - Intermittent Lake 
Playa 

C - Clay Flat-Salt 
Crust Playa 

G - Perennial Lake 
Playa 

B - Wet Clay Flat 
Playa 

E - Salt Crust Playa 

Totals 

Area 
(km2) 

38,364 

9,335 

7,422 

6,934 

3,089 

1,345 

763 

67,252 

Percent of total . 
playa area 

57 

14 

11 

10 

5 

1 

100 

It should be noted that in the interest of comparing playa types 
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composed of similar surface types, the areas of Miocene rock and sand 

dunes have been deleted from the total area of playa 7 (Great Kavir), a 

Wet Clay Flat-Salt Crust Playa (type D). 

Type A: Clay Flat Playa 

The Clay Flat Playa contains no surface type other than clay flats 

(except Sabzevar Playa, playa 6; with a fan delta as explained above). 

There are 27 playas in this group which constitutes 45 percent of all the 

playas, but only 14 percent of the total playa area. This group contains 



39 percent of all the clay flat areas. Clay Flat Playas range in size 

2 
from 35 to 2,103 km (playa 6). 

The Clay Flat Playa is the most widespread playa type in the 

Interior Drainage Region (plate 4). Its genesis is similar to that of 

other playa types, except that the d~velopment of the latter has been 

modified by the higher salt content of their sediments and the position 

of their water tables. 

For its development, a Clay Flat Playa requires a closed basin 

and a hydrologic environment in which ev=tporation sooner or later 
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exceeds runoff. The playa may be the bed of a former lake, or it may 

be an interior sump that is seasonally inundated by a thin sheet of water 

in which the fine sediment load from the surrounding alluvial fan 

streams is transported. It is not always easy to distinguish between 

these two forms of development when the sediments are essentially homo-

geneous and poorly graded. Because of the absence of beachlines around 

most of the Iranian playas in contrast with their excellent state of 

preservation at two playas (59, 60), it can be argued that most of the 

Iranian playas have had shallow sheets of water during moister periods 

rather than significantly deep lakes. Consequently, the Clay Flat Playa 

has most likely grown by the accretion of thin seasonal deposits of fine 

sediments in which coarser layers would represent unusual flooding. 
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Subsequent to its formation, the Clay Flat Playa may be modifiP.d 

by changes in its hydrology due to climatic causes, or changes in the 

structure of its basin. A rising water table will produce puffy ground 

and the local colonization of the surface by phreatophytes may result 

in the development of mounds. A lowering of the water table may 

increase the surface bearing strength. Breaching of the basin by 

tectonism or erosion may initiate dissection of the playa (e.g., playa 6). 

Other surface changes have been discussed in the previous section. 

Type B: Wet Clay Flat Playa 

The Wet Clay Flat Playa contains a clay flat and a wet zone. It 

is lithologically identical with the Clay Flat Playa but part of its area 

(wet zone) is below the dry-season water table. There are 5 playas in 

this group which constitutes 8 percent of all the playas, and 2. percent 

of the total playa area. The playas of this group range in size from 170 

2. 
to 42.5 km (playa 58)~ 

In three playas (9, 42., 58) the wet zone adjoins the alluvial fans, 

and in two playas (41, 43) it lies within the clay flat. The five playas 

occupy parts of 3 watersheds which lie in more favorable positions with 

regard to precipitation than many of the playas southeast of them (plate 

4, fig. 6). 

In four of the playas (9, 42., 43, 58) morphologic evidence indicates 

recent expansion of their wet zones and in one playa (9) stratigraphic 
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evidence supports this idea. These data suggest that the Wet Clay Flat 

Playas have been derived from Clay Flat Playas during the recent past 

as a result of a rise in their water tables. 

Type C: Clay Flat-Salt Crust Playas 

The Clay Flat-Salt Crust Playa contains a clay flat and a salt 

crust (Lavar Maidan Playa, 54, is included in this category, see above). 

There are 7 playas in this group which constitutes 12 percent of all the 

playas, and 10 percent of the total playa area. The playas of this group 

2 
range in size from 115 to 1, 625 km (playa 56). 

In two of the playas (14, 54) the salt crusts have peripheral 

locations, and in 5 of the playas (40, 44, 45, 46, 56) they have interior 

locations. Except for playa 14 which lies on the Iran - Mghanistan 

border, this playa type is confined to the Yazd (4 playas) and Isfahan (2 

playas) Watersheds (plate 4). All these playas are more favorably 

located with respect to precipitation and seasonal runoff than most of 

the playas within the Interior Drainage Region. 

Clay Flat-Salt Crust Playas occupy basins and watersheds that 

contain Miocene rocks and undoubtedly evaporites. All of the Yazd 

Watershed playas of this type (40, 44, 45) have salt crusts whose peri-

pheral areas have recently been partly covered with fresh white salt. 

The extensive development of this cover, observed on aerial photos • 
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and on the ground at playas 40 and 45, suggests that the salt is currently 

being leached from surrounding higher ground that was previously 

inundated by saline water or salinized by a higher level of ground water 

containing brine. Spring activity in the old, partly pitted salt crust of 

playa 14 and salinization of the clay flat area of playa 56 both suggest 

rising water tables. 

All these observations suggest that most of the playas of this type 

had previously higher water tables prior to a period of desiccation with 

lowering of the water tables. Currently, there is increased runoff into 

all of these playas and evidence of rising water tables. 

The Clay Flat-Salt Crust Playas appear to represent a transitional 

stage between the Clay Flat and Salt Crust Playas which is primarily 

controlled by the location of the Miocene rocks. Both the Miocene rocks 

and salt crusts diminish in areal extent southward in the Yazd Watershed. 

However, it is also important to consider that the water table, which 

intersects the surface locally at playa 40, is 20 m below the surface at 

playa 49. Thus, even if there were some salts available in the sediments 
• 

of playa 49, they are being flushed downward rather than being moved 

upward by capillarity. 

Type D: Wet Clay Flat-Salt Crust Playa 

The Wet Clay Flat-Salt Crust Playa contains a clay flat, wet zone, 

and salt crust (one playa (7) with 2 fan deltas and two playas (2 and 3) 
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with no clay flats are included in this category, see above). There are 

7 playas in this group, which constitutes lZ percent of all the playas, 

but 57 percent of the total playa area. Playas of this type range in 

size from 188 to Z6, 569 km 
2 

(Great Kavir, playa 7). 

Three of the playas (4, ll, 35) have partial to almost complete 

concentric zonation in which there is from the periphery inward, a clay 

flat. wet zone. and centrally located salt crust. The salt crust is 

centrally located in playa 53 and in the western part of playa Z, and the 

wet zone is peripheral to most of the salt crusts in playas 3 and 7. The 

7 playas of this group lie scattered generally around the margin of the 

Interior Drainage Region. and are absent in the Yazd. Lut. Jaj Murian 

and Zagros Mountains Watersheds. Five of the 7 playas, containing 95 

percent of the total area of this type, occupy a broad area across the 

northern part of the Interior Drainage Region. These playas are 

nourished by large. though seasonal. streams (Z, 3, 4. 7) or are 

.favorably located with respect to runoff from adjacent high mountains 

(11). They contain 8Z percent of all the wet zone areas (pla.te 4). 

It is immediately apparent from an inspection of Plate 4 that the 

salt crusts are most extensively developed in the areas of these five 

playas. They contain 82 percent of all the salt crust areas, and are com

pletely (playa 7) or partially underlain by Miocene rocks containing evapo

rites. The combination of this special lithology and favorable hydrology 
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has produced some of the most extensive and unusual salt crusts in the 

world. 

The stratigraphic section at Qom Playa (playa 3, plate 4) contains 

5 salt horizons separated by beds of clay and silt, and underlain by a 

thick, practically salt-free lower deposit of clay with some sand. This 

sequence suggests that the depositional environment of this playa has 

alternated from conditions of high evaporation and low runoff (salt crust 

formation) such as currently prevail, to conditions of lower evaporation 

and higher runoff forming water surpluses that resulted in lakes and 

consequently in lacustrine sediments (clay and silt). Other playas of 

this type as well as other salt crusted playas probably contain similar 

sequences of sediments. 

These observations as well as those in the Yazd Watershed (see 

above) suggest that given an adequate source of salt (Miocene rocks), the 

hydrologic environment of the basin determines the nature of the playa 

. surface type and of the playa. The. basin hydrology is a function of 

climate, and the playa is an accurate climato.genetic indicator. It must 

always be kept in mind that basin hydrology may be altered by tectonism. 

Type E: Salt Crust Playa 

The Salt Crust Playa has a surface composed entirely of a 

salt crust. There are 7 playas in this group, which constitutes 12 percent 

of all the playas, but only 1. 0 percent of the total playa area. This type 



contains only 3 percent of all the salt crust areas and ranges in size 

from 2.5 to 375 km2 (playa 2. 7). 
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One Salt Crust Playa lies in the Qom Watershed (playa 1), three 

lie in the Lut Watershed (26, 2 7, 28), and three in the Isfahan Water-

shed (51, 52, 55). All of these playas either are close to Miocene 

rocks (e.g. playas 1, 27, 51, 52, 55) or are the terminal sumps for 

streams which pass through or head in Miocene rocks (playas 2.6, 28). 

In both kinds of location, the availability of salt and the nature of the 

hydr"Ology have combined to produce salt crusts. It should be noted that 

the salt-loaded stream which terminates in playa 28 heads in Miocene 

rocks and traverses playas 2.9 and 32 which are Clay Flat Playas. The 

salt is always carried through to the lowest local base level. 

It appears that the stream exiting playa 52 is probably of fairly 

recent development, possibly due to increased runoff which has been 

noted throughout this watershed. The salinity of playa 50 is considered 

to be mostly due to salt transported from playa 52. 

The genesis of salt crust has been discussed in the pr.evious section 

(p. 2.69). and the possible stratigraphic relationships and their hydrologic 

implications described in connection with the preceding playa type are 

applicable to the Salt Crust Playa. 
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Type F: Intermittent Lake Playa 

The Intermittent Lake Playa contains an intermittent lake and one 

or more other surface types (playa 36 has been omitted from this group, 

see above). There are 5 playas in this group which constitutes 8 percent 

of all the playas, and 11 percent of the total playa area. Intermittent 

Lake Playas range in size from Z57 to 3, 775 km2 (playa 39). 

These playas are located in the Bidjestan Highlands Watershed 

(playa 16), the Jaj Murian Watershed (playa 39), the Isfahan Watershed 

(playa 50), and in the Zagros Mountains Watershed (playas 59, 60). All 

these locations have relatively high precipitation, runoff and ground water 

recharge. The presence of strandlines (playas 39, 50) and beaches 

(playas 59, 60) indicates former periods of lake expansion and the develop

ment of perennial lakes at these sites. 

The presence of an intermittent la~e suggests that there is a 

delicate balance between evaporation from the lake surface and runoff 

into the lake (both evaporation from the entire basin and ground water 

recharge must also be considered). Consequently, the Intermittent Lake 

Playas indicate that their present hydrologic environment lies just 

between lakes and playas, and that any slight change in the hydrology as 

a result of climatic change could alter the playa type. 
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Type G: Perennial Lake Playa 

The Perennial Lake Playa contains a perennial lake and other 

surface types. There are 2 of these playas (Lake Urmia, in another 

Drainage Region, is considered a permanent lake) in this group which 

constitutes 3 percent of all the playas, and 5 percent of the total 

playa area. This playa type owes its existence to unusual hydrologic 

conditions which have been discussed in the previous section (see 

lake). 



Interrelationships Among the Playas 
and Their Drainage Basin/Playa Ratios 

The 31 playas for which data are available are listed below in 
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order of increasing drainage basin/playa ratios. The generalized sur-

face condition of the playa may be wet - w, moist - m, or dry - d; and 

the topographic condition of the basin may be open - 0, or closed - C. 

Watershed Playa no., Db/p, surface Topographic con-
type condition dition of basin 

Great Kavir 7D 2.4 w 0 
Bidjestan Hlds. liD 5.1 w 0 
Qom 2D 7.3 w 0 
Damghan 4D 8.3 w c 
Bidjestan Hlds. 18 A 8.7 m c 
Bidjes tan Hlds. 12 A 9.6 m 0 
Yazd 40 c 10.4 w c 
Bidjestan Hlds. 19 A 11.6 m c 
Bidjestan Hlds. 16 F 12.2 W' c 
Sis tan 35 D 12.9 w c 
Yazd 42,43 B 13.6 w c 
Yazd 44 c 13.6 w c 
Yazd 41 B 13.7 w c 
Zagros Mountains 59 F 13.8 w c 
Great Kavir SA 14.-5 m 0 
Great Kavir 9B 14.7 w 0 
Zagros Mountains 60 F 14.8 w c 
Great Kavir 10 A 17.1 w 0 
Bidjestan Hlds. 14 c 19.1 w 0 
Jaj Murian 39 F 19.9 w c 
Zagros Mountains 58 B 22.0 w c 
Bidjestan Hlds. 13 A 23.6 d 0 
Lut 20 A 24.1 d 0 
Sis tan 38 A 26.2 d 0 
Great Kavir 6A 27.8 m 0 
Sis tan 37 A 28.1 m c 
Qom 3D 31.8 w c 
Qom 1E 38.6 w c 
Bidjestan Hlds. 17 A 39.9 m c 
Bidjestan Hlds. 15A 43.3 w c 
Sis tan 36G 43.3 w c 



The following observations are made from the above data: 

Watersheds - 1. Some data are available for all except the Isfahan 

Watershed; the lowest ratios are from the more 

exterior watersheds which are closer to the upland 

sources of precipitation and runoff. 

Playas 

z. There is a tendency for ratios, within a narrow 

range, to be grouped in watersheds (e.g., B. H., 

Y., ZM., G.K., S., and Q.). Seventy-nine 

percent of the topographically closed basins 

within these watersheds have wet playas. 

- 1. Wet playas range in db/p ratios from 2. 4 to 43. 3, 

but 17 of the 21 wet playas have ratios of 22.0 or 

less. Of 9 playas within the narrow range of 12.2 

to 14. 8, 8 are wet and one is moist. 

2. Moist playas range in db/p ratios from 8. 7 to 39. 9. 

Z91 

Of the 7 moist playas, 6 have ratios of 27 •• 8 or less. 

3. The 3 dry playas range in db/p ratios from 23.6 to 

Z4.1. 

The playas with small db/p ratios (generally less than 15) have smal 

or narrow basins with greater relief and steeper slopes (e.g., playas 

41-44, 59, 60, 8, 9). The precipitation intercepted by the surrounding 
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mountains is quickly conducted to the basin center with less evaporation. 

Runoff accumulating in a deeper and narrower basin presents a smaller 

surface area for evaporation. 

The ability of a basin to accumulate a water surplus depends upon 

its climate, form and the permeability of its bedrock. Therefore, the 

db/p ratio is an expression of topographic and hydrologic closure, and 

precipitation and evaporation through time. Since the form and perme

ability of almost all of the basins have remained essentially unchanged 

since the termination of the late Pleistocene (Wurm) any hydrologic 

changes should be due to climatic changes. 

Playa 1 in the Qom Watershed has local marginal lacustrine features 

and deposits (see p. 57) which suggest that a lake approximately twice 

the size of the present playa, once occupied its basin. Consequently, the 

present db/p ratio of 38. 6 is considered to be twice as large as it would 

be if the highest position of the lake margin were known. Following this 

line of reasoning and considering the db/p ratios of 17 of the 21 wet playas 

(see above), wet playas with larger db/p ratios (greater tha.n 22.0) may be 

the sites of former shallow lakes. 

The fact that a playa reflects the past hydrologic condition of its 

basin, and the generally close correspondence between the present wet 

playas and their lower db/p ratios within the same watersheds and through

out the Interior Drainage Region, suggests a close relationship between 
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the past and present hydrologic conditions within these basins. The 

author considers that hydrologic conditions and consequently climate 

could not have been greatly dissimilar between the past (late Pleistocene) 

and the present. 

The Ratios of the Areas of the Playas to Their 
Salt Crusts 

The ratios of the areas of the playas to their salt crusts may be 

grouped as follows: 

Ratio of the playa/ 
salt crust areas 

1. 0 to 6. 6 

11.8 to 17. 1 

Totals 

Number Percent of playas 

22 92 

z 8 

24 100 

The large distribution of ratios in the low range suggests that where 

salt crusts can develop, they generally form a significant part of the sur-

face area of the playa. In view of the stratigraphy of playas with salt 

crusts (e. g., playa 3), it may be inferred that hydrologic conditions are 

currently favorable for the development of this surface type. The absence 

of unconformities in the salt crus t 1 where measured (e.g. 1 playa 3) 1 

suggests that conditions for salt crust formation have been generally 

uniform and uninterrupted throughout most of the Interior Drainage Region 

during a considerable part of the recent past. 
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It is reasonable to consider the ratio of the playa/salt crust areas 

a form of aridity index, with low ratios (less than 6. 6) constituting a 

guide to a possible water deficit in the area, and to the amount of evapo-

ration. 

Associated Landforms 

The major landforms that are associated with the playas in this 

study are the erosion surface on Miocene bedrock, alluvial fans, beaches, 

and dune fields. 

Erosion Surface on Miocene Bedrock 

Although this landform is confined to the Great Kavir, its great 

2 extent, 19,314 km (37"/o of the playa surface) and unusual features have 

made it a subject of great interest and considerable investigation. 

The Miocene rocks are clearly distinguishable from the air from 

beneath a thin regolith. The present surface which cuts across the 

Miocene beds (fig. 28) includes a peneplain (fig. 56) locally dissected as 

a result of tectonism; low domal and anticlinal rises, some of which have 

been gullied; and intervening troughs through which much of the erosional 

debris has been transported to the adjacent basins. 

One of the most remarkable aspects of the Great Kavir and the 

reason for its name is that there are thousands of square kilometers 

of fiat surface veneered by the ubiquitous "puffy ground" (fig. 57), an 
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integral part of most true playas (see surface types, clay flat). The 

puffy ground, which resembles a ploughed field, is locally referred to 

as "zardeh~' Although the Miocene beds are obscured by the zardeh 

and are generally indistinguishable on the ground, they are clearly 

delineated from the air (fig. 59). 

Interspersed within the zardeh areas, or more frequently adjacent 

to the marginal hills, there are small areas with smoother, more sub

dued microrelief of less than 10 em. These flatter surfaces of pale 

brown (lOYR 6/3) are commonly interrupted by patches of dark brown 

(lOYR 4/3} called "charbeh" (Bobek, 1959, p. 17). Charbeh also occurs 

in slight depressions, but was never observed on slopes. At one 

location, sinkholes 20 em in diameter and 30 em deep were observed in 

the charbeh as well as in the adjacent pale brown soil {fig. 60). 

In addition to the obvious differences of color and surface 

morphology, the charbeh is remarkable for its unusual deliquescence. 

It is always wet at the surface, even during midday in summer· An 

unusually high concentration of Ca Cl2 , which is considerably more 

soluble than sodium chloride, explains the deliquescence of the charbeh 

s oil { s e e p • 12 2 ) • 

The charbeh cannot be the residue from the evaporation of a large 

body of water because it has developed over the exposed Miocene sur

face, which is relatively higher in elevation than the interior wet zones 



or the salt encrusted depressions. Any flooding would have quickly 

transported these sol~ble salts into the lower ground. The concen-

tration of these soluble salts with the evolution of the charbeh soil 

required leaching from the underlying Miocene evaporites. Any 

significant flooding would have interrupted this process and would have 

destroyed the charbeh • .. Thus, its occurrence in the Miocene surface 

suggests that the Great Kavir has not been inundated for , a considerable 

period of time. Note that the. recently developed sinkholes were 

observed mostly in charbeh, a material most susceptible to karstifi-

cation with the advent of a moister climate. It is often difficult to 

establish the precise relationship of the sinkholes to the Miocene beds 

because of th:e soil cover. Frequently, however, the sinkholes and 

charbeh clearly follow an evaporite bed (fig. 63), and the process of 

karstification can be seen to have been only recently initiated .• 

By reconstructing the pre-erosion extent of the visible Miocene 

beds (fig. 68) andconsidering the time. that has elapsed during their 

erosion, it has been estimated that 2., 000 m of sediments have been ... 

removed from one anticli~e since the late Pliocene (5 .million years ago). 

This amounts to a mean denudation rate of 40 em per 1, 000 years. 

A comparison of this estimate with others (see P• 12.9) suggests 

that the anticline may. have been denuded at a relatively rapid rate 

perhaps approaching 90 em per 1, 000 years during th:e initial period of 
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its formation. Subsequently, that rate may have decreased to less than 

10 em per 1, 000 years as the slope gradients were reduced. Currently, 

the karstification of the zardeh suggests that there has been a recent 

shift toward a higher water table and consequently a moister climate. 

Alluvial Fans 

The alluvial fans, which encircle the playas, have low gradients 

of one or two degrees at the margin of the playa, but which may in

crease to the angle of repose at the mountain side (figs. 21, 76, 77, 

104, 105). Fan deltas which transgress the playa and have temporary 

deltaic conditions around their toes (e. g., playas 6, 7) have been dis

cussed in the first section of this chapter. 

Alluvial fans are the foci of settlement in Iran where they 

are exploited for their water supplies by means of qanats (figs. 15, 

29, plate 2). The qanats originate near the heads of the fans where 

the particles are coarsest (larger than sand size) and more poorly 

sorted. Consequently, the greater permeability of the mate rials in 

these apical areas enables the water to move rapidly down and through 

the fans. These locations are also the sources of the freshest water. 

Downslope and near the toe of a fan, particle size decreases and the 

water table rises. 
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There is a narrow zone in which the rising water table inter

cepts the surface of the fan, and in which the evaporating capillary 

water deposits gypsum and calcareous tuffa. This zone is prominent 

on the aerial photos where it frequently resembles the beachlines of 

previous lakes. The term gypsum apron has been applied to this 

feature (figs. 73, 74). 

The tone or color of the alluvial fan reflects the degree of present 

fluvial activity. A dark-toned fan contains large areas of undisturbed 

gravel which take on a desert varnish, thus imparting a dark tone to 

the entire surface (fig. 94). Light-toned fans have · numerous active distri

butaries and more frequently disturbed gravel whose surfaces are 

polished, and thus free of the dark toned desert varnish (fig. 104). 

The fan-playa contact is also an important morphological indicator. 

A smooth, sharp fan-playa contact indicates relatively inactive fans {fig. 

134) or periodic erosion of the fan toes by wave action. A serrated fan

playa contact suggests that the fan distributaries have been active. 

Both criteria, together with the adjacent surface condition of the 

playa, are used in evaluating the activity of the alluvial fans and their 

hydrologic implications. For example, fresh-appearing, light-toned 

channels sharply cutting old dark-toned fan surfaces which terminate at 

a wet, serrated, fan-playa contact suggest considerable fan activity, 
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encroachment upon the playa surface and probably, recently increased 

runoff (playas 10, 11, 13). This latter implication may be strengthened 

or corroborated by morphologic and stratigraphic evidence at the playa. 

Fan activity may be triggered by faulting (playas 4, 8) so that care 

must be applied before a genetic explanation is offered. 

Although both old (dark-toned) and younger (light-toned) fans occur 

throughout the Interior Drainage Region, there are more slopes covered 

by old fans in the Lut Watershed than elsewhere. It should be stressed 

that the differences in fan activity throughout the interior are overall 

very slight and are only a matter of degree. There may be conspicuous 

differences in fan activity in some watersheds (e.g., Ardistan Basin) 

where one slope is favored by considerably more runoff than its cross

basin counterpart. 

Currently, the alluvial fans are significantly more active than they 

have been in the recent past, and this has been considered to be the 

result of recently increased runoff throughout the Interior Drainage 

Region. 

Beaches 

Beaches have been observed at 5 playas (2., 3, 56, 59, 60), and 

these have been visited. The beaches at playa 2. (fig. 17) were formed 

in approximately 1879 as the result of a drainage diversion, which might 



have been due to tectonism. Consequently, climatic implications 

should not be attributed to these beaches. 

The single beach around Sargardani Island, (Qom Playa, figs. 
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Z3, Z5), is 1 to Z m above the surface of the salt crust. Neighboring 

islands are similarly bordered by a 1 to Z m beach, but no beaches 

nor beach remnants have been reported around the perimeter of the 

playa and none were seen during an aerial reconnaissance around the 

margin of the playa in August, 1967. These observations suggest that 

the islands may occupy a depression in the playa surface. The fresh

appearing surface of the beach suggests that it is of very recent origin 

and that the low area is probably inundated during the height of the 

runoff period. 

At Sirjan Playa (56), several beachlines are preserved around an 

island that projects above the salt crust (fig. ll6). The highest beach

line is roughly estimated to be 5 rh above the 'salt crust. Wave-built 

features such as spits are sharply outlined by the salt .crust (fig. 115), 

and indicate that this ancient lake was whipped by northwest winds. 

The best preserved and ·-most extensive beaches are found around 

the margins of playas 59 and 60 (figs. 134, 13Z, 14Z, 15Z, 156). It is 

immediately apparent from examination of Figure 143 that the number 

and spatial relationships of the beach strands at playa 59 correspond to 

those at playa 60 •. Similarities in the clay mineralogy of the two groups 



of beaches from these two playas further corroborate their contem

poraneity (fig. 144). On the basis of the archaeological evidence (fig. 

145) from playa 59 and the above data, together with collateral data 

from the Zagros Mountains (Wright, 1968), the author considers that 

playas 59 and 60 were occupied by lakes during the late-W~rm period 

approximately 20,000 B. P. 
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It is significant that the only old beaches that have been observed 

to date are either in, or adjacent to, the Zagros Mountains where runoff 

conditions are presently most favorable for some water accumulation. 

The evidence for only a few lakes of moderate depth and the absence of 

similar evidence at most of the playas strongly argues for a cool but 

generally arid period in Iran during the late W"tirm. 

Dune Fields 

The principal dune fields that are mapped in Plate 4 are almost all 

presently stable, with some wind-induced activity occurring mainly at 

their mar gins • 

With the exception of large dune fields at playas 3 and 50, the 

Damghan, Qom, Isfahan, and Zagros Mountains Watersheds have few 

dune fields. There are large dune fields in that part of the Sistan Water

shed which lies southeast of playa 33, in Afghanistan. 

The Lut Watershed and those watersheds that border it contain the 

largest and most extensive dune fields in Iran. In almost all cases • the 
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dune fields lie south or southeast of the playas indicating that they were 

formed by strong winds blowing from the north or northwest. The 

current prevailing winds are also from these directions, which suggests 

that the past, presumably Pleistocene, pressure systems were of 

similar distribution but of greater intensity. ---· 

The largest dune field in Iran covers approximately 10,000 km Z 

in the southeastern part of the Lut Watershed. Adjoining this field 

along its western border is an extensive area underlain by alternating 

beds of salt-rich sediments and other fine materials which are considered 

to be saline playa deposits of late-Pliocene to early-Pleistocene age. 

These deposits are referred to as the Lut Formation (plate 4, figs. 84, 

85, 86). A large area of this formation has been carved into giant 

furrows and yardangs as much as 60 m high (figs. 88, 89, 90) as the 

result of strong and persistent winds from the northwest. The dune field 

is derived from the aeolian erosion of the Lut Formation. Within the 

field are sand ridges and overlapping sand sheets with several orien

tations, the most prominent being northeast-southwest in tqe northern 

and southwestern areas, and east-west near the southeastern margin. 

Huge pyramid dunes, perhaps ZOO m high, are prominent along the 

western margin (figs. 85, 91). 

The Rig-i-Jin (sand of the ghosts), in the southwestern part of the 

Great Kavir, is the second largest dune field in Iran, encompassing an 



area of 3, 855 kmz. Along its margine are complex dune systems 

forming honeycomb structures which indicate cross winds of different 

intensity (fig. 69), and wet dunes which are being inundated by a 

salt crust encroaching from the west (fig. 70). 
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The meager available data from the Great Kavir (see p. 133) 

suggest that although the fan delta of the Rud-e-Shut did undoubtedly 

provide the main source of sand for the Rig-i-Jin (fig. ZS), the southern 

and southeastern dune fields probably received their sand from the 

Miocene sediments. 

If these dune fields did receive their sand from the surface of the 

Great Kavir during a period of greater wind intensity than prevails today, 

presumably coinciding with the late Pleistocene (Wurm), then there could 

not have been any extensive water surfaces in the Great Kavir at least 

durl~g the dry season of that period. Following this line of reasoning, 

there should not have been extensive salt crusts either, because they are 

not a source of sand. It is assumed that the area adjacent to the south

eastern dune field of the Great Kavir was surfaced by wet z,pnes and clay 

flats, and that during the dry season, sand was available from extensive 

areas of dried-out sediments derived from the Miocene rocks. 

The absence of beaches and the previous extensive development of 

dune fields in the most interior of the watersheds strengthens the con

tention that the Wurm period was essentially arid in the Iranian interior • 
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Note that in the watersheds flanking the mountains, and in which there 

were shallow lakes, the dune fields are generally absent. 

Conclusions 

The formation of a playa is initiated within a closed basin from 

which a lake has evaporated or in which fine sediments, derived from 

seasonal flooding, have been deposited. The type of playa that forms 

in an area is determined by the composition of its sediments and the 

position of its water table. The sediments are derived from the adjacent 

bedrock, and because this source remains essentially stable, the playa 

typ.e that develops in a particular area is modified mainly as a result 

of changes in the hydrology of its basin (e. g., playa 3). 

The hydrology of a basin is controlled by its climate, form and the 

permeability of its bedrock. In most cases, the form and permeability 

of the Iranian basins have remained essentially unchanged since the late 

Pleistocene (Wurm UI), and consequently, changes in hydrology since 

that period can be attributed to changes in climate. There ois a wide 

range in hydrologic conditions within the Iranian basins as reflected in 

the db/p ratios obtained in this study (2. 4 to 43. 3). In Iran, wet playas 

generally have a db/p ratio of less than 22.0 with a tendency to cluster 

around 14. 0. Moist and dry playas generally have dblp ratios of less 

than 30.0, and tend to overlap in their higher ratios. 
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Playas with beaches, intermittent lakes, wet zones and wet salt 

crusts are all located close to favorable sources of runoff which 

adjoin the primary and secondary mountain ranges (plate 4). Almost 

all of the basins containing these playas have db/p ratios of less than 

15, and several contain morphologic and stratigraphic evidence of 

previously wetter and briefly drier hydrologic regimens. The moist 

or dry Clay Flat Playas are generally distributed within the more arid 

interior watersheds or in areas underlain by low water tables. Many 

of these playas occupy basins which are now topographically open. 

In view of the present distribution of the playa types and the fact 

that playas reflect both their past and present hydrologic regimens, it 

is apparent that the present climatic gradient of increasing aridity from 

west to east and from northwest to southeast prevailed in the past 

(Pleistocene). If the lowest lacustrine sediments at Qom Playa (3) and 

the Lut Formation (plate 4) are contemporaneous, then the same climati.c 

gradient may be extended back in time, to the Pliocene • 

. . 
It is important to consider that even during the Wurm. maximum, 

the largest lakes in the Interior Drainage Region were probably no deeper 

than 15 m (the Hamun-i-Helmand was no doubt considerably deeper) • In 

contrast, Lake Bonneville was 300 m deep.. Currently, playas with 

strandlines or beaches now contain intermittent lakes whose basins have 

db/p ratios comparable to those of most wet playas. Consequently, the 



change in climate from the Wurm to the present as reflected in the 

change in playa hydrology has not been large nor dramatic. 
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The distribution of the dune fields, which are now generally stable, 

indicates that in the Pleistocene (Wurm) prevailing winds had the same 

orientation (from the north or northwest) as prevail today. The 

Pleistocene atmospheric pressure systems had similar distribution 

but were considerably stronger than the present systems. These 

observations suggest that the steeper Pleistocene pressure gradients 

developed as a result of steeper temperature gradients. 

The regional analysis of playas and their distribution provides the 

information required for genetic interpretation and reconstruction of 

climatic history. The playa is a valuable climatogenetic indicator. 



CHAPTER V 

PALEOCLIMATOLOGICAL IMPLICATIONS OF THE 

IRANIAN PLAY AS 

The depositional environment within the Central Iranian Basin 

changed from marine to brackish and eventually to lacustrine

terrestrial, at the beginning of the Miocene epoch. Brackish deposits 

alternated with terrestrial deposits as sedimentation kept pace with 

subsidence of the basin. The gypsum, marl and anhydrite beds that 

were deposited at that time indicate that generally arid conditions 

prevailed throughout the Miocene and into the Pliocene. 

General uplift along the mountain fronts during the mid-Pliocene 

resulted in the formation of extensive coarse gravel fans. The well

rounded cobbles and pebbles of these gravels (Bakhtiary gravels, fig. 

133) as contrasted with the mol!e angular gravel particles of the current 

alluvial fans, indicate that they were deposited under more humid con

ditions (Bobek, 1959, p. 56). 

A strong regional diastrophism, which started during the late 

Pliocene and continued into the early Pleistocene, warped both the 

Miocene evaporites and the Bakhtiary gravels. The present structures 
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of the Great Kavir (fig. 28) and many of the interior watersheds were 

formed at that time. Basins were thus provided for the subsequent 

formation of the playas. 
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The lower section of the Qom Playa sediments was presumably 

deposited during this diastrophism (p. 307). These materials consist 

of 350 m of brown clay and silt containing diagenetic salt crystals, . 

which suggests that they were deposited under a perennial water cover 

that was not quite saturated salt water and therefore not precipitating 

any salt crusts (Huber, 1960, p. 3). 

Sabzevar Basin, which was probably closed during the Pliocene, 

received the runoff and sediments from its adjacent mountains and a 

shallow lake may have formed. 

In the Lut Watershed, the lower basin is filled with ZOO m of silty

clay; .limey, gypsiferous sand and salty beds (fig. 86). These materials 

suggest sedimentation in a shallow playa lake without outlet. 

Since the above sediments and events are considered contempora

neous, it is clear that the climate from late Pliocene into the Pleistocene 

was characterized by an aridity gradient that is similar to the one that 

currenUy prevails. The Qom Watershed contained a generally fresh 

lake; the shallow playa lake in the Lut Watershed was definitely saline. 

No early Pleistocene glacial deposits have been mapped in the 

mountains of Iran, although several authors report peripheral evidence 



such as pre-W"tirm terraces (Wright, 1961, p. 155; Ehlers, 1969, p. 

Zl5). Bobek (1963, P• 406) reports unspecified "traces of former 

glaciation" in the central Zagros Mountains immediately north of 

Zardeh Kuh (fig. 4). Some authors attribute the absence of early 

Pleistocene glacial deposits in the Elburz Mountains to volcanism 

(Allenbach, 1966, p. 9). Birman (1968, p. 1,023-1,024) who studied 

the Turkish glaciers, just across the Iranian border, considered that 
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the mountains of Turkey were substantially lower in the early Pleistocene, 

and below the climatic snowline. Some evidence of climatic change may 

be inferred from the stratigraphic evidence at Qom Playa. 

The upper section of the Qom Playa sediments contains 5 salt beds 

which are separated by brown and green clay and gypsum sand (plate 1). 

These materials indicate a significant change in the depositional environ

ment and suggest conditions of alternatingly moist and arid climates 

lp. 71). In view of the present surface salt crust at Qom Playa, the 

post- w"urm climate in the Qom Watershed is considered to have been 

generally arid. The clay layers between the salt crusts at:e considered 

to represent cooler periods during which reduced evaporation permitted 

the accumulation of shallow lakes in Qom Playa. 

In the Lut Watershed, the overall Pleistocene trend has been toward 

a generally arid climate with a lowering water table periodically halted 

by aggradation due to increased runoff during a cooler period. Once again 
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the pattern of the aridity grad(ent from northwest to southeast in the 

Iranian Plateau is similar. The Pleistocene Epoch in Iran was not 

characterized by wet glacials and dry interglacials. It was charac-

terized by generally semiarid conditions which were periodically 

ameliorated by lower temperatures and reduced avaporation rates. 

The last major glacial advance in the mountains of Iran culmi-

nated approximately ZO,OOO B.P. (Wurm III). This advance is the best 

documented of the Pleistocene cold periods, which no doubt differed 

only in intensity. 

An analysis of the morphologic, stratigraphic and chronologie 

evidence, and their paleoclimatic implications are as follows: 

1. The outward facing slopes of the northern Zagros and Elburz 

Mountains had mean annual temperatures which were 5° to 8° 

C colder than at present, with increased snowfall during the 

winter. The snowline was depressed as much as 1, 800 m and 

the lower limit of solifluction was lowered approximately 

700 m (p. 5). Glacial stream terraces, originating at the 
• 

snouts of expanded, north-facing glaciers in the Elburz Moun-

tinas, were graded to lake terraces as much as 76 m above the 

present level of the Caspian Sea. There were both decreased 

temperature and increased snowfall in the Caspian Basin. 



Lake Urmia was greatly expanded and its surface was 55 m 

above the present lake. The mean annual temperature of the 

0 
basin was 5 C colder than at present, but its total annual 

precipitation may have been no more than present annual 

totals. Further southward at Lake Zeribar (fig. 1) in the 

Zagros Mountains, radiocarbon dated pollen stratigraphy 

indicates that this area was covered with Artemisia steppe 

which is indicative of a cool and relatively dry climate (see 

p. 50) similar to the present cool, dry steppe of Anatolia. 

Since the present total annual precipitation at Lake Zeribar 

is approximately 800 mm, and the surrounding area is 

covered with oak forest, Wright (1968) concluded that the 

late-Pleistocene (Wurm III) annual precipitation at Lake 

Zeribar was less than the present amount (800 mm). An 

essentially similar radiocarbon dated pollen sequence, at least 

down to the base of the 10,400 year old sediments,, has been 

obtained from a second Zagros Mountains site at Lak~ Mira-

bad, 300 km southeast of Lake Zeribar (see P• 7 ) • In the 

Zagros Mountains Watershed, there were fresh water lakes 

(Lakes Shiraz and Neriz, fig. 129) whose surfaces were 2 to 3 

m above their present playas. The mean annual temperature 

was 3° C lower than at present (fig. 148). Since Lake Zeribar 
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(fig 1), which presently has more precipitation (fig. 6) than 

the Zagros Mountains Watershed, received less precipitation 

during the Wurm maximum (p. 7), it is most likely that there 

was also less precipitation during the Wurm maximum in the 

Zagros Mountains Watershed. Note that the Pleistocene snow-

line was at an altitude of 3, 000 m along the northern flank of 

the Neriz Basin's northern divide (in the direction of Lake 

Zeribar), and at an altitude of 3, 400 m across the divide, 

within the Neriz Basin (p. 2. 50). Although total annual pre cipi-

tation in the Zagros Mountains was reduced from northwest to 

southeast, below present day levels, the lower evaporation rate 

enabled more runoff to reach the playas and to accumulate to 

form lakes. Shallow lakes covered the playas in the Isfahan, 

Yazd, and Jaj Murian Watersheds (plate 4). 

3. Along the inner flanks of the Mountains, there was considerably 

increased spring runoff from the larger, more expanded snow 

pack as a result of the lowered snowline. Shallow laic&es occupied 

the playas in Qom and Damghan Watersheds. The Great. Kavir 

Basin was fed by two perennial streams from the Elburz Moun ... -

tains, and shallow sheets of water covered the lower su,rfaces 

during the winter and spring. The water evaporated during the 

summer, .and intense winds from the northern quadrants eroded 
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the dry surficial lake sediments and transported them to the 

sites of the present dune fields (plate 4). 

4. Increased snow packs, increased runoff and shorter and cooler 

summers with lower evaporation rates enabled shallow lakes 

to occupy the depressions within the Bidjes tan and Sis tan 

Watersheds. Greatly increased runoff from the Hindu Kush 

resulted in,at least 100 percent areal expansion of the Hamun-i-

Helmand (plate 4). 

5, Within the Lut Watershed, there was probably reduced precipi-

tation just as there was in the Zagros Mountains Watershed. 

However, because of the lowered temperature and evaporation 

rate, runoff must have increased, resulting in aggradation. As 

the water table rose, aeolian erosion would have been inhibited 

during the winter and spring. 

Considering the above evidence that total annual precipitation 

decreased southeastward across the Iranian Plateau, that the aridity 

. 
gradient increased southeastward, and that winds were from the same 

direction as presently, it is clear that the Pleistocene climatic patterns 

were similar to those of the present. 

The Pleistocene Epoch within the Iranian Plateau emerges as a 

colder and somewhat moister period which remained, however, 



essentially semiarid. The moister ground conditions were due to 

increased runoff and reduced evaporation. 
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Past research indicates that the period immediately following 

the last major glacial advance was characterized by decreased 

precipitation along the outer flanks of the northwestern and northern 

mountains (p. 9) and slightly increased precipitation within the Iranian 

Plateau. 

Possibly this climatic shift was due to the weakening of the 

Iranian winter high, which then enabled the depressions to more deeply 

penetrate into the Iranian Plateau. However, increased temperature 

has been the dominant climatic determinant, and the resultant increased 

evaporation created greater aridity than prevailed during the Pleistocene. 

This period of aridity reached its climax in Iran approximately 

6, 000 B. P., which coincides with the Hypsithermal maximum. There 

was a dramatic change in the climate 5, 500 B.P., when many of the 

lakes within, or marginal to, the mountains started to rise. The · 

vegetation changed from warm savanna to forest. Wright (!963, p. 67) 

has suggested that there was either an increase in precipitation, or· a 

decrease in temperature. The latter possibility is more likely because 

of the direction of climatic change (warm to cold) throughout the world 

at this time. 



Currently, throughout the Iranian Plateau, there is evidence of 

increased runoff and rising water tables. Evidence at fifty-three of 

the 60 playas studied indicated that their climates are presently 

moister than they have been in the recent past (appendix C). Based 
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on the radiocarbon dated stratigraphy of Lake Zeribar (p. 7 ) , and the 

archaeologically-dated beaches at Neriz Playa (figs. 143, 145), periods 

of maximum lacustrine development were contemporaneous with periods 

of maximum cold. In addition, the palynological evidence at Lake 

Zeribar (Wright, 1968) suggests that within the Iranian Plateau, although 

the W~rm climate was colder, there was actually less precipitation than 

at present. Evidence has already been presented (see above) that the 

Pleistocene and present climatic patterns ·are similar. Consequently, it 

is reasonable to consider that the current trend toward moister ground 

conditions may be due to lower temperatures and lower evaporation. 

Note that the data in Figure 14 7 indicate a general trend toward poorer 

tree growth during the last century, in a basin that shows indications of 

recently increased runoff. It is more reasonable to equate .POOr tree 

growth with lower temperatures rather than with increased precipitation. 

Comparison with Other Areas 

A considerable amount of data bas been assembled which has 

established the syncbreneity of glacial events in corresponding latitudes 
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in both hemispheres (Klute, 1928; Heusser, 1966). Pleistocene 

climatic changes were worldwide events with comparable effects in the 

same climatic zones on opposite sides of the equator (Woldstedt, 196Z). 

Comparison of the Iranian climatic data for the late Pleistocene with 

that of other areas of comparable latitude is necessary in prder to 

extend the concept of climatic similarity and contemporaneity. The 

establishment of Pleistocene climatic belts is fundamental to any under

standing of the atmospheric circulation during the Pleistocene, and is 

the key to solving the problem of the cause of the ice ages. 

Messerli (1967) in a comprehensive study of the Pleistocene and 

present glaciation in the Mediterranean area concluded that the eastern 

Mediterranean had a more continental character during the Pleistocene. 

Initially, with a southward shift in the European storm tracks 

during the early w;irm, there was probably increased precipitation in 

the Mediterranean area as an extensive surface of warm water was 

available for evaporation and transport. Subsequently, this source 

diminished. This was due to regression of the sea, and loV{er water 

temperatures. Emiliani (1955) has calculated that the sea temperatures 

in the eastern Mediterranean were 10° to 15° C low.er during the 

Pleistocene. A reduced water surface coupled with lower water 

temperatures resulted in considerably less evaporation and consequently 

in reduced precipitation. These climatic parameters were reflected in 
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the higher Pleistocene snowlines at the eastern end of the Mediter-

ranean. 

Messerli (1967, p. ZZO) refers to a "cold dry, maximum-to

late Wurm'(Wurm ill) and argues that we can scarcely speak of a real 

pluvial period. Palynological evidence indicates that during the last 

glacial maximum, the Sahara was a cold, dry area that became milder 

and moister only during the late glacial and early postglacial period 

(Zinderen Bakker, 1963). Cold, dry, glacial conditions are also 

reported from coastal Libya (McBurney and Hey, 1955; Hey, 1962). 

The Iranian Plateau is considered to have been under the influence 

of a cold, dry climate during the last glacial maximum (Wurm III). The 

strong climatic gradient which exists today between the outer flanks of 

the mountains and the interior of Iran was accentuated during the 

Pleistocene. 

Southeastern Australia, which occupies a belt of latitude similar 

to that of Iran, has been studied by Galloway (1965) with a view toward 

paleoclimatic reconstruction of the glacial period. As a re:Jult of 

glacial, periglacial, and water-balance studies, Galloway (1965, P• 614) 

concluded that the climate of the last glacial maximum was cold, windy 

and dry. Most of the precipitation fell in winter which resulted in 

significant spring floods, and an annual runoff comparable or even 

exceeding that of the present day. Krinsley (1968) from his studies of 
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the playa deposits of Lake Frome, South Australia, concluded that the 

last glacial period had been cold and dry, and that the postglacial · 

period was actually moister. 

Southern Chile was investigated by Weischet (1959), who reported 

fossil-ice wedges near sea level as far north as latitude 41°. Czajka 

(1955) working in northwest Argentina, recorded that the former lower 

limit of periglacial solifluction was 2., 000 m below its present level, 

and that the snowline had been lowered only 1, 000 m. These data 

suggest a cold, dry glacial climate. 

In North America, the southwest area between the Sierra Nevada 

and the Llano Estacado of Texas provides a morphologic and climatic 

analog to the Iranian Plateau. Wright (1961, p. 158) has argued that the 

1, 400 m of Pleistocene snowline depression in the Sierra Nevada was in 

large part due to increased precipitation. Many workers who have 

attempted to reconstruct late-Pleistocene water budgets have postulated 

increased precipitation as well as reduced evaporation (Antevs, 1935; 

Leopold, 1951; Broecker and Orr, 1958; Snyder and Langbein, 1962.). 

Reeves {1965) has shown from his studies of the Llano Estacado 

of west Texas that Pleistocene lake expansions in that area were due to 

increased runoff as a result of temperature depression, and not as a 

result of increased precipitation. 
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Most recently, Galloway (1970) has reexamined the entire 

question of the hydrologic budgets of Pleistocene closed lakes in the 

American Southwest. From a consideration of the periglacial evidence 

in the mountains adjacent to these lakes, he concludes that mean 

0 0 
temperatures were 10 C. lower in summer and 11 Clower in winter; 

and, that precipitation was somewhat less than it is today and evapo-

ration was about half. Consequently, the low temperatures so reduced 

evaporation that lakes formed despite reduced precipitation. 

The above evidence from the eastern Mediterranean, Australia, 

Chile and most recently from the American Southwest suggests that 

these presently arid and semiarid areas were colder, and moister as a 

result of considerably reduced evaporation during the late Pleistocene. 

Precipitation totals may actually have been somewhat less than present 

day .amounts. The results of these studies are in accord with the data 

obtained from the investigation of the Iranian playas • 
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