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GENERAL EDITOR’S PREFACE

“Considering the immense number of books which have been written
about Persia”, observed E. G. Browne in 1902, “it is strange that so
few attempts should hitherto have been made to set forth in a com-
prehensive yet comparatively concise and summary form the history
of that ancient and most interesting kingdom.” It was partly in order
to remedy this defect that Browne embarked upon his greatest work,
A Literary History of Persia. Yet despite the many virtues of that splen-
did opus, and the writings of Sir Percy Sykes and others in the mean-
while, J. H. Iliffe could still write in 1953, “The neglect which has
engulfed Persia and Persian history is the more remarkable when the
range and splendour of her achievements are considered”.

When I undertook to edit a volume of essays on Persian culture and
civilization, The Legacy of Persia, my purpose was to produce a volume
of moderate size which would adumbrate, and little more, the con-
tributions made by the Iranian people in the various fields of human
endeavour, in a form acceptable to the general public. That book ful-
filled and continues to fulfil its limited aim. But the experience gained
during that by no means light labour more than ever made me realize
the justice of Browne’s and Iliffe’s words, and stimulated the ambition
to create something more substantial.

During the years when His Excellency Qods Nakhai was Ambassador
of Iran in London, I discussed with him on a number of occasions the
desirability of having a full-length work on the history and cultural
achievements of his country; and naturally (for His Excellency is after
all a Persian, and therefore both poet and artist, and lover of poetry and
art) our discussions disclosed an admirable unanimity of opinion. At
this juncture I was reminded of the remark of the Second Merchant
to Angelo in A Comedy of Errors: “I am bound for Persia, and want
guilders for my voyage.” To my intense gratification, His Excellency
was soon able to convey to me the offer of a most handsome subsidy
from the National Iranian Oil Company towards the costs of com-
piling and publishing a large-scale History of Iran. The Syndics of the
Cambridge University Press, being informed of this offer, speedily
matched it by a like generous undertaking; and so the idea of a Cam-
bridge History of Iran was born.

The next step was to constitute a Board of Editors. I was very
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GENERAL EDITOR’S PREFACE

fortunate, and immediately secured the consent of a number of eminent
scholars to join with me in setting up a Board. The Board at its first
meeting agreed upon a plan of work, and the Syndics accepted their
recommendation that the enterprise should be completed in eight
volumes of some soo pages each. Each individual volume was to be
planned by a Volume Editor; and here again the scholars invited to
undertake this arduous task, involving correspondence with many
authorities of many lands who would (it was hoped) write the respec-
tive chapters, accepted the call with encouraging celerity.

The entire enterprise has prospered so rematkably—a model, one
dares say, of international co-operation—that now in 1968 this first
volume of the eight is published; to be followed immediately by the
fifth. The scheme (to quote from the Notes for Contributors) is as
follows:

Volume 1 Physical and Economic Geography; Anthropology

and Demography; Flora and Fauna.

Volume 11 Prehistory; the Archaeological Periods; Iran in
relation to the Ancient World.

Volume 111 The Seleucid, Parthian and Sasanid Periods.

Volume 1v The Period from the Arab Invasion to the Saljugs

Volume v The Saljuq and Mongol Periods.

Volume vi The Timurid and Safavid Periods.

Volume vir  The Eighteenth Century to the Present.
Volume vt Bibliography; Notes on Folklore; Survey of
Research; Indices.

Volumes n—vir are classified according to major events and dynasties
in Iranian history for convenience only: the series is not intended to be
simply a history of Iran. It is intended to be a survey of the culture
which has flourished in the Iranian region, and this culture’s contribu-
tion to the civilization of the world. In addition to history, the religious,
philosophical, political, economic, scientific and artistic elements in
Iranian civilization will be described, with a measure of emphasis on
the geographical and ecological factors that have contributed to this
civilization’s special character.

Volume 1 (as now presented) will be a demographical and geographical
study forming a compendium of information about Iran (physically
speaking) not hitherto collected concisely and accessibly in a single
work. Inevitably, so rapid is the course of modern developments,
particularly in regard to land reform and oil technology, judgments
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GENERAL EDITOR’S PREFACE

reached in certain chapters will have been overtaken by events.
Whereas, therefore, the remaining volumes have been entrusted to the
editorship of specialists in the human history and culture of Iran, the
editor appointed for this first volume is a distinguished geographer of
the Middle East.

When the reader thus surveys the majestic panorama of the history of
Iran, disclosing a continuous civilization of neatly three millennia, he
cannot fail to wonder at the persistent integrity of that culture. Though
the broad lands of Iran have been ravaged not seldom by foreign
invaders, and from time to time held in captivity by alien rulers, the
indigenous rulers and people of Iran have never lost faith in the high
destiny of their nation. Ideas from abroad, if proven valuable by the
test of years, have been readily, indeed eagerly iranized, to accumulate
an ever richer inheritance. Physical disasters—the destruction of
beautiful cities and the slaughter of their inhabitants—have served
often as a challenge and a spur to national revival. Throughout all
these centuries of turbulence the Iranian people have remained true to
themselves and their most prized ideals.

The Board of Editors desire to express their hearty thanks to all
those who have made possible the realization of their plan: fitst, to His
Excellency Qods Nakhai and the Directors of the National Iranian
Oil Company; next, to the many scholars who have agreed to participate
in this undertaking; finally, to the Syndics of Cambridge University
Press, the Sectetary of the Press, and his staff.

It may be taken as a happy augury, not only for the success of this
enterprise, but for the prosperity of other like tasks in which Great
Britain in the reign of Queen Elizabeth II joins hands with Iran, that
this work has been begun and, God willing, will be completed duting
the reign of His Imperial Majesty the Shahanshah, Mohammad Reza
Pahlavi.

A. J. ARBERRY
Cambridge
Jannary 1968
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VOLUME EDITOR’S PREFACE

It would be normal to expect that in approaching the study of a region
so extensive, isolated, and incompletely known as is Iran, there would
be much convenience in having at hand some kind of atlas or gazeteer
to which reference could be made regarding location and distribution.
This is in one aspect the basic function of a volume that appears as
chronologically the eatliest in a series entitled The Cambridge History
of Iran: to set the physical stage for the human events that have un-
rolled their remarkable pattern over so long a period; and to render in
some degree comprehensible the varied natural elements that together
produce the overall physical environment of Iran. In this way it is
hoped that volume 1 will in certain measure furnish support and func-
tion as a companion for the remainder of the series.

Yet the influence of natural environmental factors goes far beyond
that of merely providing an unmoved backcloth against which the
human drama takes place. A highly significant trend in modern geo-
graphical studies has been to demonstrate that the natural setting
exerts pressures and influences of widely differing kinds. This topic is
developed at length as the final contribution to the present volume:
here, the writer wishes merely to state his opinion that in some cases
these environmental influences are of limited effect, whilst in others they
could be held to amount to control. It is the thesis of volume 1 that the
natural elements of location, geological structure, physiography, and
climate would appear to shape in distinct and recognizable ways the
course of human activity, on a global and also on a regional scale.
Even in a highly evolved and sophisticated society of long standing,
where the apparent influences of environment would seem to have
been diminished or possibly removed by human progress and activity,
the proposition still holds, as the present writer believes—though in
subtler and more indirect ways. To whatever degree the ingenuity of
man may seck to obscure or vary the situation, there is really no way
round such hard facts as, for instance, that Switzerland has been for
long more easily defensible than Belgium; that petroleum is present
in larger quantity and exploited more cheaply in Iran than in Italy;
or that the climate of California attracts a greater volume of human
settlement than that of Qatar or Labrador. R. H. Tawney saw the rise
of capitalism as the effect of particular opportunities for resource-
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VOLUME EDITOR’S PREFACE

use in the special environmental and human situation of Western
Europe. Marx and Lenin, whilst denying the total control of physical
environment over human will, ascribed the driving force of history
basically to material situations and distributions; and from certain
points of view the ideas of Rostow on “take-off”” imply at least close
involvement with environmental conditions.

Moreovet, a civilization or culture never occurs in total isolation:
Heyetrdahl demonstrated that even the remotest islands of the largest
ocean in the world could have been touched by influences originating
hundreds of miles away. Just as man is not in himself an island, any
study of 2 community must consider the problems of relations to out-
side territories and their inhabitants. Some peoples may be held to be
fortunate in having had faitly well-defined, defensible, and endowed
regions in which to live, whilst others have had to struggle with
ungrateful, constricted, or amorphous territories.

Iran offers the picture of sharp identity as a geographical unit that
derives from overall similarities based on highly varied and often
harsh natural conditions at local level. The concept of a mosaic often
occurs in reference to Iran, since whilst the smaller, regional, pieces
tend to be markedly different, in totality a clear and recognizable pattern
emerges at national level. Because of the character of Iranian geography,
its inhabitants have experienced considerable vicissitude, and elucida-
tion of the complex relationships involved between terrain and people
is a principal aim of the present volume.

As C. S. Lewis recognized in his New Ignorance and New Learning}!
part at least of the forces or abstractions which bear the names
“destiny” or ““fate” can be resolved into influences of a natural kind
that derive from the physiographical environment. Such a situation
appears also to have been apparent to many of the eatly savants of
Iran—the astrologer—astronomer—mathematicians who were conscious
of a cosmological control that often to them appeared more concrete
than anything implied in the expressions destiny and fate. This aware-
ness appears to have led to a search for a means of escape, in personal
terms, from the sub-firmamental pattern of existence imposed by the
natural conditions of Iran. Much of the content of Iranian poetry,
though expressed in a different idiom, could be regarded as deep
yearning for escape from the realities of human existence as confined
and rounded by inexorable realities of the physical environment. Such

2 C. S. Lewis, English Literature in the Sixteenth Century (Oxford, 1954), pp. 1-65.
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limitations and controls imposed by cosmology we now translate in
terms of climate, physiology, resources, and territorial location;
but the continuity of thought and similarity of concept are there.

In this volume treatment of the general topic of the land and people
in Iran has been of necessity selective. Besides the inevitable limitation
imposed by space, there are gaps in knowledge and understanding
concerning certain regions and topics. The problem has obtruded,
sometimes critically, as to whether it would be justifiable to risk a
statement made in broad general terms, in order to give a reasonable
overall appreciation; or whether, because of variation in quantity
and reliability of data, to confine the writing to those topics which
could be held to have a secure factual basis. One other difficulty, normal
in works of this kind, is the barrier of language. To find experts in
specialized fields adept in the one, two, or even three Oriental language
families current in parts of Iran may be asking over-much. Lack of
objective data, the sheer physical obstacles to extensive field investiga-
tion, and paucity of resources—human and financial—reduce further
the available source material.

Knowledge in more detail of the upper atmospheric conditions over
Iran, where extensive exchange of air-mass and energy takes place as
two sharply dissimilar temperature contrasts develop seasonally, would
greatly strengthen our appreciation of the varied weather conditions
that affect the country. Similarly, we so far lack certain human data that
would allow closer analysis of sociological situations among the popula-
tions of the country, though the situation is changing.

Mention has been made of difficulties and omissions. There has also
been valuable and sustained assistance, both at a personal level, and
from institutions. Certain contributors to this volume have been able
to work in Iran thanks to interest from the Rockefeller Trustees, who
generously supported proposals made from a relatively unknown
university department. This initial interest was continued in a most
timely way by the Hayter scheme which allowed further activities from
Dutham within the Middle East.

Travel in Iran is not always wholly straightforward, and the British
Institute for Persian Studies, through its Director, Mr D. Stronach
and Deputy Director, Mr B. Spooner, provided a welcoming and secure
base from which field visits could be organized.

Grateful acknowledgment and thanks are also offered to the follow-
ing organizations and individuals for the use (in whole or part) of
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teports, field material and learned articles made available to this volume
either by private communication ot general publication: the American
Association of Petroleum Geologists, Tulsa, Oklahoma,and the A 4PG
Bulletin, vol. xvri1, no. 12, 1958 (P. E. Kent), and special publication,
Habitat of Oil (1958) (N. L. Falcon); E. J. Brill, Ltd., Leiden, Proc.
3rd World Petr. Cong., 1951; the British Petroleum Co. Ltd., London,
for geological folder relating to S.W. Iran, 1956; the Geographical
Association, Sheffield; Geologische Jakhrbuch, vol. L1, Hanover, 1962
(R. Huckreide, M. Kursten, H. Venzlaff); the Institute of Petroleum,
London, Journal, vol. xxx, 1944 (N. L. Falcon); Knapp Verlag, Halle/
Diisseldorf; Laboratoire de Géographie Physique et de Géologie
Dynamique, Paris, Révse, vol. vi1, 1934 (A. Riviere); National Iranian
Oil Co., Tehrin, Geological Map of Iran, 1959; Schweiz. Mineralog-
ische u. Petrographische Gesellschaft, Basel, Schweiz. Min. Petr. Mitt.
vol. xL1, 1962 (A. Gansser and H. Huber).

My colleagues in Durham have been willing to tolerate a certain
remoteness and ineffectuality on my part when local interests were for a
time superseded by Iranian preoccupations. To Professor H. Bowen
Jones especially I owe much in that he has afforded advice, support, and
material and intellectual sustenance during a period of stress in part at
least related to the accordion-like expansions, halts, and contractions
that now seem normal in British University life. Mr D. L. Dent and
Mr R. G. Hartley have given much assistance in the preparation of
maps and diagrams; and the whole process of writing owes a great deal
to energy, helpfulness, and concern from Miss S. J. Pennington (now
Mrs M. Billingham). Miss J. A. Brown, Dr ]. I. Clarke and Dr D. F.
Darwent have kindly allowed the use of some of their own work on
Iranian cities. The task of functioning as Volume Editor was greatly
lightened by the initiative, vision, and courtesy afforded by the General
Editor, Professor A. J. Arberry, and I am glad especially to express my
obligations to the Editorial Secretary of the Series, Mt P. W. Avery,
for friendly comment, sustained interest, and unfailing understanding
and welcome. Lastly, I also wish to record my deep appreciation of the
hospitality regularly extended on frequent occasions over the past few
years by King’s College, Cambridge.

W. B. FISHER
Durbam, January 1968
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UNITS OF MEASUREMENT

Use of units, whether metric or otherwise, has proved to be an awkward
matter, the more so as Britain is currently edging towards wider em-
ployment of the metric system. The solution adopted throughout this
volume is to regard the various systems as wholly interchangeable; and
rather than give an equivalent alongside, which might unduly en-
cumber the text, a particular system as used by an individual author
has been preserved. Conversion tables to be found on pp. 765-6 will,
it is hoped, allow such equivalents as may be wanted to be readily
obtained.

W.B.F.
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PART I

THE LAND






CHAPTER I

PHYSICAL GEOGRAPHY

The present Iranian state covers an area of some 628,000 square miles
(1,648,000 sq. km) and extends between latitude 25° and 40° N., and
longitude 44° and 63° E. More than six times the size of Great Britain
and approximately three times the size of France, which is the largest
country in Western Europe, Iran has a frontier that has been estimated
at 2,750 miles in total length, of which over half is sea coast, with 400
miles lying along the southern Caspian shore, and the remainder
(1,100 miles) comprising the northern parts of the Gulf of Oman and
Persian Gulf. From the extreme north-west to south-east—at approxi-
mately the frontier with Turkey and the U.S.S.R., close to Mt Ararat, as
far as the Baluchistan border just east of Chahbahar!—is a total distance
of 1,450 miles; whilst an opposite diagonal, so to speak, from Bushire
(Bushahr) to the Soviet frontier north-east of Mashhad, would measure
830 miles, 4

Physically, Iran consists of a complex of mountain chains enclosing a
series of interior basins that lie at altitudes of 1,000 to 4,000 ft above
sea-level. These mountain rangeés rise steeply from sea-level on the
north and on the south, and equally abruptly from the very flat and
extremely low-lying plain of Mesopotamia to the west. Eastward, and
also in the extreme north-west, the highlands extend beyond Iran in the
form of largely continuous and uninterrupted features: in the first area
they are prolonged as the massifs of Afghanistan and Baluchistan
(West Pakistan), and in the north-west as the plateau uplands of
Russian Azerbaijan and eastern Asia Minor.

Most of the frontiers of Iran were delimited between 1800 and 1914,
and in disposition show considerable correlation with local features of
topography. For the greater part they tend to follow watersheds or
riverlines, the break of slope between plain or plateau, and mountain
ranges, or else they are related to areas of low human occupancy such
as marsh, swamp, or arid desert. Included within the boundaries of
Iran are a few, but remarkably small, expanses of lowland: mostly in

1 So on modern Persian maps, but Chihbir is an established variant, see V. Minorsky:
Hudiid al-* Alam (London, 1937), p. 373.
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the province of Khizistin (which in terms of topography and geo-
morphology could be held to be part of the Mesopotamian plain), and
also fronting the coasts of the Persian Gulf and the Caspian Sea.
However, the width of these lowland strips is well under fifty miles,
and often less than ten miles. Iran is therefore overwhelmingly an
area of pronounced relief, with mountains a dominant element. The
average height of the land surface of Iran can be regarded as being over
3,000 ft above sea-level—a feature repeated only in relatively few
countries of the world, such as Spain, where the average is 2,000 ft, or
again in Turkey, Mexico, Tibet, and Bolivia.

In terms of physical geography, Iran comprises the western and
larger portion of a more extensive mountain zone that extends from

4



PHYSICAL GEOGRAPHY

eastern Asia Minor and the Caucasus as far as the plains of the Punjab.
This entire upland is in fact spoken of by some writers as the Iranian
plateau, despite the fact that politically it includes most of the state of
Afghanistan and a large part of the territory of West Pakistan. Further,
the term “plateau” is applied in a general way, by several American
and English writers, to the whole upland mass; whereas French and
German geographers, notably Derruau, Bobek, and Scharlau (as will
be noted later in this volume) tend to restrict the term to the inner cen-
tral basins of the Iranian state, and hence speak of the surrounding
highland ring as a distinctive and somewhat separate mountain zone.
In the view of the present writer there are no strong grounds for
extending the connotation of “Iranian plateau” to include upland
areas of Afghanistan and West Pakistan. Because of its political impli-
cations the term could be seriously misleading, and there is no clear
physical unity within the wider zone thus denoted. In fact, the exist-
ence of a series of north-south-running ridges and divides- tends to
separate the southetn desert basins of Iran from the Helmand low-
land; and these ridges, although narrow and not especially imposing,
nevertheless afford a reasonably precise basis for division. One could
therefore speak with validity in purely physical terms of an Iranian
upland zone that would correspond closely to the existing political
unit. Any merit deriving from a strictly physiographical application of
the term “plateau” regardless of national division is dubious and
slight when set against the considerable political disadvantage inherent
in it. Use of the term “Iranian plateau” will therefore, throughout
the rest of this volume, be restricted to the upland area actually
territorially within the boundaries of the present state of Iran. The
matter of “plateau” generally, inclusive or exclusive of the surround-
ing mountain ring, is more difficult. A reasonable approach would
seem to be to try to make clear in an individual context whether the
writer implies only the interior basins or not, and this will be attempted
whenever possible. Even though the single expression is neater, dif-
fering interpretations by individual contributors to this volume make
necessary some detailed indication of what is meant.

In general form Iran has been likened to a bowl, with a high outer
rim surrounding an irregular and lower, but not low-lying, interior.
The rim is formed by various groups of mountain chains, some of
which, especially in the west and north, are not only high and bold but
also extensive in ground area; whilst those of the south and east are

5
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narrower, lower in general height, more interrupted by lowland basins,
and therefore less of a barrier. In the east, however, climatic effects—
chiefly aridity, with the accumulation of sand and rock debris—re-
inforce the diminished importance of relief: hence the concept of a
physiographical “rim™ to Iran can be maintained.

Most developed of all the mountain ranges of Iran is the Zagros
system. This extends from north-west to south-east, defining as it were
the principal “grain” of much of Iran, and occupying the entire
western part of the country—about one half of the total area. Diverging
from the northern Zagros in an easterly direction are the Tilish and
Alburz chains, which, though narrower, are equally high and also
relatively unbroken. The open side, so to speak, of this angle between
the south-east-running Zagros and east-trending Alburz is closed to a
partial degree, as we have already noted, by more scattered highland
massifs—and there is no single collective name that can be applied to
this group of irregularly disposed and detached ranges. “Eastern
Highlands of Iran” is a makeshift used by some writers, but is open to
the obvious objection that it would appear to denote a major and
continuous system comparable with the Zagros and Alburz,

The remaining major physical units forming Iran are (i) the interior
basins contained within the surrounding mountain tim; and (ii) small
expanses of lowland, coastal and riverine, located on the outer peri-
phery of this rim. It is scarcely appropriate to refer to the intetior as a
single extensive basin, but better as a complex of several hollows or
drainage sumps lying at varying altitudes, and delimited by irregular
but sometimes imposing topographical divides which in certain in-
stances become considerable mountain ranges.

Since mountains make up much of the scenery of Iran, there are two
types of topography: that of the mountains themselves, or else a
juxtaposition of remarkably flat stretches with upland ranges. Over
much of the inner Iran, and again on the extreme outer parts, one has
the impression of flats and levels, sometimes wide and extensive,
sometimes restricted, but almost always limited at short or long dis-
tance by an abrupt mountain wall.

When we examine the general geographical aspects of Iran, it is
convenient to proceed on the basis of the major physical units discussed
above, even though these are of considerable size. We can therefore
arrive at four major divisions of the country: the Zagros system,
including small outer plains (chiefly the Khiizistin region), which are
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Fig. 3. Iran: physiographic units.

part of the Mesopotamian and Persian Gulf lowlands; the Alburz and
associated Caspian plain; the eastern and south-eastern upland rim;
and the interior. Within this broad framework more local and sub-
regional contrasts can be drawn; and whilst in a few instances precise
demarcation between the major units is far from straightforward, for the
most part the scheme adopted in the succeeding pages allows easy
breakdown into units of distinct geographical significance.

THE ZAGROS REGION

As a single major physical region, the Zagros could be said to dominate
the entire western portion of Iran, for it comprises some of the most
imposing fold structure and clusters of high peaks to be found not only
in Iran but within the whole of the Middle East. In terms of structure and
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hence topography it shows considerable variation, and two distinct
sub-regions may be recognized: a north-western section extending from
the Turkish-Russian frontier broadly as far as the zone Qazvin-
Hamadin-Kirmanshih; and the remainder, beginning at the latter line
and extending as far as Bandar “‘Abbas and Hurmuz on the Strait of
Oman. The name “Zagros™ tends to be restricted, in fact, to this latter
portion; but in the writet’s view the name could better apply to the
upland as a whole, and a case could even be made for regarding the
Zagros system as continuing through the Makrin towards the Pakistan
frontier.

The north-west

The north-western Zagros may be described as roughly rectangular
in disposition, and it consists of a series of massive structures, chiefly
of Upper Cretaceous, Miocene, and Plio-Pleistocene geological age,
which have been much disturbed—partly by folding on a relatively
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restricted scale, but more especially by fracturing followed by differential
warping. A further effect resulting from fracturing and dislocation
of the rock series has been the rise of magma on a considerable scale,
so that much of the land surface is now formed by extruded igneous
material,

The general topographical effect is consequently that of a series of
irregular tablelands, which lie at an average altitude of 5,000 to 6,000 ft
over much of the area; greater heights tending to occur in the extreme
north and west, where average elevation could be said to be between
7,000 and 9,000 ft. The plateau surfaces also exhibit a general tilt that
produces lower elevations mainly towards the south and east of this
sub-region; and the overall effect of a “stair” topography is further
emphasized by fault-scarps, which define a number of fault-valleys and
downthrow basins. One such major fault-structure is the Aras valley,
which consists of a sequence of rifts or fault-troughs that later became
joined as a single valley by the effect of river erosion. Consequently the
Aras valley has alternate open and narrow sections—a gorge just below
Julfa, for instance, contrasting sharply with much flatter and broader
stretches above and below.

Largest of the downthrow basins is that of the Reza’iyeh (Urumiyeh)
system, from which there is no drainage outlet; and other basins of
similar structure but smaller extent are the lowland around Khuy, the
upper basin of the Qareh Si river around Ardabil, and the associated
tributary valley of the Ahar lying north-east of Tabriz.

Another element of much significance, and very often with striking
topographical effects, is the superposition of large volcanic cones upon
the high plateau surfaces. The best-developed but by no means the only
examples produce the peaks of Savalan (14,000 ft), Sahand (12,138 ft)
and Ararat (16,946 ft)—this last being just outside Persian territory.
Dislocation and readjustment of the rock series in this area have by
no means ceased, and the region is thus subject to a considerable num-
ber of earthquakes. Especially vulnerable is the city of Tabriz, where
building ‘styles minimize the effects of earth tremors: one, or only 2
few storeys, and light construction unless on a massive rock foundation.

This liability to earthquake devastation is characteristic of much of
Iran, and of the north and west especially. Figure 5 shows the local effects
of one major tremor that took place in 1964.

The final major influence in the evolution of landscape in the north-
western Zagros has been erosion due to rivers. Because of its con-
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siderable altitude, rainfall is distinctly heavier over much of the plateau,
with as much as 35 to 4o in. in parts of the extreme west; and the effect
of this is augmented by the sharply seasonal onset, which concentrates
the erosive effects into a short period. As a result, a number of deeply
incised streams have cut considerable, often gorge-like valleys in less
resistant strata. Effects due to heightened erosion are best exemplified
in the north and west, towards the frontiers with Turkey and Iraq.
Here the plateau is at its most developed, with maximum elevation
produced by tilt; and the presence of numerous strong streams drop-
ping rapidly towards the Iraqi lowlands gives rise to majestically
contrasting scenery: enormous domes and jagged peaks, sombre
defiles or dizzy gorges, and tenuous but well-defined valleys and flats,
often grassy or wooded. Farther to the east and south, still within this
northern zone of the Zagros, conditions take on more the character of
an irregular, rolling plateau, broken by occasionally higher summits
and a few deeper basins or river valleys. Certain of these valleys,
especially towards Qazvin and Hamadan, are synclinal, i.e. the results
of surface folding rather than of faulting and downthrow; and as we
have already noted, crustal folding on a restricted scale is by no means
entirely absent, even in the extreme north.

However, the predominant appearance of the north-western Zagros
is one of tabular arrangement rather than intense folding: this dif-
ferentiates the region strongly from its neighbour the central Zagros
lying farther south-east. Routes within this sub-region must follow
relatively tortuous valleys, or cross plateau surfaces at high altitudes
and subsequently find a precarious way to lower levels across steep
scarps.

" Drainage in this area is complex. The tectonic trough of the Aras has
a number of subsidiary downthrow basins opening off it, and in con-
sequence there is a well-developed pattern of feeder tributaries flowing
partly in relatively broad, flat-floored valleys, where the stream
meanders or even splits into distributaries; and partly in constricted
gorges, where the banks are close and the flow is swift. Equally
important is the aretic (closed) system draining to Lake Rezi’iyeh.
Of a total area of some 20,000 square miles, this drainage basin
is defined on the east by the massifs culminating in Mt Sahand. Some
thirty to forty miles west of the lake shore lies a series of major moun-
tain crests that give rise to a watershed now adopted as the frontier
with Iraq, and from this watershed the headwaters of the Great and
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the Lesser Zib plunge westward to join the main Tigris—Euphrates
system. On the east, the Qizil Uzin has cut backwards to produce
an intricate, involuted drainage pattern that ultimately finds its way
eastward to join the Safid Rad in a breach through the Alburz
system. In general, then, the north-western Zagros has a complex
pattern of markedly radial drainage, with a large central basin—that
of Lake Reza’iyeh—from which there is no outlet.

Lying in a depression produced mainly by tectonic action rather than
by water erosion, Lake Reza’iyeh is a shallow sheet of water lying at
4,250 ft above sea level and measuring very approximately ninety miles
by thirty. It is without steep retaining banks close to the present shore,
and is consequently liable to much fluctuation in surface area. During
the spring season, and following especially heavy winter rains, it can
be as much as fifteen to twenty feet deep but it shrinks to as little as four
to six feet in certain places after a pronounced dry period. The streams
feeding it, particularly those from the east, have cut into layers of
gypsum and other minerals. Much of the territory round Lake
Rez2’iyeh consists basically of limestone series, with extensive igneous
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intrusions. The episodic and relatively low rainfall (about 12 to 13 in.)
leads to a marked grading of surface soil and rock deposits. Towards the
higher ground, and away from the lake, deposits are relatively coarse,
and soils more open and thus better drained. The content of soluble
minerals in the rock layers near the surface is distinctly higher than in
some other areas, with gypsum and volcanic beds providing consider-
able quantities of salts that have now accumulated in the lake waters and
in the soils surrounding the lake. Salinity is less than in the Dead Sea,
but there is 2 markedly higher proportion of sodium carbonate. Except
at times of very high water (usually late spring), the shores are occupied
by an expanse of salty stetile mud; and as the streams and subsoil water
are also saline for some distance away from the lake, the shores are for the
most part empty and desolate, with only a very few halophytic plants
and shrubs. Of interest to the geographer are the remains of numerous
topographic benches, strandlines, and deltaic deposits, which indicate
different levels and oscillations of the water-surface, and provide con-
siderable evidence, as yet far from fully worked out, on eatlier climatic
phases.

Despite a number of substantial handicaps, which in addition to water
salinity also include a difficult topography, heat and cold, and a
disturbed political background, human settlement is here more exten-
sive than in many other parts of Iran. The north-western Zagros ranks as
one of the most densely peopled areas of the country. As we have noted,
great altitude in certain parts results in a distinctly higher rainfall, and
this, together with the recent phases of vulcanicity, has given rise to a
somewhat deeper and more fertile soil in a number of localities. Hence
at lower levels, where there is shelter from the bitter winter winds
and soil has accumulated as small deltas or flats, cultivation occurs on 2
scale greater than in many other parts of Iran—the Caspian lowlands
excepted. At higher altitudes, on the plateau surface, the climate is
often too cold and water too scanty (because of percolation into a
porous substratum) to produce anything more than a thin vegetational
cover of short grass and low scrub, which is frequently broken by
expanses of bare rugged rock. Towards the frontier with Iraq, great
height and relative remoteness have still preserved a native woodland,
which continues to flourish in certain spots. This is most likely a
relic of earlier, wetter times, and once cleared rarely regenerates
naturally, since the small depth of soil in which it grows is rapidly
eroded off.

12
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Two somewhat different ways of life have thus come into existence
in this north-western region: pastoralism in the higher parts, and
cultivation, mostly of a settled kind, in the more favoured, lower-lying
areas. Sheep and goats, with some cattle and a few horses or even
camels, are reared by herders, who tend for the most part to be sedentary
and have some attachment, at least for a portion of the year, to the
cultivated areas at lower levels. But nomadism still exists, particularly
towards the west, where Kurdish shepherds continue to migrate
seasonally, sometimes across frontiers into Iraq and Turkey (not, of
course, into the U.S.S.R.) and on a smaller scale in the Mughan steppe
zones of the north-east. It is an interesting reflexion of the significance
of pastoralism in north-west Iran that the Qari Qoytinla (Black Sheep)
Tiirkmen, who ruled Iran during the fifteenth century, made Tabriz
their national capital.

Cultivation follows the general Iranian pattern, with cereals (wheat,
barley, and some maize) the basic crops, and a2 wide range of fruit
and vegetables. Mediterranean fruits—vine, almond, and apricot
especially—grow very well in the more favoured parts of this region;
and cotton, tobacco, opium, and oil seeds are also important. Villages
tend to cluster near water-courses, where a few willow, poplar, or
walnut trees dominate the smaller but more numerous fruit trees and
orchards. Chief areas of cultivation are (1) those parts of the middle and
higher Reza’iyeh basin away from the saline areas: especially the valley
of the Aji Chii leading to Tabriz; (2) parts of the Qizil Uzian lowlands,
particularly round Miineh and along a tributary valley, that of the
Zanjan river; (3) the Qareh Sa valley round Ardabil; and (4) the
Khuy basin and adjacent parts of the Aras near Julfa.

This north-western section of the Zagros has importance as the
focus of major routes. Besides containing a number of ancient east-
west routes linking the Aegean, Asia Minor, Central Asia, and India,
the region is now on the principal lines of communication between
Iran and the Soviet Union. In consequence, there have long been
considerable external trading interests, and the local products of the
region—wool, leather, and dried fruits—have found commercial out-
lets in other countries. This nodal position where the more ancient
east—west routes intersect the newer north-south lines (now of growing
significance), explains why Tabriz has at several periods functioned as
the capital of a wide territory, which has sometimes included not
only Iran but even lands beyond. Trading of an international character,
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as well as a fundamental strategic importance, has added important
extra elements to its two basic economic activities of herding and
cultivation.

Tabriz

Tabriz, in the present century at least, has ranked as the second city
of Iran, though now approached mote closely in population size by
Mashhad and Isfahin. Its name has been held to refer to the thermal
springs which are numerous in the locality; or, as the name in modern
Persian indicates, to its good air (““fever-dispelling ). Tabriz may date
from early Sasanid times (. third or fourth century A.D.) or, more likely,
from the seventh century A.p. At several periods it has functioned as a
national capital, notably under Timir, under the “Black Sheep”
Tiurkmen (.. 1450), and in the sixteenth century under the earlier
Safavids. However, its greatest importance may have been under the
Il-Khins of the late fourteenth and early fifteenth centuries, when it
was the chief city of a state that extended as far as the Nile valley and
Central Asia. Recurrent warfare and earthquakes have destroyed much
of the medieval part of the city, so that only two older monuments
survive, the Arg or Citadel, which is a reconstructed medieval mosque,
and the Blue Mosque (¢. 1450). Consequently the city has distinctly less
of the architectural beauty and appeal of, for instance, Isfahin, Shiraz,
or even Maghhad.

Placed in the extreme north-west of Iran, in the open countryside
from which relatively easy routes reach the Caspian central lowlands,
Russia, eastern Anatolia, and the Black Sea coastlands, Tabriz has
developed considerably over the last century and a half as a military
centre. By no means surprising in view of its location, it has been
occupied since 1800, once by Turks and several times by Russians, the
last of these occasions being as recently as 1947-8. Changes in the
disposition of frontiers during the first part of the nineteenth century
made Tabriz in effect an important salient commanding the approaches
from the vital north-west towards central and southern Iran. This
continuing strategic position was recognized by inclusion of Tabriz
in the Central Treaty Organization radar chain.

Parallel to its military and strategic significance, it has importance as
an exchange centre, since it handles a good deal of the trade involving
countries to the north and west of Iran, Carpets, agricultural and pas-
toral products (especially dtied fruit), Caspian fish, and machinery
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from Europe are marketed, either via Russia or the Black Sea ports of
Turkey. It is noteworthy that Tabriz was linked to Russia by the
eighty-two mile extension of the Russian system through Tiflis and
Julfi long before Tehrin had a major railway.

As the regional market and administrative centre for one of the
most densely populated parts of Iran, Tabriz also has important local
trading and manufacturing interests, especially in carpets and to a lesser
degree in leather. But with the diminution of commercial links through
Russia after about 1945, following the “Iron Curtain® policy of Stalin,
the expansion of Tabriz, prominent during the later nineteenth and
early twentieth centuries, has tended somewhat to slacken. Faced witha
shift of commercial interest to the southern oilfields, and the rapid rise
of Tehrin as an economic leader, Tabriz has tended of late to hold
something of an ex-centric situation in Iranian affairs—a position
exacerbated by its virtual exclusion from Iranian political control
during 1942-8.

As the capital of Persian Azarbaijan, with cultural and political
links that continue into both Russia and Tutkey, Tabtiz has for long
been known as a highly “politically minded” town, with advanced
and radical groups not always in accord with Pahlavi nationalist
sentiment as expressed in Tehrin. For these reasons, Tabriz has
received fewer of the new state-supported industries than, for example,
Isfahin, Shiraz, or Kirmianghih, Recent construction of a rail link to
Tehrin and the main Iranian system has, however, had important
results, and it is now possible to travel by rail (with break of gauge)
through Tabriz to Moscow and Western Europe. For the increasing
number of tourists arriving by car from Europe, Tabriz remains the
point of entry to Iran, and this, whilst adding to or reviving the
traditional functions and anxieties of the responsible foreign agencies,
at the same time augments the commetcial activities of the city.

Tabriz is also characterized by a relative absence of good water. The
many mineral springs and solid deposits associated with the near-by
volcanic complex of Mt Sahand render much of the surface water
brackish, and supplies are brought by gand# (aqueduct) at considerable
trouble from relatively few and distant sources. Hence there are few of
the gardens, fountains, and shady corners that tend to be found in
some other Iranian cities; and owing to the extensive use of dark
volcanic tuff as building material and the restriction of height owing to
tectonic disturbances, the town has a somewhat sombre appearance.
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The main Zagros

Atanarrow zone which could be very summarily defined as coinciding
with the line of the highway from Qazvin to Hamadén and then south-
west towards Kirmanshah, the nature of the Zagros uplands begins
to change markedly. For about 750 miles from north-west to south-east,
and over an extent of 200 to 250 miles in width, there occurs the prin-
cipal development of the Zagros system, with well-defined and highly
characteristic features. Chief of these are the remarkable fold structures
which for the most part are alined from north-west to south-east, and
arranged in a distinctly regular pattern as a sequence of elevated domes
or hogs’ backs. These are of varying length but of very similar trend
and alinement. In the north, that is, from Hamadan~Kirminshih as
far as the region of Bushire, the folds are extremely regular, straight in
form and parallel in strike, and relatively tightly packed together.
Farther south they open out, becoming less densely grouped, and from
being straight they take on more of an arcuate or cuspate shape, so that
the overall trend changes, with several major variations in direction.

Towards the east, where the Zagros folds abut on the resistant
blocks that form the inner plateau of Iran, a greater degree of disloca-
tion has produced imbrication of structures, and a considerable area of
overthrusting—that is, an elaboration of nappes rather than simple
folds. The implications of this difference are of course greatest for the
geologist, but in influencing topography the effects are also of much
interest. The eastern margins of the central Zagros tend to be higher,
more rugged in appearance, and of 2 more complex trend. On the west,
the folds are on the whole lower in altitude and less compressed
together, so that many authorities describe this as a distinctive zone of
minor foothills forming, as it were, a transition from the imposing
ridges of the central and eastern parts of Zagros to the plains of Iraq
and the Persian Gulf coast.

A further remarkable physiographical element is the pattern of
drainage. In the north, relatively heavy precipitation gives rise to
numerous and well-developed rivers; and these have cut valleys of an
extremely varied and intricate nature. In some instances the rivers
weave a tortuous way round the ends of ridges or elongated domes,
gradually dropping westward towards the Tigris and Persian Gulf,
and producing a “trellis pattern” of drainage. But other streams appear
to avoid broad and open valleys produced by folding, and cut across
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mountain ridges at some of their highest and most intractable parts
by means of enormously deep but narrow gorges. These clefts (or
tangs) are sometimes straight, but can as well be markedly looped, like
gigantic meanders. Excellent examples of this last are to be noted
on the Saidmarreh river (known lower in its course as the Karkheh)
below Kirmanshih and at Shih Mahmiid. Yet, having crossed by tangs
several imposing ridges, the river then turns abruptly to the south-east,
being deflected by one ridge that it has not breached: the Kabir Kah.

The origin of the tangs themselves has usually hitherto been ascribed
to cross-faulting, and the intricate drainage network could also have
been influenced by rapid erosion along these lines of what was initially
crustal weakness; in certain cases this has resulted in a “capture” or
diversion of the streams. But in other instances there would seem to be
no evidence either of faulting or of capture, and there then remains the
question of possible antecedent drainage, that is, a previously existing
pattern of streams flowing over lower relief, which was later gradually
uplifted at a sufficiently slow rate to permit the streams to cut downata
rate that allowed them to retain their original “line”. This problem is
examined at length by T. M. Oberlander in a contribution to the present
volume.

Farther to the south, rainfall is progressively smaller in total amount
and more sporadic, so perennial streams and rivers become less and less
a feature. Most tend to be seasonal, or flow for a short distance only to
end in closed basins or by total loss into the ground. Even the Karkheh,
which is in its upper reaches an imposing stream, no longer achieves as
it did in earlier geological time a full junction with the Kirin, but
disperses its waters in sands and swamps between Ahvaz and Al-‘Amara.

The main Zagros area exhibits much variety in scenery and oppor-
tunities for human utilization. In the extreme north-west the folds
stand very high and abruptly above the Mesopotamian plain farther to
the west; but, equally, they are in process of heavy erosion by powerful
streams that make up the catchments of the Lesser Zab and Sirvan
(Diyala) rivers. This region, together with adjoining districts that form
the south-west watershed of the Rezid’iyeh basin, is known as Persian
Kurdistin. Adequate, sometimes abundant, rainfall and a considerable
swing of temperature—from bitterly cold winters, especially on the
higher parts, to marked summer heat—result in 2 distinct zonation of
vegetation. Though massive expanses of bare rock or gorge greatly
reduce the effective soil cover, there still remains an appreciable extent
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of woodland, which gives way to an alpine pasture on the higher levels.
Patches of alluvium also occur, and these support regular cropping.
Hence “transhumant’ movement (i.e. a restricted human displacement
largely within one district, but at differing altitudes) is still a feature in
these areas of the north-west; and some semi-nomadism-—that is,
seasonal migration to another, quite separate region—is also prevalent.
But in the main, human activity centres on permanent stone-built
villages, tightly built for defence, with some of the inhabitants making
temporary absences with their flocks and herds during summer. Many
if not most, of the inhabitants of Persian Kurdistin have some kind of
attachment at least to a particular village site, though seasonal move-
ment still remains a distinctive feature.

Transhumance and nomadism are also features of the northern and
western areas of the Saidmarreh basin. Here marked regularity in
folding produces a series of open synclinal valleys that are almost high-
level plains, which carry a good natural grassland. Bounded by giant
ridges that occasionally reach 12,000 to 14,000 ft above sea-level, many
of these mountain valleys remained extremely isolated until very
recently, and were visited only by nomads and transhumants. A further
cause of isolation was the difficulty of the lower parts, where, on leaving
the high synclinal valleys, the rivers then began to cut defiles and gorges.
Of recent years, however, the situation has greatly changed, and human
settlement is on a much larger scale than formerly. Beginning as a policy
of Reza Shih to “stabilize” nomadic pastoralists, permanent settlement
is now extending more of its own accord, due to the new importance of
this region as a routeway between central Iraq and Iran, and also in
response to oilfield development in near-by regions to the north, west,
and south-east.

In sharp contrast to the long grassy valleys and high continuous
ridges of the Saidmarreh basin, relief is much more broken and
accidented in the region of the Diz and its tributaries. Here the total
overall width of the Zagros system is much reduced by embayments of
lowland penetrating eastward, but intensity of folding is greater, with
resulting dislocation of the component rock strata. Consequently,
jagged rough outlines are more common, with sheer mountain walls,
bare rock faces, and constricted tortuous valleys. Landslides are a
frequent phenomenon, and soil cover much less extensive than in the
two areas previously discussed. With such physical conditions, human
occupation tends to occur as small isolated groups of settled farmers,
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to some extent cultivators, but mainly pastoralists. A clan organization
based on small unitary groups in the same locality is also a feature.
Down to the very recent past the Diz area was a difficult one, with few
rewarding or attractive parts, and this led to the classic response of
attempting to enhance a bare living wrung from an unfriendly eaviron-
ment by exactions on neighbours and travellers. With its re-entrant of
lowland extending the Mesopotamian plain, the Diz “waist> provides
the most direct route from the head of the Persian Gulf to the region of
Tehran; though its intrinsic difficulties both topographically and in
human terms retarded any major expansion of communications until
the last few decades. Traditional routes tended to avoid the Diz area and
swing away to the north or the south. Moreover, the importance of the
Persian Gulf towns is largely due to oil developments, and hence is not
of long standing, so that routes via central Iraq and Baghdad tended
until very recently to be far more important than any links direct from
the shores of the Gulf.

A first stage in the shift of influence which began to end the isolation
of turbulent local groups under petty chieftains came with the building
of the Trans-Iranian Railway. Here directness of route more than com-
pensated for the difficulties of construction in a tangled mountainous
territory, and the line was accordingly built along the line of the
Diz direct to Qum and Tehran, even though this involved consider-
able initial cost and later difficulties in operation. More than one quarter
of the line through the Zagros is in tunnel, and between Shahpasand and
Durid there are thirty miles of tunnel in eighty-three miles of track. The
Diz river is crossed nine times, and there are curves and spiral tunnels,
with at one spot two miles of line to cover a direct distance of 328 yd.

Today, the whole district is considerably less remote than it was.
Nevertheless, away from the railway, settlement is still relatively
sparse, and pastoralism remains a principal way of life in many areas.
But over the last twenty or so years small patches of cultivation have
appeared, especially in the upper valley of the Diz, south-eas: of Burii-
jird, where there is a broader valley floor and fertile alluvial deposits.

The Kariin and its tributaries flow at times, like the Diz, in deep
gorges—one in fact is 8,000 ft deep. Yet in comparison with its northern
neighbour, the Kirtin has a more open valley with alluvial flats of fair
size and distinctly easier accessibility. There is a greater variety in
natural conditions, with a range from high, alpine-type pasture and
some remnants of woodland, down to scattered alluvial benches with
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meadowland and fertile grassy valley bottoms. Such an environment
fosters a wide range of human response: semi-nomadic or transhumant
pastoralism, and settled cultivation of barley, wheat, vegetables, and
fruit. Some of the more sheltered valleys with a southern aspect are
warm enough in summer to allow cultivation of rice. Human groups
too are varied: in the west live groups of Kurds and Lurs, with a few
Armenians still, and towards the east numerous Bakhtiari and a few
Qash gha’i. As compared with the Diz region, greater accessibility and
openness for travel have made the Kirtin basin an easier routeway
through the central Zagros; and with the rising importance of the ports
on the Persian Gulf, along with the Kariin’s proximity to the major
oilfield zones, the area has lost a good deal of its formerly wild character.
More even than the Diz basin, the Kariin region has been rapidly drawn
into currents of modern development, and older tribal ways ate very
much in decline. With new opportunities for employment in and around
the oilfields, part of the local population that once exacted tolls from
travellers and skirmished over grazing rights is now either employed
directly by the oil industty, or is able to grow agricultural produce for
the expanded number of residents; moreover there are other oppor-
tunities to gain quick employment far outside the area itself.

Distinctly less affected by this evolution are communities living
immediately south-east of the the Karin basin, in the region traversed
by the upper Khirsin, Mehran, and Zuhreh rivers. With deeply en-
trenched and often turbulent rivers that produce steep-sided valleys,
wild crags, pinnacles, and frequent gorges, this region affords distinctly
less upland pasture than the Kartin basin; whilst the cultivable parts are
fewer, more scattered, and often sharply isolated as tiny terraces,
benches, or valley flats hemmed in closely by towering heights and steep
cliff faces. Remoteness and isolation are emphasized still more by the
broken and intricate relief, and the area to some extent remains one of
tribal strongholds, with clan leaders and a tradition of resistance to
central government. This attitude dies hard; and despite nearness to an
important regional capital (Shiraz) on the east, and a large and growing
oilfield (Gach Sirin) to the north-east, it has still been feasible for local
Qashgha’i tribesmen to maintain a serious and sustained military
campaign against the forces of the Imperial government. During 1962-3
movement and travel in this region were greatly restricted by what was
described in Tehrin as local banditry and turbulence, and by the
Qash gha’ as a major insurrectional and dissident movement.
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Shiraz

The largest town of this southern region of the Zagros system is
Shiriz, which as 2 continuously inhabited site may date from Sasanid
times or even somewhat earlier. Reliable records, however, go back only
as far as the early Islamic period.

The city lies among the major Zagros chains, within the confines of a
tectonically produced mountain basin, at an altitude of about 5,000 ft.
Some eighty miles long and in places as much as fifteen miles wide, the
basin declines greatly in width at its northern end, and Shiraz lies
actually within one mile of an abrupt hill slope. Contrasts in relief are
intensified by marked flatness of the basin floor, which is due to exten-
sive infilling by outwash from the near-by slopes. Shiraz is located
within the shallow crook of a river-course that drains south-eastward
to Lake Mahald, but this watercourse remains dry for the greater part of
the year. The central position of the city within the southetn Zagros
area, and in a relatively fertile and productive local zone, has made it a
natural exchange centre between local cultivators and pastoralists living
in the surrounding hill ranges—Qashgha’i and Khamseh especially.
Its command of routes crossing to various regions of inner Iran, as well
as to the southern coastlands, fostered its growth in early times as an
administrative and military centre of a wide territory, and it functions
now as the capital of Fars province. Much the same general geographical
features existed in early times, hence we find Shiraz as the successor of
two far older cities sited broadly in the same area, with the same
strategic and economic functions: the Achaemenid royal cities of
Persepolis and Parsagadae some thirty-five and eighty-five miles,
respectively, north of Shiriz. Among the most splendid days of Shiraz
were those in the eighteenth century A.p., when under the Zand
dynasty (1750—94) it functioned as the national capital of most of Iran,
Khurisan excluded.

Like almost all Iranian cities, Shiraz has experienced great vicis-
situdes. No fewer than ten major, earthquakes have probably occurred
since the tenth century A.p., in addition to many minor tremors.
Floods, famine, epidemics, sieges, and locust plagues have also
affected Shiriz, though the city’s population escaped large-scale
massacre by the Mongols. Timir did not repeat the destruction of
70,000 inhabitants, as happened at Isfahin. British and Dutch trading
rivalry within the Persian Gulf area was an inhibiting factor during the
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seventeenth and eighteenth centuries, but the city began once again to
develop and expand during the nineteenth and twentieth centuries. It is
now one of the most important in Iran, ranking sixth in order of
population, which in 1965 was estimated at 175,000.

Shiraz today comprises two distinct parts: an old city once tightly
hemmed in by a defensive wall, now extended by the accretion of
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modern developments, chiefly on the south and west (fig. 101, p. 440).
Within the old city, recently cut through by a number of wide
modern avenues, lay the Jewish quarter of the “Mehalla”, but this
tends nowadays to be occupied only by poorer Jews. Less well endowed
than Isfahin with splendid public buildings of the Middle Ages and
later periods, Shiraz nevertheless has an impressive and very agreable
impact on the visitor. It was long famous for its gardens, most of which
have now disappeared; and a number of buildings of the medieval and
Safavid periods remain, as a reminder on a small scale of Isfahin and
Mashhad. Shiriz is also famous as the centre of Iranian poetry, due in
large part, but by no means entirely, to the fact that Sa’di and Hafiz
were born in the city.

Besides its highly important activities of commercial exchange and
its function as an administrative centre, Shirdz has some significance as
a manufacturing town. There are several medium-sized textile mills
producing cotton yarn and cloth; two cottonseed-oil plants; and a
number of food-processing factories. Glass-making is a traditional
craft, and there are the usual brickworks and small potteries common
to almost all Iranian cities. As transport costs are high and clay rela-
tively abundant, it is cheaper to manufacture locally rather than
import the finished clay products. Bazaar crafts still flourish—inlay
work (Khatam) especially—together with light engineering and motor-
repair shops. Another traditional occupation in Shiraz is wine-making:
the heavy Khu/ir wines, somewhat resembling sherry, have long been
esteemed in Iran, and some have even suggested that the name “sherry”
derives from Shirdz rather than from Jerez de la Frontera in Spain.
This in the writer’s view is not likely.

A large cement plant is located some ten miles west of the city, and
fertilizers and sugar are produced at Marvdasht, thirty miles to the
north. Further developments of this kind are in prospect now that
Shiraz itself and both the former areas are supplied with natural gas
by pipeline from the Gach Saran oilfield (constructed 1963).

Despite the developments just listed, Shiriz underwent a period of
economic difficulty beginning in the 1930s. Construction of the Trans-
Iranian Railway farther to the west somewhat eclipsed Shiraz and its
outlet Bughire in favour of the newer terminals, Bandar Shapir and
Khurramshahr; and other inhibiting circumstances have been the
differences between the central government and the Qashgha’i and
Khamseh tribes, referred to above. There is also the general tendency,
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with more centralized and pervasive government activities, for the
regional centres of Iran to decline somewhat in power and influence as
compared to the rapidly growing metropolitan city. As a result, there
has been a marked human emigration from Shiraz over the last few
decades.

But a favourable factor is the undoubted appeal of Shiraz as a tourist
centre. With a pleasant climate, striking historical monuments, and
easier communications, the visitors flooding in from many part of the
world are starting to show interest in such sites as Persepolis and
Parsagadae, as well as in Shiraz and its neighbour Isfahin. Moreover,
Shiraz with its large population (¢. 175,000) is now without rivals in
point of size within its region; and although the southern Zagros, of
which it is effectively the regional capital, is distinctly less populated
than the northern and central parts, there would seem to be more
villages scattered around and tributary to Shirdz than elsewhere in the
southern part of the Zagros area. Oilfield development in reasonably
close proximity is another useful feature.

The southern Zagros

The parts of the Zagros range lying immediately south-east of the
Kirin basin and of the area just described, show the beginnings of
major differences, which become so marked farther to the south and
east as to justify recognition of this area as one whose features are in
many respects quite distinct from those of the Zagros. Between the
Zagros proper and this south-eastern region there could be said to exist
a transition zone, which is here defined as extending over about 250
miles between the Kiariin basin and Bandar ‘Abbais, with a breadth that
is at least 150 miles. As regards rock type and structure, connexion with
the north and west remains very clear: there is still an overwhelming
predominance of N.W.-S.E. alined ridges composed of Upper
Mesozoic (chiefly Cretaceous) and Lower Tertiary series (Miocene
especially). But towards the south the ridges become more widely
spaced—almost as fingers of upland within a plateau rather than serried
ranks of ridges and valleys. Considerable deposits of recent sediments
and wind-deposited sands begin to appear on the lower ground, which
is still synclinal in structure. Moreover, an alteration of trend in the
folds is apparent—towards the south there is increasingly a west—east
pattern. A further element that differentiates this part of the Zagros is
the occurrence of salt plugs and domes on a considerable scale, though
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here we ate concerned not so much with their geological interest as
with the effects on landscape and land utilization (fig. 10, p. 31).

However, the most striking factor separating this southern Zagros
area from the others is that of climate. Rainfall is very much lower as
compared with the regions of the Zagros so far described, with con-
sequently major changes in the nature of topography and in human
responses. Besides a reduction in overall amount, rainfall tends to be
distinctly more unreliable and sporadic in onset, with a tendency to
heavy but short falls, and irregularity both in season and from year to
year. One important result of this is that material eroded by stream
and river action, although considerable in amount—even greater
sometimes than in wetter areas, owing to the sudden and heavy onset—
is not transported far, since the streams are not always perennial. Con-
sequently there has been a good deal of local infilling of the synclinal
valley bottoms by sheet deposits of recent geological age, which pro-
duce the somewhat more regular and rolling topography mentioned
in the previous paragraph.

As regards human activities, the emphasis shifts towards conservation
and a much more careful use of water. One begins to encounter practices
that are less widespread farther north and west in the Zagros, but
increasingly commonplace in the interior and east of Iran: irrigation
systems dominating the layout of cultivated areas, with ditches fed by
springs. Qanits, too, areimportant; and in areas of lower altitude, where
temperatures can be very high, covered tanks and pools (birkdr) are
increasingly used.

With a distinctly warmer and drier climate, the crops produced show
a change in character. Millet tends to assume enhanced importance, and
wheat and rye diminish or entirely disappear. There is, however, much
cultivation of batley, which is tolerant of greater aridity; and maize and
some rice are produced where water supplies allow (irrigation here is
essential). The date begins to bear really eatable fruit, and the longer,
hotter summer is deleterious to certain other species of fruit and
vegetables, so that unless specially protected (e.g. by palm fronds or
hedges) there is less cultivation of plants such as the tomato and
artichoke. An aspect towards the mid-day sun, and the closed-in,
sheltered sites, which in the north are usually a major advantage for
agriculture, here turn into liabilities, as summer conditions become
harsh and even barely tolerable.

This intermediate or transition area is made up of three major
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catchment basins: from north-west to south-east, respectively, those of
the Shihpar, Mand, and Shir rivers. The Shahpiir basin, like its
northern neighbours, consists of a section of the main Zagros folds

. alined from north-west to south-east, and on the western flank there is
an abrupt drop to an almost level coastal plain fronting the Persian
Gulf. As compared with the Karlin region farther north, relief out-
lines are distinctly reduced in altitude and generally rounder in form,
with far less of the rugged landscape that characterizes the central
Zagros.

The main valley of the Shahpir offers a route from the coast at
Bushire to Shiraz, and this is now followed by 2 major road. With oil
development taking place in this region there is once again an increas-
ingly familiar pattern of human evolution—what was once a remote,
difficult area is now pierced by a route of increasing commercial and
politicalimportance, and new sites and settlements are appearing in zones
once used mainly as tribal grazing grounds. Extremely recent features
are the construction of a gas pipeline from the oilfield at Gach Siran
to Shirdz and beyond, and the growth of Khirg island as a major load-
ing terminal for crude oil from the same field, which is one of the most
important and fastest developing fields in Iran. This growth of activity
along the road inland via the Shihpir valley is in a sense a revival
rather than a totally new activity, since the routeway is extremely
ancient, and is in fact marked by remains of extensive human occupa-
tion—at Persepolis and Parsagadae, where there are still important
Sasanid rock reliefs,

Climate playsa dominating part in the physiography of the Mand basin.
One of the largest basins within Iran, since it extends over some 20,000
square miles, it has at the present time a relatively pootly developed
flow of water. This is a result of reduced precipitation over the higher
hills as compared with conditions farther north, giving a pronounced
dearth of winter snowfall and hence of extensive water-seepage into
porous rock strata; and evaporation on a considerable scale.

The entire basin is clearly an area where major land forms were
developed fundamentally at an earlier, pluvial period, and are now in
process of alteration towatrds semi-arid or fully arid forms of a very
different kind. The upper valleys of the Mand and its tributaries are
broad and open, and show accumulation of debris transported from
adjacent hill slopes or deposited by wind action; whilst the lower parts,
adjoining the Persian Gulf, have streams deeply slotted into the surface,
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with little lateral erosion, so that patterns of settlement and lines of
communication differ markedly between the coastal zones and the
higher interior. In the mountain valleys of this latter area there is
reasonably good winter pasture, and here are the winter quarters of the
Qashgha’i tribes; to an increasing extent some of these tribes also
cultivate either seasonally, or more permanently, on the lower valley
floors and sides. The Qashgha’i tend to move northward in summer
to the edge of the Shiriz basin and surrounding hills.

The lower areas farther to the south and west are known as Tang-
istan; and it is significant that here the Zagros highlands rise immediately
from the Persian Gulf: there is no intervening coastal plain. Ridges
front much of the coast in parallel ranks, producing a closed coastline
devoid of indentations that could serve as harbours; and the small size
of rivers and their deeply indented valleys greatly reduce the possi-
bilities of irrigated agriculture and the occurrence of natural pasture.
Poor in resources, without major routes that could assist development,
Tangistan has only scanty and small settlements that produce dates, a
little millet and barley, and vegetables. The inhabitants live self-
sufficient lives away from the country’s main currents of activity, in
which they do not share. This makes them a somewhat “difficult”
people, but one that is apparently still left to an individual way of life.
Gradually, however, the attraction of work elsewhere is leading to a
growing volume of migration, and though Tangistan is still not greatly
affected directly, there is an indirect and growing influence from other
near-by, rapidly altering areas.

Eastwards again, fronting the re-entrant of the Gulf of Hurmuz, is a
physiographically distinctive region whose relief is much influenced by
the presence of numerous salt domes or plugs that have erupted from
considerable depths through overlying strata. Further, the trend of the
ridges making up the Zagros swings progressively towards the east
from west—east to S.W.-N.E. The salt plugs are thought to be of
Cambrian age (G. M. Lees) and occur as almost circular masses with
somewhat rounded tops. As a semi-plastic substance, the salt has
been forced through overlying rock formations and some plugs now
stand at heights of 2,000 to 4,000 ft above the surface, appearing as
pinkish-white or yellowish masses. In certain instances the rise of rock-
salt has been accompanied by igneous activity that has been in part
contemporaneous with the extrusion of salt. In other cases magma
has risen along lines of fracture and weakness originally opened up by
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Fig. 10. The distribution of salt plugs in the southern Zagros (G. M. Lees).

movement of the rock-salt. Plugs and domes of this kind may therefore
include bands or irregular veins of igneous and metamorphic material
which is of darker colour than the salt; and a large plug may have been
preserved against subaerial erosion by a capping of such material. The
salt itself has little if any commercial value, and the extra salinity im-
parted by drainage from the areas where plugs occur is a considerable
disadvantage—Ridshiar (or Rs#d-i-Shir) means “Salt River”—but
the igneous and associated metamorphic veins are exploited in a few
localities for sulphur, pigments, and oxide of iron. In some places an
original salt plug may have been eroded away so that the rocks have
fallen back into the solution hollow, producing a chaotic local landscape
of jumbled rock strata and irregular topographic outlines.

The remarkable change in trend of the Zagros folding that produces
the enormous embayment situated in the region of Bandar ‘Abbas,
together with the related extension of Oman so far northward in the
form of a spur reaching well beyond the “normal” line of the Iranian
coast, have many points of interest. Such a major interruption of the
predominant trends in the Zagros system raises questions of con-
siderable geological and geophysical import which are outside the

31



THE LAND

scope of this present chapter; but several points of a geographical kind
are relevant. In the first place, the sudden change in direction of the
present-day coastline, which now runs north-eastward from Lingeh,
means that, in sharp contrast to the area west and north of Lingeh
(including Tangistin), the component ridges of the Zagros are alined
at right angles to the coast, which is consequently much more accessible
and “open”, with better harbours. A number of coastal settlements
have thus grown up, with distinctly larger numbers of people than in
the area farther west.

Also, the constriction of the Persian Gulf to its narrowest point here
has favoured migration by Iranians at various periods into the adjacent
territories of Oman and Muscat. These movements of people, whilst
very small in number, and for the most part chiefly involving sailors,
fishermen, and traders, have been one factor in leading the government
of Iran to declare that parts of the southern coastlands of the Persian
Gulf and Gulf of Oman are ethnically, economically, politically, and
even geologically part of the Iranian state. For long these nationalist
claims remained a minor affair, but following political changes in
Arabia during 1967-8 and a greater feeling of strength and self-confi-
dence in Tehrin, they have recently been revived as a significant issue.

Lastly, the swing of the Zagros ridges north-east and then their
continuation south-east greatly reduce the effective width of the
mountain barrier, and give rise to a narrow “waist” that allows easier
access to the southern interior of Iran. Until very recently geographical
difficulties, such as physical and climatic inhospitality, and the poverty
and lack of people in the south made this corridor of little real value,
and travellers were very few indeed. Now, however, with plans for
developing the interior of Iran, the enhanced strategic importance of
the south and east as a link with Pakistan (reflected in the activities
of the Central Treaty Otganization), also the strong possibilities of
new exploitation in the centre of Iran—have both led to proposals to
develop Bandar ‘Abbis and its region as a major pott outlet. This will
give much more direct access to Mashhad and eastern Iran, as compared
with existing routes through Abidin, Khurramshahr, and Tehrin.
In round figures, the journey direct from Bandar ‘Abbis through
Kirmin to Mashhad could eliminate Goo to 700 miles from the 1,600
miles involved in the route via Abadin and Tehrin. Road construction
now in progress is gradually bringing about some change in the present
economy, which can be summarized as hitherto extremely meagre sub-
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sistence agriculture with some pastoralism. At present, goats are a
mainstay, with a very few sheep and camels, and there is cultivation of
dates, millet, and vegetables in the few favoured localities where water
is fresh or can be brought by qanit.

Khizistan

Situated on the south-western flanks of the central Zagros, in the re-
gion of thelower Kartnriverasit makesits way towards the Persian Gulf,
lies the single largest expanse of true lowland within the Iranian state.
This riverine area, roughly triangular in shape, is defined by the N.E.—-
S.W. ridge of the Zagros, by the eastern coast of the head of the
Persian Gulf, and by the Irano-Iraqi frontier. No more than 120 to
150 miles across in its widest part, the region is really in physical terms
a segment of the great valley of Mesopotamia. Yet whilst it is only
the alinement of the modern frontier that brings this lowland within
the Iranian state, it could be argued that much, if not most, of the
Mesopotamian valley in this area is the gift of the Kariin and Karkheh
rivers: a platform built out by the deposition of sediments eroded
from the Zagros mountains, and hence an extension of the Iranian
plateau. Whatever view one takes of this sort of reasoning, it is
wholly valid to assert that the Kirtin lowland provides an extremely
valuable fagade to the western Zagros, and a route of entry from
the Persian Gulf to the interior of Iran that is of rapidly growing
importance.

From sea-level in the south for a distance of about seventy-five miles
the surface is extremely low-lying and flat, with a rise in elevation in
some parts of little more than one in. per mile. Large expanses are
covered by marsh, some of which, close to the coast, is salt mangrove
swamp, while most of the rest is freshwater marsh produced in one of
two ways: either by impeded or indeterminate river drainage; or else
by the rise of the tide in the Persian Gulf, which further impedes surface
flow of river water out towards the sea, and in places actually reverses
this for a few hours twice a day.

At Ahviz the river breaks though the very first foothills of the
Zagros system by means of a series of rapids, and this break of slope
could be said from most points of view to mark the limit of the
Mesopotamian lowlands. But farther north-east beyond these outer
ridges, physiography remains still relatively flat and low-lying as com-
pared with the main Zagros farther east still. Hence one might regard
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the lowland as extending in the form of an embayment farther up the
Kiriin (Ab-i-Diz) river for another fifty to eighty miles.

As elsewhere in the region of the western Zagros, the transition from
extremely flat, almost featureless, and low-lying plain to hill ridge and
then mountain is remarkably abrupt, but especially so in the Kartn area.
Didalus Sicarus first commented on the sharp topographical contrast, or
“ladder”, formed by the Zagros massifs overhanging, as it were, the
humid riverine and coastal lowland.

Such a clear dichotomy in land forms is to be esplained by the
contrasts in geological otigin. The Zagros is a massive and complex
upfold; the lowlands immediately on its western flank are a zone of
downwarping, or geosynclinal that has been partially infilled by sedi-
ments which were brought down mostly from the Zagros but also
from the plateau of Asia Minor by the Tigris—-Euphrates and Karan—-
Karkheh river systems. The more detailed process that has resulted in
the present physiography is less certain. At the beginning of the present
century De Morgan postulated that in relatively recent geological times
(¢. 10,000 to 5,000 B.C.) the shoreline of the head of the Persian Gulf lay
much farther to the north-west, in approximately the region of modern
Baghdad. The four rivers Euphrates, Tigris, Kartn, and Karkheh all
entered the sea by separate and distinct mouths. As the last two were
swifter, owing to more rapid descent from the highland, they tended
to carry proportionally mote sediment than the larger Euphrates and
Tigris. Gradually then a delta was built out southward across the
Persian Gulf, thus reducing the area to the north into a lake and then
into a marsh; sediments from the Euphrates and Tigtis filled up the
intervening portion. This process, accotding to De Morgan, implies 2
south-eastward creep of the coastline forming the head of the Persian
Gulf.

De Morgan’s views were current for many years, and are still held
by some to be valid; butin 1952 G. M. Lees and N. L. Falcon advanced
a different explanation. According to them, the Gulf lowlands represent
a slow and irregular downwarping of the surface under the increasing
weight of sediments as these are brought down by the four rivers.
Irregular subsidence of the whole area would produce intermittent
flooding of the land sutface, followed by persistence of marshy con-
ditions. One important piece of evidence in suppott of the idea of down-
warping is the rate of accumulation of river sediment. The known rate
of accumulation is such that present-day lakes and marshes could not
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long survive unless there were subsidence: if the surface remained
stable, a land surface would build up fairly rapidly. Moreover, to the
north-west of the present coastline, sediments laid down since the
Pliocene are of freshwater type, whilst to the south-east they are of
marine origin. This strongly suggests that the coastline at the head of
the Persian Gulf has remained in more or less its present position since
the Pliocene, and that therefore there is no “creep”. Other evidence
adduced by Lees and Falcon goes far to substantiate the idea of a
permanent coastline, and in the present writer’s view it is difficult to
sustain the ideas first enunciated by De Morgan. However, further
investigation may be necessary before a final verdict can be given.

The lowland atea, which forms a large part of the Iranian province of
Khuzistin, has considerable potential for agricultural development.
Of late years, following the construction of river barrages, availability
of irrigation water in the regions adjacent to the foothills has allowed
the spread of cultivation, especially of cereals and sugar (cane and beet).
But in certain areas the soil can be very prone to salinity if too much
water is applied; and especial care is necessary, not only in the amount
used, but also in the kind of crop raised. Provision for rapid drainage of
the lower soil is a further essential, but expensive, matter. Close to the
Shatt-al-‘Arab, which is the stream formed by the junction of the
Euphrates and Tigris, there is a zone of date groves. These extend fora
distance of about one mile inland from the Shatt and the twice-daily
rise of the tide, alluded to above (p. 33), ponds back the river water and
produces a wholly natural but nonetheless valuable watering of the
palm groves.

Most of the rest of the territory is marsh and swamp, diversified by
occasional dune-like drier areas. Salinity remains a problem, and the
waters of the Karin and Karkheh spread out by small distributary
channels and thus fail to reach the main drainage flow (the Shatt-al-‘Arab)
as single important and recognizable streams.

Of late years, the region has taken on a greater importance as a
principal gateway by sea to and from Iran. Difficulties of a shallow sea,
shifting coastline, and a marshy interior that is liable, at least near the
rivers, to extensive seasonal floods—all these once made the area
unattractive, and communications tended to be either farther north
through Baghdad and Asia Minor, or farther south through such places
as Jask and Bughire. Except in ancient times lower Khazistin had
few important towns before the present century, though Ahviz has
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always held importance as a river-crossing point. However, with the
growth of the oilfields and the development of modern dredging
methods, these obstacles in the natural environment have diminished,
and over the last fifty years there have grown up a number of sizable
modern towns. Bandar Shipiir, chosen in 1928-32 by Rezi Shih as
the southern terminal of the Trans-Iranian Railway, was sited well to
the east, partly to avoid difficulties with silting from the Shatt-al-‘Arab,
and partly to avoid the political problems arising from the location of the
national frontier, which does not run down the centre of the waterway,
as is usual, but along the eastern bank. Although there has been some
development, it cannot be said that Bandar Shapir has grown to
primacy among the Gulf ports. By far the bulk of economic activity
remains concentrated close to the Shatt-al-*Arab, where two much more
important Iranian ports are sited at Abadan and Khurramshahr,

Abadan was developed as a refining centre by the former Anglo-
Iranian Oil Company, and until nationalization it dealt only with
incoming and outgoing cargo for the oil company. The petroleum
installations were for long the most extensive in the world, and besides
handling almost all the output from the Khizistin fields, Abadin came
to function as a considerable port, with ship-chandling on a large scale.
But the development of oilfields other than in Khizistin, the growth of
alternative outlets for petroleum—for example, the terminal at Kharg
Island—and the decline in production of the older oilfields, such as
Masjid-i-Sulaimin, have meant a decline in the dominance of Abadan.
Proportionally it handles less of the Iranian output of oil, though in
absolute terms its importance remains, and its activities continue to
grow. As a new town devoted entirely to the industries of oil and
shipping, it presents an appearance totally different from that of other
Iranian cities, among which it now ranks fifth in order of size.

A short distance away is the riverine port of Khurramshahr. Until
recently it handled general cargo for Iran, complementing the activities
of the port of Abidin. Now it is involved in the general expansion of
commerce along the Shatt-al-‘Arab, and the division of function is much
less than in eatlier days. Both Khurramshahr and Abidin have a rail
link through Ahvaz to the main Iranian system, and there is also a
roundabout and somewhat intermittent connexion to Basra. Khur-
ramshahr is more “traditional” in appearance and activities, with
distinctly less of the modern industrial skyline that characterizes Abadan. -

Inland, one town, Ahviz, centralizes communications, and performs
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the function of a regional capital. Its command of routes through the
first foothills of the Zagros, as well as the necessity of a portage for
shipping on the Kirin river (because of rapids at this zone of break-
through by the river), have made it a natural trans-shipment point; and
like its neighbours it has shared in the developments caused by oil
exploitation. For long, no more than a compulsory staging post for
river traffic (though its historical tradition goes back to the time of
Alexander the Great), and with hardly the best reputation for amenity,
Ahviz has nevertheless grown rapidly as a traffic centre and as the outlet
for a developing agricultural area.

THE NORTHERN HIGHLANDS OF IRAN:
ALBURZ AND TALISH SYSTEMS

Viewed on a small-scale topographical map, the Alburz appears hardly
more than a minor spur diverging eastwards from the main mountain
massifs of north-west Iran, and completing in a somewhat diminished
way the rim of upland that frames the central regions of Iran. In fact,
the Alburz extends as a shallow arc of, better, a boomerang-shaped
mass of upland, from the Russian frontier at Astira over a length of
some 6oo miles as far as Jajarm in the east, where at least topographi-
cally, if not geologically, it appeats to dwindle and partially die out.
Though narrow, with a maximum width of only eighty miles and an
average of under sixty miles, it is unusually high, including as it does
Iran’s greatest peak, Mt Damivand (18,955 ft), which lies approxi-
mately in the centre of the entire chain, some forty miles to the north-
east of Tehran. It may be noted that Damivand is higher than any
summit to the west of it in Asia or in Europe.

Because of its restricted width, the Alburz is extremely steep. This
is especially true of the northern slopes, since these rise directly from
the coastal plain of the Caspian, which lies at or just below sea-level.
On the southern, interior side, the great altitude of the inner plateau
reduces the relative differences of level; but even here the Alburz for
much of its length provides a striking panorama of sheer and rugged
slopes abruptly dominating a nearly level plain. Viewed from either
side, the mountains appear as an almost continuous wall, pierced but
not broken by a few narrow defiles; whilst to the south the land surface
drops more gradually by shallow terraces and low bluffs to the flat
wastes of kavir.
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The Alburz system offers a number of considerable problems to the
investigator, not the least of which is its structural origin. From the
degree of folding and dislocation in the Alburz it is apparent that there
has been intense mountain-building activity ; and E. B. Bailey and L. C.
King suggest that there were two distinct phases of this, one in the
Late Cretaceous or very early Tertiary, and a second in Late Miocene
times. Bailey’s view is that a number of rock series, mainly Old Red
Sandstone, were displaced and overthrust towards the north, hence
implying that a significant amount of earth movement originated from
the south, in the zone of the Central Plateau.

This view of the Central Plateau, as an area in active, though sporadic
movement northward, is not acceptable to certain other geologists,
notably Riviére, who preferred a more orthodox interpretation that
involves displacement towards the south by forces originating in
Northern and Central Asia. It is beyond the scope of this present chapter
to offer comment on these varied attempts at elucidation of what
remains an unsolved problem, but one may at least note that within a
relatively narrow zone of territory, opposing concepts of a fundamental
kind are involved. This situation could be said to be frequently
characteristic in relation to much of the geography of Iran.

It is convenient to discuss the Alburz system as made up of two
unequal portions: the Tilish hills in the extreme west and north-west,
and the main Alburz massifs in the centre and east. Fronting the entire
range on the north is the narrow coastal plain of the Caspian, which is
presently in process of slow building out by accretion of sediment
brought down mainly by rivers.

The Talish hills consist overall of a long, narrow hog’s-back ridge
running north-west and south-east, and rising to a maximum height of
just over 10,000 ft. Much of the surface lies above 7,000 ft, but is deeply
scored by narrow defiles and ravines formed by short, torrential streams
that plunge mainly north-eastward towards the Caspian, whose shores
lie no more than twenty to thirty miles from the crest-line. A smaller
number of streams run south and westward to the broader lowland
valley of the Qizil Uzun river, which is in part a major longitudinal
trough running parallel to and within the main axis of the Alburz.

Even here, however, the land surface is far from being open or
uniform. An extensive gorge occuts on the Qizil Uzun at Darband
(=defile), where the river lows for over a mile in a cleft no more than
100 yd wide.
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Fig. 13. The Tiligh hills of northern Iran.

Lying close to the Caspian Sea, the Tilish hills have a heavy rainfall
without a really dry season; but the seasonal variations are considerable,
especially in the foothill regions, where autumn and then, lower down
still, spring are the wettest periods. On the higher slopes, however, this
distinction tends to disappeat, and rainfall is persistent in most months.
These conditions give rise to a thick vegetation cover, which in
association with the broken nature of the mountain flanks, makes
penetration on the whole very difficult: as a result, many of the higher
parts remain remote and relatively unknown. There are, however, a
number of crossing-points including one relatively easy route through
Herowabad (Hirabad) to the Caspian coast at Siahchal. Human settle-
ment is Jargely restricted to the broader valleys, on small flats of more
ot less level ground eroded or deposited as outwash by streams. Vil-
lages here practise mixed agriculture, with cereals (especially wheat and
some barley and maize) grown alongside or below fruit trees. Patches
of meadow are also common, whilst a few grazing areas are usually
maintained on the higher slopes above the villages. In common with
most of the central and western Caspian plain, the abundance and
luxuriance of natural vegetation as compared with the rest of Iran are 2
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most striking feature; and on these northern Tilish slopes the pro-
liferation of small fields with a profusion of fruit and grain, boundary
hedges, and water-courses lined by willow and alder suggest broad
parallels with the bocage country of north-western France.

The largest of these cultivated expanses is that of the Kargan Rud,
which has “captured” a number of smaller streams and eroded a basin
distinctly larger than most others in the region. Farther towards the
coast, the heavier and sometimes water-logged soil, the frequent water-
courses, and dense vegetation, with a greater predominance of liana
species, offer more serious obstacles to human occupation. Here, too,
malaria has been another drawback.

On the south-east the Tilish system comes to an end in the narrow
flexure of the Gilin Pusht-i-Kih (not to be confused with a ridge of the
same name in Khazistin), which attains a height of approximately
10,000 ft. A large stream, the Safid Rid, has cut back through this up-
fold, or anticline, and acquired two important headwater tributaries,
the Qizil Uzun and Shahriid, which, as we have noted, flow in 2 longi-
tudinal structural trough (a syncline) that succeeds the upfold farther
to the south. Increased erosive power from this enlarged river has pro-
duced a wider valley, which separates the Talish hills from the main
Alburz system lying farther east.

The river itself flows at times in a narrow gorge or defile cut below
the level of the main valley and hence difficult to traverse; but the gap as
a whole provides a major route from Tehrin and Qazvin to the
Caspian lowlands, and is responsible for the location of Rasht, which
commands its northern entry.

Immediately east of the Safid Rad gap the same geological features
continue for a time largely unaltered, but after about twenty-five miles
the simple pattern of ridge and trough composed of a restricted range
of rock types begins to change. The mountain system broadens and
rises in altitude; rock series are much more varied and structure more
complex, with shatter-belts and zones of dislocation. A further, sig-
nificant result is a considerable development of vulcanicity. Superim-
posed on the general level of the mountain ranges are a number of
volcanic cones, the two largest of which are Damavand and ‘Alam
Kih (15,500 ft).

Two major chains of unequal height can be distinguished, separated
by the valley of the Shahrid. The northern chain culminates in two large
peaks Alam Kih and Avian Kih (14,811 ft), and is drained by a series
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of small consequent streams, chief of which is the Alamiit. The southern
ridge, about twenty miles away, is distinctly narrower and lower in
altitude. Between them, the Shahriid flows in a valley which for the most
part is exceedingly broken and accidented. The oscillations to which the
whole region has been and still is subjected—in conjunction with a
heavy and distinctly seasonal rainfall, including prolonged winter
snowfall acting upon a range of varied rock series—have given rise to
impressive erosion features: stupendous gorges with sheer slopes, be-
velled terrace-flats, suites of benches, incised meanders on the courses
of streams, and gravel outwash fans where mountain torrents enter the
main river. Scenery along most of this northern chain is extremely
striking, but most imposing of all is probably the side valley of the
Alamit, which starts just below the two summits of Alam Kah. The
eastern Alam Kih is the higher (15,910 ft) and in places has almost
vertical walls up to 3,000 ft in height.

Around the summits of the Alam Kith occur a number of small ice-
fields, described by C. P. Peguy. The largest development of these is
towards the north-east of the massif, where three permanent tongues of
ice converge to form a glacier some four and a half miles in length.
This terminates at 2 height of just under 12,400 ft above sea level.
About two thirds of the ice surface is entirely covered by rock debris,
and there are even recognizable lateral, median, and terminal moraines.
Other icefields may occur to the south and west of the main crests, but
these, if they exist as permanent features, are of much smaller size.
At least part of the main glacier appears to be in movement, being fed
by regular snowfall. Other parts are stationary and without clear
evidence of any adjoining snowfield. Because of this, Peguy suggests
that the glacier may be fed (at least in large part) by irregular avalanches
from the higher parts of the Alam Kih, which are steep and show
cirque- or cliff-formation here and there. Such conditions would allow
creep of the glacier below the normal limit of permanent ice. Other,
less likely, possibilities are that the glaciers are maintained from ex-
ceptional snowfall at longer intervals—of five to ten years (this has
been demonstrated for other regions of the world); or that there could
be a sublimation process by which the icefield maintains itself directly
from snowfall.

The Shihriid becomesincreasingly entrenched below main valley level
as it flows westwards to join the Qizil Uziin at Manjil, hence its valley
above this confluence offers relatively little inducement to settlement.
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Towards its source, however, the valley becomes rather more open,
though higher in altitude; and here there are small villages, sited
usually on terraces or on alluvial deposits near the side tributaries.
Cereals, usually wheat with some rice, are grown, together with fruit—
vines, peaches, etc.—and vegetables and nuts. There is some breeding
of sheep, goats, and pack animals. Because of its topographical diffi-
culty, due especially to the slotted nature of the main river, much of the
valley remained for a long time remote and little visited. A number of
tracks usable by animals cross the region in a north-south direction:
the chief of these is the Tamir Khan pass at 11,500 ft, which usually
remains open throughout the winter. With increasing use of motor
transport and the opening of good roads farther to the east and west,
these tracks are less used, and are more and more the preserve of nomads,
local traders and smugglers.

The centre and the most extensively developed portion of the Alburz
complex may be said to begin east of the line from Karaj to the Childs
river. Three main ridges can be discerned, with what appear as irregular
plateau surfaces between; and the dominating feature is the large
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volcanic cone of Mt Damavand in the centre of the entire system. The
peak is very recent in origin, having grown up mostly during the Late
Pliocene and Eatly Quaternary, and outflows from it have deflected and
impounded a number of local streams, thus producing the small lake
Lar. Now its sides have become deeply scored by erosion channels;
but the symmetry remains and is even enhanced by this weathering.
Isolation from other peaks, a continuous snow cover, and its large
size make Damavand by far the most striking feature of the Alburz
panorama, which is itself very remarkable.

Damivand has been formed for the most part by flows of andesite,
together with material exploded from the crater. There is no scoria cone,
and the crater itself is distinctly small. Activity is in its last phase, being
mainly characterized by what are known as fumaroles and mofettes—
the emission of gases and small quantities of highly sulphurous materials
that now occur as irregular deposits as far down as 15,750 ft below the
summit. Beside the andesitic flows, which are the predominant feature
and appear to make up most of the structure of the volcano, there are
intercalated bands of limestone, mud flows, and breccias. The local
presence of conglomerates laid down under conditions of heavier and
at times torrential rainfall, together with other physical evidence,
suggests that there were one or more phases of definitely colder
climate, with temporary increases in precipitation. Owing to the great
extent of the lava flows, cultivable land, even round the outer base of
the volcano, is greatly restricted, occurring in small patches rather than
wide expanses.

A permanent glacier exists, according to Detruau, at the upper end of
the Ta‘alluh valley; and there are a number of persistent, possibly per-
manent, snowfields, some in the crater itself, in parts sheltered from
direct heating by the sun. The glacier is about two km in length and
ends at a height of 16,730 ft in a series of ice-falls and crags that drop
abruptly to a hollow known as the Valley of Hell. Unlike the glacier of
Alam Kiih, the surface here is not covered by rock debris; and other
significant differences in mode of occurrence and deposition patterns
emphasize the location of Damavand on the inner, drier parts of the
Alburz, as compared with Alam Kih in the distinctly wetter northern
slopes of the range.

Within the overall pattern of ridge, peak, and undulating upland
occur a number of valleys: some hardly more than defiles, some broader
and with relatively flat floors, and others more in the form of a basin,
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with a2 downstream rim that is breached by an emergent stream.
Certain, but by no means all, of the more open valleys have deposits of
soil latge enough for cultivation of cereals, fruit, and vegetables;
whilst the poplar, so charactetistic of parts of upland Iran, occurs here
only in scattered groups. The variety in rock exposure can be striking:
a few parts are dark and shaly, not unlike an industrial slag-heap;
others show dazzling expanses of bare limestone pavement, or abrupt
crags developed on more resistant strata. Here and there more rounded
slopes carry a light natural vegetational growth of grass, scrub, and
occasional trees.

Drainage from this central part of the Alburz is mainly by short
consequent streams flowing either north to the Caspian, or south
towards the intetior of Iran, but the Hardz river has developed a
aumber of longitudinal tributaries such as the Rad-i-Narand Rad-i-Lar.
In several localities two streams flowing respectively north and south
have cut back towards each other sufficiently to reduce the intervening
mountain barrier to a pass or divide, hence providing a route through
the mountain chain. Three such passes ocur. The first is at the head of
the Childs valley, from which two alternative routes can be followed:
one by the Karaj valley and the other more directly towards Tehran.
A short distance east of Tehran the Imamzideh Pass (8,700 ft), lying
just west of Mt Damivand, provides a second major route; whilst the
Gaudir Gaudak col (6,620 ft), still farther east from Tehrin, is suffici-
ently wide and shallow to be used by the northern branch of the Trans-
Iranian Railway as an approach to Bandar Shih on the Caspian shores.

Settlement in the Alburz has several distinctive aspects. The lowest
interior slopes immediately north of Tehrin were once occupied as
isolated summer resorts; but now, almost incorporated in the outer
suburbs of the city, they have a permanent, largely commuting popula-
tion that has brought the city limits well onto the first foothills of the
mountain chain. Generally speaking, settlement in the higher parts of
the Alburz is in the form of hamlets or small clusters of houses grouped
alongside a few fields; but there is now a tendency for single habitations
to grow up, especially along the new motor roads. In many parts still,
however, because of steepness and barrenness, there is no human habita-
tion whatever (this was until lately particularly true of parts of the
Imimzideh route).

East of the Gaudir Gaudak pass the Alburz declines gradually in
height and displays more irregularity in trend. The main upfolds reach
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only 10,000 ft, with two ridges, the Kih-i-Nizva, and Kih-i-Shih
continuing the overall pattern of an arc by trending respectively east-
north-east and north-east. A third ridge, the Riiyan Kih, trends N.N. W.-
S.S.E., thus interrupting the general symmetry and acting as a divide
between two large embayments of lowland. In the westernmost of these
lies the district of Simnan, and in the eastern, Damghan. A fourth route
crosses the Alburz range from Shahrid to Gurgan; then east of this the
extreme eastern limit of the Alburz system is attained. From here east-
wards altitude declines, and the folds die out into an area of rolling high
plateau, in the centre of which lies Jajarm. This zone of broken
plateau (it cannot be described as lowland since it is several thousand
feet above sea-level) acts as a watershed between, on the one hand, the
Gurgin and Atrak rivers, which flow separately northwards to the
Caspian; and, on the other, the less clearly defined drainage system that
trends southward towards the kavirs of the interior.

The Caspian lowlands

From Astari in the west to Hasan Quli Beg in the east there extends a
low-lying plain, some 400 miles in overall length but extremely variable
in width. Occasionally, less than one mile separates the sea coast from
the first foothills of the Alburz system, but over much of its extent the
plain attains a width of fifteen to twenty miles; and in the extreme east,
between the Atrak and Gurgin rivers, it opens out farther into the
broad Tiirkmen lowlands.

The Caspian Sea is at present some eighty-five ft below mean sea-
level, and is slowly shrinking in size, with an average annual fall in level
of about eight in. The precise rate of fall depends mainly upon inflow
from the Volga river, its principal feeder, which, like others in
the same region, has been much influenced by climatic fluctuation.
Within relatively recent geological time there have been many oscil-
lations, both major and minor.

As a result, old shorelines are strongly indicated by the presence of
topographical flats and benches, marine erosion phenomena such as
stacks and caves, lines of marine dunes, and ancient cliffs with pebble
beds at the base. These are frequently visible in many parts, occurring as
far south as the first Alburz slopes and the Tiirkmen steppes. Such
obvious fluctuations of the sea level provide much material for specula-
tion upon climatic and topographical changes in historic and pre-
historic times. Full delimitation and correlation of the Caspian strand-
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lines have not so far been achieved, and many problems still remain to
engage the attention of future researchers. Besides the evidence of dif-
fering climatic phases, pluvial and arid, the interrelations of topo-
graphy, rock structure, and archaeology are also of considerable interest.

The Caspian Sea has no teal tides, but seiches (temporary local rises
in level) occur sporadically, mainly as the result of sustained wind
action. Currents of a definite kind exist, mainly from west to east as
regards the Iranian shore. Though lacking an outlet, the Caspian is
far less saline than other enclosed water surfaces in the Middle East,
such as the Dead Sea and Lake Reza’iyeh, and less saline even than the
open oceans. Its salt content is only thirty-seven per cent of the average
of the major oceans, and twenty to twenty-five per cent of that pre-
vailing in the Mediterranean and Red Seas.

As it is produced by shrinkage of the water surface, the present
coastline of the southern Caspian is one of emergence: that is, it appears
generally straight or only very slightly curved, without extensive cliffs
or prominent headlands. It is also characterized by a succession, first of
coastal sand dunes, spits, and bars; then inland, behind these, 2 low-
lying expanse of brackish lagoons or freshwater marsh; third, a slightly
higher and generally drier terrace zone; and finally, a piedmont zone
marking the beginning of the Alburz foothills. The dunes close to the
present coast may attain heights of thirty to sixty ft and they carry a
vegetation of coatse grasses, bushes, and scrub: fairly abundant in the
extreme west where annual rainfall is much greater, and thinning out
markedly in the east, to merge into the general steppe and sub-arid flora
of the Tiitkmen plains. The marsh-lagoon area has a heavy cover of
reeds, sedges, and aquatic plants, again especially dense towards the
west; whilst the natural climax vegetation of the higher plain and
foothills is the Hyrcanian forest, which is special to the area. However,
clearing has taken place over the centuries, particularly during the last
fifty years, so that paddyfields and other cultivated zones now pre-
dominate in many parts, and the forest has retreated or even in some
places totally disappeared.

Administratively the Caspian lowlands comprise three provinces:
Gilan in the west, with Raght as its political capital and communications
centre; Miazandarin in the centre, with a2 number of smaller towns
(chief of which is Sati); while Gurgan to the east has one large urban
unit as its capital, which was once known as Astarabad and is now
renamed Gurgin city. These territorial divisions reflect real geogra-
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phical differences, and it is convenient to discuss the whole area on this
tripartite basis.

Gilan can be said to consist essentially of the lowlands of the Safid
Riid, which has built out a delta north-eastward into the Caspian and
hence extended the width of the plain to about twenty miles. In com-
mon with other deltaic areas, the river itself divides into several dis-
tributary channels that are frequently shifting; and towards the sea-
.ward side are a number of lagoons partially enclosed by developing
sand spits. One of these lagoons (mwaurdab), lying on the western flank
of the delta, is about twenty miles long and five miles wide, and on its
northern fringing spit lies the port of Pahlavi (Enzeli). Gilan is said to
mean mud, and for this the extremely rainy climate and large volume
of the Safid Rad are primarily responsible. It can easily be appreciated
why Gilan has a heavy rainfall, for it is situated, as it were, within an
angle between the Tilish-Zagros and the eastward-trending Alburz
systems; moreover it is close to two large water-surfaces and is in
- a zone followed by eastward-moving depressions originating from
Europe and the Mediterranean. Besides this, however, its low altitude
compared with that of most of the rest of Iran, and the sudden descent
of air masses from the mountains to west and south, which induces a
degree of adiabatic warming—these together produce high average
temperatures. The overall effect is often described as that of a hot-
house: steamy heat, with luxurious vegetation of a subtropical kind,
allowing the cultivation of crops usually restricted to monsoon
regions of the world. By careful management it is possible to maintain
a system of almost continuous cropping without seasonal break, since
at no time of the year are climatic conditions totally inimical to growth.
But such a régimc also produces monotony and some degree of
enervation in the people, who are very liable to malaria. Nevertheless,
Gilan is by far one of the most densely peopled areas of Iran, with
average figures of thirty persons per square kilometre (1960 Census)and
approximately one sixth of the total population of Iran. This relatively
dense cluster of people shows no sign of diminution; rather, as motre
and more areas are cleared of virgin forest, there are increased oppot-
tunities for settlement, greatly welcomed by those living as semi-
nomads in the adjacent Alburz regions or farther away still within
central Iran.

Beside rice plantations, which are of great importance, sugar, cotton,
tobacco, maize, tea, citrus fruit, and other cereals and vegetables are
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grown on an increasing scale; and there are extensive mulberry groves
which support silkworms. Rice-growing has its greatest development,
as would be expected, on the marshy lowlands at or near sea-level, with
the other crops located on slightly higher ground. Thus the countryside
has a distinctive appearance: houses are relatively well made and of
wood, with high-pitched shingle roofs. Many buildings, especially
barns and storehouses, are raised on short piles to avoid flooding and
contact with damp ground, and village sites tend to cluster on patches
of higher ground. A great change has come about over the past few
decades by the construction of all-weather roads, replacing tracks that
were notoriously difficult. Because of this, much of the lagoon and
marsh zone to the north and west of Rasht has been reclaimed as paddy
land, and in some places cultivation now extends over the entire zone
between the coastal lagoons and the T3lish foothills.

Farther to the north and west the Caspian plain narrows considerably
until in the extreme north it is sometimes less than one mile wide. The
same general succession occurs, howevet, with first coastal dunes and
then a once-continuous forest cover that reaches almost down to the
sea and is now in process of clearance. For many years communications
in the lowlands were difficult, owing to the fact that numerous small
streams cross the zone; but there is a long-established route across the
Talish hills linking Tabriz to the Caspian shores via Ardabil; and
another route runs parallel to the coast from Rasht to the frontier town
of Astari. Here 2 small stream forms the actual boundary, so that the
northern bank is Russian and the southern is Iranian territory.

Astari once had some importance as a port, but it has been badly
affected by the recession of the Caspian, so that steamers can now
approach no nearer than two to three miles, and commerce has
virtually ceased. The town retains some importance mainly as a
frontier post.

With the construction of all-weather roads, Rasht on the other hand
has developed considerably, and is now by far the largest town of the
Caspian provinces. Besides its function as a regional agricultural market
and capital, it handles a substantial part of the trans-Caspian trade
through its outport at Pahlavi (Enzeli). Tradition is important here:
having had an earlier start in this Russian trade Rasht tends to maintain
its leading position through geographical inertia. Efforts by Reza
Shah in the 1930s to develop alternative ports farther to the east, in
Gurgin, proved largely unsuccessful, owing to the rapid silting of the
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harbours and the poverty of the hinterland. Thus despite the absence
of a rail link to the rest of Iran, Gilin and its capital Rasht remain
by far the most active regions of the Caspian lowlands. In appearance
Rasht offers certain contrasts to most other Iranian cities. There are no
flat roofs; instead, heavy rainfall dictates 2 more sharply pitched and
strongly tiled roof, covering also 2 low verandah on which some
household activities can take place. Timber is very largely employed in
building, and consequently the houses somewhat resemble those of
old Istanbul, ot of some of the Russian or Indian cities rather than those
of the remainder of Iran.

Besides Raght, mention may also be made of a few other but very
small market centres such as Fiman and Liahijan; a number of tiny ports
or roadsteads, such as Kargan Ruad, Siahchal, and Rad-i-Sar, comprise
the rest of the urban centres of Gilan.

The boundary between Gilin and Mazandarin is marked by a nar-
rowing of the coastal lowland: from an average of five miles near
Riad-i-Sar, it almost disappears some seventeen miles to the east, where
forest-clothed hill spurs practically reach the sea. West Mazandaran
consists of a number of enclaves originally enlarged from the forest and
hill slopes; the largest of these, the Tunikabun lowland, has Khur-
ramibid and Shahsavir as its centres. Another similar but rathet smaller
area is that of the lower Chalds valley; and in both areas cereals
(including rice), citrus fruit, and vegetables are cultivated on a rela-
tively intensive scale. The two regions are among the most densely
populated on the entire Caspian coast, and hence in the whole of Iran.
The Chalis area has taken on much importance by furnishing the
shortest route from Tehrin to the Caspian; and with the opening of a
good motor road there is markedly increased activity, due to tourism
and the demands for market produce now reaching out from Tehran.

Another marked narrowing of the plain occurs east of the Chalds,
with woodland and scrub somewhat thicker—though again much
clearing has taken place over the last thirty to forty years. Many small
streams descend directly as seasonal torrents from the central Alburz
massifs, and here greater height results in higher rainfall, which is to
some extent reflected in the number and size of these local streams.
Farther east still, from the vicinity of Mahmudabad, there is a greater
width of plain due to the presence of several larger rivers. One, the
Haraz, has a developed upper course that reaches back into the longi-
tudinal valleys of the inner Alburz; and because of its larger volume
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and more regular flow, it breaks up, like the Safid Riid, into a number of
distributaries towards its mouth. Once more most of the lowland is
given over to rice- and fruit-growing, and irrigation ditches are an
increasingly prominent feature, since annual rainfall over the lowland
begins to decline somewhat sharply eastward. Farther east still, how-
ever, the Babol river becomes incised into its bed some ten to thirty ft
below the level of the surrounding plain. Direct irrigation by full
flow is consequently no longer possible, and tice-growing, which
demands much watet, tends to be replaced by the cultivation of other
cereals, fruit, cotton, and flax. The area of eastern Mizandarin was at
one time much more developed and prosperous, and it enjoyed the
interest of the Safavid monarchs, of whom several monuments remain
—notably at Amul and at Sari, the latter being the present regional
capital. Reza Shah also stimulated some development. There is still a
certain amount of fishing, and a small port trade concerned chiefly with
the export of cereals.

Gurgin is definitely much more of a transition zone towards Central
Asian conditions. Unlike the coastline in much of Mizandarin, which is
generally straight and without indentations, Gurgin has prominent
lagoon forms. The dunes backing the coast of Mazandarin continue as
a large east-running sand spit, the Mian Qaleh, which almost encloses 2
sheet of water some 350 square miles in extent to form Astaribad Bay.
Over thirty-five miles long and scrub-covered, the Miin Qaleh was for
long a royal hunting preserve, and still remains thinly peopled and in
part quite uninhabited. Rapid deposition of silt is taking place, so that
Asterabid Bay is shrinking. Another salient feature, the abrupt north-
watd swing of the coast, tends to be maintained rather than obliterated
by this active and selective marine deposition. Partly because of the in-
hospitable and difficult nature of the coastlands, human activities are
more developed towards the interior, on the piedmont and foothills.
Deposits of loess brought in by wind action during the Quaternary and
later periods are found on an increasing scale eastward along the base of
the foothills and in the middle reaches of the Gurgan river valley.
Overall, the climate is distinctly semi-arid; but on the hills there is
greater soil fertility and slightly heavier rainfall, so that most of the
towns and villages are to be found on the loess-covered hill slopes.

From the angle of Astarabid Bay which forms the south-eastern
corner of the Caspian Sea, there is a rapid transition into semi-arid and
then fully arid steppe conditions. The Gurgan river crosses this region
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and has frequently changed its course, so that there are a number of
former channels, some ancient, others recent. Once again, as in eastern
Mizandarin, the principal streams tend to flow in beds cut below the
general plain-level to a depth of ten to twenty ft; consequently the
landscape differs markedly from that of the centre and west -of the
Caspian plain. Here in the extreme east, the prevailing impression is of
a generally level steppe, broken only by artificial mounds (fepes),
representing older settlement sites, and by sudden gullied water-courses
Aridity is now marked, hence the vegetation consists merely of scanty
grassland and thorn scrub, freshest in spring, dried up in summer, and
sometimes lightly snow-covered for extensive periods in winter.

The Gurgin steppe would seem to have experienced local but marked
oscillation of climatic conditions, and also human vicissitudes. Certain
Classical and eatly Arab writers (notably Strabo and Iba Khaldiin)
speak of it as an extremely fertile and productive region, with cereals,
fruit, and tree crops, especially vines and figs. Turkmen invasions
caused regression; and pastoralism, particularly horse-breeding,
became the principal way of life after the early Middle Ages. Many
ancient irrigation works decayed irreparably, and settlements fell into
ruins now recognizable only as #pes. Today, however, with greater
political stability and the ending of Tiirkmen incursions, there are
prospects for a revival of cultivation; and over the last few years
settlement schemes have been undertaken as a deliberate policy by
government and other agencies. According to these plans, peasants are
brought in fairly small groups from other parts of Iran, and are
settled on Crown holdings that are then made over on long- or short-
term agreements to the new occupiers. In some cases a co-operative
exploitation scheme is part of the settlement process; in others, peasants
are left to arrange their own marketing. Redistribution of Crown
estates in the north-east was one of the earlier phases of the general
scheme for land reform undertaken by the present Shih.

In terms of human geography the Alburz region presents many
features of distinct interest. As has already been noted, the highest
parts—that is, the terraces on the sides of the ridges, and their adjacent
longitudinal or transverse valleys—have attracted settlement which in
many instances is permanent rather than seasonal. In these localities
fertile and cultivable patches allow agriculture based on winter wheat,
spring barley, lucerne, fruit, and vegetables. On the southern, inner
slopes of the Alburz, rainfall is much reduced, consequently patterns of
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cultivation alter. Whete rainfall is just sufficient for plant growth, crops
may be grown extensively only one year in two ot three, the intervening
seasons being used for the folding of animals on fallow ground. In this
way much-needed fertilizer is made available for cultivation. Where
rainfall is insufficient, irrigation may be possible on 2 very small scale,
even in the higher mountain valleys, using streams that rise elsewhere;
and stock is grazed outside the village for part of the yeat, then brought
onto the fields usually in autumn after harvest, as was the custom in
mediaeval Europe. In certain districts, therefore, the distinction
between irrigated areas and rainfall cultivation is rendered clearer by
the field patterns: irrigated areas need not be enclosed, and thus they
extend as open field, with water-channels or large stones indicating
boundaries; temporary fencing may appear at the appropriate season of
fallow grazing, but not always, since shepherds sometimes remain with
their animals all day. The rainfall-cultivation atreas tend to have more
permanently enclosed fields, with permanent pasture. It is noteworthy
that crop yields in these areas of the Alburz are relatively high.

The limits of effective land utilization have been pushed to greater
altitudes by the custom of summer pasturing, or what is termed trans-
humance. Many villages still have subsidiary settlements used during
May until August or September by groups from the permanent villages
below. These summer pastures can lie at considerable distances—
up to ten or twenty-five km—away from the parent village, and it was
formerly the custom for whole family groups to migrate. Tents are
now mainly used; but at one time, according to several observers, rough
but more permanent habitations were made, and there was even a
certain amount of cultivation, chiefly of barley and wheat, along with the
cutting of planted and wild forage. Summer transhumance is now
greatly declining; and De Planhol cites the case of Puliir, where a
summer pasturage at 7,400 ft altitude was formerly used by thirty
families and now only by five. Animals cannot usually survive the
normal Alburz winter even at middle altitudes unless some form of
stabling is available; and besides the usual wooden sheds for this pur-
pose, solution caverns in limestone or soft volcanic outcrops lend
themselves to the hollowing out of semi-underground shelters.

Another fluctuating, but far from insignificant aid to existence in
these high mountain villages used to be the presence of trading routes
that followed the north-south gaps across the Alburz. Along these
routes, rice, wood, salt, fish, and textiles from the Caspian plains
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(especially Mazandaran) were carried southward for sale in southern
and western Iran, stimulating a return traffic of manufactured articles
and animal products. Location on one ot more of these routes could
prove most rewarding, and in the late eighteenth and nineteenth
centuries a growing volume of north-south trade enhanced living
standards in some communities favoured by their geographical loca-
tion, notably Lirijan in the upper Hariz valley. Because of this
the mountain regions came to attain a position of semi-independence
with considerable political autonomy.

Complementary to summer transhumance was a winter migration
from the higher valleys to centres on the coastal plains of the Caspian.
Agricultural life, especially at higher altitudes, tends to be sharply
seasonal, but as we have seen, climatic conditions on the Caspian low-
lands allowed activity all the year round. There was consequently some
intermittent demand there for labouters, craftsmen, porters, and do-
mestics at all seasons. Those mountain-dwellers who were landless or
without stock tended often to spend at least part of the year in such
temporary pursuits, and one could therefore speak of a fully developed
system of vertical migration: upward to summer pastures and then
downward to the Caspian lowlands during winter. (Some similarity will
be noted with conditions formerly prevailing in parts of the Alps of
Switzerland and France.)

Of recent years, however, this movement has greatly declined. The
growth of towns, especially Tehrin, has induced migration of a more
permanent kind. It is highly significant that many upland villages no
longer maintain their summer pastures, which are to an increasing
extent either totally abandoned, or else made over to nomadic pastora-
lists, sometimes for akind of rent, sometimesasa “ token of friendship ’—
depending on the relative strengthand aggressiveness of the two groups.
Cultivation, too, is tending to decline in the higher and more marginal
parts. Terrace walls, as elsewhere in parts of the Middle East, are more
and more in decay, and several investigators suggest that the upper
limit of sustained cultivation has fallen by some 250 m (820 ft) over
the last half-century, from an average of 2,500 m (8,200ft) to 2,250 m
(7,400 ft). Abandoned fields are no unusual sight in most of the region.

The piedmont areas of the southern Alburz are drier but not totally
arid, and hence have offered special inducement to settlers. Sheltered
from the keenest of the northerly winds, that can sweep for a time out
of the Siberian plains and make winters particularly severe, the piedmont
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also has expanses of outwash silt and gravels that provide fertile,
well-drained soils. Irrigation is possible in many localities—given
sufficient initiative and effort—from the many short streams that
descend the inner slopes of the Alburz; and also from the relatively
widespread water-bearing layers below ground level, which allow the
building of qanits. The wide extent of qanit-building around Tehran
indicates how frequently water can be tapped below ground.

Thus in human terms the southern Alburz foothills and piedmont
had originally two aspects: the better-watered spots were cultivated
by a sedentary population; while other parts were put to temporary use,
for winter shelter and pasture ( 4/shldg), by pastoral nomads. It would
seem that Tehran’s modern significance originated in its being a
qishliq for Qijar nomads who had long maintained the habit of winter-
ing in the Varamin district. On gaining political ascendency over Iran
during the eighteenth century, the Qijirs developed into a national
capital what had served them initially as a combination of qishlagq,
trading post, and centre of rule. According to De Planhol, interming-
ling of Turki place-names with Iranian forms is a frequent character-
istic of the southern piedmont, especially towards the east, and im-
portant evidence of the dual role played in eatlier times.!

Further evidence regarding the composite patterns of origin comes
from settlement morphology. For the sedentary population there was
the perennial difficulty of defence against nomadic marauders, who
tended nearly always to have the initiative; and this gave rise to settle-
ment types dominated by needs of defence. (East and west of Tehran
there were many such settlements.) Dwellings were closely grouped in
rough quadrilateral form, with numerous ga/‘¢hs (forts). These were
whole villages constructed to have blind outward-facing walls, sited
round a central defensive tower and a structure—either a kind of peel or
an interior compound—into which animals could be driven temporarily
for safety. Further, there were extensive qanits, from which a village
could sustain itself and its animals against investment or a siege of
several weeks. Thus there grew up on the southern Alburz piedmont a
vigorous sedentary population that could hold its own, broadly
speaking, against the menace of nomadic invasion; and a certain
stability or modus vivendi developed, instrong contrast to conditions on the
eastern Caspian plain (Gurgin), where nomads were normally stronger.

1 Following the practice elsewhere in this chapter, there ought here to be consideration
of Tehrin as a major city. Tehrin is, however, discussed in chapter 13, pp. 445-61.
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When, however, Qajar rule brought to an end in this area the
immemorial conflict between cultivator and pastoralist, a further
phase of evolution began, Progressive landlords found themselves able
to extend irrigation; and so over the last century and a half peasant
agriculture gradually outgrew the old defensible and highly nucleated
villages, incorporating new territory on a basis of extra irrigation
developed by wealthier and more forward-looking proprietors. The
more inconvenient settlements came to be abandoned, and have by
now often fallen in ruins; or else the central refuge for animals became
built over. At the same time new villages, to a certain extent daughtet-
colonies, have grown up on more open and more rewarding sites
formerly unused because they were less defensible.

During the reign of Reza Shih, a significant number of these settle-
ments passed into control of the Crown and found themselves some-
what unduly favoured, compared with non-Crown territory, in such
matters as water rights, development capital, and the provision of
amenities. This could lead to the expansion of cultivation into geo-
graphically unsuitable sites, but it also made possible unscrupulous
manipulation of the irrigation pattern. The individual cultivator had,
and still has, to stand up for his rights in the matter of irrigation,
otherwise the due amount of water fails somehow to materialize.
Water in Iran, like liberty generally, is purchased partly by eternal
vigilance; and with an energetic despotic monarch as co-landlord, the
weaker proprietors found their share in irrigation sharply diminished.

Within the last twenty yeats, an opposite situation has developed.
The abdication of Reza Shih led to an increase of power for the land-
lords, who are now able to divert back to their own holdings the water
once shared with Crown estates. Hence one may now see certain Crown
villages in process of desiccation and regression to pasture, owing to
the diversion of irrigation water. A further turn has been given to this
long drawn-out conflict by the recent redistribution of Crown lands to
peasant-holders. These people now have another and equally direct
cause for grievance, over and above the general one of former social
injustice, for their new holdings can be discriminated against by land-
lords over the matter of water supply.

The tenacity and ultimately successful establishment of a cultivating
peasantry in this southern piedmont have had repercussions on the
nomadic pastoralists, who have been increasingly compelled to base
their annual circuits on the lower ground lying between the cultivated
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piedmont—with its springs, streams, and underground water—and the
interior salt basins of the extreme south. Here aridity becomes very
much mote marked, and streams dwindle to intermittent low, become
saline, or lie in channels cut deeply below the general surface in a way
that inhibits irrigation. So-long as the number of animals is not too
large, herding can be carried on, but there are definite limitations to this
activity.

With the stabilization and expansion of cultivation in the piedmont
zones, especially round Tehran and Karaj, pastoralists have been driven
to extend their annual migration farther and farther south, towards
the heart of the central Lit, in order to make use of very inferior and
short-lived flushes of pasture that follow sporadic rainfall. It has been
suggested by some observers that the nomads now cover as much as
2,000 km (nearly 1,300 miles) in a single annual cycle. While possible
for a limited number of individuals, this seems hardly credible for tribal
units as a whole, since it would involve about forty km per week, or
between three and four miles daily, without respite. What is certain,
however, is that some tribal units now send their animals far to the
south in charge of a few shepherds, whilst the remainder of the group
stays in the north, close to the piedmont or adjacent plains, living in
tents or semi-permanent villages. The development of irrigation works
such as those on the Karaj river, together with rising land prices and
the spread of urbanism, have all greatly reduced the pasture lands in
the southern Alburz region, and sedentarization of nomads is pro-
ceeding at a fairly rapid rate. At the beginning of the present century
Sven Hedin commented on the importance of the Varamin plain and
the region of Simnan farther east as centres of pastoral nomadism. Now,
though far from negligible in total numbers, the nomads are far less in
evidence,and theirinfluence on the general life of the region isinmarked
decline. Many, possibly a majority, have become semi-sedentary with
a wide range of auxiliary pursuits involving cultivation; in many
cases transhumance has replaced full nomadism.

A different evolution of human occupation has taken place on the
northern slopes of the Alburz. Here physical conditions, chiefly
climatic, led to the formation of heavier soils, especially towards the
zone of junction between piedmont and plain; and the consequent
development of a heavy forest cover. The eatlier, indigenous popula-
tions seem to have lived a patriarchal life; with pastoralism a principal
element, and exactions on travellers and local trade an important supple-
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ment. But the predatory and turbulent habits of the Gilakis, continuing
from Classical times down to the eighteenth century A.p., ultimately
led the Qjjir rulers in Tehran to bring in numbers of Kujavand Kurds
from the Ardalan region. This colonization began on a significant
scale towards the end of the eighteenth century.

Following the addition of population, the Caspian plain—especially
the central part—was, as we have noted, gradually cleared of forest and
transformed from jungle and swampy wasteland into a vast agricultural
open field with holdings delimited by hedges and coppices, and build-
ings (barns and store houses chiefly) raised on wooden piles or large
boulders (k#ppas). As late as 1936 Bobek could write of the forest edge
that it often lay within sight of the Caspian Sea, marking usually the
southward termination of the coastal lowland and the beginning of the
Alburz foothills. At higher altitudes a system had grown up of mixed
pastoralism and cultivation, with large flocks and herds transhumant
between summer yaildgs in the mountains, winter quarters on the
Caspian plain, and intermediate, home quarters on the lower hill slopes.

Since 1930-40, however, considerable changes have occurred. The
construction of motorable all-weather roads, parallel with the rapid
growth of Tehran, created a two-way economic movement: the herders
and farmers of the northern Alburz developed a taste for small luxuries
such as tea, sugar, better clothes, and fuel oil, for which they could pay
by sending charcoal for sale in Tehran and other northern towns. At
first, charcoal-burning became a widespread and locally valuable extra
pursuit, engaging many individuals. But much of the forest has by now
been cleared, at least in its more accessible parts within the zone
4,300 to 6,600 ft above sea-level, and few or no reserves remain. Emigra-
tion has increasingly become the only remaining course, and at the
present time there is a steady exodus, chiefly westward to the lower
Safid Rad valley and Mazandarin, where development of intensive
agriculture almost on the plantation system absorbs much human
labour. Some migraats are also attracted eastward to Gurgan, where
cultivation based on irrigation is also extending (though on 2 much
more limited scale) and could expand further.

There is considerable resemblance between the human geography
of the Alburz area and conditions in coastal Syria and Lebanon. In the
latter a mountainous terrain with an exceptionally well-watered sea-
ward side was sufficiently high and rugged to afford isolation and
defensive points, yet not too irregular as to inhibit the accumulation of
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a soil layer that could offer cultivable patches. Such an environment
could support small human groups who were willing or desirous to
accept remoteness and a frugal mountain life as the price of relative
security from raids and political oppression. With stronger overall rule
in both areas after the eighteenth century, political and economic condi-
tions were gradually ameliorated, and population numbers began to
increase. One further crucial factor was the rapid growth of large cities
on the very periphery of the mountain: Beirut, Tripoli, and Damascus in
the Levant, Tehran, Rasht, and Tabriz in Iran; and the first effect of such
urban growth was to foster a rapidly developing market for local
resources. Later, however, and especially in the Alburz, the important
resource of woodland became largely worked out; also, a growing
disparity emerged between “the mountain® and “the town” in regard
to amenities and living standards. The more civil security became
assured, the greater the disparity. Hence in both areas, the Alburz and
the western Levant, the uplands have declined in population over the
last few decades. The “mountain”, with its traditional values and ways
of life, is losing its old meaning. Arduous work in maintaining cultiva-
tion terraces, or in shifting quarters up and down hillsides following
animals at pasture, might be accepted when there was a risk of oppres-
sion or attack from outside, sometimes by marauders from a distance,
sometimes from townspeople—landlords, armies, and officials. Now,
when these towns have lost their former menace and taken on new
glitter and attraction because of their opportunities and modernity, the
disparities become harder to bear. In the words of De Planhol, “ Whilst
the forest becomes increasingly eroded away, Tehrin reaches out to alter
human conditions”.

EASTERN AND SOUTH-EASTERN IRAN

In marked contrast to the north and west, where the defining highland
ring is broad, high, and extremely regular in structural pattern, the east
and south-east of Iran consist of a number of upland massifs separated
by topographical expanses of differing width and lower but varied
altitudes. These uplands are distinctly irregular in disposition, trend,
and physiography; whilst the intervening areas are plains only in a
limited sense, for though most have a flat or rolling surface, some are
open and others more basin-like. All stand at an altitude of at least
3000 ft above sea-level.
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It is convenient in the present instance to define eastern Iran as
beginning at the watershed between the Gurgin and Atrak rivers;
from there it extends as far south as the southern border of the
Sistin basin (in the latitude of approximately 30° N.) through the ranges
that form the Makrin and define the Jaz Murian basin as far as the Gulf
of Hurmuz, to the west of which the main Zagros can be said to begin.

The region so delimited extends over 8oo miles from north to south,
and its east-west spread varies from as little as fifty miles to on average
about two hundred. It embraces land forms of many kinds, from peaks
crowned by near-permanent snow, jagged and rounded crests, abrupt
gorges and wide valleys, to extensive flats and drainage swamps. Much,
but by no means all, of Iran’s frontiers are on the eastern flanks of the
massifs, where these drop to the low plains of Russian Central Asia or to
the extensive inland drainage basins that lie farther south, in Afghan-
istan. Thus an encircling upland rim remains the predominating geo-
graphical feature, even though the more broken nature of the mountain
chains—their scattered and irregular disposition, and the extent of
intervening lower land—makes this part less rim-like and hence easier
of access, than anywhere else in Iran. Climate, however, reinforces the
obstacles set by rugged terrain; and so, despite the only moderately
developed topographical barrier, this eastern region of Iran still restricts
human movement and effectively isolates the interior. Three distinctive
sub-regions make up the eastern segment of Iran: Khurasan in the north;
next,a complex of upland massifs sometimes termed collectively the Qa’in
and Birjand highlands (for want of a better name) and associated with
them the lowland basin of Sistin and its western defining ridges; then
lastly, the hill ranges of Persian Balachistan and the Makrin, with their
associated ranges that join onto them to form the extreme south-eastern
angle of the Iranian highland rim.

Kbhurasan

Khurisin is distinguished by the presence of mountain ranges that
show much more symmetry and regularity, at least in alinement and
disposition, than do those of the Sistin area immediately south. A
predominating trend can be discerned from north-east to south-west;
but in addition, there are flexures which link to this clear and well-
defined pattern, the differently alined Alburz ridges. These flexures
dovetail as it were into the main N.E.-S.W.-trending Alburz folds at a
short distance farther west (fig. 16). Hence the entire mountain system
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of Khurisin consists of fold-structures that occur as successive ridges,
for the most part in ranks, with local names. In the east, towards the
Russian frontier, there are two main lines of ridges: one close to or
partly within Russian territory, and another some forty to fifty miles
to the south-west. Between these two nearly parallel lines there lies a
trough zone, hardly to be described as 2 lowland, as its floor is at 3,000
to 4,000 ft altitude. In the opinion of Scharlau, these near-parallel sets of
summits represent a merging of two major, large-scale structural arcs.
The north-easternmost line, composed successively of the Kopet
Digh, Gulal Dagh, Allahu Akbar, and Hazir Masjid ranges, represents
a continuation of the Caucasus system; whilst the more southetly line,
made up by the Kah-i-‘Ali Digh (Aladagh), Kih-i-Binalad, and
Pusht-i-Kah ridges, is more properly a part or even continuation of the
Alburz group of folds. It would seem that two structural arcs that in
their western parts are widely divergent here merge together; and one
might see in this a similarity with the Talish hills joining the main
Alburz range. But here the position is complicated by the existence of
cross-folds or minor flexures exemplified in the hills north of Bujniird,
and, more extensively, south of Quchin. These minor ridges would not
seem to accord in trend with the northern line of major hills, which
Schatlau terms the “Tirkmenian range”, but may represent an
imbrication of the easternmost Alburz folds with the dominant
Tirkmenian trend.
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It will thus be apparent that this northern part of the eastern rim has
a structural pattern of distinct complexity; and writers on the geology of
the region have offered somewhat varying interpretations of the con-
ditions as now observed. Especial difficulty arises over the ultimate
relationships of the various high ranges within Khurasan to the Pamir,
Hindu Kush, and inner ranges of Afghanistan and the Himalaya—a
matter that is, however, beyond the scope of present discussion. Enough
has been said perhaps to indicate why in the present work, the
highlands of Khurasin are not treated simply as an eastward continua-
tion of the main Alburz, but as a partly separate physical region.
Lithologically the predominant seties of the main Alburz—Lower
Jurassic and Cretaceous—continue uninterruptedly to form the main
massifs of Khurisin; but in terms of structure and climate, and hence
in human response, there is a perceptible difference between the two
regions.

Where the two systems come together and front each other, as in the
area of Bujniird-Quchin-Mashhad, thereisazone of considerablecrustal
disturbance, as would be inferred from the earlier discussion of the
general tectonic origin of the region. Faulting and downthrow have
produced a long narrow trough or rift occupied by the Atrak and
Kashaf rivers, and further dislocation has allowed intrusion by igneous
rocks to the south of Mashhad, and extensive metamorphism to the
west. The low divide that serves as a watershed between the upper
course of the Atrek and Kaghaf rivers is thought by Scharlau to be
a small upfold, rather than a residual feature produced by river erosion
or by downfaulting of adjacent rock structures.

The whole area is still one of marked crustal instability, especially in
the neighbourhood of the trough itself. The town of Quchin ex-
perienced four violent earthquakes during the nineteenth century alone,
the last of these (in 1893) so severe that the entire town was re-sited
some eight miles to the east.

The Kopet Dagh range, which is entirely in Soviet territory, and the
associated folds known as the Gulial-Dagh, which curve westward
and are partly in Iran, form together a fairly regular mass that rises
steeply from the Tiirkmen plains to the east and north and attains a
maximum height of over gooo ft. Faulting and downthrow on the south-
west side have tilted the whole structure, giving it something of the
appearance of a dissected block or plateau, with a steep, narrow,
north-east-facing side, and a rather gentler but more irregular south-
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THE LAND

western aspect towards the Atrak valley. This difference is well illus-
trated by the variety in drainage pattern. To the north and east are short,
straight streams coursing directly from high ground to the Tirkmen
plain, but to the south-west there is a more developed network, with
a number of subsequent -transverse tributaries joining the Atrak.
These minor valleys have generally been eroded out in less tesistant
strata, and in some places deep narrow gorges have been formed, mainly
but by no means wholly on the Atrak side. Above the general plateau
level, which lies at about 6,000 ft are a number of rounded summits
that attain a further 2,000 to 3,000 ft; the highest of them, Kopet Digh
itself, reaches 9,732 ft. The whole zone of the Kopet Digh massifs,
however, is distinctly less rugged than a recital of these altitudes might
suggest. There are a number of steep valleys and gorges where move-
ment is difficult, but the main road from Quchin to ‘Ashqabad is not
unduly steep or broken, even though it must rise to 7,000 ft to cross the
range.

Where the Kopet Digh is open to penetration by moist winds—
that is, to the north and north-west—rainfall occurs on a scale suffi-
cient to produce a good flush of grass annually, and also to support a
fairly thick scrub vegetation with small clusters of trees such as alder,
oak, juniper, and hornbeam: an alternation, but basically a continua-
tion, of the vegetation pattern characteristic of the eastern Caspian
foothills. Opportunities for irrigation cultivation occur in certain of
these northern valleys, and on alluvial fans that flank the outer scarps.
Here ate communities of settled farmers raising cereals, citrus and
deciduous fruit and vegetables, while the villages are marked by walnut
and poplar trees. Until fairly recently such settlements tended to be in
the rather higher and less accessible valleys, in order to avoid the
menace of Tiitkmen raids from the Caspian littoral and farther east;
but of late there has been a distinct spread of settlement to lower
altitudes. The earlier population tended to be Kurdish in origin, as a
result of ““planting” by Shah ‘Abbas.

Towards the south, rain-shadow effects begin to be apparent.
Vegetation is more spatse, and human occupation more precarious
and restricted. Thus in the middle Atrak valley, pasture is distinctly
less abundant, cultivation poorer, and settlements fewer than farther
north. The importance of the Atrak valley as 2 line of communication,
however, has led to the growth of 2 number of towns which function
as small markets, exchanging their local agricultural items for pastoral
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produce and a few manufactured goods brought in from outside.
Chief of these towns are Bujniird and Quchin, others are Qatlish,
Shirvan, and Sisib.

Some 300 miles in overall extent, and forty miles in width, the Kopet
Diagh range may be said to end in a series of cols and open expanses
that break the continuity of the main ridges due north of Quchan.
This interruption provides a relatively high but easy route from
Quchin to ‘Ashqibad (Poltarsk): immediately south-eastward the
summits once mote become higher, and are known as the Allihu
Akbar. A minor break occurs when the system is penetrated by smaller
transverse folds related to the Alburz massifs, then the south-eastetly
trend continues under the name of Hazir Masjid.

In these last two massifs contrasts in relief are somewhat greater than
in the Kopet Digh. Summits are slightly higher (the maximum attains
10,400 ft), and erosion effects are more prominent. A number of
longitudinal valleys break up the major massifs, and are fairly accessible
and open. But streams descending directly from the sides of the
ridges have cut extremely narrow and steep-sided gorges, and their
openings are often marked by outwash sheets of ungraded scree—
boulders, pebbles, gravel, and silt. The most interesting effect of
enhanced erosion under subtropical and arid conditions is seen at
Qal’at-i-Nadiri. This is a2 detached plateau fragment, oval shaped and
trending N.W.-S.E. with its major axis about twenty miles in extent
and its width some six miles. The entire structure is defined by cliffs
that tise 700 to 1,000 ft and are broken only by a few tortuous paths.
Morphologically a real “Lost World”, the Qalat was a traditional
strong-point in the defence of north-east Iran, but now it is almost
uninhabited.

As will be seen from fig. 17, the mountain chains that serve to define
the Atrak-Kashaf trough on its southern side are somewhat more
irregular in trend, and again slightly higher than their northern
counterparts. The chains are predominantly of Jurassic age—a further
contrast to conditions in the north, where Cretaceous series are better
developed—and their main topographical component in the north-
west is the Kah-i-*Ali. This extensive upland is mostly over 8,000 ft,
with a sharp fault-defined scarp seties forming one side of the Atrak
valley, and more irregular northern and western aspects. Once more,
as in the Kopet Digh and Gulal Dagh, the areas closer to the Caspian
are better watered, and consequently have a cover of scrub, even wood-
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land, with important pasture flushes in spring. Farther to the south
and west aridity becomes more marked, vegetation is thinner, and
narrower gullies replace the wider valleys characteristic of the wetter
north.

To the west and south of Quchin the mountain ranges take on a
slightly more complex pattern because of the presence of minor
structures that trend more directly east-west, cutting across the
floor of the Atrak valley and continuing directly towards the Alburz as
the Kih-i-Shah Jahin and the Kih-i-Jaghatii. This has the effect of
producing minor structural “knots”, rather than, as in the north, a
simpler longitudinal arrangement of ridge and valley. Dominating the
area farther south and east is the Kih-i-Binilad, eighty miles long and
fifty broad—altogether the most imposing mountain system of
Khurisin. Of an average height that just exceeds 10,000 ft, with
summits a thousand or two feet higher, it appears to dominate low-
lands lying both on the east (the basin of Mashhad) and also the west
(the plain of Nishapiir). This effect is heightened by the steepness of the
lower slopes, especially towards the south. The higher parts tend
mostly to consist of karstic plateau levels—empty and arid except in
spring, when there is short-lived pasture and nomads arrive with their
animals. Lower down, between 4,000 and 6,000 ft, and particularly
towards the north-east, irrigated agriculture is developed in the narrow
valleys where water is available. Some of these valleys appear as oases
in a generally dry countryside, with cereals and vegetables sown
beneath fruit trees and shrubs. Most observers are impressed by the
matrked alteration in conditions between the sun-drenched and monoto-
nous clay or silt plain, with its occasional brick walls, and the verdant
lower-hill scenery only a short distance away. One recent traveller
summed this up as an overwhelming local contrast in geographical
environment,

Chief town of the south is Nishapiar, the birthplace of ‘Umar
Khayyam. The name of the town derives from King Shihpir 1, a
Sasanian monarch (A.D. 240-71) who founded it as a centre of trade and
fire-worship. Lying within a tectonic zone and on the Tirkmen and
Central Asian frontier, Nishapir has undergone many human and
physical vicissitudes: destruction by earthquake on several occasions,
devastation and massacre, but has also enjoyed an intermittent import-
ance as a trading centre and a place of education and learning. Ibn
Battiata described Nighipar as a “Little Damascus”. Besides com-
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manding routes across the Kiih-i-Binalid, north to Quchin and north-
east to Mashhad, it functions as a market for agricultural and pastoral
products, and also for turquoise obtained mainly from the western flanks
of the hills, especially round Ma‘dan. Construction of the rail link to
Tehran, which swings round the end of the Kih-i-Binilid and ap-
proaches Mashhad from the south, has been a further stimulus; but the
extensive ruins of earlier settlement indicate that not only Nishapiuritself,
but the whole region, was once far more populous and productive.
Some revival is currently taking place, with cotton an increasingly im-
portant crop. Other villages and smaller towns are located on the pied-
mont or closer to the main slopes of the Kith-i-Binalad and Kah-i-*Ali,
often in association with springs, or where there are irrigation prospects
from streams and qanits. Southward begin the salt basins and deserts of
the interior: hence this more heavily peopled and cultivated zone, which
extends as an arc south and west of the mountain chains, could be
regarded as a minor replica of the Fertile Crescent of Syria-Iraq. Chief
centres, closely influenced by the availability of water, are Nishapar,
Sabzavir, Sultinabad, Safiabad, Bam, Mianabad, and Jajarm; but apart
from the first, none is now very large. One locally unfortunate feature
is the outcropping of gypsum and rock-salt, especially north of the
Juvain river, which greatly increases the salinity of ground water in
these districts.

Mashhad

Mashhad is a successor to Tis, a more ancient city that lay some
fifteen miles to the north-west. In earlier days the region of Khurasan
had a much wider sphere of influence, which extended often as far
as Herat, Marv, and Sistdn, and was dominated by two urban centres,
Nishapir and Tas. The latter is known certainly to have been important
as early as the fourth century B.C. In A.D. 809 ‘All Rezi, the 8th Imam
of the Shi‘a died (some say he was killed) a short distance away from Tis,
at the site of what is now Maghhad (“the place of martyrdom”) which
hence became a centre of Shi‘a pilgrimage.

After destruction of Tas by Mongols in 1220, survivors resettled
in Mashhad, and water supplies were diverted there. In this way the
tomb of ‘Ali Rez3 and a few associated buildings became the nucleus of
a town that gained markedly in importance. Location near or on rela-
tively easy routes from northern Iran into Central Asia, Afghanistan,
and the South-East via Sistin and the Helmand basin gave it importance
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as a caravan- and trading-point. Lack of rainfall involved extensive
dependence on qanit or spring irrigation, so that Maghhad never
attained the opulence of, say, Isfahin, Damascus, ot Aleppo; and almost
down to our own day it has suffered first from Mongol and later from
nomadic raids. Nevertheless there has been a significant volume of
commerce in spices, dyestuffs, pastoral products, carpets, and silk, with
chandling for caravans that provided a market for foodstuffs and animal
products from the local area.

Religious associations seem, however, to have contributed in
greatest measure to the development of Mashhad. Despite its distinctly
excentral relation to the rest of Iran, it was made an object of special
solicitude in the seventeenth century by Shih ‘Abbis the Great:
one may see in this a possible desire to buttress the secular power by
association with religion, as well as a2 quest for economic advantages
to be gained from having pilgrimage centres in one’s own realm.
During the nineteenth and eatly twentieth centuries the shahs found it
convenient to emphasize Mashhad’s significance, as a strong Shi‘a
centre, again possibly in part for the same reasons, but also, more
certainly, in order to develop a centre of Iranian national feeling and
culture in a territory increasingly exposed to encroachment from
outside.

The present-day city! consists of two quite distinct segments: an
older nucleus dominated by a2 group of religious monuments, and a
recent expansion towards the south and west, with wider streets, better
private dwellings, shops, and a few hotels. In the ancient centre are the
religious buildings of the Imim’s tomb, and mosques and a madrasah,
with extensive graveyards close by. Burial close to the mausoleum of
Imam Ali Rezi was and is still highly sought after, and high grave-
rents are paid—an important element in the general economic position
of the city. Radiating from the religious area are numerous streets and
alleys (kdchebs) lined mainly by narrow, single-storey shops and dwell-
ings, and hemmed in originally by the city wall, which was rebuilt
successively with an enlarged perimeter. Another important feature in
the old part of Mashhad are the numerous caravanserai, which here
take the form of a courtyard flanked by two-storey buildings—the
lower for store and supplies, the upper for humans—and approached
by a narrow tunnel-like entrance. Alterations by Reza Shah within the
last thirty-five years have resulted in a broad ring-road, virtually

1 A plan of Maghhad is given in chapter 13, p. 439.
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turning the ecclesiastical nucleus into a closely defined “island”,
and also restricting burying-space because so much of the centre has
been opened up to currents of trade and commerce by motor. Many
pilgrims engage in temporary or part-time trading in order to finance
their journey.,

Enhanced economic activity in the centre of Maghhad during the last
ten to twenty years has displaced poorer inhabitants from the centre
to new houses on the north and east sides. At the same time, the richer
quarters alluded to above are taking shape almost as a detached town
to the south and west, in response to the pull of new roads and the
railway station, which is a recent addition to the city. This tendency to
segregation by class structure, not normal in traditional Middle Eastern
cities, is one of the most obvious evidences of Westernization, here in
Maghhad as elsewhere.

These changes have come about as the result of extensive migration
into Mashhad. A population estimate of 1947 gave 147,000 as the
population of the city, and the 1956 Census showed 248,000. Estimates
for 1965 were about 300,000. It is believed that much of this increase
is due to movement in from rural areas, not only within Khurisin, but
including Sistin and Balichistin. One contributory factor is the diver-
sion of water eastward by the Helmand river scheme, and another the
general withdrawal from conditions of life on large landed estates.
An accompanying phenomenon, related also to Mashhad’s status as a
pilgrim centre, is the number of professional beggars: one observer
in 1963 put this at 6,000, not including families.

Still retaining its function as a pilgrim centre, and now more open
to communication with the rest of Iran, Mashhad has become the
undisputed capital city of eastetn Iran. Trading and cultural contacts
with regions farther east persist, though on a reduced scale, despite the
hardening of frontiers over the last thirty years. In human terms,
Mashhad is now one of the most colourful of Iranian cities, with an
unusual mixture of religious, Central Asian, and nomadic dress, along-
side more normal ““Westetn” styles. Tourist bric-a-brac, an index both
of improving communications and debased general taste, is becoming
a principal item of trade in the centre; but the title of Mashhadi,
indicating that a person has made the pilgrimage (zérat) to the tomb
of the martyred 8th Imim of the Shi‘a, is still respected in Iran.

72



PHYSICAL GEOGRAPHY

Qd’in and Birfand highlands

South of the Mashhad basin the topographical pattern again
becomes more complicated, with a bunching of fold-structures that
are of different size and display varied trends. Between these uplands,
which have been rather awkwardly termed ‘‘the highlands of Q2’in
and Birjand” lie irregular plains and drainage basins. First in order
southward, and the highest of the hill features, is the Kih-i-Surkh,
which is an upfold of Eocene with some Miocene strata extending
over 150 miles to reach a maximum height of 9,900 ft. Its northern
aspect, towards the Nishipir plain, is only moderately steep but
relatively unbroken: the southern flanks, overlooking Kashmar and
Turbat-i-Haidari (or Haydariyeh), are more rugged and deeply eroded,
with sinuous valleys and gorges occupied by intermittent streams that
drain southward to the Bijistin Kavir (Kavir-i-Namak). Eastward the
Kih-i-Surkh broadens into an undulating tableland of 6,500 to 8,000 ft
altitude, with a largely barren surface partly occupied by minor undula-
tions and irregular folds. Southward it is succeeded by a more developed
ridge, the Kih-i-Bizak, which is simpler in structure and narrower,
but of the same general height and thus quite prominent. This feature
acts as a major watershed between, on the one hand, streams flowing
west or south into the interior basins of Iran, and, on the other, the
system of the Hari Rad and Kaghaf Rad. In the angle formed between
the two latter streams occur further ridges which, whilst less imposing
in extent and altitude than their western neighbours, nevertheless
exhibit clearly the same N.W.-S.E. structural trend dominant in
Khurisan farther north. Finally, the Kah-i-Khwaf runs from the region
just north of Turbat-i-Haydariyeh as faras the Afghan frontier. Attaining
a maximum height of about 8,000 ft, it has a few springs and seasonal
streams that support a very small settled population of cultivators, and
somewhat larger numbers of nomadic herders and occasional outlaws.

Between these ridges and mountain massifs are expanses of lower,
flatter Jand, sometimes occupied in their sumps by &avir or by monoto-
nous gravel and sandy plains. The lowest levels of all, which lie east-
ward towards the Afghan border, can be at no more than 2,000 to
2,500 ft above sea-level; but average altitude is more of the order of
4,000 to 5,000 ft. It is at such intermediate altitudes that the few villages
or towns tend to occur. The lowest parts are saline, bare and dusty
for much of the year, or with a sharply seasonal and limited water
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flow that may suddenly grow into a devastating flash-flood; whilst the
upper parts, closer to the highlands and hence not without a seasonal
flush of vegetation, are on the whole climatically difficult: bare and
wind-swept, arid in summer and snow-covered during winter. Apart
from the few towns mentioned, permanent settlement is largely
restricted to small cultivable patches clustered around streams, where
these leave the uplands and are entrenched in gorges that offer some
shelter from wind, dust, and snow, or provide a reasonably accessible
water supply.

The area lying between the Kih-i-Binilid and the Kib-i-Surkh
furnishes a good example of the sort of geographical contrasts that occur
in these eastern boundary districts of Iran. Close to the mountain
chains, as these decline northward to overlook the wedge-shaped low-
land in which lies Nishapir, there occur many small villages of fair size.
Lower down, on the more open piedmont, these settlements become
smaller and fewer, taking on more definitely the character of oases.
Passing through some of the lower-lying ones is the main line of com-
munication between Iran and Central Asia via Afghanistan. At lower
levels still, streams become saline and increasingly intermittent in
flow. Sandy steppe with loose dunes and #amak become the predomi-
nant features, with settlement extremely sparse.

South of the Kih-i-Surkh massif and the associated ridges of the
Kih-i-Bizak and the Kih-i-Khvif, there lies yet another extensive
open region: hardly a lowland, since much of it lies above 3,000 ft,
yet in comparison with higher zones to the north-north-east and south
a distinctly less broken terrain. There is an irregular water-parting
which divides streams draining westward to the Bijistin Kavir (Kavir-
i-Namak) from those draining east and south towards the Namaksar-i-
Khvif, a saltlake, which is partly in Afghanistan, However, thereare also
a number of small swamps with local drainage, hence we can best
describe this zone as one of ill-developed and indeterminate drainage
patterns. Chief towns are Bijistan and Jiymand, which lie on the pied-
mont in the extreme south-west of the area, away from the saline low-
lands.

Highland is once again a major feature farther south, where it
develops on a moderately large scale as a series of interlocking fold-
structures over an area about 150 miles from east to west, and about
200 miles from north to south. This is the Birjand-Q&’in highland
region. In its northern parts, alinement of component mountain ridges
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is mainly N.N.W.-S.8.E., but farther south, that is, in the area of the
Kih-i-Shih Nishin, the trend is more W.N.W.-E.S.E., indicative of the
markedly differential stresses and earth movements to which much of
eastern Iran has been subjected. Among the highest summits of this
Birjand complex is the Kih-i-Khwijeh Sha‘z, which attains a height of
over 9,000 ft and overhangs a flat plain to the east on which there are
a number of salt marshes and drainage sumps. At a short distance
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away, and in fact alined through these and other swamps and ‘water
surfaces, is the political frontier with Afghanistan.

Between the mountain spurs and ridges are open rolling plains,
sometimes eroded further into definite valleys where streams may flow,
usually only seasonally. The town of Birjand, largest in the area, lies in
such a broad valley, with the dried-out bed of its river, the Shahrad,
serving as a roadway for most of the year.

Because of the continued prevalence of salt swamp or loose sand
dunes in many of the lower-lying areas, human settlement tends still to
be largely confined to intermediate altitudes and shallow slopes, at
altitudes above 4,000 ft. Thorn scrub and other halophytic or xerophytic
vegetal complexes dominate in most of the lower parts, but at least in
some parts they give way at about 4,000 ft altitude to a more luxuriant
cover of grasses, deciduous trees such as mulberry, and even willow
and poplar. Here too cultivation occurs in small areas, with crops of
wheat, barley, fruit, and opium. Terracing is possible in some localities,
and the prevalence of vines, figs, and other Mediterranean fruits
reminds us that this region still has affinities to the north as well as to
the south. This is because the Birjand region is more open to northerly
climatic influences. Winters can be bitterly cold, and although days are
hot during summer, night temperatures fall considerably. Strong winds
are a difficulty, especially in the south of the region towards Neh, where
north-westerlies may persist for days during summer.

The largest towns are Qa’in and Birjand. The former produces opium,
cereals, and root crops, and on the relatively abundant pasture of the
uplands numbers of camels, sheep, and goats are reared. Birjand, some-
what more extensive, has a carpet industry along with the production of
vegetable dyes from plants, some of which grow wild in the neighbour-
hood while others are cultivated on a small scale. The immediate sur-
roundings are distinctly more fertile, due to a better soil and more
abundant water supply. These in turn are caused by the fairly close
presence of a number of high mountain ridges: the Kih-i-Bagriband
(8,900 ft) to the south-east, and the Kiih-i-Miminibad (9,100 ft) to the
east, both of which attract and retain a snowfall somewhat heavier than
that on the lower hills.

Sistan

Southward the mountain mass dwindles to a single ridge or neck
that lies between Neh and Nusratabad. East of this ridge lies a more

76



PHYSICAL GEOGRAPHY

developed lowland zone or basin. This is the Helmand basin or Sistan,
famous to Iranians as the reputed home of two legendary heroes, Rustam
and Kai, but now divided politically, the larger atea of the basin being
in Afghan teritory. The Sistin lowland, oval in shape, is 2 complex
downthrow zone, with an especially steep boundary on its western
side formed by the narrow ridge. Farther east, in its Afghan portion, the
basin is more developed but also irregular in form, with the north-
eastern rim made up by the Hindu Kush ranges, which rise to over
16,000 ft. Lowest levels within the Sistin basin (1,540 ft only) occur
in the extreme south-west, and this consequently means that the
largest area of permanent water surface occurs within Iran. Thus,
despite the fact that the Helmand basin as a2 whole (defined in terms of
total catchment) covers 13 5,140 square miles (3 50,000 sq. km), little more
than one tenth is Iranian. But the areas adjacent to permanent water,
which are the more easily irrigable ones, lie largely within Persian
territory. In fact, the principal water sheet of the Sistin basin—that of
the Himin-i-Helmand (Hirmand)—constitutes the largest single ex-
panse of fresh water within the Iranian plateau, and this gives it special
significance as a region of possible future development.

The major faults that define that western margins of the Helmand
basin run almost due north-south, indicating tectonic affinities with
regions farther east in Asia, rather than with the west of Iran. The
floor of the depression exhibits three suites or layers of material that
represent stages in the gradual desiccation of a vast enclosed sea, which
was cut off from the Tethys during Late Tertiary times as the result of
the upthrusting of folds that now form the present mountain ring
surrounding the basin. Oldest and lowest-lying of the deposits is
known as the Gobi or Siwalik Formation, and it consists of layers of
green and red clays, sandstones, and conglomerates. This formation,
of Late Pliocene age, has been greatly disturbed by local differential
warping—uplift of the adjacent mountain massifs and downthrow of
the lowland basin—hence it is enclosed at a marked angle towards the
foothills of the rift zones. Above the Gobi series occur first Pleistocene
sands and clays, which developed as shoteline benches and were then
progtessively eroded by streams draining into what was then a rapidly
shrinking water surface. Finally, there are very extensive sheets of
pebbles and smaller fragments lying closer to the hill slopes. Towards
the lowest parts of the basin silts, clays, and mud predominate, and
these form the present-day margins of the actual watersurface. Wind
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transport and erosion, acting selectively upon the various formations,
have also produced vast areas of loose and shifting sand dunes.

The river system is of considerable interest. On the west, only a few
strictly seasonal torrents plunge for a few days each year down the
steep western flanks of the Helmand basin; and main water sources
lie to the east, where the boundary rim is higher and more developed,
and thus precipitation is not only more abundant, but also better
spread, because of the peristence of snowfall into late spring. Main
feeder stream is the Helmand (Hirmand) river, which divides into two
major and several minor distributaries just at the Irano-Afghan frontier.
These streams produce 2 sheet of water which fluctuates considerably
in area, not only seasonally but also very much from one year to
another. The precise extent of the lake is conditioned first by the extreme
flatness of the land sutface (nowhere is the lake mote than thirty-five ft
deep); second, by the open nature of the surrounding tertitory, where
there are few or no retaining features; and third, by the highly
variable and inconstant nature of precipitation over the surrounding
catchment areas. In May, the lake is usually at its maximum size, and it
then covers over 1,158 square miles, extending across the Afghan fron-
tier towards the north-east. Slower replenishment due to a decline in
inflow, together with outflow through the Shalaq Rid into the Gaud-i-
Zirreh; and, above all, intense evaporation due to “the Wind of 120
Days” that begins to blow during this season—these reduce the lake to
three separate, permanent water sheets: the Himun-i-Helmand proper,
the Hamin-i-Sabari in the north, and the Haman-i-Puzik (the second
lying partly, and the last entirely, within Afghan territory). All but ten
per cent of the annual flow of the Helmand river occuts between
February and June, and three quarters of the total between mid-March
and the end of May.

The feeder waters of the Helmand are highly charged with sediment
and dissolved solids, and in spring at least they appear very turbid, with
up to eight grammes per litre of silt in suspension. Much of this material
is first deposited over the floor of the basin, and is later transported,
sorted, and redeposited by wind action. One estimate suggests that of
the 1,200 square miles of lake area at the high-water period, 450 square
miles dry out each year for a period long enough to develop cane-
brake vegetation and a grass cover sufficient for animal pasture; 300
square miles turn to swamp, and the remainder (some 450 square miles)
remain as lake. The waters of the lake itself are far clearer than those of
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the rivers. Moreover the lake is fresh and does not become brackish.
This is because for a large part of the year there is natural drainage
outward from the lake system to the south-east via the Shalaq Rid to
the swamp known as the Gaud-i-Zirreh. Changes in level are small, only
of the order of sixty to seventy ft ot less, so that as the level of the main
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lake falls, outward drainage ceases and the Gaud-i-Zirreh waters become
rather more brackish. But this short and seasonal flow is sufficient to
prevent the elaboration of salt deposits within the main Helmand
water surfaces—a rematrkably delicate balance which in geomorpho-
logical terms is 2 highly temporary though fortunate circumstance.

Mention has been made of the Wind of 120 Days, which is especially
vigorous and pervasive in Sistin. It develops during most but not quite
all of the days from May to Octobet, rising in the morning as 2 hot
blast from the north-west that is laden with dust and therefore thick
and hazy. Usually, too, the wind is strong enough to carry sand particles
that act as a highly efficient abrasive. Vegetation can be stripped of
leaves, bushes and trees distorted, smaller plants crushed, and the
growing layer of plants eroded away. In addition there is damage to
buildings, which are in time deeply etched; lighter soil is stripped away,
and, as already mentioned, there is intense evaporation from water
surfaces.

Of the land devoted to regular cultivation rather than pasture,
fifty to sixty per cent tends to be under winter crops, that is, harvested
in May or early June. Here the climate, and particularly the wind, is a
controlling factor. Almost all of the remainder tends to be left as fallow,
apart from a very small summer cultivation, which amounts to no more
than five per cent of the total area. Wheat occupies seventy per cent of the
winter-crop area, with a good deal of barley and some beans and fodder
crops: lucerne and clover. Sorghum, cotton, and vegetables (but
especially melons), and a little millet are the summer crops. The cotton
supplies only a small local demand, and is insufficient to form an item
of trade. A very few trees exist, but it is surprising that there are few or
no wind-breaks to protect trees and crops. Overall, standards of life
suggest decline over the last thirty years, a process recently accelerated
by the increasing diversion and use of Helmand waters within Afghan-
istan. Sistin was once famous as a wheat-exporting area, and this con-
tinued in a small way down to the early years of the present century.
Now, production may even be insufficient for the scanty population.
A major limiting factor is of course the difficulty over regulation of the
river water. Iran stands to benefit most, as she owns the lower, flatter
parts where water naturally collects and can therefore be most econo-
mically used for irrigation. Afghanistan, on the other hand, controls
both the tiver headwaters and the drainage sump of the Gaud-i-
Zirreh—an intricate problem of geopolitics. At present, as we have
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noted, Afghanistan is developing irrigation schemes which are not only
somewhat costly, but also much to the detriment of Persian Sistin.
Here is a challenge: Sistan, as its past history alone shows, has distinct
prospects for future improvement, given technical and international
collaboration. Its geographical isolation in a remote corner, together
with the fact that traffic routes by-pass it to the north and south (partly
because of the disposition of frontier lines), are major handicaps.
Yet Sistin is one of the rare ateas of the region that is endowed with
supplies of fresh water: thus its potential for development is high, and
this should serve to overcome the political difficulties that now exist.
Indeed, Sistin epitomizes many similar problems confronting Iran:
how to secure political action to make superior use of undoubted
environmental opportunities.

Persian Baliichistan and the Makrin

Within a zone (summarily defined, as lying east of a dividing line that
would run from the Bandar ‘Abbias-Minib area fronting the Gulf of
Hurmuz to the north of Zzhidin) there occurs a geographical unit
sufficiently distinctive to justify separate recognition as the third sub-
area forming part of the eastern and southern upland rim of Iran. In
terms of geological structure, physiography, and climate, this south-
east corner of Iran shows a certain individuality compared with its
immediately northern neighbour, the Birjand-Q3’in upland mass, and
a marked deviation from the main Zagros system adjoining it on the
west. The great ridges comprising the Zagros undergo sudden and
marked diminution both in height and in width; and, as we have seen
above, they ate obviously much broken into as a massive feature by the
foundering of extensive ateas to form the Strait of Hurmuz and Gulf of
Oman. From its massive simplicity as a single and unified mass, the
Zagros declines into two smaller formations: first, the system of
ridges forming the coastal ranges and interior hills of the Makrin
which continue with an east-west disposition as far as Afghanistan,
and second, a widely diverging fold structure, that of the high, single
anticline fronting the Qatar and Oman shores on the southern coasts of
the Gulf of Oman.

Here we have an intermediate zone structurally, where the well-
defined Zagros folds characterized by one simple line of trend become
interlocked with formations best developed farther east in Afghanistan
and Pakistan. Structural trends, rock character, and style of folding
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tend to be different in these formations. The extreme south-east of
Iran is itself characterized by very tight folding of the rock series in
many varying directions, by considerable distortion of the surface by
massive warping, and lastly, though extremely important, by much
volcanic outpouring that has been on a scale large enough to give rise
to major land forms. Structures shattered by intense and tangential
folding, by vertical displacement or the upwelling of lava, are further
degraded by the strongly erosive effects due to climate. These last
effects are severe in places, and even violent. Hence topography is of a
very complex nature, with vestigial structural features often obscured,
at least in part, by lava flows, or by the development of extensive
detrital layers, which have been either river-aggraded and deposited, or
laid down in the form of lacustrine deposits. Further action due to
temperature changes and above all to strong seasonal winds transforms
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these deposits either into pebbly wastes or, as one traveller put it,
“squalid successions of sandy dunes”.

Chief erosive agent is the notorious Wind of 120 Days already men-
tioned in relation to Sistin. Lack of cloud results in a high rate of
heat exchange: very high day temperatures in summer and surprisingly
cold winter nights away from the coast produce temperature ranges as
wide over the year as 40° C (72° F). Altitude also makes a considerable
difference. Certain cereal and fruit crops will not grow in the higher or
even intermediate plateau levels.

Rainfall in this south-eastern zone ranges only from one to six in,
over the lowlands to distinctly higher figures over the mountain
crests. Most of this tends to fall as violent downpours on a very
few days, entirely between October and April. Because of the generally
impermeable character of the rock series—either through lava flows or
metamorphism—the effects of rainfall tend to be soon dissipated by
rapid runoff; and it is only in relatively few areas, where permeable
series exist on a larger scale (or where accumulation of water can occur
as a lens in a blanket of detritus), that agriculture and human settle-
ments can develop. To a very marked degree, therefore, cultivation
resembles oasis development in a hostile environment, and Fig. 22
summarizes the chief areas of south-east Iran where there is any signi-
ficant agriculture.

Beginning in the extreme south, along the shores of the Gulf of
Otman and proceeding northward, we may first note the special charac-
teristics of the Persian Makrin. This region is adjacent to the coast and
comprises the zone between the Strait of Hurmuz and the frontier of
West Pakistan. In its extreme western part, fronting the strait, the
Makrin consists of a series of small ridges alined in a generally north—
south pattern: an indication of the extent of tectonic disturbance that
has formed the strait. Here is no minor downwarping and drowning,
but a major interruption to a strongly established trend of folding.
With the “grain” of relief running parallel to the coast, as in the south-
east Zagros (p. 32 above), few settlements of any importance exist, in
some contrast to conditions on the north and west sides of the strait.
Relief is still closely concordant with structure—that is to say, anti-
clines form the ridges, with synclinal valleys between—and altitudes
rise fairly rapidly inland to a series of crests that reach 3,000 to 6,000 ft
within about fifty miles of the coast. Just west of Jisk the ridges take
on once more an east-west trend interrupted by the Strait of Hurmuz,
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and this continues as the dominating pattern as far as the eastern
frontier.

Near the coast the rock series consist of Eocene and Miocene shales,
conglomerates, marls, sandstones, and limestones. These are not
strongly resistant even to the greatly reduced erosive power of the
streams, and individual anticlines are small in longitudinal extent.
Consequently the river pattern is smaller. Many valleys run directly
in from the coast and merely skirt the edges of the folds, with extremely
broad lower sections. There is therefore much less of the intricate
trellis type of drainage that characterizes the Zagros, and access from
the sea is easier, though in fact little utilized. Greater exposure of
shales and dark-brown sandstones produces a2 sombre, often repelling
landscape; and the action of erosion agents, hete greatly developed,
gives rise to pediments, isolated buttes and massifs on a small scale, and
fantastically eroded pillars or rock formations. As previously noted
there has been oscillation of the whole surface, and phases of down-
warping and later uplift have produced prominent suites of terraces and
flats, with deposition of silts, both freshwater and marine, on the
benches thus formed. Further reflecting the marked crustal instability
are numerous mud volcanoes in the extreme south-east (Plate ).

Towards the north the character of the Makrin changes somewhat,
owing to the occurrence of what is termed ““Coloured Mélange”.
This wild mixture of igneous and sedimentary rocks of Cretaceous
age has greater resistance than the coastal series and hence forms the
major relief features: a group of ridges reaching 6,000 to 7,000 ft
that define the northern edge of the Makrin and the rim of the Jaz
Mutiin depression. The northern Makrin is distinctly irregular in its
topography, with folds rising from a broken upland mass that is about
3,000 ft above sea-level. One major col at Nashk (2,800 ft) gives access
to the Jaz Muridn region. Overall, the landscape in this area is once
more distinctly repelling: very irregular and accidented in places, due
to its mode of origin, with dark-coloured rocks (often basalts) pre-
dominating.

As compared with the Zagros, the Persian Makrin offers far less
inducement to human settlement. A greater proportion of impermeable
rocks means that springs and seepages are fewer, qanits difficult or
even impossible to construct; and the sporadic rainfall quickly disperses
to the sea, often as flash-flood that can cover a valley floor to a width of
up to a mile with sand and debris. Furthermore, even when perennial

85



THE LAND

flows of water do exist, the amount of cultivable flat land close to such
water supplies may be extremely limited.

Most agricultural development has occurred round Minab, where
there are two small but perennial streams, and the volume of water
justifies the use of motor pumps. Dates, cereals, and a wide variety of
subtropical and tropical crops, including citrus and mangos, are culti-
vated; and parts are even lightly wooded—tare indeed for the Makrin.
Farther east, expanses of flat, soil-covered land are not numerous, and
so where these occur in proximity to water, intensive cultivation takes
place, with rice as a staple. Wheat, barley, millet, and sorghum are also
produced, there is some growing of vegetables and lucerne; and dates
are important.

In the regions nearest to the coast there can be a further geographical
complication. Some slight summer rainfall occurs here, and relatively

-extensive areas of fairly flat ground are covered by fertile alluvial soils.

Cultivation of a fairly wide range of crops becomes possible, but there
are two major and opposing hazards. Rainfall in the coastal region and
over the hills to the north is extremely capricious in onset and dis-
tribution. Thus in one year extreme drought may prevail, followed 2
short period later by extensive and equally disastrous ﬂood1ng Both
catastrophes are of frequent occurrence. Hence it is hardly surprising that
to Italian observers in 1957 the Makrin gave an overall impression of
deterioration, of which the main symptoms were lack of maintenance
of the irrigation system—canals and qanits—together with a consider-
able human emigration. Goats and some sheep and cattle are main-
tained, either close to the irrigated areas or on higher pastures farther
inland. In these latter, pasture may often be rather better, but in-
accessibility is a great handicap, and the quality of the animals is low.
The largest settlements are Minab, Jask, Gwadar, and Chihbahar, but
none is very large, and the fact that three are on the coast indicates the
relative poverty of the land.

North of the Makrin and its immediate neighbour to the north-
west, the Jaz Muriin depression, is an irregular upland area dominated
by the Kih-i-Taftin range. The predominant trend discernible within
the general mass of ridges and depressions is N.W.-S.E. but there
are a number of exceptions to this general effect, with east-west and
north-south alined structures present in some places. A nartow but
imposing mountain chain is that of the Kih-i-Basmin, which runs
east—west to link the uplands of eastern Iran to the Zagros chains far to
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the west. It also divides the central Lat from the Jaz Muriin basin
farther south. Eastward still, another mountain chain, the Kih-i-
Sultin, serves as a link with the mountains of Pakistan-Baluchistan.

Some observers distinguish among this spread of ridge and mountain
two plateau regions, one towards the notth, located around Zahidin,
and the other centred on Khash, with the mass of the Kih-i-Taftin
lying between. Together these two plateaus and the Taftan range forma
triangular-shaped upland which tapers northward as the great Lat
basin encroaches eastward to form a boundary. Farther north still, and
providing as it were a magnified mirror-image, is the upland area
already described as the Birjand—-Qa’in highlands. East of this lies the
lowland of Sistan, also treated above; to the west is the complex of
interior basins that will be described in a later section of the present
article.

The Kih-i-Taftan is an immense cone that rises to 13,262 ft and is
still in part active, emanating gas and occasionally mud. On the lower
slopes is a “spine” or pillar of lava, reminiscent of that on Mt Pelée;
and the whole area consists of a mixture of tuffs, conglomerates, and
trachytic lavas lying above matl and clay schists. Though the cone is of
very young geological age, heavy erosion has cut numerous deep
furrows and gullies on its sides, and the base region is deeply covered in
places by accumulations of boulders, pebbles, sands, and silts (in that
order radially outward from the base). Lying at 2 considerable distance
from the cone, the silts now appear as flats and dunes, the original
furrows and valleys having been heavily infilled. This gives rise to
““buried topography”, which has the unusual feature of gently sloping
or flat surfaces at high levels, diversified occasionally by jagged emer-
gent crests. Because of the varied rock types, which are mostly im-
permeable, but also because occasional calcareous beds are arranged
in folds or eroded into basins below the detritus cover, small quantities
of water collect at various levels underground; and there is a vegeta-
tional cover, fairly strong in winter and spring, and surviving in
places during summer. As a result, pastoralism based on sheep, goats,
cattle, and even camels has developed, with transhumance from lower
areas on a seasonal basis. Besides this, tiny patches of cultivation are
found, with wheat, barley, fruit, and vegetables as staples. Pistachio
and almond trees occur in small clumps or individually, as a native
(i.e. wild) species, especially on the northern and north-eastern sides
of the Taftan massif. There is some haphazard collection of the nuts,
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but the trees ate in no way “cultivated ’~—rather, they suffer from the
depredations of animals. Towards the west and the borders of the Lit,
particularly below altitudes of 4,000 ft, which over much of eastern Iran
is a critical level, the vegetation becomes markedly xerophilous.

South of the Taftin crests there are a number of larger hollows or
valleys cut into the plateau surface, and one of these, the plain of
Khash, is of some interest. The “plain> or, better, broad valley,
extensively infilled by detritus, stands at an altitude of over 4,000 ft and
is defined by upland ridges that are partly igneous and partly of lime-
stone. Due to elevation and the permeability of some rock series, this
valley is relatively cool in summer and as compared with neighbouring
areas, has a rather better, dependable water supply. Soil is present to
some depth, with an alternation of silts, sands, and occasional clays.
Here, in an area of about 1,000 hectares (an indication of relative
importance), is to be found an “island” of distinctly advanced agri-
culture, with a developed system of mixed farming. Wheat, barley, and
lucerne are the chief products; there are also vegetables and tree crops
(apricots, apples, vines, pistachios, and pomegranates), together with
trees deliberately fostered for shade. With animals kept close to the
fields, either stall-fed or on rotation pasture, dung is collected and
used for fertilizer—a rare practice elsewhere in south-east Iran. The
fertility of this small but favoured area has drawn immigrant cultivators
from other regions, especially western Iran, which in turn fosters a
higher level of methods and techniques. Altogether, the tiny Khash
district represents one of the best possibilities for agricultural develop-
ment in this southern part of Iran.

North of the Taftin is a variegated upland zone broken by ridges that
attain 6,000 to 8,000 ft. Extensive flatter areas have evolved, again due
to infilling of older relief forms by pebbles, sands, and silts. This is the
Zahidan plateau, a region of extensive igneous and metamorphic out-
crops thickly covered on their lower flanks by outwash fans, dune
deposits, and scree. Human settlement is restricted to the lower parts:
the valley flats, or, more particularly, detritus cones developed in
association with these, represent the best opportunities available. One
such open site, where several streams fed from almost permanent snow-
caps converge to provide superior possibilities of irrigation, carries the
settlement of Ladiz; another, on a somewhat larger scale again, is the
site of Zahidan itself. Owing to high relief and the intercalation of
porous and impermeable rock stiata below a covering of dettitus, there
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is some retention of water and thus an opportunity for itrigation by
qanit. Cultivation of cereals, chiefly wheat and batley, is carried on
at lower levels, with much fruit-growing (especially dates and citrus).
Lucerne is also produced on a scale sufficient to support animals, and in
a few localities there is even irrigation to provide fodder and pasture
for animals, which can be kept as part of a mixed farming economy.
The higher and unirrigated slopes are given over to semi-nomadic
herders who have sheep and goats. These peoples still live in tents and
exist principally on a diet of curds, yoghoutt, and small amounts of
cereals.

Zahidan has some importance as the largest agricultural “oasis” of
the region, and also as a route centre. It is an approach to Pakistan
and India, and it stands at the terminus of a railway that was built by
the British during the First Wotld War as an extension of the Indian
system. It is also at the crossing of this east-west route with a north-
south line from Chihbahar towards Maghhad; and with the enhanced
strategic importance of southern and eastern Iran during the last
twenty years, Zahidin has grown slightly, though in absolute terms its
importance still remains small.

Northward again of the Zihidan plateau, as we have already seen, the
highland ring contracts to a single ridge and plateau of a maximum
height of 6,000 to 8,000 ft and only fifty to sixty miles in width. Here
there is hardly any settled agriculture, the higher parts being given over
to seasonal grazing by nomadic herders of sheep and goats, and the
lower parts (on the western side at least) rapidly changing to salt steppe
or scrub as the basin of the Lt is reached.

THE CENTRAL DESERT BASINS

The highland rim surrounding and demarcating Iran encloses a central
area of irregular shape and composed of a number of inland basins,
Some of these are very large, others small, but all have one common
feature: a lack of any outward drainage to the sea. Moreover, although
they are generally areas of subdued relief, with extensive flats and
terraces the dominating feature, topography is far from uniform. Much
of the central area lies at an altitude of about 3,000 ft above sea-level,
but there are a few regions where the lowest basins are only 1,000 ft or
even a little less in elevation. Between the basins occur topographical
divides of varying character. Certain of these are highly developed
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mountain chains attaining heights of 8,000 to 10,000 ft; others are
lines of isolated hummocks, and others again low cols of indeterminate
relief.

Being shut off to a considerable extent—though not quite totally—
from the influences of damp, maritime air masses, this interior area
experiences only low amouants of rainfall, which are on average between
one and six in. annually, with an incidence sharply confined to the
six winter months. Summers are often almost cloudless, consequently
temperatures are very high during the day. But again because of the
lack of cloud, the elevation, and the dryness of the air, there is rapid
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radiation of heat from the surface at night, both in summer and in
winter; this leads to temperature extremes, with sutprisingly low
figures in winter. This wide diurnal variation in temperature greatly
enhances the erosive processes of exfoliation and wind abrasion,
producing a highly distinctive physiography.

The inland basins of Iran cover an area of over 300,000 square miles:
that is, rather more than one half of the total land area; and much of
the present surface was once occupied by large lakes which formed a
fairly continuous system that extended farther east into Afghanistan
and Central Asia. Today, only the lowest parts of the basins are occupied
by residual salt lake or marsh, with extensive deposits of gravels,
sands, rock debtis, and silts at higher and varied levels. Water levels
have fluctuated considerably, with the maxima in the Quaternary era;
and the present-day water sutfaces represent distinctly arid, though not
the most extreme, phases. Desiccation has gone furthest in the south
and east: in the north and west, where there is a relatively substantial
rainfall over the encircling hill ranges and thus considerable surface
inflow, the size of the present lakes tends to vary widely according
to season.

Another feature of considerable interest is the occurrence of strand-
lines. Present-day and former water surfaces ate often defined by a sharp
break in slope—a small, irregular cliff or steeper face, which can appear
as prominent, near-vertical features up to thirty or fifty ft in height;
and correlation of these levels by careful mapping, so far hardly under-
taken at all, might throw much light on the detailed fluctuations of
climate. One overall fact is, however, strongly apparent. Though there
was once a considerably larger water surface during earlier, pluvial
periods, the erosive power of the streams even then proved insufficient
to cut outflow channels through the outer mountain massifs to reach
the sea. In Asia Minor, where a somewhat similar geomorphological
pattern prevailed, the greater part of the interior basins, once water-
filled, are now drained by powerful streams that have cut deep ravines
through to the sea. It could therefore be inferred that Iran’s rainfall in
the Quaternary period (if not also in the Later Tertiary) was not
outstandingly greater than it is now. There certainly are high-level
cols through which drainage could once have taken place; but during
the epochs of diminishing rainfall, no major drainage system maintained
itself sufficiently to cut down its channels at a rate necessary to ensure
continued drainage of the interior. The zone of closed, aretic flow is
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therefore extensive, and in fact covers the whole of the interior. It may
one day be possible to arrive at a fuller understanding of the evolution
of drainage in central Iran; but at present, in the absence of detailed
local geomorphological studies and topographical surveys, the many
interesting problems posed by the inner desert basins remain largely for
investigation.

Physical features in the arid central basins of Iran are extremely
diverse, and many have individual Persian names, of which a few may
be cited here. Li#is a broad term, referring to the desert basins generally
but most often applied to the extensive arid areas of the south and east.
Dasht is relatively firm and dry desert, composed of generally small
and compacted rock fragments: pebbles, flints, or, most often, silts.
Saltin efflorescence is not normally present in dasht to any considerable
extent, and hence when subjected to rainfall, dasht drains relatively
quickly and remains fairly firm. Rig (or reg) refers to finer deposits,
usually of sand, which may be in regular dune formation or irregularly
deposited as a variable sheet. The dunes are of course controlled largely
by local winds, especially in the east, where they are often extremely
mobile, taking up “classic” forms like those displayed in north Africa
and inner Arabia, though on a somewhat smaller scale: dunes of
several hundred feet in height and over one hundred miles in length
are not found. Namak is a salt lake, which can occur either as an open
sheet of water, or with relatively uncomplicated salt crust (i.e. without
much intermixture of silt, mud, and colloidal compounds). Kavir
denotes an expanse of slime or mud, viscous rather than free-flowing,
with frequent salt efflorescence or continuous thick layers at the surface.
A feature of both namak and kavir is the formation of polygonal plates
of salt crust on the surface. These develop as the water below is
evaporated, and since in growing they begin to impinge on one another
each plate tends to become arched upward. Sometimes the centre of the
plate lifts off above the water surface, giving 2 hummocky appearance
to the crust; at other times it is the edges that rise, and the plates then
take on the appearance of concave cusps like an ice-floe; or again,
angular segments may break off and litter the surface with irregular
sharp fragments.

Below the salt surface of a kavir, which can be from one to about
ten cm thick, occurs an expanse of salty viscous mud or slime. The
water in this mass is replenished from drainage channels, or shaz#, where
viscosity is much less. These shatt, or streams of ooze, are usually
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fairly narrow but deep—hence they form a considerable danger to
animals and humans attempting to cross the surface, since they can be
sufficiently extensive to engulf a whole group of people. The cover of
hard saline crust can be continuous above them, thus giving absolutely
no indication whatever at the surface of the presence of such channels,
which remain liquid even in summer. Dry firm desert, confronted by
energy and sufficient supplies, can be crossed; but the kavirs of central
Iran remained largely unexplored until the visits of Dr and Mrs A.
Gabriel in the 1930s. One method of travel is to follow as far as possible
the tracks of larger wild animals, but these are not by any means always
found.

In a region of such marked aridity, the presence of relatively large
water bodies is something of an anomaly. Analysis of the kavir shows
a considerable amount of deliquescent salts, especially magnesium
chloride. It would appear that moisture is extracted from the atmo-
sphere to a significant degree by these substances, despite a generally
low atmospheric humidity. There could also be a process of attraction
of lower ground water by the deliquescent layers lying above, and thus
a slow but pervasive “cteep” and accumulation of soil water from a
considerable distance. Much more investigation is necessary, however,
before the many questions relating to the character and mode of origin
of kavir are fully explhined. One associated matter that could be
important is the possible extraction of minerals on a commercially
valuable scale. Very much larger in extent than the Dead Sea, and
endowed with the potential for using solar energy as a fuel in extraction
processes, the kavirs of Iran could one day come to have a greater
economic importance than at present.

One further point is the distribution of mineral deposits in the form
of a giant “ring”” or aureole. This regular arrangement of salts, almost
amounting to stratification, is highly characteristic of central Iran,
though it has also been observed in other parts of southern and western
Asia, especially in Turkestan, south-western Siberia, and Anatolia.

At the lowest levels—that is, on basin floots and bottom-lands-—
calcium, magnesium, and sodium chlorides are found. On the nextlevel,
and often in a well-defined succession, there tend to be sulphates of
these three elements; while carbonates (with calcium carbonate
especially widespread) form an upper layer that impinges on table-
lands and plateaus. This phenomenon, approaching but not totally
reaching regularity in occurrence, has special significance, not only
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for studies of soil improvement and land utilization, but also for
possible commercial exploitation of the basin deposits.

The northern group of basins lies immediately to the south of the
Alburz mountain ranges and can be regarded as comprising one large
basin, the Kavir-i-Buzurg, or Great Kavir, with a2 number of smaller
sumps and basins ringing it to the north, east, and south. The British
Admiralty Handbook of 1944 distinguishes up to ten such small,
separate kavir areas, and shows the Kavir-i-Buzurg as a continuous
expanse covering over 200 miles in an east—west direction; and it is
more than forty miles wide in certain parts. The N.1.O.C. geological
map of 1959 is more conservative in its delineation of the area
occupied by kavir; on the same map the central parts of the Kavir-i-
Buzurg are interrupted by outcrops of Miocene strata, in the form of
ridges that have a definite trend generally N.E.-S.W., and also by a
more irregular outcrop of igneous and metamorphic series east and
west of Durid. There is also shown a swarm of salt domes in the
area lying about forty miles south-south-east of Simnin.

The three small western basins—that of Masileh, and two closer to
Qum-—are visible from the main road joining Tehrin to Qum and the
south; and there is a considerable expanse of open salty water, which
tends to fluctuate in area seasonally because it is fed from streams that
rise in the relatively well-watered uplands of the north-western Zagros.
Fringing this towards the interior is the real kavir, together with small
belts of sand dunes.

The Kavir-i-Buzurg, on the other hand, receives far less perennial
and direct, open drainage. Shatt are however more common, especially
in the north-eastern parts, and the actual margins of the kavir zone vary
considerably. In some districts, for example, the south-western part,
high spurs tightly enclose the saline area, producing the impression of a
salt sea or gulf between bold headlands. Towards the north and west,
where the kavir reaches to within six miles of Tehrin, there is 2 much
more gradual descent from the Alburz foothill terraces to the kavir
surface, which lies at an altitude of about 3,000 ft above sea-level. The
Kavir-i-Buzurg in its north-eastern parts is much less known, and the
upland zone referred to above (and mainly composed of igneous rock)
separates the main kavir from the minor kavirs of Simnin and
Damghan. Communications swing north and eastward, keeping close
within the piedmont of the inner Alburz and avoiding on their southern
flank vast stretches of salt steppe, loose dune, and kavir. These expanses
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are diversified by residual land forms: bare eroded ridges; occasional
peaks and crests which stand at 2,000 to 3,000 ft above kavir level (i.e.
summits attaining 5,000 to 6,000 ft above sea-level) ; andisolated columns
of especially resistant rock. These last, similar in appearance to coastal
stacks, and emerging usually as spectacular isolated features from a level
waste of white salt crust or datk kavir, reinforce the overall impression
of a vast sea and rugged coastline.

The kavirs fringing the Kavir-i-Buzurg on the north and east, though
much smaller in size, can be equally difficult and dangerous for human
beings; because lying closer to the heavier-watered Alburz they have a
number of drainage feeds, which, though sometimes open, are more often
in the form of shatt. One curious feature is the Sang farsh (rock-carpet)
kavir, so named because of a causeway of stones that crosses it, thus
affording a more direct route between Simnan and Kashan. Some
fifteen to eighteen miles long, and up to fifteen to forty ft in width, the
causeway represents a prodigious expenditure of human labour, since
all the stones had to be brought from a distance.

In the south-east of Iran, and extending between latitudes 29°-32° N.
and around 58°-59° E. longitude, is the Southern Liit, one of the most
extensive and unusual natural features of Iran. Three major mountain
systems, the southern Zagros, the ring of uplands between Afghanistan
and Iran, and the interior complex of ridges lying east of Kirman, con-
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verge gradually, leaving an extensive basin in the middle. This is the
Southern Lit, 2 deep, oval-shaped hollow that is defined strikingly by
high hills; and in its lowest part it drops to less than 1,000 ft above sea-
level—the least elevated area of central Iran.

On the west, a defining edge to this basin is provided by 2 series of
hills that trend mainly N.N.W.-S.S.E., reaching altitudes in a few
localities of over 10,000 ft. Main component ridges are the Kih-i-
Sagiich located east of Kirman, and the Kih-i-Jamal-Bariz! to the
south of Bam. A much narrower but very cleatly defined saddle, con-
tinuing the line of the Kah-i-Jamal-Biriz into the Kah-i-Basmin,
serves to separate the Southern Lit from the basin of the Jaz Muriin
farther south; and then the Taftin massifs, which attain 13,000 ft in
maximum height, complete the surrounding mountain ring on the
north side. The Lit therefore appears as an unusually strongly defined
and deeply hollowed feature in a distinctly mountainous part of the
interior plateau of Iran. Contrasts between the low-lying, doubly
interior hollow, so to speak, and the abrupt retaining ring are very
marked.

The basin is not uniformly hollow. Its deepest part is a long narrow
sump occupied by salt water (ramaksar), which lies closer to the western
walls immediately east of Shahdad (Khabis) and Kashit, with a more gra-
dual slope towards the eastern side. This expanse of open water, which
covers an area approximately one hundred miles by fifteen, is fed by
numerous streams flowing mainly from the Kah-i-Sigah,and on the upper
courses of these streams is a limited amount of human settlement. East
of the namaksir is a heavily eroded area, the Shahr-i-Lit,

The present namaksar would appear to be the remnant of a far larger
sheet of water that once extended farther eastward. Now, because of the
considerable drop in level—the present-day surface of the namaksar is
only 8oo ft above sea-level—as well as the relatively wide expanses
between the edge of the actual salt lake and the mountain rim to the
east, there has been much erosion of the sutface, part of which is
covered by soft silts. The primary agent in this erosive process was
fluvial: small streams cutting deep troughs and gorges, and depositing
the eroded material as deltas and fans on the lowest parts of their course.
But with continued shrinkage of the water surface, wind erosion

1 According to Sykes, the name Jamal Bariz is erroneous. It should be Jabal Biriz. Jabal
=Mountain; P. M. Sykes, Ten Thousand Milesin Persia or Eight Years in Iran (London, 1902),
p. 145. Cf. Times Aslas. Ed.
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became more and more active: not only were the lighter and dried-out
surface deposits directly removed but the acquired sand content
greatly increased the abrasive power of local winds. East of the
namaksir, therefore, lies a zone of intense denudation, with a maze of
defiles and entrenched channels enlarged and altered by wind erosion
and sand-blast. This is the Shahr-i-Liit, a region that gives from a dis-
tance the strong impression of ruined cities or buildings (Shahr=a
town). There is a strongly discernible trend in the general erosion
pattern, with the widest troughs running for the most part parallel to
the axis of the namaksir (i.e. N.N.W-S.S.E.). Close to the salt lake are
expanses of true, viscous kavir, with some shatt, but both are on a
distinctly smaller scale than in the basin of the Great Kavir farther to
the north.

The extreme east of the Shahr-i-Lat depression is covered by ex-
tensive sand dunes: forming the largest single expanse of loose sand
within Iran, they occupy a zone of about 135 miles in length. Because
of extreme susceptibility to the action of strong local winds, which
are in turn a function of wide temperature contrasts, the dunes are
very mobile, and their confused pattern is markedly different from
that of the great formations of the Sahara and Rub® al-Khali. Strong
winds, often accompanied by blowing dust, are thus a major dis-
advantage in the basin. As altitude gradually rises towards the eastern
rim, a very slight annual rainfall begins to occur, and there is also a
certain limited amount of soakage from the higher crests farther east.
Consequently, there can be a scanty vegetation of scrub and even grass
on the more eastetly patts of the Lat, chiefly in the form of a winter
flush.

On the western side, in the narrow zone between the northern side of
the namaksar and the high, defining mountain ridges, there is distinctly
more surface and subsurface water, derived chiefly from intermittent
streams that course down the steep mountain slopes. They are fed by
the more abundant precipitation, which is partly retained as a snow-
cap over the higher crests. Some of this water remains at or
near the surface, but by far the greater part is absorbed underground
and can then be tapped for irrigation in favourable localities by wells
and qanits. Varied crops of wheat, millet, dates, fruit, and vegetables
are raised in the few local areas where water is available; and con-
sequently there are a few attractive and densely peopled spots in this
area of otherwise extremely sparse human settlement.
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Largest of these “oasis”” zones occurs round Bam, in the upper part
of the Tahrid (“river bottom”) valley. Here the massive, stratified
detrital deposits show much variation in physical size and composition,
ranging from boulders and scree to sands and limy silts. Within the
layers occur significant quantities of water that can be tapped by
qanit. These reach considerable size: the town of Bam, for instance, is
supplied mainly by one such qanat that is ten miles long and tet-
minates in a well 250 ft deep, whilst farther to the north-west is another
qanat some twenty-six miles in length. Lying at 2 moderate altitude, and
sheltered by surrounding mountain ranges, the Bam district has tem-
perate winters, a warm spring and autumn, and considerable diurnal
variation in summer temperatures. Besides the usual cereals, dates
and citrus fruit are also grown, and there are two commercial crops—
unusual in this part of Iran—namely, henna and sugar beet. Clumps of
nut trees, pistachio and almond, sutrvive as wild specimens, but with
ptessure on water resources by growing flocks and herds, there is a
tendency for the pastoralists to encroach on this tree-covered land to its
detriment. Where water supplies allow, plots are also cultivated high
up the mountain slopes by temporary workers who migrate seasonally
from the lower areas around Bam.

Other market centres of a somewhat similar character, though even
smaller, are Kaghit, Shihdad, Ravar, and Datband. These are sited
towards the outer edges of alluvial flats, towards the hill zones, where
the first outcrops of solid rock sustain a near-surface flow or seepage of
water. .

Most major routes avoid the Lit and swing well to the north or
south. This is especially the case with the important route from Kirman
to Zahidin near the Pakistan frontier, which diverges considerably
southward through Bam, keeping to the southern rim of the Lit basin,
One track, however, follows a more direct route from Kirmin north-
eastward, skirting the northern end of the namaksir, but it is too
difficult for extensive use. Hence the Shahr-i-Lit remains in general the
most forbidding, and consequently the emptiest, large-scale geogra-
phical unit within Iran. Extreme heat in summer, windiness, blowing
sand, and topographical irregularity, over and above the handicaps
of aridity and salinity, make it comparable in human terms with
the Empty Quarter (Rub‘ al-Khali) of Arabia—a negative, intractable
area.

The principal settlement in this south-eastern region is Kirman, a
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town lying at an altitude of §,650 ft on an open plain that is bounded
to the north by the wastes of the Lit and increasingly hemmed in
southward by the N.W.-S.E.-alined ranges of the main Zagros,
which here attain 13,000 ft. The extremes of climate experienced in
the interior desert basins are well exemplified by conditions at Kirman.
Rainfall averages 5-4 in. annually and occurs almost entirely between
October and Matrch, with the summer totally arid. The average diurnal
range of temperature amounts to more than 30° F at all seasons: thus
the notional July average of 81°F means in effect an average daily
maximum approaching 100° F; and a January average of 45° F means
frost occurring on most nights.

Kirman

Kirmin province is the Caramania of the ancient geographers, and
the town probably existed as a settlement in Sasanian times. By the time
of Marco Polo’s visit in 1271 it had become an emporium for traders
from the Persian Gulf, Khurasin, and Central Asia; and its own pro-
ducts, such as harnesses, armout, and turquoise jewellery, were well
known. Over succeeding centuries, however, its remote position made
it an easy prey. The city was sacked by Timiir, by Afghans on several
occasions, by Nadir Shih, and lastly in 1794 by Agha Muhammad
Qajir, who pillaged Kirmin province for three months, putting thou-
sands to death and blinding or enslaving many others.

During the nineteenth century the town was rebuilt on a new site
slightly to the north-west of the old town. More than a century passed
before the city could be said to have recovered, but over the last
sixty years its population has grown by some fifty per cent, totalling
62,157 in 1956. Industry has expanded once more, and the town has
been able to acquire and develop the features of a strong provincial
capital. Today Kirman is a town in transition. Its walls and gates were
removed in the 1930s, but the ruins of the walls can still be traced
among the houses, and the names of the gates are remembered as
street names. Attached to the walls in the west was the Arg or citadel.
As in many Persian towns this has evolved into a centre of modern
administration with offices of government departments, a branch of the
national bank, and a large school and hospital—all in modern buildings.
Most of the modern building in Kirmian has taken place in the western
sector, and elsewhere the town remains largely within the line of the
wall or on the site of ancient subutbs.
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The street pattern of Kirman consists largely of a maze of narrow,
unpaved, and irregular lanes running between high, featureless mud
walls. Superimposed on this are wide asphalt avenues, straight and
tree-lined, created in the 1930s and ’40s. These sometimes follow the
lines of the old walls, but also cut boldly through the town. Still, only
in the west is there anything approaching a netwotk of modern streets,
and not all of these are yet surfaced or complete.

The main street of the old town was the Vakil Bazir, leading from
the Friday Mosque to the Maidan (square), which was formetly outside
the Arg. This bazir is still mostly arched with brick vaults, and lined
with shops and caravansera. The square has been planted with a garden,
and the former arcades around it replaced with shops, restaurants, and
a cinema.

Most of the housing in Kirman is of the old courtyard type, centring
on a yard with a pool and small garden. A prominent feature of the
Kirmin skyline are the “bad-girs” or wind-towers. Like a chimney in
reverse, they ventilate rooms below, which are often subterraneous.
refuges against the heat of summer.

Outside the town large areas are given over to gardens, both for
recreation and for producing fruit and vegetables, irrigated by qanits
which are among the longest in Persia. To the west are the brickfields
fuelled by rather poor local coal.

Industry in Kirmin was until recently largely on a craft basis. Now,
modernization of plant and further industrialization are a feature. There
are a significant number of modern establishments, mainly textile mills
and brickworks. The most important activity, in the value of the
product and the numbers employed, still remains carpet-weaving.
Kirmin carpets are world-famous for quality and design, and materials
are still mostly local in origin. Work is done either in the home or in
small workshops in the bazar, with carpet “factories” being yet larger
workshops where conditions are slightly more modern.

Many in Kirmin are engaged in administration and clerical work,
which illustrates the importance of the town as a centre of provincial
government; and large numbers are also in the armed forces. Kirmin
has come to perform the functions of regional service centre throughout
a tributary area that includes not only Kirman province, but Persian
Baltchistin, within which it is the only urban centre of any con-
siderable size.

Further basins of closed drainage occur singly or in series along the
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eastern flanks of the Zagros range, where this system abuts on the
central plateau. Hollows are enclosed between high, narrow ridges
that trend mainly N.W.-S.E., as we have noted eatlier, and lie no
more than thirty to forty miles apart. Consequently the basins them-
selves are long and relatively narrow, and alined for the most part
in two groups. The first of these groups, extending generally south
from Ardistin, Na’in, and Yazd, almost as far as Kirman, has small but
fairly numerous expanses both of kavir and sand. Irregularities of
relief produce drainage by an intricate complex of flowing but short
streams without consistent direction. Despite their small size, some of
the kavirs are still incompletely surveyed, but it can be said that most
occur at an altitude of about 3,000 ft, accordant therefore with the
Great Kavir of the northern interior rather than with the water surfaces
of the Southern Lit.

A second cluster of salt basins lies farther south-west, beginning
south-east of Isfahin, in the lowest part of the Isfahan plain, and
extending as far as the Jaz Muridn basin. A small salt lake with some
kavir, fringed by areas of sand dunes, marks the termination of the
Zayandeh Rid, the river that supplies Isfahan. The lake lies in a region
known as Gavkhaneh. Farther south-east, somewhat larger kavirs occur
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east of Abarqiih and west of Sirjan; but these, especially the latter, are
extremely shallow and dry out considerably during summer, leaving
an expanse of salt crust. Despite the proximity of reasonably well-
watered mountain ridges, shatt are much less numerous than in most
kavir districts of Iran—absent, in fact, over many areas. All the basins
of this second group stand at a distinctly higher elevation than the rest,
previously described. The lower Zayandeh Rid basin lies at 4,850 ft
above sea-level, whilst the others are at altitudes of over 5,000 ft.

Isfahan

Located in the fertile upper valley of the Zayandeh Rid, where non-
brackish water is available both from the river itself and from wells in
the porous subsoil, is the city of Isfahin, fourth largest in Iran after
Tehrin, Tabriz, and Maghhad. The city lies at an altitude of approxi-
mately 5,000 ft, with the Bakhtidri ranges of the Zagros to south and
west, and the beginnings of the central desert basins on the east.
Isfahan is within a “marchland” (the change from mountain to interior
desert), and it owes its principal importance to a command of routes—
southward from Tehrin, Qum, and the north along the margin of the
desert basins; and south-westwatd through the Zagros system to the
head of the Persian Gulf and the lowlands of Mesopotamia. Its name,
“troop assembly point”, indicates one of its main functions, and its
long historical past is a further sign of its nodal position.

Isfahin can be traced back to Achaemenid times, when it was known
as “Gabal”. Some authorities associate it with a colony of Jews, said
to have been exiled to the area by Nebuchadnezzar in about 690 B.C.
Under the name “ Jay” it appears as a garrison town of the Sasanid
period, and in early Arab times it consisted of twin settlements:
Yahiidieh or “ Jewish town”, partly on the site of the present Jewish
quarter in the north-east of Isfahin; and Shahristan (Jay), the site of
which is marked today by a small village two miles downstream of the
city. Isfahan was walled as one unit in the tenth century under the
Buyid dynasty, and eatly in the succeeding century it fell to the Seljuk
Turks. From this period date some of the earliest monuments still
existing, which include the Sariban, Chehel Dukhtarin, and Masjid
‘Ali minarets, along with parts of the Friday Mosque.

Isfahan was overrun by Chingiz Khin in 1235, with little destruction;
but at the time of the city’s second Mongol investment by a conqueror
from Central Asia, in the early fourteenth century, the inhabitants first
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made terms with Timdr and later rose against him. Some 70,000
Isfahanis were massacted on this occasion, but, like the descendants
of Chingiz earlier, the Timurid dynasty ultimately became converts to
Shi‘a Islam and patrons of the arts, thus adding to the architectural
wealth of Isfahan.

During medieval times the city functioned as a regional administra-
tive capital and internationally known centre of trade and industry,
with occasional periods as capital of a local dynasty. Under the Safavids,
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however, Isfahin attained its maximum importance. Shih ‘Abbis I
moved his capital in 1591 from Qazvin to Isfahin, which rapidly
became the administrative, commercial, and cultural centre of strong,
extensive, and stable empire. Much building was undertaken, and the
nucleus of Isfahan is still the Royal Square of Shih ‘Abbas, or Maidan-i-
Shah, where stone goal-posts for the game of polo may still be seen.
The Masjid-i-Shah, the Masjid-i-Shaikh Lutfullah, the Ald Qipi
gateway to the Palace, and the impressive bazir portals still mark
the centres of the four sides. Craftsmen from Iran and Europe were
brought in; factories of foreign merchants encouraged, including those
of the British and Dutch East India Companies; and even Christian
religious houses were allowed to establish themselves. South of the
Ziyandeh Rid, Shih ‘Abbis also founded the Armenian Christian
community of New Julf, settling several thousand families, forcibly
removed from Julfd in Armenia, with the aim of encouraging trade.
European visitors variously estimate the population of Isfahin at this
period as between 700,000 and 1,000,000. The surrounding district,
although highly cultivated, could not supply all the produce necessary
for this large number, and quantities of grain were imported from
other parts of Iran.

Gradually the magnificence of Isfahin declined: its Chtistian and
Jewish minorities were persecuted, its rulers became less effective and
commerce less developed. In 1722 the city was sacked by Afghans,
there was great loss of life, and a period of anarchy and disruption was
inaugurated. At the end of the century the Qajir dynasty, which
restored stable government, chose Tehrin as a capital city, and Isfahan
experienced continuing decay and neglect. During the next hundred
years the city could be said to be no more than a community of about
50,000 existing among miles of ruins. Nineteenth-century travellers
describe the empty bazirs and caravansera, the diminution of trade,
and the general atmosphere of despair, mitigated occasionally and only
temporarily under a few enlightened and progressive governors. By
the beginning of the present century, the historical monuments seemed
largely beyond repair.

Modern growth in Isfahin dates from the regime of Rezi Shah. In
1920 thete was no up-to-date manufacturing plant, but fifteen years later
there were five large textile factories with modern German equipment
and German managers. Textiles have always been the basis of Iranian
industry, but now one half of the national textile output is from
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Isfahin. There are currently twenty-five spinning and weaving mills
using electric power mainly generated from oil; altogether they employ
18-20,000 workers, while six of them have over 1,000 workers each.
Local raw wool comes from Kirmin, Khurasin, and Khizistin, and
cotton from the northern provinces. In addition, merino wool is
imported from Australia and materials for artificial fibtes from Germany,
Italy, and Switzerland. Besides the modern industry there are also
25,000 hand-looms in Isfahin and district, these have survived by
producing special types of cloth cheaply for sale in the villages.

Other modern industries include flour-milling, cement- and brick-
making, paper, vegetable oil, and matches; but none approach the
textile industry in importance to the economic life of Isfahin.

Also since the 1930s there have been general improvements such as
road-widening and -surfacing, the building of hospitals and schools,
and the use of electricity. At present a modern water-supply system is
being installed, but there is no sewage system. The historic buildings
have been completely and expertly repaired, with the side-effect of
reviving the local tile-making crafts, which, along with hand textile-
printing and -engraving on silver and copper, had been almost defunct
until recently. Much has been done to encourage tourism by building
hotels, by the improvement of road and air services (Isfahin has no
railway), and by publicity.

Most of the ruins have been cleared and new suburbs built, especially
to the south and west, although, in the older parts of town, conditions
are poor and unhygienic. Such districts are charactetized by the narrow,
twisting and unpaved alleys of old Isfahin, where the houses ate all of
the courtyard type: rooms facing inward to a paved court with a pool
and small garden, showing nothing to the extetior but a bare wall of
mud or mud brick. Mosques, baths, and small local bazirs are scat-
tered through this area, all built of the same materials and giving
the same monotonous aspect. In the newer areas the houses are mainly
of fired brick, often of two storeys, standing on the north side of a
walled garden which varies in size with the wealth of the occupants..
Here the streets are wider, suitable for motor traffic, usually sutfaced
and bordered with trees and a channel for water. New avenues are
however being driven through the old town, indiscriminately destroy-
ing all in their path, yet opening all parts to modern circulation. The
main shopping street is the Chahiar Bigh of Shah ‘Abbis, and the
bazar survives more as a wholesale market. The impression of verdure
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expressed by travellers throughout the centuries can still be felt today.
Isfahan resembles a forest when seen from afar, with mosques and
minarets still the only features to emerge from its gardens and avenues.

These abundant gardens, together with the sixteenth- and seventeenth-
century monuments (which include two famous bridges across the
Zayandeh Rid), have led to such comments as nigf-i-jahin (“‘Isfahan is
half the world”); while a Scottish traveller declared it to be “one of
the rarer places of the world, like Athens or Rome”. But perhaps inevit-
ably, there are various less appreciative and even scutrrilous references
to the inhabitants, which can be summed in the words “Only man is
vile”. Like Maghhad, this city had in the earlier part of the present
century a reputation for being a somewhat reactionary centre of Muslim
fanaticism, and there was some opposition here to the policies of
Reza Shah.

Now, with the growth of economic activities and the commercial
importance first of the Tehran area and second of the oilfield regions
of the south-western Zagros, Isfahan, located approximately half-way
between the two on a major route, and possessing its own traditional
activities, has begun to grow once more at a substantial rate. In 1930 it
had 120,000 inhabitants; in 1940, 180,000; and in 1956, 254,000.

The last of the major inland basins of Iran is that of the Jaz Murian,
which in certain respects, especially in its structure, is a continuation and
elaboration of the Ardistin~Yazd and Sirjan troughs. Itishowever much
larger as a basin, and its presence effectively narrows the Makrin
mountain ranges to about one half of their normal width. The Jaz
Muridn basin as 2 whole covers some 25,000 to 30,000 square miles ex-
tending over 200 miles in a generally east—west direction, and forty-five
miles on average from north to south. A narrow but often steep and
rugged upland zone separates it on its northern side from the Southern
Lt depression;and thismountain complex, whilst reaching peaks of over
10,000 ft—and even 12,000 ft—is picrced by a number of cols and
passes, some of which are under 2,000 ft above sea-level. The southern
edge is extensively defined by the succession of ridges that form a
south-east continuation of the Zagros range through the Makran, as
far as Balachistin.

The Jaz Muridn basin is thus a broad oval, deeply covered in silts
and other lacustrine deposits laid down mainly during the Pliocene and
Quaternary periods. At the lowest level is a sheet of namaksar fed by
two major streams: the Rid-i-Halil on the west, and the Rad-i-Bamptir
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on the east. Slopes are on the whole gentle, so that the water surface
alters considerably between wet and dry seasons—and in many years
it entirely disappears for some weeks. The two streams have cut small
gullies in the soft alluvial deposits, producing some variation in terrain.
Erosion by smaller streams draining towards the water surface from
north and south, together with the presence of detached rock masses
and small crests which protrude through the generally level basin
floor in the west, have further diversified the topography. As one
leaves the lowest levels of the Jiz Muriin basin, extensive flats and
terraces come to dominate the landscape. Most of these are due to
erosion, or else mark the location of old strand-lines; but some others
are the result of lava flows, which, by producing high-level plateau
surfaces and by infilling hollows, have tended to subdue relief rather
than accentuate it. Infilling also by detritus has sometimes been to 2
depth of nearly 1,000 ft.

As would be expected from these general physical conditions, the
region close to the lake itself is largely uninhabited; but away from
the saline areas, limited cultivation becomes possible and human
settlement occuts. Salt scrub and sand dune give place to patches of
better soil that can support grass. In certain localities non-brackish
water can be obtained, either from the higher courses of streams or,
less often, by sinking deep wells through the loose surface deposits
overlying an impermeable rock basin that acts as a catchment and
reservoir. Then the bare, almost lunar, landscape changes to one with
clusters of trees, a small datk grove or two, and tiny cultivated fields.
Areas of cultivation occur in the middle and upper reaches of the Rid-i-
Bampiir, especially around Iranshahr. The river here tends to be
absorbed into porous detrital deposits (Quaternary and Recent),
reappearing irregularly as springs and seepages lower down its valley
towards Bampiir. Qanits are thus much used, especially as surface flow
presents some curious and intractable features. Seasonal fluctuation in
level is considerable; and the crude methods of water control (e.g. often
by temporary earth and brushwood dams that are altered annually)
result in: (4) excessive quantities of water on some plots, which thus
become eroded by flood-water; (b) a tortuous, wasteful channel system
from which evaporation is very high, amounting often to over fifty per
cent, and (¢) a concentration on rice-growing in the over-irrigated
areas as the best possible use of a swampy terrain—all this in a region
with an enormous overall deficit in water supplies. Morecover the
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reconstruction of the dams year by year is a tremendous cost in human
labour, which for one small area alone was estimated (in 1958) to
amount to 3,700 man-days annually.

Other crops grown as staples in most parts ate date-palms, with
wheat, batley, sorghum, and millet. Vegetables are also important, and
some citrus fruit is produced. In sharp contrast to conditions in areas
such as Bam and Khish, not very far away, agricultural methods are
generally poor and extremely primitive, with yields therefore very low.
Cotton was tried a few years ago and proved a failure.

Some animals are kept: cattle of the zebu type, sheep, goats, and
camels, and there is summer migration to mountain pastures on the rim
of the depression. Again, yields from animal husbandry seem to be
below those found farther east, e.g. in Sistan.

At the extreme north-western end of the Jaz Murian basin, cultiva-
tion is also carried on along the middle reaches of the Rud-i-Halil and
its tributary the Riad-i-Shiir, especially whete these two metge, in the
area of Jiruft [Sabzavarin]. In some parts the river channels are deeply
entrenched in soft deposits; elsewhere they are braided and highly
irregular from year to year: nevertheless, cotton alternates as a2 summer
crop, with winter cereals and some oil seeds. Development within the
upper Rid-i-Halil is aided by the distinctly heavier rainfall (up to 15 in.
annually over the high Jamal Bariz and Kah-i-Shih Saravan ranges,
which results in a more sustained and regular flow in the streams, and
provides upland pasture that is used by relatively important numbers
of animals. Most of the pastoralists tending them live permanently in
the high mountains and bring their herds down to the plains near the
rivers for a limited time during winter.

Despite the present limited level of economic development, this
upper zone of the north-western Jaz Murian basin appears to offer
one of the best potentials among all areas in south-eastern Iran for
future human expansion and material progress. This is because it has
a greater amount of water than the other areas, a good soil, and an open
topography. Such a region, however, being relatively small in size and
confined to only a limited part of the basin, is in considerable contrast
to the rest. Overall, south-east Iran is intrinsically poor in natural
resources; it lies somewhat away from the main route-ways; and it
tends to have as neighbours expanses of equally difficult or unattractive
country.
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CHAPTER 2

GEOLOGY

INTRODUCTION

Information regarding the geology of Iran is somewhat uneven. Many
have contributed to make up the present sum of knowledge. Pioneers of
the 1850s, like Loftus, and others of the late nineteenth century, like
Blandford and Stahl, have been followed in this century by a number of
geologists grouped around such leaders as De Bockh, Lees, and Gans-
ser; while the few lone individuals have included Schréder, Riviére,
and Furon. Until 1938 the geological surveys were done from the ground
entirely but after that year aerial photographs became available as an
additional tool. A few efforts to sink bore-holes were made during the
nineteenth century, but “modern” drilling commenced only in the
first decade of the twentieth century. This and geophysics, which has
been evolving since the 1920s, have provided further aids to the
interpretation of the geology. Part of the geological research carried
out in Iran can be conveniently illustrated by maps, whose preparation
is facilitated by the excellent exposures found in most of Iran and par-
ticularly in the mountains. Good reconnaissance maps are now avail-
able for much of the country, and there are also sheets in some detail
designed to meet particular economic or academic needs.

Much stratigraphical detail has accumulated from special regions, but
parts of Iran have barely been reconnoitred. As in most countries, the
old formations are sparingly exposed and where they do crop out are
liable to have experienced rough treatment, such as metamorphism,
dyke-intrusion, and destructive jointing, which the younger beds
may have escaped. Faulting and folding have also introduced un-
certainties. The younger beds are widely distributed, and in undis-
turbed areas gradual facies variation can be followed. On the other
hand, some young formations appear to have suffered widespread
metamorphism around certain intrusions, and the parts subject to tight
local folding have proved perplexing unless intermediate sections pro-
viding critical transitions happen to have been studied.

The stratigraphical column in Iran contains samples of all the
systems, from Pre-Cambrian to Quaternary; and from the beginning
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Fig. 29. Sketch-map of Iran showing main place-names in chapter 2, and also
pre-Cambrian and Palacozoic exposures.

of the Palaeozoic onwards, diagnostic fossils are sometimes abundant.
At the present time vegetation is sufficient to embarrass geological
observations only in the Alburz mountains, where it produces and
preserves thick soil. Alluvium covers most of the basins with internal
drainage and hides the Tertiary and older beds within them.

STRATIGRAPHY
Pre-Cambrian

A case can now be made for Pre-Cambrian rocks being exposed
near Alam Kih in the Alburz mountains. Schist; marble, and hornfels
—all intruded by batholiths of granite in the slopes of Alam Kiah—
are overlain unconformably by more than 1,500 ft of yellow-brown,
fine-grained dolomites interbedded with red sandy shales; both are
probably Cambrian because they in turn underlie reddish quartzites
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and sandy shales containing Cragania, a fossil marking a Cambro-
Otdovician group. The Crugania beds in turn ate overlain conformably
by shales containing Ordovician fossils. It is therefore argued that a
Pre-Cambrian age may be reasonably assigned to the schist-marble—
hornfels group (Gansser and Huber, 1962).

Metamorphic and associated igneous rocks occur on the flanks of the
Alburz near Rasht in the west and near Gurgin in the east. In both
places they lie below Devonian sandstones, which cover them un-
conformably. They are therefore pre-Devonian, and since unmeta-
morphosed Lower Ordovician and Cambro-Ordovician strata occur in
Alam Kih, the age of the metamorphic rocks in other parts of the
Alburz is likely to be Pre-Cambrian also. The unmetamorphosed strata
include thinbedded, dark, foetid limestones and, red micaceous shales.
They overlie shales and dolomites associated with epidiorites, which
may all be Pre-Cambrian too.

In the eastern part of central Iran a suite of metamorphic rocks occurs
north and east of Bifq. These consist of garnet-micaschists, quartzites,
and marbles and they are cut by granitic intrusions. At one point they
crop out within two miles of Lower Cambrian sediments. They are
accepted as Pre-Cambrian in age.

Unmetamorphosed sandstones, micaceous sandstones, and slates
have been seen at two places zbout eighty miles south-east of Bifq.
In the one, sixty miles north-west of Kirmin, the old rocks ate faulted
against fossiliferous Cambrian sediments. In the other, fifteen miles
west-north-west of Kirmin, similar micaceous sandstones and slates
are covered unconformably by strata that include some from the upper
part of the Lower Cambrian. The formation beneath is therefore Pre-
Cambrian (Huckriede, Kiirsten and Venzlaff, 1962).

Farther south, on the western side of the Jaz Murian at Riadbir,
several square miles of hornblendic and epidotic schist are exposed,
interbedded with phyllites and contorted, coarsely crystallized marble.
This series was worn down to a plane, as if by marine denudation,
before Jurassic time, for fossiliferous sandstones and shales, both con-
taining Liassic ammonites, rest with low dips upon the truncated schist
complex. This dates the schists as older than Lias. But it may be relevant
to mention that unmetamorphosed Silurian sediments are known in
Kih-i-Furgin [Kah-i-Farghan], about sixty miles to the west, and also
at Biir Kith, 110 miles to the east on the north side of the Jaz Murian.
The Riadbar metamorphic rocks, definitely pre-Jurassic, lie in an area

8 113 FCH



THE LAND

where the Silurian shales are themselves unaltered, which is also the
condition of the Cambrian in the nearest exposures. Pre-Cambrian age
cannot be ruled out here, therefore, and may even be probable.

Cambrian

Loftus in 1851 and Blanford in 1872 found fossils in Iran which were
then regarded as Silurian but which may be older. In 1924 Lees found
trilobites in dark shales associated with dolomites, amongst blocks
brought up by the salt in the Al Biizeh salt dome, north-east of Lingeh,
and this definitely established the presence of Cambrian in south-west
Iran. Several salt domes later yielded blocks of shales with Cambrian
trilobites; and in 1937 Bobek described a series in the Alburz con-
taining Cragania as well as Ordovician trilobites.

A thick series of red sandstones, black dolomite, gypsum, and acid
volcanic rocks is known in eastern central Iran at several places north
and west of Kirmin. The upper part of the series is interbedded with
fossiliferous limestones, showing that this part of the series begins
high in the Lower Cambrian and extends to the Upper Cambrian
(Huckriede e# a/. 1962). Large areas of Cambrian are known in the
Zagros mountains south-west of Isfahan, where the exposed sequence
is nearly 7,000 ft thick. An upper fossiliferous part rests conformably
on a lower unfossiliferous part that is shaly below and sandy above.
Low in the shales occur beds of coarsely crystalline, leached, foetid,
black dolomites. The shales are mostly red in colour with green streaks
and blotches, but some are chocolate-coloured. An occasional bed of
gypsum was observed, and friable, pink-coloured silt or sand con-
taining specular haematite crystals appears to be associated with groups
of salt springs. ‘The higher horizons of the shales tend to be micaceous.
The shaly member is about 1,700 ft thick and the sandy part 2,000 ft.
Some of the sandstones are false-bedded. Towards the top grits and
conglomerates are interbedded with the sandstones and contain cobbles
of vein quartz, porphyritic andesite, and dark chert. Most of the sand-
stones are red but some are purplish, and throughout the series thin
beds of white sandstone recur.

In a section near Rivar, north of Kirmin, about 2,000 ft of purple
sandstone have a capping of white sandstone followed by 450 ft of
red shales. Beds of fossiliferous Middle Cambrian limestones overlie
these shales, succeeded by about 1,500 ft of shale, sandstone, and platy
dolomites. Where gypsum occurs in the Cambrian sequence it is
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unstable and liable to be squeezed out, as it were 2 salt plug. In the
Zagros mountains, however, the Upper Cambrian increases to 3,700 ft
and there olive-green colours are dominant in the shales and light
brown or pale yellow in the interbedded thin sandstones. Billingsella
is found at several horizons, and high in the series thin bands contain
abundant Lingulze. Trilobites have also been found. Thin mottled
limestones devoid of fossils, together with other beds full of dolomitic
concretions, are also present.

Blocks of many different types of rocks have been brought up, along
with the large masses of red shale, gypsum, and salt, the latter forming
the core of many salt domes. The rocks include gneiss, schist, epidiorite,
felsite, and a variety of acid and basic igneous rocks; there are also
limestone and shale, in which Middle and Upper Cambrian trilobites
and brachiopods have been determined. This heterogeneous assem-
blage of rocks scattered over the skirts of most salt domes is known
collectively as the “ Hurmuz series”. As mentioned above, salt plugs
in the Kirmian district contain similar material, also teferred to as
Hurmuz,

Ordovician

Bobek in 1937 first reported that red and violet limestones, inter-
bedded with a series of sandstones and red and green shales, contained
Ordovician fossils. They occur near Hazar Cham in Alam Kih,
near the Takht-i-Sulaiman range west of the Chilas river in the Alburz
mountains. Lower strata contain Cragania furcifera (d’Otb), and higher
horizons visited by Gansser produced a trilobite collection dated as
Lower to Middle Ordovician.

Farther south in central Iran, in the Kirmin district, sandstones over
400 ft thick are covered by dark dolomites about 1,500 ft thick. Thin
shales and limestones interbedded with sandstones ate locally fossili-
ferous. The fauna, including orthids and conodonts, have been studied
and recognized as belonging to Arenig and higher horizons of the
Ordovician. There are also graptolites. Certain brachiopods have a
Silurian aspect. The combined Ordovician and Silurian, mainly in a
sandy facies, are about 6oo ft thick (Huckriede e# a/. 1962).

Other beds which may possibly be Ordovician make the lowest
1 W. O. Dietrich, Zentralbl. f. Min. Geol. u. Pal., Abt. B. (1937), pp. 401—4. Cruzania
Jurcifera (d’Orb.), worm tubes; Symphysurus palpebrosus (Dalm). Orthis praetor (Cowper

Reed), Eoorthis cf. christianae (Kjerulf), in A, Gansser and H. Huber (1962). I/laenus sp.,
Asaphus sp., Sinocystis sp., and Orthoceras.
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horizon seen at Furgiin. The beds are thin quartzites with intercalated
greenish micaceous shales showing vague worm tracks, but no
determinate fossils have been found.

Silurian

Dark shales about 200 ft thick crop out on the lower slopes of Kih-i-
Furgiin, forty-five miles north of Bandar ‘Abbas, and have yielded
Lower Valentian graptolites according to Elles (1930). Some 200 miles
farther east, north of the Jaz Muriin, lies Bar Kiih, and in it thin sand-
stones interbedded with greenish shales are exposed. They are associated
with sandy limestones and platy marls, with red shales above them.
Fragments of trilobites, orthocerids, and brachiopods collected here
were reported by Douglas as “possibly” Silurian.

Devonian

Beds of the Devonian system are thick and extensive in northern
Iran, much thinner in the central part, and either very thin or absent
in the south. Approximately 9,500 ft of sediments underlie the Permo-
Carboniferous rocks in the central Alburz, but they are not all neces-
satily Devonian, for it was in these parts that Bobek found the Ordo-
vician shales mentioned above. Three lithological groups can be
recognized. A sandy group comes at the top, along with conglom-
erates, some beds of red shale, and lenses of dolomite and limestone
which contain Upper Devonian fossils. It totals about 4,000 ft in thick-
ness. The group below it contains light-coloured dolomites about
1,700 ft thick. The basal 4,000 ft include sandstones containing
occasional limestones and hard red, green, and purple siltstones in
which some Ordovician may be included. The location of the base
is uncertain on account of disturbance and lack of fossils.

In central Iran near Tabas, a series of red beds at Murad, twelve
miles west-north-west of Kirmin, lies unconformably upon folded
Cambrian. Green shales with sandstones are interbedded with fossili-
ferous Upper Devonian limestones (Flugel, 1961). The same series
has also been found near Suh, as well as north and west-south-west
of Kirmian (De Béckh e# a/. 1929).

Spitifers have been found in 2 series of shales and calcareous sand-
stones at Kih-i-Furgiin and are thought to be Upper Devonian.
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Permo-Carboniferous

The term Permo-Catboniferous is more convenient than precise;
the upper and lower boundaries both tend to be indefinite. Lower
Carboniferous (Dinantian) is developed in the Alburz mountains but is
missing or not identified in the Zagros. Upper Carboniferous or Lower
Permian sandstones are thick in the Alburz and thin in the Zagros.
In both regions Permian limestones are extensive, but these are thinner
in central Iran and mingled with red beds carrying small deposits of
gypsum. The lower limestone series is about 4,000 ft thick in the
Alburz; the sandstone series, much of it false-bedded, about 3,000 ft
thick, and the upper limestone series about 2,000 ft thick. In central
Iran, at Rivar, soo ft of reddish false-bedded sandstones below are
covered by about oo ft of beds consisting of fossiliferous limestones
and some dolomite and oolite, with interbedded red shales and sand-
stones and some gypsum. Farther east at Biar Kah, on the north of
Jaz Murian in Baltchistan, at least 2,500 ft of Permian limestone are
exposed, and this matches the limestone series extending in variable
thickness along the Zagros Arc. North-east of Dizfal it reaches a
maximum of 3,500 ft and is fossiliferous.

The underlying white sandstone in the same district increases from
an average thickness of about fifty ft to as much as 1,600 ft and it
includes massive yellow sandstone, false-bedded sandstone, brown
shales, and clay-pebble beds. Sigillaria persica (Seward, 1932) occurs in
abundance very locally. Permo-Carboniferous beds are known in many
other localities including Suh, north of Isfahan, and on the Russian and
Turkish frontiers north and west of Lake Reza’iyeh. Whilst the Lower
Carboniferous lies upon Devonian sandstones in the Alburz, there is 2
gap in the Zagros where the Upper Carboniferous and Permian sand-
stones rest upon Cambrian shales. Consequently weathering and local
movement without folding took place in part of Palaeozoic time.

Trias

Rocks of the Trias have been found in many parts of Iran, although
they are probably absent from the south-east. Like the Permo-Cat-
boniferous before it, most of the Trias is limy but with some inter-
bedded sulphates. Trias is exposed in the north-west near the frontiers
of Turkey and Russia: in the west and central Alburz mountains, along
the ranges running north and south for 300 miles between Dasht-i-
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Kavir (““the Great Salt Desert”) on the west, and the Dasht-i-Lit on the
east. It is found wherever erosion is deep along the Zagros mountains
between Furgiin, north of Bandar ‘Abbis, and the Iraqi frontier along
the Sirvin river.

In north-west Iran and Azarbiijin, the sequence includes 1,000 ft of
thin-bedded limestones with Pseudomonotis, passing up into soo ft of
marls. These are capped in turn by 3,000 ft of dark- and light-grey
limestones upon which volcanic rocks follow. In the Alburz mountains
300 ft of greenish-grey shales at the base are followed by nearly
5,000 ft of light- and dark-coloured limestones and interbedded marls.
Gypsum and gypsiferous marls follow, with lavas above them. The
exposures in central and eastern Iran reveal a sandstone at the base, with
300 ft of brick-red platy matls containing Psesdomonotis above. Then
come 1,500 ft of well-bedded limestones and dolomites passing upward
into 3,000 ft of shales with limestones and sandstone ribs of Upper
Trias.

A transition from marl through gypsum to limestone has been
recognized in the Naiband district (Stécklin, 1961), where the different
facies run in strips north-west and south-east. The fauna of the Alpine
Trias occur here within a few miles of the fauna formerly described
only from Oman and Timor. Whether the faunal break is due to change
of facies or to tectonic causes is not known, but the former would seem
more likely. A bed of bauxite occurs near the top of the Trias in a wide
district east and south-east of Kirmin. The Trias seems to be absent in
Baliichistan.

In the Zagros mountains the thickness of the Trias varies from about
2,000 to 4,000 ft. Pseudomonotis occurs abundantly near the base of a
series consisting of thin-bedded limestones and marls. There is a
tendency for limestone to pass laterally into gypsum along the south-
western edge of the region in Iraq and Arabia, Calcareous Trias is
exposed in a belt of strongly folded country lying south-east of Isfahin
near Abadeh.

Jurassic

Exposures of Jurassic rocks are widely scattered through Iran and
occur almost everywhere except in the south-east. The formation is
absent or not known in much of Balichistin and the Jaz Murian.
Elsewhere three different facies occur. One is a landward deposit,
carbonaceous, with fossil-plants and coals; another is dominantly
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calcareous with “ Lithiotis> and ammonites; and the third is siliceous
with poorly preserved radiolaria contained in red cherts, sometimes
associated with green eruptive rocks including serpentine and pillow
lava. The first two appear together, the carbonaceous below and the
calcareous above, throughout the Alburz mountains and the adjoining
country to the south. The chert-volcanic group appears patchily along a
line running from Kurdistin in the north-west to Balichistin in the
south-east. South-west of this the Jurassic is mainly calcareous, but
anhydrite fingers in towards the south-west. It is sometimes difficult to
draw a line between Triassic and Jurassic in parts of the Zagros range,
for dark, unfossiliferous dolomites pass down into fossiliferous T'riassic
and up into fossiliferous Jurassic. Not only do Jurassic salt and gypsum
occur in the adjoining countries of Iraq and Saudi Arabia but salt and
anhydrite beds of this age are exposed north of Kirman not far from
Rivar.

The coaly group of the Jurassic is disconformable upon a floor that
exposes some Triassic and some Palacozoic rocks; while in the east,
near Maghhad, there is schist. The formation varies in thickness
from about 1,500 ft to about 10,000 ft. Several lenticular beds of coal
occur and have been wotked for many years north of Tehrin and
elsewhere at Zirab, Gulandariid, and Gijisun in the central Alburz.
Identified fossil-plants are mainly Liassic. The calcareous formation
overlying it is sparingly fossiliferous except in the south-cast near
Kirmin, where a cephalopod limestone is full of Lower and Middle
Jurassic ammonites. Interbedded lavas also ocur. The limestone alone
reaches a thickness of 1,600 ft and the volcanics are somewhat thicker.
The sequence includes more Upper than Middle Jurassic rocks. South-
ward, in central Iran, the calcareous formation becomes more argil-
laceous and locally arenaceous. Here the Lias is marine, some limy and
some muddy. Near Yazd a column 6,000 ft thick comprises shales,
sandstones, grits, and conglomerates, and amongst them a few thin
limestone bands petsist. In the Kirman district the carbonaceous facies
is present, but here the coals in the Lias are lenticular. The Lias is
covered by sandy marine limestones which interfinger with higher
coal lenses, and the distribution of both indicates a neighbouring
shoreline, shallow sea or land emergent. Similar conditions occurred
in the western part of the Jaz Mutiin, where grits, sandstones, and
shales with Liassic ammonites rest upon the schist.

The western part of central Iran, from near Hamadin to the east of
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Yazd, is occupied by a complex of phyllites with thin ribs of quartzite.
This metamorphic belt is interpreted by Baier (1938) to be altered
shaly Jurassic sediments, the metamorphism having happened before
Middle Cretaceous times. The zone with the cherts and volcanic rocks
comes next on the south-west. The failure to recognize any marker
beds in strata that are strongly folded makes it almost impossible to
determine their thickness. Probably this varies greatly in amount, but
in some sections the chert formation may be as much as a few thousand
feet thick. Nor has the thickness of the accompanying serpentines and
lavas been teliably estimated.

In the broad belt of the Zagros mountains, which lie to the south-
west, the Jurassic is calcareous and from 1,500 to 2,500 ft in thickness.
Dark dolomitic limestones crowded with “ Lithiotis> often occur near
the base. The formation passes up into 2 light-coloured oolite and
massive limestones. Diplopora and Valyulina are amongst the rather
infrequent fossils. A shaly and bituminous patch is developed near
Kirminshah, but south-eastward the mote limy beds are less bituminous.

The Cretaceoust

A range of mountains alined north-west and south-east through
central Iran in late Jurassic time had much to do with the present dis-
tribution of the Cretaceous in the land. Exposures are often plentiful.
A land, perhaps a plateau, lay to the north, and a sea filled a deep trough
to the south-west. The Lower Cretaceous is often ptesent but thin in
the Alburz mountains. Middle and Upper Cretaceous occur in the
mountain flanks and usually start with conglomerates which pass
upwards into marls and limestones with some interbedded lavas. The
aggregate thickness amounts to 4,000 ft. The lowest Cretaceous at any
point in central Iran is usually a conglomerate resting upon folded pre-
Cretaceous. The Middle Cretaceous limestones contain Orbitolinas,
and are followed by Upper Cretaceous rudist limestones with some red
marl and gypsum intercalated between them (StScklin, 1961). Other
sections have been described in which red cherts and lavas ate inter-
bedded with the marl. Such a mixed formation, called by Gansser (195 5)
the “Coloured Mélange”, is also found in Baliichistan, where the beds
are often disturbed and contain large blocks of foreign materials as in

1 The Cretaceous in much of Iran can be divided conveniently into three. The Lower
includes stages below the Albian; the Middle the Albian to the Turonian, and the Upper
the Senonian to the Danian.
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the Alpine Wildflysch. Along a line from Kirminshah to Nairiz [Niriz]
ted chert and pillow lavas occur, the former similar in appearance to the
siliceous Jurassic. This red radiolarite may have been brought in by
thrusting, but the field evidence that some of the chert is in place and
belongs to the Upper Cretaceous seems convincing. A great mass of
calcareous Cretaceous is involved in the Zagros mountains, where the
Jurassic and Cretaceous appear to be conformable.

The Lower Cretaceous is conglomeratic, sandy, and silty on the
north-east, but over most of the Zagtos it is limestone and dolomitic
limestone overlain by bituminous, phosphatic matls and shales
passing up into Orbitolina and rudist reef-limestones of the Middle
Cretaceous. Similar beds continue for more than 8oco miles north-west
and south-east; and they form a slab about 150 miles across, over
which distance they thicken from about 1,000 ft near the edge (say near
Behbehin) to 9,000 ft in the centre (fifty miles to the north-east),
dwindling again to 1,000 ft at a distance of seventy miles to the north-
east (Falcon, 1958). The Upper Cretaceous is present as marl and marly
limestone about 1,000 ft thick in the south-western mountains near
Behbehian, but about seventy miles north-eastward it gradually changes
to a succession of siltstones and thin sandstones, which thicken to
7,000 ft, with the occurrence of rudist-rich reefs and conglomerates.
The Lower, Middle, and Upper Cretaceous together make up nearly
15,000 ft, but the first two are thickest thirty miles south-west of the
maximum thickness found in the Upper Cretaceous. Thus the basin
moved during the Cretaceous and was filled with limestone in the
Lower and Middle Cretaceous, whilst it collected debris, including
much detrital chert, during the Upper Cretaceous.

Eocene

The Eocene in Iran is a system showing diversities in facies and
thickness. Northward it was deposited in a shallow sea from which
land emerged, but southward there was mainly open sea: conditions
similar to or an extension of those which set in during the Upper Creta-
ceous. In northern and central Iran lavas and tuffs were copiously
emitted from central vents, and probably there were also fissure
eruptions. Minor intrusions—dykes, sills, and plugs—were also em-
placed during and after the Eocene. A thick accumulation (up to about
10,000 ft) of tuffs, marls, silts, and sandstones, with some lavas, is
described from the southern Alburz.
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Eocene deposits rest upon a varied basement exposing strata from
Devonian up to Upper Cretaceous. Angular unconformities and
accumulations of conglomerate are known in the north-east of the
Zagros, for instance near Khurramibad, but a few miles to the south-
west is a gradual conformable passage from Upper Cretaceous to
Eocene. The presence of the Eocene can usually be detected by the
fossil evidence. It is not always possible to separate the Eocene from
the Oligocene—especially where, as on the southern flanks of the
Alburz mountains, they both constitute the “ Green beds”, which are
largely composed of chloritic and radiolarian tuffs. By contrast, no
fossiliferous Eocene strata have been determined on the Caspian slopes
of the range.

The existence of a ridge here in Eocene times is emphasized by the
occurrence of a wedge-shaped body of basal conglomerate on the
south, which thickens in a few miles from zero to joco ft. In the eastern
Alburz mountains the Eocene is represented by red-coloured volcanic
rocks intercalated with red beds carrying lenses of gypsum.

About 100 miles south of the Alburz the Eocene is 7,000 ft thick and
made up of a mixture of ashes, lavas, sandstones, marls, and some lime-
stones. The nummulites represent both Middle and Upper Eocene.
For another 100 miles southward a gap exists where Eocene has not
been found. It may have existed at an earlier time, but if so it has all
been removed by erosion.

However, on the northern frontiers of the Zagros mountains Eocene
again appears, this time as flysch and conglomerates. At its thickest the
Eocene flysch lies south-west of the thickest Upper Cretaceous, and it
gives way south-westward to a belt where nummulitic limestones build
up a formation about 2,000 ft thick. The sheet is thirty miles wide in
the north-west and nearly 100 miles across in the south-east, where it
interfingers locally with lenticular beds of gypsum towards the base.
These lenses unite to form a bed more than §oo ft thick in Laristan,
about 100 miles west-north-west of Bandar ‘Abbids. On the south-
western side the great sheet of nummulitic limestone rapidly changes
and gives way to marls and shales. This has been traced from the Iraqi
frontier to the Strait of Hurmuz.

The Upper Eocene, lying in a strip along the Zagros mountains near
Kirminshih, consists of a series of red beds, sandstones, matls, and
thin limestones. By contrast, far to the south-east in Persian Baltchistan
it is represented by another large deposit of flysch. The zone is complex
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since deposits lithologically similar but of different ages seem to have
been laid down one after the other, during intervals from Lower to
Upper Eocene. Igneous rocks are found commonly in the Eocene
around the Jiz Murian, where pillow lavas are numerous in the flysch.
Eocene flysch containing volcanic rocks also covers much of the area
between Dasht-i-Liit and the Pakistani~Afghan frontier.

Oligocene and Lower Miocene

It is convenient to treat much of the Oligocene and Lower Miocene
as a single group—a group of much economic importance, because
most of the oil so far won from Iran was trapped and stored in the
Asmari Limestone. Many aspects of its appearance, fauna, and com-
position have been studied and described (Thomas, 1960). The forma-
tion is distributed over most of Iran, from the north-western borders
with the U.S.S.R. and Turkey to the shores of the Indian Ocean. It is
absent along the Alburz mountains and from the plateau forming the
eastern highlands of Iran overlooking western Afghanistan.

Over the large area it covers it is mainly an open-sea type of sediment,
but shallow-water, fore-reef, reef, and back-reef conditions have also
been identified. The back-reef deposit may be lagoonal and contain
anhydrite, which is sometimes intercalated with the limestone. In much
of central and south-western Iran the Asmari Limestone is conformable
upon the Eocene below; but near Khurramibad, towards the north-
eastern strip of the Zagros mountains, the Asmari rests with angular
unconformity upon the Eocene.

In central Iran south of Tehrin a basin is filled with beds of the Lower
Red formation. Red silts and marls with bodies of rock-salt and
anhydrite, together with very local andesitic volcanic rocks, reach a
thickness of 3,500 ft. Folding and erosion were followed by a marine
transgression, resulting in extensive deposits of limestone, sandstones,
and marls, whose thickness varies from about v,000 ft downward.
Marls predominate in the inner and thicker sections, and limestones
are found towards the margins, where the column is thinner. The
southern slopes of the Alburz mountains may be taken as a type-
section. As the mountain is approached, thick marls pass into lime-
stones only one third as thick, and these have a selvedge of coarse
conglomerate wedging out over Eocene volcanics. Occasional plugs

of quartz diorite pierce the sediments of this age in the south of central
Iran.
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An isopach map of the Oligocene-Lower Miocene formation in the
Qum district emphasizes the unevenness of the original floor and
indicates that a trough over 3,000 ft deep runs for 150 miles in a north-
west and south-east direction (Furrer and Soder, 1955). There is a gap
in the evidence in part of central Iran, but it is known that the thickness
of sediments in the south of central Itan is of the same order as the
thickness along the north-eastern matgin of the Zagros mountains.
Although there is no record of positive evidence across a terrain nearly
100 miles wide, marine beds akin to one another are found on both sides
of the gap. Their lithology and fauna make is possible to suppose that.
the deposits north and south may belong to a series of beds laid down in
different parts of the same sea.

The thickness of the Oligocene-Lower Miocene within the Zagros
mouatains shows that here, too, there were basins, their long axes
orientated north-west and south-east, containing strata as much ‘as
2,500 ft thick. Composed mainly of limestones, these strata commence
about sixty miles north-east of the shore of the Persian Gulf, but be-
come marly and enclose some thin anhydrite lenses on the south-
western side. More massive limestones occur in the north-east; matls
develop in the south-west. The change of facies takes place within a
short distance.

Changes are also displayed along the trend of the Gulf where the
Asmari Limestone is mapped. An upper Asmari Limestone continues
for 500 miles, thinning north-westward. It lies upon bedded anhydrite
in the north-west, but in the south-east it lies upon a Lower Asmari
Limestone from which it is separated locally by lenses of anhydrite and
a thin conglomerate. After continuing as a limestone body for 700 miles,
it passes laterally into marls south of Bandar ‘Abbis. It is A. N. Thomas’s
opinion (1950), based upon very extensive palacontological and field
studies, that the Asmari Limestone may include the Oligocene, the
Burdigalian, and part of the Helvetian stages in the Miocene. (See also
Falcon, 1958; and Lees, 1953.)

Miocene—Pliocene

After the deposition of the Asmari Limestone, conditions changed
over most of Iran: the open sea gave way to shallow inland waters,
perhaps straits, gulfs, and lagoons, in which red beds were laid down
with accompanying evaporites until they covered a still greater area
than the Asmari Limestone had done. In central Iran a series of an-
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hydrite deposits interbedded with red salty marls, siltstones, and occa-
sional lenses of rock-salt, has been proved by drilling, although none
of this sequence is seen at the surface; there are also some thin ribs of
fossiliferous Lower Miocene limestone. The upper part of the forma-
tion contains more red beds, ptincipally red silt and marlstone, and less
evaporite; and in all, the formation is approximately 6,000 ft thick.
Then two fossiliferous calcareous sandstones occur, which act as
markers and are conveniently coloured green. Still another 10,000 ft
of maxls, silts, sandstones, and calcareous sandstones are present above
the green marker horizons. There is a change in colour as the entire
series is followed upward. The strata are red near the bottom and pass
through greys to an upper cream-coloured part. Changes occur
gradually within the basin, but towards its edges the percentage of
sandstone increases and banks of conglomerate appear. Still younger
conglomerates overlap the edges of this Upper Red formati~n.

A somewhat similar kind of change occurs in the Zagros ranges. The
Lower Fars commences with a persistent bed of anhydrite 100 ft thick
resting upon the Asmari Limestone. The anhydrite is followed by
alternations of evaporites, marls, and sandstones, whilst several thin
fossiliferous limestones are intercalated near the base. Drilling has dis-
closed that much rock-salt is present at depth, and that the disturbed
complex of which it forms a part is thick in the synclines although it is
sometimes completely eliminated over the anticlines. This salty group
is known as Stage 1 in the oilfield region of Masjid-i-Sulaimin. Most
geologists agree that it has been much affected by flow, which may
have caused the observed rapid variations in thickness. Its average
thickness is estimated at about 4,500 ft (O’Brien, 1957). Stage 2 above
it is more regular, and it contains a succession of red and grey marls
with interbedded gypsum in outcrops and anhydrites in boreholes at
depth. This together with Stage 3—a group of grey marls, shelly
limestones, and anhydrite—makes up about 1,500 ft. Although these
saline deposits do vary along the strike, becoming more sandy to the
north-west and more salty and gypsiferous for a distance to the south-
east, detailed correlations have been achieved, in some of the oilfield
country, notably near Gach Saran.

In the region adjoining the Persian Gulf the Lower Fars is covered by
a seties of grey marls; while calcareous sandstones and algal reefs form
the Middle Fars, a salt-water formation that passes laterally north-
westward into terrestial red beds which cannot be distinguished
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lithologically from the Upper Fars. The Upper Fars, with or without
the determinable Middle Fars, provides the cover for the Lower Fars
in the frontier district between Iran and Iraq. South-eastward from the
oilfields the Middle Fars facies continues as a shallow-water marine
formation along the Iranian side of the Persian Gulf, The Middle Fars
in this direction is divisible into two parts: the lower part starts with
a pebbly grit at the base but is followed upward by greenish marls and
interbedded, often coralline, limestone; the latter develops locally into
reefs, one forming a bed 2,500 ft thick. The upper part is largely brown
sandstone and reddish silt, with fossils all but confined to shell beds
consisting of banks of Cardium and oysters. Although some strata
abound in both micro- and macro-fossils, the two groups are vaguely
called Mio-Pliocene. In one locality their combined thickness reaches
9,000 ft. They are overlain by unconformable conglomerates, which
occur as bodies 2,000 ft or more thick.

The Upper Fars occurs as a series of red beds conspicuous in most of
the foothill country. The group includes false-bedded red sandstones;
red mudstones, and matls with selenite veins; rare, thin, freshwater
limestone, and very rare tuffs. The formation is taken to be between
3,000 and 4,500 ft thick, but both the top and bottom are indefinite.
The basal part is usually a transition from grey beds of the Middle
Fars type to red ones of the Upper Fars. On top the Upper Fars passes
into the Lower Bakhtiari beds, the presence of red chert pebbles in the
sandstones being the sign of transition. Grey matls found about the
middle of the Upper Fars serve as a marker bed. A few oysters have been
noted, and Chara “seeds” are the other fossils, Near Behbehan an
early reconnaissance revealed nearly 10,000 ft of red beds, then referred
to Upper Fars, these may include some Bakhtidri. Being mainly ter-
restial, however, the beds cannot be firmly equated with the Upper
arenaceous beds of the Bandar ‘Abbis area.

The Bakhtiari formation is developed above the Upper Fars in the
foothills of south-westetn Iran, The limits are arbitary—it may be as
much as 16,000 ft thick. The base in any section is taken where pebbles
of red and yellow chert first appear in the red sandstones. These pebbles
become abundant upward and form beds; still higher the pebble beds
include pebbles of Asmari Limestone and gypsum along with the chert;
and on top, pebbles of Cretaceous limestone are also found. The Upper
Fars and Lower Bakhtiari at Aghi Jarl do not display any clear
unconformity throughout a section nearly 10,000 ft thick; but in many
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other districts false bedding, which seems to point to roving distri-
butaries, has been found along with unconformity and overlap, which
both mark contemporaneous movements (De Bockh e a/. 1929). The
age of the Upper Fars and Lower Bakhtiari is thought to be between
Upper Miocene and Pliocene, because Hipparion has been found in both
the Upper Fars and in the Bakhtiari (Ton e# a/. 1951). Opinions on the
age of the Hipparion range from Tortonian to Pontian.

The Upper Bakhtiiri is a2 massive conglomerate with boulders from
Cretaceous to Asmari Limestone; in many sections it transgresses the
Lower Bakhtidri. It may occur in unconnected patches that are some-
times related to the mouth of an old, much-incised tiver channel.
Sometimes it appears to be the relics of an immense sheet of gravel that
once filled the synclinal valleys, where all that survives is an axial
remnant. This sheet, however, now forms an upstanding peak in the
foothills, indicating the large scale of Pleistocene denudation.

GEOMORPHOLOGY

A high percentage of the surface of Iran is made up of naked, folded
rocks, which vary in competence and in the degree of jointing and
induration; some possess bright and contrasting colours which affect
the landscape. It is often possible to link closely the existing land forms
with the structures. This is true in nearly all the mountain ranges,
where little soil has accumulated or much vegetation grown. Only
along the south-western fringe of Iran, or within the basins of central
drainage or near the south-eastern part of the Caspian Sea, are structures
effectively hidden by recent accumulations of detritus. The Zagros
Arc exhibits magnificently expressive topography everywhere through-
out 2 belt 200 miles wide, which runs along much of south-west Iran.
Here the crust is made up essentially of sedimentary rocks without
volcanics. Over the rest of Iran, a belt Goo miles across at its widest,
the task of controlling the topography is shared by igneous and sedi-
mentary rocks alike. Throughout much of Iran large deposits of salt
and anhydrite, both buried at various horizons, have probably con-
tributed to lubrication, which has had two effects on the landscape: not
only has it helped to form shapely folds, but lubrication has certainly
led to the emplacement of large numbers of salt domes, or salt plugs,
which make a great show over a number of areas, particularly in central
and south-western Iran. The salt domes are all the more impressive
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Fig. 30. Sketch-map of part of the Zagros ranges.

because the rainfall in southern and central Iran is very low. As a result,
the salt that has been erupted is slowly and sparingly dissolved, and it
remains exposed, contributing surprisingly coloured, exotic hills.

The mountain ranges in Iran are directly related to the direction of the
axes of the folds and to the competence of the rocks exposed. The
majority of the folds are oriented north-west and south-east, but the
Alburz mountains in the north, rising from the southern shores of
the Caspian Sea, introduce elements with curving outcrops which follow
a trend approximately east-west. South of the eastern units of the
Alburz range, some structures are preserved in a nearly north-south
alinement. These continue for 200 miles towards the south before they
bend round again and the mountains once more run north-west and
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Fig. 31. Sketch-map of Masjid-i-Sulaimin and Asmiti mountain.
(After C. A, E. O’Brien, “Tectonic Problems of S.W. Iran”, Inter. Geol. Congress
Report, xvinx Session, 1948.)

south-east. The fold-axes in the southernmost province of Iran, the
Makrin, trend east and west from near the Strait of Hurmuz to the
frontier with Pakistan; but because the rocks are not robust but
incompetent, as a result, rather low saw-toothed, jagged hills are
produced instead of more mountains.

An introduction to the geomorphology of the country can be made
by joutrneying across it, preferably not too fast, from south-west to
north-east. Starting then from the Shatt al-‘Arab near Abidin and
crossing an occasionally flooded alluvial plain for seventy miles, never
far from the meanders of the Kariin river, we come to a series of low
isolated ridges of brown sandstone, the Ahviz [Ahwaz] hills. These
are alined north-west and south-east, and ate dipping north-east.
After another forty miles of plain we reach a mass of hills alined as
before, made up of ridges of red sandstone or of browner conglo-
merates. Then contorted beds of white gypsum and grey, green, and
red marls are brought up to the surface and colour the landscape
accordingly. The surface, if we ignore minor irregularities, makes a
nearly horizontal plain—as if some viscous fluid had welled out and
slopped over at its edges, though in the main it assumed a state of
imperfect hydrostatic repose after flow had stopped. Such wastes of
gypsum occupy areas surrounded by sheets of red sandstones and
piles of brown conglomerate. From this untidy jumble of coloured
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beds a long isolated dome of grey limestone emerges and forms a
shapely mountain, Kih-i-Asmari. It is followed, after a dozen miles of
gypsum and marls to the north-east, by a series of long limestone domes,
still magnificent although partly denuded in the course of erosion.
Layer after layer has been removed: first the red sandstone, then the
gypsum, and after that one or several of the nested limestone sheets.
Since many massive limestone formations occur one over the other,
the depth of erosion determines how much of the column is visible
in any particular structure. It is now known, from geological and geo-
physical surveys as well as from drilling, that several domes do not
reach the surface but lie hidden below the complicated jumble of
gypsum and sandstones. Some of these hidden, evaporite-covered
limestone folds are the reservoirs containing oil.

Limestone domes, more or less dissected by erosion but often form-
ing high mountains, occur one after the other for another sixty miles
to the north-east. Not all the domes are of the same dimensions. Rather,
a large one may lie capriciously amongst its lesser neighbours. It may
be near an edge of the chain; it may be near the middle. Faults to the
north-east break some folds and create high cliffs that reveal a great
thickness of strata. Kih-i-Dina is like this, and another noteworthy
example is far to the south-east, north of Bandar ‘Abbis at Furgfin.

After this traverse of about 200 miles actoss the plains, foothills, and
mountains of the Zagros arc, we pass out of the large whale-back
mountains and enter less regular country. What may once have been
smooth limestone domes have lost their regular contours, and their
surfaces appear rough and knobbly, broken up by small movements
along sets of intersecting joints. Besides the derelict domes, a traverse
farther north-westward would lead us over diverse rock types (in-
cluding, for the first time, igneous rocks). There are, for example,
schists, peridotite, serpentines, and red cherts or radiolarites, pillow
lavas and sage-grey flysch, none tough enough to make imposing and
enduring mountains. This is also a zone broken by faulting, which
can be detected in the tremendous cliffs of Bisitin, or in the superb

crags of Kuh-i-Naqqara khana, forty miles north-west of Burgjird.
Some faults can only be inferred from a strip of crushing; and others,
evident from aerial photographs, affect even Recent outwash fans.

As we proceed north-east again, the road runs through a jumble of
hills over granite hummocks and smooth hills of phyllite to a pass
through gently folded limestone beds, and down towards the Arik
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plain. This is surrounded by isolated mountains. No longer are they
dome-shaped but seem to be cliff-bounded fragments of limestones,
residue of a once extensive sheet. No longer are there deep river
gorges: instead, drainage is collected by shallow channels in the
alluviuta. The Isfahin basin 150 miles to the south-east is similar to the
Arik; and from each a pass some sixty miles to the north-east leads
through lava- and ash-hills to the next basin, oriented north-west
and south-east, from which long, low domes rise—low, that is, in
comparison with the mountain-forming domes of the Zagros.

The hills near Qum are typical structure-controlled features; and
between Qum and Tehrin some dark lava patches, still maintaining a
north-west alinement, stand out above the general level of the exposed
red marls and silts. These matls and silts are extensively covered by the
salty mud of this central depression, one of the several salt lakes fringed
by dark slime passing out into salt desert. So long as the desert east-
south-east of Tehrin was imperfectly explored, the extent of the area
under mud was exaggerated. Air reconnaissance has since shown that
much more of the desert, previously thought of as alluvium, is country
of low relief exposing red beds intetbedded with grey and white sand-
stones. This assemblage is thick and intricately folded. About 150 miles
east-south-east of Tehrin many salt domes puncture the strata and
stand up as low, white circular hills, some of them strongly etched as a
result of wind erosion (Gansser, 1960).

Near Tehrin terraces flank the basin flats and act as foothills to the
Alburz mountains. The southern slopes of the mountains rise steeply,
and although the gullies cut into them uncover very complicated
folding, the structures do not often result in an expressive topography.
When viewed from their tops, the Alburz look like part of an old
peneplain, whose continuation was cut off abruptly, as if a block had
been lifted up above the general level. The grassy slopes high up give
way gradually to the barren lands of central Iran below and to the south.
On the northern side the grassy upland yields to woodlands, and forests
clothe the mountain slopes down to the Caspian Sea. Near the Caspian,
terraces are again locally prominent. But near Babol Sar, for instance,
the lower skirts of the range reveal the presence of folded structures,
partly in stream sections and partly through the physiography.

During the account of this traverse across Iran it has been remarked
that many of the land forms encountered ate structurally controlled.
A few features result from accumulation, but many more result from
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differential erosion. The relation between the stream patterns and rock
structures provides clear evidence regarding some stages in the evolu-
tion of landscapes. Normal rainfall, say between 25 and 4o in. per year,
now obtains in the north-west and declines eastward and south-east-
ward to small amounts, probably under 5 in. per year. The northern
slopes of the Alburz mountains experience heavy rains, more than
40 in. per year. Masses of confluent fans, now dry or poorly watered,
point to earlier times when much more rain fell each year and runoff
Wwas an active transport agent.

Six large volcanoes of the central-vent type have been active during
relatively recent times, yielding ash and lava cones that are still “dia-
grammatically” preserved. Ararat, Savalan, and Sahand are in the
north-west. Damavand (18,955 ft) stands by itself ovetlooking the
rolling pastures of the high Alburz range within sight of the capital city.
Basman and Taftin are located far off in the remote south-east, the
latter trim and youthful, the former more aged. Gently warped lava
fields remain as they were erupted in the neighbourhood, and occa-
sionally a volcanic plug like Mil-i-Farhid is encountered. There are also
two small shapely cones on the fault-trace east of Rivar. (Although it is
not volcanic, one of thefew pits on the earth’s surface thought to have
been excavated by the fall of a meteorite is desctibed from the desert
north of Kih-i-Basman.)

Other features properly produced by air-borne materials include sand
dunes. They tend to gather around the south-eastern or eastern sectors
of some of the basins that have central drainage, such as the Dasht-i-
Kavir, the Daght-i-Lit, and the Jiz Muriin. Besides fixed dunes,
barchans commonly occur. Individual dunes may reach a height of
6oo ft above the silty floor of the basin. Sand is also piled against the
eastern or south-eastern rocky walls that divide basin from basin,
affording the only convenient or practicable gangway between them:
routes negotiable even by reluctant camels.

Many of the basins do, at some time, contain pools or lakes around
their lowest central part. Fine silt and mud are washed down, ac-
cumulate, and compact. Terraces at several levels, preserved on the
sides of certain depressions far above any present flood level, seem to
have required the accumulation of immensely larger bodies of water
than there ate now. Wind- and water-carried silts and banded clays,
both laid down in a basin’s centre in the later days of desiccation, have
been attacked by destructive winds which have worn gullies and
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produced extraordinary scenery tresembling ruined tenements or
palaces, known by local tradition as Shabr-i-Lat, the “Cities of Lut”.
(Along the Green river basin in Wyoming a similar kind of erosion has
produced similar scenery, referred to as the “Cathedral Cliffs™.)

Most of the basins with central drainage retain local vestiges of
terraces, which are water-borne and -sorted deposits. Some are fans;
some are shoreline beaches. Terraces of particular agricultural import-
ance to Tabriz surround Lake Rezd’iyeh, where they reach a height of
nearly 300 ft above the level of the present lake. Confluent gravel fans,
which form the plinth upon which Tehrin stands, slope gently south-
ward. Examples could be multiplied but one more will suffice: an array
of confluent fans spreads westward from the foot of the Zindan range
and overwhelms the eastern prongs of the Zagros mountains.

“Fossil” fans are particularly well displayed on the southern side of
Kiih-i-Shu about eighty miles west of Bandar ‘Abbis. They appear to
have been produced by torrents long since dry, which once flowed high
above the present drainage level. The water was sufficiently turbulent
to carry a huge load of very coarse gravel through the mountain gorges,
and then to drop it immediately at the mouth. These fans now form
conglomerate mountains, themselves cut by narrow gullies concordant
with the present episodic drainage system.

On a smaller scale are the terraces resulting from accidents within the

mountains. Many a valley after being cut through by a stream has then
been blocked by a landslide. As an example, terraces at three levels
“have resulted from the damming of the Saidmarreh river system by
a large landslip that occurred in sub-Recent but pre-historic times.
Lakes were held up behind three lobes of the slide, which to this day
preserves ponds within the limits of the fan of debris (Harrison and
Falcon, 1936). Terraces on a much larger scale stand along the southern
slopes of the Daght-i-Lit depression, where five terraces can be seen
at heights not less than 6oo ft above the central sump. The formation of
such features within areas of internal drainage seems to have required
a filling and emptying of individual basins, possibly as a result of
alternating wet and dry periods in the distant past. However, raised-
beaches with river terraces to match are well preserved near the Indian
Ocean, especially along the Makran coast, and these cannot be attri-
buted to differences in climate; they would have required changes of
sea-level as much as 350 ft above the present level.

Another land form due to accumulation is the mud volcano. A few
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examples are known along the Makrin coast. One, forty-five miles
north-west of Jisk, erupts a liquid mud that has produced a gentle
cone on the coast. Another, formed by a more viscous mud, has a
steep-sided cone at Napag (Kih-i-Panak), 130 miles east of Jask. Two
other mud volcanoes have been described close to the Russian frontier
north and north-east respectively of Bandar Shih, the Caspian terminus
of the Trans-Iranian Railway (Gansser, 1960). They form circular
depressions like craters rather than cones. One of these is more than a
quarter of a mile in diameter.

Wherever there is or has been adequate rainfall in Iran, the scenery
usually shows the effect of differential erosion. This means that the
ruins of pitching anticlines are weathered out as nests of concentric
domes with scarp- and dip-slope amphitheatres round the ends, whilst
the complementary syaclines weather out as steep-sided elevations
in which the more massive strata form cliffs. These are the basic com-
ponents of the landscape, at least in the Zagros arc. The cores of the
anticlines tend to be worn down, the centres of the synclines to resist
erosion in the orthodox Davisian style. Because of its attitude, whereby
it can withstand erosion preferentially, the youngest stratum forms the
axis of a synclinal fold may be left as the capping of a peak. The scenery
requires the presence of groups of strata, alternately strong and weak,
the massive beds being tough and the thin-bedded ones soft or at least
offering little resistance to weathering. Anticlines and synclines are
crowded together in the Zagros mountains and are superbly exposed,
but in parts of central Iran similar rock structures are partially buried
under the deposits of alluvium, which tend to accumulate in the
synclinal saddles. Such burial implies that synclines, after they were
formed, had their centres removed by erosion, which provided a
surface on which accumulation could take place.

As far south as the head of the Persian Gulf, rivers are at present
perennial and many of them cross some anticlinal structures in narrow
gorges. Some cross at the very crest of a dome and cut through it,
making a slit of a valley known as a Z#g sometimes 5,000 ft or motre
deep. The Saidmarreh river will serve as an example. Here run-off from
the watershed finds its way down fairly wide gravel-filled channels and
gathers into a quiet river, meandering over the meadows near Kirmin-
shih. A few miles south-east of the town it turns south and cuts through
the narrow dome formed by K&h-i-Charmi, making its incision near
the crest of the dome, not at its plunging end. As it flows south it
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crosses three more folds, thus making a gorge through each, and then it
flows into more open country south-westward. Farther on it crosses
three more domes before reaching the broad syncline along the north-
eastern flank of Kabir Kah. Here it changes direction from south-
west to south-east, and for about 100 miles the river keeps close to the
synclinal axis. Then it turns suddenly and flows south-south-west across
Kabir Kih, but not at the lowest point where the limestone now makes
the present pitching end of the mountain. At a higher level, and ten
miles north-west of the present Asmari Limestone nose, it flows through
a notch in the limestone sheath.

Along most of its course the river appears to have acted capriciously,
incising some domes and skirting others. Water, unless in a pipe, can
only flow downhill. Therefore the original surface on which the
drainage was initiated could not have shown any expression of the
structures now laid bare—apart from a pre-historic Kabir Kih. Two
possible explanations seem to exist. Either none of the structures,
except Kabir Kih, had formed when the embryonic drainage was set
going, and these have all developed subsequently; or else the structures
now seen did exist below, but the surface had been levelled off, so that
they did not show at all. In the second case the structures would have
become etched out as drainage dug down; the rise of the exhumed
structures into mountains could then have been assisted by the erosion
of the material that once buried them. The result, seen now, is that the
rivers in the Zagros mountains rise in relatively mild rolling country
and collect in shallow valleys. Ensconced in gorges, the rivers traverse
the mountains (whose height far exceeds that of the rivers’ source) and
emerge on the edge of the Mesopotamian plains, across which they
meander. A differential uplift of the mountain belt would probably
explain this behaviour.

Farther south-eastward the rainfall is less, but episodic rivers, which
infrequently carry running water, still manage to dispose of some
runoff to the Persian Gulf in extraordinarily wet years. These rivers
drain a basin as much as 150 miles wide. They too have valleys con-
taining deep defiles, which are, however, less stark and abrupt than
those in the wet north-west. The main difference is that the low ground
here is much more extensively covered by alluvium. The amount of
dissection must have reached 7,000 ft around Kih-i-Furgiin. Much of
the erosion must have been accomplished here when rainfall was
abundant and episodic floods occurred, as so much of the eroded
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material has been carried away. This happened before the burying of
the low ground under alluvium (Falcon, 1961).

On the other side of the Zagros mountains, beyond the watershed,
the rainfall is now generally lower. The same pattern prevails here as in
the Zagros: namely, the rainfall is higher in the north-west and lower
to the south-east. Most of the runoff goes into one of the few inland
basins, although drainage from northern Iran falls into the Caspian Sea
(which is itself in such a basin), carried there either by the river Aras
along the frontier between Iran and Russia, or by the Safid Rad,
which breaks through the Alburz ranges near Rasht. The northernmost
basin, near Tabtiz, has enough rainfall to nourish a perennial but salt
lake, Lake Rez#’iyeh, formerly called Urmiyeh. In the other basins a
large expanse of silt surtounds an episodic salt lake which may dry up
‘into a salt desert in the summer. On the north-eastern side of the Zagros,
where schists crop out, rolling hills with smooth slopes develop and rise
above the alluvium; but where there is limestone, as for instance near
Isfahin, crag-bound masses stand up 2,000 ft and more above the
surrounding alluvial phins. In some of these the limestone lies flat
and is undisturbed, but in others it has been folded. All these hills are
relics of a sheet that was once more extensive.

Where the volcanic rocks come in, as they do to the north-east of a
line from Tabriz to Sitjan, the variety of bedded rocks in the column
increases; and besides limestones, sandstones, and shales, there are also
lavas, ashes, and sills—all folded gently together in a series of open
folds. This mixture of strata, some tough, some friable, has led to the
production of a series of domes and troughs. The resulting features in
the landscape are picked out in the harder rocks. Some of the domes in
the basins are still large structures—they can be as much as forty miles
long andsix milesacross, standing 2,000 or 3,0c0ftabove the surrounding
country—but they lack the bold aspect which marks structures built
up of the massive limestone facies in the Zagros.

The folding is slight along a part of the Safid Rad valley below
Miineh in the north of Iran. The strata here are mainly loosely con-
solidated and consist of alternating red and white sands, silts, shales, and
marls. They are in one of the wetter parts of Iran, and erosion has
produced in them the myriad of gullies and ridges characteristic of
“badland” topography. Badlands are not common in Iran; another,
though remote area occurs in the south-east near the Makrin coast,
where Mio-Pliocene clays, silts, and sandstones are interbedded and
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slightly warped. The rainfall here is low, but heavy rainstorms break out
occasionally and have resulted in the excavation of badlands somewhat
west of Chihbahir,

The physiography of eastern Iran is closely influenced by the struc-
tures. Domes, monoclines, and synclines are expressive as far-as the
western edge of Dasht-i-Lit, and an alternation of strong and weak
sequences emphasizes the dependence of the land forms upon structure.
A sheaf of folds fans out to the north of Kirmin, the axes running
north-west to the west of the terrain and north to the east of it. Some
regular domes preserved by resistant beds make prominent mountains
on the west, and in some places the monoclinal structure on the eastern
side has led to the production of a line of scarps facing east. The
orientation of the folds north of Tabas changes from north and south
to north-east and south-west. Farther on this swings to nearly east and
west. The twisting continues east of Doruneh until eventually the
ranges moulded on the structures curve still further, so that the fold-
axes run west-north-west and east-south-east right on to the Afghan
frontier.

Within this curving ridge and scarp feature which runs from the
south-western edge of the Dasht-i-Lit to the frontier near Turbat-i-
Shaikh Jam, there is a large area measuring 450 miles in a north~south
direction and 200 miles from east to west. Birjand stands near the
centre, surrounded mostly by low nondescript hills rising above low-
lying bands of alluvium. A dome of older limestone occasionally appears
through the multitude of low sandstone ridges. Although the stature
of the individual ridges may be small, high points on the plateau stand
7,000 ft above the adjoining marsh-filled sumps of the Sistan and
Afghan borders.

The south-eastern end of the Dasht-i-Liat is a waste of low hills
whose grain runs north-north-west and whose rocks are flysch.
Flysch is 2 formation made up mainly of alternating ribs of sandstone
and shales and, in this district, scattered interbedded lavas. The region
is overlooked by the large cone of the active volcano Kih-i-Taftan.
Occasional limestone reefs lie amongst the prevailing arenaceous and
argillaceous beds and weather out to make an elevated chain. At about
lat. 27° N., due east of the centre of the Jaz Muriin, the strike of
the flysch changes from north-north-west to east and west. The many
tight little folds predominating in the territory of Iranian Balachistin
inland from the Makrin coast tend to assume this direction. The greater
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part of this province is made up of an abundance of sage-grey ridges
littered with coarse and fine detritus. These nearly parallel ridges
produce a kind of secondary ornament superimposed on a rather even
surface which rises from the coast of the Gulf of Oman to 2 maximum
elevation of about 7,000 ft; this occurs between seventy and eighty
miles from the Arabian Sea to form the divide between the drainage
falling to the Indian Ocean and that destined for the Jaz Murian.

The drab landscape of the south-eastern Dasht-i-Lit is diversified by
the sporadic occurrence of rocky spines, which may project 1,000 ft
above the average height of the surface. When the spikes are formed of
sandstone they have a fang-like shape, produced it would seem by a
process of crushing. Many of the spines are coloured according to the
rock type, some being mauve, pink, brown, grey-green, black, or white.
They are often associated with a zone or strip of coloured rocks folded
or faulted in between the prevailing expanses of sage-coloured flysch.

For a distance of about thirty-five miles from the coast, the flysch
surface is patchily covered by great cakes of sandstone lying nearly
flat or in slightly dish-shaped bodies. Individual examples stand as
ovals thirty miles long and ten miles across. They rise as much as
4,000 ft above the folded floor where the flysch is exposed. They are
usually rimmed all round by cliffs, and one mass may be separated
from its neighbours by a passage a few miles wide.

Throughout the inland Maksan occasional flows of pillow lavas are
found in the flysch; and green serpentine wedges whose surfaces are
polished and striated—slickensided in fact—occur from place to
place: indeed their colour as well as their form are a conspicuous part of
the landscape.

The drainage in the Makrin is episodic. It may be several years
before a particular water-course carries water to a basin or the sea, and
when it does the fluid it transports is a foaming mud: for the alternation
of the hot sun by day and the cold air by night in winter helps to dis-
integrate the pootly consolidated rocks, and leaves them loose-grained
and riddled with open joints, ready to form sludge when the rain falls
heavily. The erosion that a single storm can effect is tremendous.

The drainage is often incised, and the larger streams crossing the
Makran pass through valleys that are over 3,000 ft deep. As already
alluded to (p. 136 above), 2 combination of circumstances has resulted
in the formation of a large area of “badlands” near Bir, 110 miles east
of Jask and west of Chahbahir. Patches of raised beach up to 350 ftabove
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the present sea level are well preserved near the coast, and they are
matched by extensive stream terraces or bevelled benches farther in-
land.

The only part of Iran in which land forms do not appear to be closely
related to the structure is in the central Alburz, where thete is heavy
well-distributed rainfall, and lush vegetation flourishes on the northern
slopes. Apart from the well-preserved young cone of Damivand, which
is not in keeping with the rest of the landscape, the rolling upland
surface of the range seems to have developed without direct depend-
ence upon the underlying structure.

The scenery suggests that peneplanation has taken place, but this
could not have developed on a strip only twenty to thirty miles wide.
It is surmised, therefore, that this strip is an upthrown remnant of what
was once a much broader region of topographical maturity. The
southern slopes of the Alburz yield exposures of Mesozoic and
Kainozoic strata folded and faulted in great complexity. But the
ultimate effect seems to be that of an upthrusting of the northern block.
Part of the great slab of thick and nearly horizontal Palaeozoic strata is
seen in the Chalas chasm, but it is hidden for the most part under the
wooded Caspian slopes, where evidence is often difficult to see.
Therefore it remains a guess that in the area near the Caspian Sea this
slab has been faulted. It would be difficult to rebut this hypothesis—
and it would be still more difficult actually to demonstrate the faults.
However, the high plateau of the Alburz remains as evidence of very
recent uplift, even though the attacks of headwater erosion at the
present time are rapidly destroying the plateau.

Salt has been abundantly distributed over much of Iran at various
times, in the Cambrian, Jurassic, and Tertiary. Because of their
association with thick sediments in a region of suitable folding, the
salt and anhydrite and associated marl have been moved away from
their original sedimentary beds and some 300 salt-plugs have formed in
Iran. Most of these occur in districts with low rainfall, so that the
soluble salt enjoys an unusual permanence at the surface. Consequently
salt domes make an imposing contribution to the geomorphology. A
salt plug is essentially a cylinder of salt, gypsum, red and grey gypsi-
ferous shales, and marls, from half a mile to four miles in diameter
which either pierces whatever sediments lie above the original salt
deposit, or else tilts them up into, ideally, a circular hill. The top of the
cylinder may assume various irregular forms in response to the shape of
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Fig. 32. Sketch-map of part of central Iran, showing salt domes. (After Gansser, 1955.)

the hole in the cover rocks through which the salt has been squeezed.
Assembled around and upon the salt dome are masses or blocks,
boulders or pebbles, of a variety of metamorphic, igneous, and sedi-
mentary rocks—all debris created by the salt as it travelled to the
surface and carried up rocks from below. Specular haematite crystals
are also normally present (see p. 114 above). This whole haphazard
collection is called the Hurmuz series.

In central Iran, east-south-east of Tehran, the Tertiary salt pierces
soft, apparently plastic interbedded Miocene gypsiferous marls, shales,
and thin sandstones, and the salt itself forms low domes which rise to
about 300 ftabove the surrounding country. Each domehasa conspicuous
jacket of white gypsum around it, against which the surrounding beds
were dragged up and from which they dip steeply away. A few salt
domes produced by the movement of Jurassic salt have been described
north of Kirmin (Stocklin, 1961). In one of these the salt lies between
harder and faulted Cretaceous rocks, and it appears now as an oval mass,
with the crest of the dome rising nearly 700 ft above its outer edge. A
few of the plugs in eastern central Iran are made of Cambrian salt,
which pierces Cretaceous, Eocene, or later limestone structures at the
surface.

When the salt plug rises above the crest of its limestone dome, as
happens in southern Iran, it may form a boss of salt and gypsum like an
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inverted cup. In some cups a little of the salt may have flowed down
like wax from a candle and covered a part of the limestone girdle.
If the limestone dome has been pierced away from its axis, so that the
top of the salt plug is unsupported on one side, it may appear as if a
tongue of salt has flowed down like a salt glacier. Most salt glaciers
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Fig. 33. Sketch of a salt dome in central Iran, south of Simnin, seen as though from above.
The effect of the intrusion is to distort the surrounding red gypsum shales as if they weze
semi-viscous. (After Gansser, 1960.)

Salt plug and salt glacier
Fig. 34. Sketch of a salt dome and salt glacier. (After Kent, 1958.)

are short and their gradient steep, but rarely the salt mass appears to
have been very mobile and flowed down a gentle slope; whilst the salt
and gypsum mixture viewed from the air exhibits a series of gaping
concentric fissures which are convex outward, reminiscent of the
crevasses associated with ice falls. The salt may be white or grey,
girdled by a ring of mingled and disturbed, even contorted, salt,
gypsum, and red beds. It may contain sporadic fragments of volcanic
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rocks, which then add dark and often upstanding features to the land-
scape. Cases are known in which the exposed top of the salt plug has
been dissolved away, leaving the empty “throat” of the intrusion
available for inspection: this is a red-stained circular cliff terminating
the limestones that were dragged upward when the salt came through
(Harrison, 1930). Whatever the variations of this exposure, irregular
shapes and curious details of structure are underlined by an assemblage
of vivid colours. Black and white, red and grey and pink, purple, green,
and rusty-brown, all occur together—and the whole is spangled with
glittering crystals of specular haematite.

STRUCTURE

As we have seen, Iran is a country in which outlines of structure are
often reflected by the physiography. It is fairly easy, therefore, to select
regions of Iran suitable for description. The country as a whole can
be regarded as an irregular figure contained by seven roughly recti-
linear sides. The long northern one, although sinuous, runs neatly east
and west; it includes the Alburz system and the Kopet Digh hills.
The second is a short side keeping nearly north and parallel to the south
western shores of the Caspian Sea. The third side, running approxi-
mately east and west, follows the frontier with the U.S.S.R. along the
Araxes and cross-cuts the structural pattern. The fourth follows the
crest of the Kurdish mountains and holds nearly south along the
strike to the frontier with Iraq. The fifth side is the longest. It maintains
generally a south-east course concordant with the structures forming
the Zagros arc to the mouth of the Persian Gulf. The sixth side starts
at the Strait of Hurmuz, runs east as do the structures, and is short.
It is left to the long eastern side to close the figure as it runs nearly
north from the eastern end of the Jaz Muriin to the Afghan frontier
along the Hari Rid east of Mashhad. The structures along this line are
concordant in the south but transverse towards the north.

The main structure-lines in Iran are the units of the Alburz system
in the north and the Zagros chain in the south-west. The “foredeep™
of the Alburz skirts the south of the Alburz range and is a broken-
down area closely connected with the chain. The *“Complex belt”
along the north-eastern flank of the Zagros and the “Volcanic belt”
to the north-east of the Complex belt adhere closely to the direction of
the Zagzros. As a result of the divergence of the two principal ranges, a
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Fig. 35. Sketch-map showing the structural elements of Iran
described in chapter 2.

widening gap develops between them east of Tehran. This is filled by

two masses: the western one named the Tabas wedge, in which the

strike-lines fan out between north-west and north; and the eastern

named the East Iranian quadrangle, where Eocene strata are wide-

spread but dip and strike vary intricately. The Makran in the south-

east is an outlying district in which the strike is generally east and west.
The structures to be discussed in Iran are then as follows:

1. The Alburz system. 5. The Volcanic belt.
2. The Alburz foredeep. 6. The Complex belt.
3. The Tabas wedge. 7. The zone of normal folding.

4. The East Iranian quadrangle. 8. The Makrin.

The Alburg system
The term ““ Alburz system” is introduced to cover much more than
the Alburz mountains, though these are an important fraction of the
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whole. The system comprises the ranges, about 8oo miles long and up to
sixty miles wide, which cross Iran and pass eastward into the Paro-
pamisus and the Hindu Kush in Afghanistan, The western two thirds
around the coast of the Caspian Sea are concave northward, from Rasht
to Gunbad-i-Qibis. The eastern third is convex northward, as if
forming a salient from which to view the Tiirkmen plains of Russia.
Subdivisions of the system include from west to east: the Tilish hills
lying west of Rasht; the Alburz mountains rising south-east of Rasht
and plunging west of Damiavand; the Gurgin hills rising east of
Damivand and declining to the pass near Jajarm; and still farther east
the group of structures forming Kopet Dagh and including the Quchin
and Mashhad mountains. Other lesser ranges occur to the east between
these and the Afghan frontier, which is marked by the bed of the Hari
Rad.

The Tilish hills, trending north-west and south-east, are made up of
moderately folded Cretaceous and Jurassic sediments, and a2 much-
faulted core exposed near Rasht contains pre-Devonian as well as thick
Devonian and later Palaeozoic rocks. This core is regarded as a faulted
anticlinorium which plunges south-eastward beneath a sheath of
Jurassic and Cretaceous marls, and is obscured fortuitously on the
north-west by a blanket of young volcanics.

The next mass of old rocks rises eastward from below the cover of
Mesozoic rocks to constitute the Alburz mountains proper, with its
glaciated summit of Alam Kah near Takht-i-Sulaimin, The basement
here consists of strongly folded and faulted pre-Cambro-Ordovician
schists, intruded by a granitic massif within a broad axial region where
unconformable, gently dipping Palaeozoic beds lie on top (Gansser
and Huber, 1962). Rivie¢re (1934) believes that the schists were dis-
turbed by low-angle thrusts over which the upper beds had been
moved to the north. For stratigraphic reasons the late E. J. White
thought this interpretation doubtful. Like Gansser he accepted the
main breaks as steep reversed faults dipping south on the north side
and north on the south side of the range. If this is so, the range is due
to uplift between two advancing wedges.

Though strongly folded, the syncline on the southern flank is com-
paratively simple by comparison with the pinched, thrust, and crushed
anticlines along the southern skirts of the range a little north of the
latitude of Tehrin. Bailey e 4/. (1948) made the point that the folding
is the result of two phases of compression, one about the beginning of,
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and one late in, the Tertiary. Whilst favouring thrusting to the north,
he did not press his interpretation against that of Riviére, whose
sections suggest overthrusting towards the south on the southern
flanks of the Alburz. The high volcanic cone of Damivand is situated
near the eastern plunge of the Alburz, and just beyond it the strike
changes to east-north-east.

The Gurgin hills exhibit a complex structure (Stécklin, 1962). They
are about 150 miles long and embody three structures, each involving
an old rock: phyllite, schist, and epidiorite, respectively. An eroded
massif of pre-Devonian lies in the north, and two long domes nearly
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Fig. 37. Section across the Alburz with flat-faulted palacozoics in the northemn patrt, and a
very disturbed syncline of green beds and schuppen of Jurassic on the southern side.
(After Riviére, 1934.)
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Fig. 38. Section in the “green beds” exposed on the southern steeply faulted flank
of the Alburz. (After Rividre, 1934.)

parallel to each other crop out farther south. Above the unconformity,
Devonian and Carboniferous, mainly limestones and shales are covered
by dolomitic limestones passing up into Jurassic plant beds. Some matls
and limestones of the Upper Cretaceous follow on; and synclines con-
tain Miocene within them. The whole area is cut up by a series of
reversed strike-faults which dip steeply southward, thrusting Devonian
sandstones onto Tertiary beds; much of the northern massif is covered
by Quaternary deposits, but there is also evidence of pre-Devonian
folding. Some of the strike-faults in the Caspian region are still active,
and it continues to be a district subject to earthquakes. The faults have
topographical expression. The component structures plunge eastward
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and the Palaeozoic strata disappear below a cover of Jurassic plant beds
and limestones, which maintain their east-north-easterly trend.

The axial direction in the region changes near the longitude of
Jajarm and swings to about east-south-east, which is maintained as
far as the frontier, a distance of nearly 300 miles. Geographically this
area can be divided into two mountain chains with a broad valley
between them. The Kopet Dagh chain consists in the main of Cretaceous
strata, limestones, and calcareous sandstones, folded into domes of the
Jura type which comprise the north-eastern ranges. At the south-
eastern end of the chain, older rocks form an anticlinorium, while
Upper Jurassic limestones and Lower Jurassic plant beds crop out
above a core of Palaeozoic rocks exposed near to the Afghan frontier.
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Fig. 39. Section across the Eastern Alburz near Gurgin, showing three broken folds in the
Palaeozoic, a Palaeozoic massif steeply thrust to the north, and Mesozoic and Tertiary beds
in Jura-type folds further south. (After Stocklin, 1962.)

The valley from Bujnird to Quchan and Mashhad is an earthquake
zone where movement is still active along strike-faults; the alluvium-
covered valley floor lies about 6,000 ft below the summits of the adjoin-
ing mountains. To the south-west Kih-i-“Ali, a fold comprising
Jurassic with a core of Palaeozoic rocks, leads eastward to Kih-i-
Binilid, a massif consisting of granite-intruded schists. This massif is
covered at both ends by an unconformable capping of a little Lower
and more Upper Jurassic.

The foredeep of the Albury

A relatively low area lies along the southern side of the Alburz
system, starting near Tehran and continuing to the frontier with
Afghanistan, near Turbat-i-Shaikh Jam. About half the area is covered
by salt flats. The other half includes a diversified northern part in which
rather long, narrow bodies of Cretaceous and Tertiary crop out, their
trend being in general compatible with the strike in the adjoining
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Fig. 40. Sketch-map of the foredeep south of the Alburz mountains and Kopet Dagh,
showing the serpentine lens of Kiih-i-Chaghata‘i and the change in trend between Gurgin,
Sabzavir and Turbat-i-Shaikh Jam,

Alburz. The southern part is characterized by the presence of thick
Upper Tertiary. In this “foredeep” there are two incongruous compo-
nents. One, a strip of schists with volcanic rocks, isabout 120 miles long
and up to ten miles across, running roughly east-north-east and centred
on Turid. The other exotic occurrence, Kiih-i-Chaghati‘i, is about 100
miles long and up to fifteen miles across. Running nearly east-west,
this mass of serpentine is in contact on its northern side with Eocene
volcanic rocks, mostly tuffs; while fragments of Upper Cretaceous are
associated with it near its western extremity. The mass of peridotite
makes a bulge, convex to the north, near Sabzavir. Along the same line
but farther east the map shows the Coloured Mélange, an assemblage of
shales, thin limestone, ashes, and vesicular lavas, a grouping frequently
encountered in the Middle East near emplacements of serpentine.
Faults are numerous in the vicinity, and the region is regarded as a
much-faulted block lying between the high Alburz on the north and the
broken-down area to the south, which was flooded by an Oligocene sea
from the south-west. The faults are mostly strike-faults but some cross-
faults are present: one, for instance, is seventy-five miles east of Turid,
where the fault-trace trends north-north-west. In this northern complex
there has been minor fracturing without much foundering. Strong
foundering did occur in the south of the basin, south-west of Turad,
where the Upper Tertiary filling is estimated at about 25,000 ft. Red
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beds, evaporites, limestones, sandstones, and conglomerates have
accumulated within a depression more than 300 miles long and eighty
miles across. The presence of such a large hole seems to justify the use
of the descriptive term “foredeep”.

Most of the folds within the foredeep are regular and affect the Upper
Tertiary; their axes lie east by south in the west near Tehran, but east-
north-east in the centre. The regularity of the folds is interrupted by an
amazing cluster of thirty-four salt domes inserted amongst these Uppet
Tertiary strata around a point seventy-five miles south of Simnan
(see fig. 32, above). This intrusion of salt has distorted the Upper
Tertiary strata in a way that suggests they might have been able to
flow viscously away from the plugs. Another crowded group of salt
domes has broken through similar red beds about fifty miles south-
east of Tehran. It is noteworthy that igneous rocks are absent from the
southern part of this terrain and from its eastern extension as far as
Doruneh. Eocene volcanic rocks are again recorded forty miles east of
Doruneh, and they continue towards Afghanistan.

As mentioned above, a north-west to south-east crossfault lies
seventy-five miles east of Turid. The Upper Red formation appears
sporadically above the alluvium to the south-west of it, but north-east
of it Lower and Upper Cretaceous and Eocene ate exposed in a series of
anticlines orientated east-north-east in the west and east by south farther
to the east. A long dome near Turbat-i-Shaikh Jam exposes a Palaeozoic
core—but apparently in all this lowland foredeep the Jurassic, so
abundant to the north, is absent. The intense folding and faulting
affecting the strata near Tehrin no longer obtain in this eastern pro-
longation, where structures are less disturbed.

The Tabas wedge

A wedge-shaped block consisting largely of Jurassic beds stands out
conspicuously on the coloured geological map of Iran. It is situated
between the diverging elements formed on the north by the sinuous
Alburz system together with its foredeep; and on the south by the
long, nearly straight belt of volcanic rocks running from near Tabtiz
in the north-west to Bam in the south-east. This block is shaped like an
isosceles triangle with its equal sides each 400 miles long and its base
250 miles across. One of the longer sides runs north from Bam through
Naiband and on to a point near Doruneh. The other long side, going
north-west from Bam past Kirmain, is deflected somewhat towards the
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Fig. 41. Sketch-map of the Tabas wedge.

south-west before reaching Anarak. The short side, the base, is rather
ragged but trends roughly west-south-west from near Doruneh to
Anirak. Within the eastern part of the block the strike-lines run nearly
north and south, and a set of faults affecting the southern part of the
wedge has the same orientation. In the western part the strike varies
between north-north-west and north-west.
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A large area of granite-intruded metamorphic rocks appears to the
north-west, and in this neighbourhood patches of Lower Cretaceous
rest unconformably on the schists. Over the rest of the wedge a
folded packet of strata consisting of Cambrian to Cretaceous is pre-
served, with sandy shalesand calcareoussandstones of the Jurassiccover-
ing much of the region. The underlying Trias is present as a mixture of
light and dark dolomitic limestone in the west, but it contains inter-
calations of red beds in the east. The Upper Palacozoic below is exposed
in a similar dolomitic limestone facies; the Lower Palaecozoic contains
interbedded dolomite, gypsum, and some red sandstones. Any of these
formations are likely to crop out along the east rim of the wedge, close
to the fault that is alined north—south near Naibandan. This brings the
Palaeozoic and Lower Mesozoic strata on the west of the fault into
proximity with the Eocene—the sandstones, shales, thin limestones,
ashes, and lavas—occurring east of the fault. Other extensive outcrops
of Cambrian are displayed along a line of marked disturbance running
north-north-west from a point about twenty-five miles north of
Kirman and passing through Kiahbanan and Bauhuibad (Huckriede
¢t al. 1962). Whilst no great vertical movement seems to have taken
place, this zone of disturbance has been traced for more than 120 miles.
West of the fracture zone the Pre-Cambrian is exposed in an unmeta-
morphosed facies north-west of Kirman.

The strikes prevailing within the Tabas wedge start in the south and
trend north-north-west. Gradually they become northerly, from the
latitude of Bifq, until in the latitude of Gunbad [Gumbad], the strike
alters to north-north-east. It suffers stronger deflexion farther north-
ward and becomes east-north-east south of Doruneh. It is the effect
which might have been expected if a tectonic unit like the Alburz had
moved eastward, dragging the northern extremity of the Tabas wedge
along and imposing upon it the deflexion described from north-north-
west through north to east-north-east. The observed strike in the
Jurassic also changes direction along the south-western margin, where
it turns from north to north-west.

In a series of facies maps Stocklin has demonstrated that evaporites
of four ages occur respectively in four different basins situated one
above the other: in Lower Cambrian, in Upper Palacozoic together
with Lower Trias, in the Upper Jurassic, and at the base of the Middle
Cretaceous. He has suggested that the lowest gypsiferous suite has
taken part in the formation of two salt domes near Ravar, and that
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several others have been produced from the Jurassic evaporites
(Stocklin, 1961).

About thirty miles east of Ravar two small, recently formed vol-
canoes stand astride the main fault zone, as if this had determined the
place of eruption. Most of the country inside the Tabas wedge is
relatively high, so that topographically the unit can be regarded as an
elevated block, with a downfaulted area to the east of it containing the
Daght-i-Lat. The possibility of a dextral tear-fault alined nearly east-
north-east and west-south-west through Doruneh cannot be ruled out.

The East Iranian quadrangle

The area that lies east of the Tabas wedge is roughly rectangular in
shape, nearly 400 miles long from north to south and about 200 miles
wide. Topographically it forms a tilted block sloping gently towards
the south-south-west, where the floor of the depression is little more
than 1,500 ft above sea-level. The eastern edge of the block is elevated,
and most of that country stands above §,000 ft, with ranges like Kih-i-
Maminibad, thirty miles east of Birjand, exceeding 9,000 ft above sea-
level. The low south-western part, Dasht-i-Lit, is 150 miles long from
north and south and 120 miles across. Its floor is covered with hori-
zontally bedded alluvium partly eroded into curious shapes by the
wind, which is also responsible for the transport of sand to build up
some enormous dunes along the eastern side: these are reported to
stand as much as 700 ft above the desert floor.

Near the edge of the desert, beyond the locus of such superficial
deposits, most of the strata exposed are Eocene: mainly a tuffaceous
variety in the north, with some flysch and lenses of reef-limestone,
while Eocene towards the south contains less ash. Complex structural
conditions obtain to the north-west of Gunbad, at Bijistin, where 2
Cretaceous dome fifty miles long runs nearly east-north-east. It is
approximately parallel to, and twenty-five miles from, the structures
along the north-eastern part of the Tabas wedge. Only twenty-five
miles to the south-east of this anticline another long Cretaceous
dome emerges from an expanse of Eocene, and its axis runs south-east
at right angles to the Bijistan fold. A long, faulted Jurassic structure
forks like a prong eastward from it, starting some ten miles south-west
of Gunbad.

The relationships among these various structures are not clear,
though the Bijistin dome seems to follow the grain of the north-eastern
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part of the Tabas wedge. The structure starting south of Gunbad,
although it adheres to the average trend of many structures in Iran, is
not in harmony here either with the folds in the Eocene or with any
in the northern part of the Tabas wedge. However, a south-easterly
trend is persistent and reappears in a Cretaceous dome some forty
miles long and lying to the east of Birjand. The dome is more in accord
with the trend of the Eocene beds in this eastern part of the region.

The plentiful outcrops of Eocene seem to occur in a structure that
bends round and produces a pattern something like a fish-hook. In the
west, adjoining the faulted eastern edge of the Tabas wedge, the average
strike of the Eocene is about east by north. Farther east, starting from
near Birjand and going towards the Afghan frontier, the strike turns
from east-south-east, through south-east, to become south-south-east
at the frontier. Just north of Bitjand the strike runs approximately
east-west for fifty miles, but a few local changes in strike complicate
the details of the hook-shaped design.

Continuous exposures in the highlands along the eastern side of the
Dasht-i-Lat—through Eocene flysch and Upper Cretaceous sandstones,
shales, reef-limestones, with some lavas and ashes—are maintained
southwards to the neighbouthood of Zihidan; the strike keeps pre-
dominantly south-south-east. South of Zahidin a suite of scattered
intrusions comprising granites and gabbros has caused mild meta-
morphism extending across country for some fifty miles along and
across the strike. Faulting is clearly developed north by east along the
south-eastern edge of the Daght-i-Liit, whilst between it and the
frontier the Eocene flysch and Upper Cretaceous limestones continue
to strike south-south-east. It is within this folded country that the
volcano Taftin (13,034 ft) has erupted and built up its cones. The
strike runs consistently between north-north-west and north-west as
far as Dehak on the Pakistan border, and along a line west of Dehak to
Irinshahr. Then it changes abruptly to an east-west direction, pre-
sumably on account of a massif exposed north of the Jaz Murian.
This strike prevails throughout much of the Makrin district.

The country, forming highlands from north of Neh to the south of
Zihidan, falls away steeply to lowlands dotted with several lakes and
plains in the south-west of Afghanistan and in Sistan. The change takes
place along a line that runs approximately north and south as far south
as Z3hidin; here the line curves gradually and assumes a south-south-
east direction from Kah-i-Taftin southward. This may coincide with a
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postulated fault zone (similar in design and effect to that terminating
the Tabas wedge along the Bam-Naibandin zone), which would account
for the row of depressions near the frontier. The arrangement suggests
another tilted fault-block rising to the east in Afghanistan and Pakistan,
with its western side faulted down against the elevated scarp bounding
the eastern side of the East Iranian quadrangle. Local complications in
the strike, especially in the north-west, near Gunbad and south- west of
Birjand, make it look as if the quadrangle was latterly compressed
against western and northern masses.

The Voleanic belt

A strip of country 1,200 miles long starts in north-west Iran, near
Julfa on the Russian frontier, and extends to the borders of Balachistan
in the south-east; the strip is generally more than forty miles wide in the
north-west but is narrower in the south-east. Within it effusive, pyro-
clastic, and intrusive eruptive rocks are conspicuous. Vulcanicity
appears to have commenced in the Upper Cretaceous, to have passed
through its climax in the Eocene and to have continued, although more
feebly, up to the present time. Large intrusions vary from granites to
gabbros; small intrusions from quartz porphyries to dolerites. Lava
types range from rhyolites to olivine basalts, and there is a variety of
ashes. The igneous rocks, being interbedded with and intruded into
Tertiary and older sediments, have mostly experienced folding.
In some places extrusive rocks rest unconformably upon a basement
exposing Devonian and any younger strata up to Lower Cretaceous.
The basement and the cover of Tertiary strata after folding have also
been broken up by faulting.

Starting near the Russian frontier in the north-west, lava- and ash-
fields cover an area nearly 200 miles long, from Julfi to the Caspian
Sea, and up to seventy miles wide. At the north-west end of the
Alburz mountain system the extrusive rocks overlie the Jurassic and
Cretaceous within, at the zone where these structures plunge north-
westward somewhat south of Ardabil. The adjoining volcanic province
between Lake Rezd’iyeh and Qazvin, also oriented east-south-east, is
about 250 miles long and generally forty miles across. The lofty cone
of the volcano Savalan stands on the northern body, and that of Sahand
on the southern. South-eastward the volcanic belt bifurcates, with one
group of lavas and ashes following the flanks of the Alburz and the
other diverging from it at about the latitude of Tehrin, where the
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foredeep is postulated between the two. One more extensive lava field,
over 1oo miles long and about forty miles wide, lies forty miles west of
the capital. The country along the road between Arik and Tehrin is
typical of the south-western region, where the belt is narrower. A series
of strata, including Oligocene to Miocene limestones, red beds, ashes,
lavas, and sills, is rather gently folded. The igneous sheets in the suc-
cession often control the topography and cap the low hills that stand
among expanses of silt plains, salt marshes, and sand dunes.

North of Isfahin the basement, containing tightly folded Mesozoic
and Palacozoic beds, is capped by patches of lava and associated
Tertiary sediments, with small granite intrusions breaking through
them. Similar conditions obtain in the sector between Kishin and
Kirmin, but this region is cut by a group of north-north-west and
south-south-east cross-faults. A small graben close to N2’in, eighty
miles east of Isfahan, has been produced by two of these faults.
One is situated fifty miles west of Na’in, and the other is just east of it.
Between them lavas are preserved, whilst the basement predominates
in the shoulders on either side. Farther south-east other lava fields—
e.g. the one south of Anir, another north-west of Bam, and another
south-west of Bam alternate with parts of the volcanic terrain in
which ashes predominate. The belt ends at a large knot where 2
complex (eighty miles long and forty across) of lavas, ashes, and
intrusives forms the skirts of the somewhat broken-down volcanic
cone of Kih-i-Basman.

Large intrusions, each more than ten miles long, occur in several
places along the belt. Two masses are exposed east of Julfa, at forty
and eighty miles respectively. A neighbouring mass is situated sixty
miles east of Tabriz. A granite massif forms the mountain Shir Kah
(13,315 ft) about thirty miles south-east of Yazd. It is also present
in Kih-i-Lilehzar (14,300 ft) eighty miles west of Bam. The longest
stock in the whole belt is some sixty miles long; it carries the water-
shed between Dasht-i-Liat and the Jaz Muriin, and it forms Jibal
(Jamal) Biriz, 2 mountain chain forty miles south of Bam. Still another
granite is intruded a further forty miles to the south-east, twenty miles
south of Kah-i-Basmin. Mention has been made in the paragraphs on
eastern Iran (pp. 153—4 above) of a plutonic complex, occupying a
triangular area 100 miles long and sixty miles across, which contains a
suite from granite to gabbro. This complex runs across country north-
west and south-east, close to Zihidan and about sixty miles north-north-
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east of Kih-i-Basmian. Granite also appears along the south-western
flank of the Jaz Mutrian, eighty miles south of Jabal Bariz. The relation-
ship between the granites north and south of the Jaz Muriin basin is
unknown because they are separated by an expanse of alluvium.

The colours used on the geological map of Iran (1959) make this
Volcanic belt stand out as the major feature it is. The flood of extrusive
rocks broke out along this strip, which is presumably a line of weakness
rather than one of faulting. A fundamental change takes place along it:
there are eugeosynclinal conditions in the north-east, where vulcanicity
accompanies a deposition of pootly sorted sediments, mainly mixtures
of clays and sandstones; and miogeosynclinal conditions prevail in the
south-west, where volcanics do not appear and the well-sorted sedi-
ments include many limestones and light-coloured sandstones.

The Complex belt

The strip of country that adjoins the Volcanic belt on its south-
western side is about 100 miles wide and is complicated both strati-
graphically and structurally. Here it will be called the Complex belt
and beconsidered in three parts. The Isfahan-Sitjan depression occupies
nearly one third of its width and keeps along the north-eastern flank.
The solid geology and structures of the depression are much obscured
by deposits of silt and salt marsh. The rest of the belt is fairly well
exposed, except at each end, and presents an assemblage in which
folded and faulted sediments of different metamorphic grades are
found associated with subordinate amounts of eruptive rocks spora-
dically distributed. A narrow, inconstant strip following the south-
westetn margin is particulatly disturbed. This is part of the zone of
nappes (De Bockh ¢/ 4/, 1929).

The north-western termination of the belt is partially hidden by
extensive Pliocene shales, matls, and tuffs, by the later lake terraces,
and by Recent tuffs and lavas. But occasional gaps in the cover disclose
the presence of schists below, with Carboniferous and Permian
limestones and dolomites resting unconformably upon them—evidence
that these schists are apparently pre-Carboniferous. The country west
of Lake Reza’Iyeh is a complex of schists and of Palacozoic and Mesozoic
rocks, with Upper Cretaceous and Tertiary strata unconformable upon
the earlier Mesozoics and older formations. The country to the south,
along the Turkish, Iraqi, and Iranian frontiers, is made up of Upper
Cretaceous sandstones, shales, and thin limestones. The map of this
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region is too generalized to be effectively interpreted; but it is known
that the higher slices of thrust-faults mapped in Iraq exhibit movement
from north-east to south-west (Mitchell-Thomé, 1960; Naqib, 1960).

Partial or inadequate exposures towards the south-eastern extremity
result from the presence of an extensive sheet of silt that fills much of
the Jiz Muridn basin and hides a large area of solid rock. Outcrops
around its western edge reveal granites, lavas, schists, and sediments,
along with folds, unconformities, and faults. The belt ends a few miles
east of Iranshahr, plunging beneath 2 mantle of sandstones and shales
to form a Tertiary flysch.

In the region between these obscured terminations—i.e. from
the mountainous district north of Hamadin to the environs of Sirjan
700 miles away—the complex belt can be more satisfactorily studied.
Here it is tightly folded, the axes of the folds tending to show a rather
regular strike. Near Hamadan at the north-western end, sericitic and
chloritic schists are developed within a tract 200 miles long and up to
forty miles wide. Granite emerges sporadically and may have been in
part responsible for the metamorphism. Alvand, the mountain over-
looking Hamadan, is a topographic expression of the largest granite
intrusion. The hills north-east of Burijird, sixty miles south-east of
Hamadin, contain the next largest body, and other granite stocks of
smaller size have been mapped across country for fifty miles south-east
of Burijird.

Beyond the granites the grade of metamorphism is said to fall off, so
that a variety of schists and phyllites merge laterally into a succession
of shales and sandstones. A few thin limestones and coals have been
regarded as akin to the Lower Jurassic plant-bearing coaly beds of the
Alburz mountains. Baier (1938) and Gansser (1955) both refer to a
transition from schists to all but unaltered, though strongly folded, sedi-
ments. Folded Jurassic shales and sandstones occupy much of the belt
for the next 350 miles to the south-east, and they are intricately inter-
folded and faulted with fossiliferous Triassic and Permian limestones,
dolomites, and shales—near Abadeh, for instance. In some places they
have been followed along the strike for 150 miles but they are confined
here to a strip about ten miles wide lying south-east of Shahriza.

Lower Cretaceous conglomerates and sandstones accumulated on the
south-western side of this fold-belt, with silts and marlstones replacing
them farther to the south-west until they in turn pass laterally into
limestones. Middle Cretaceous limestone later transgressed across the
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already folded Lower Cretaceous silts and sandstones towards the north-
east. This may account for the masses of Cretaceous limestone found as
outliers resting unconformably on folded arenaceous strata of the
Lower Cretaceous. Such is the evidence left by a late Jurassic or eatly
Cretaceous orogeny just outside or on the extreme north-eastern edge of
the Zagros arc,

Disturbed Mesozoic rocks folded priot to the Middle Cretaceous
continue into the neighbourhood of Nairiz [Niriz]. Beyond Nairiz
the relation between the unaltered sediments and the complex of slates,
schists, and epidiorites is not clear. The junction lies near the assumed
prolongation of a fault-system running south-south-east from Na’in.
This may be no more than a coincidence, for the continuity of the fault
across an alluvium-filled depression can rately be detected from the air
and so may be no more than conjecture. In the south-eastern part of the
complex, exposures of Permo-Carboniferous occur not far from Sitjan
(De Bockh e al. 1929), and open up the possibility that the meta-
morphic rocks of the district may be old—at least older than Carboni-
ferous.

Farther east gently dipping sandstones and shales containing Liassic
ammonites rest unconformably on a planed sutface across contorted
schists and amphibolites. These schists in Jiruft are therefore certainly
pre-Jurassic; probably pre-Carboniferous, and possibly pre-Devonian.
It is tempting to hazard a guess that the schists are old and may be of an
age with the schists in north-western Iran. If these speculations are valid,
they mean that the schists in the north-west and south-east are old;
and if Baier is correct, those in the Hamadin area may be younger,
having been affected by local post-Jurassic metamorphism. Mention
may also be made here of the development of a very young meta-
morphism which was active in Tertiary times: near Zihidin some of
the Eocene flysch around a group of large intrusions was changed
into schists and phyllites (geological map of Iran, 1959).

The south-western zone of the Complex belt corresponds to the
zone of nappes described in The Structure of Asia (De Bockh et al. 1929).
The nappes are sheets of strata, sometimes extremely disturbed by
crumpling, shearing, and jointing. One nappe may contain rock types
that are quite different to those of a neighbour; fragments of one nappe
may have broken off and become wrapped up in or interspersed with
rocks of another. The usual relationship, in which one packet of rocks
lies deposited on another, is not common among these sheets. Rather,
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the position of one nappe in regard to another is unnatural, for they are
folded tightly together with little or much distortion, splintering, inter-
wedging, and movement. Nappes sometimes appear to be overriding
by carriage, or undetlying because of the downward plunging of
inclined and recumbent folds. Sometimes the folds have broken into
slivers, and a sequence of flakes, scales, imbrics, or schuppen (=lens-
shaped blocks resulting from shearing under high pressure) inter-
finger. Sometimes the nappe is 2 composite affair, partly recumbent
structures or overfolds, and partly flakes or schuppen. Special com-
plications result from local collapse, which may take place when
contorted and thrust masses are piled up one upon the other, making
a pile too steep for equilibrium; thus the folds and slices may fall off or
glide down. A nappe may have travelled a long distance, perhaps tens

SW  Eocene & Cretaceous LowerCretaceous Middle NE
Flysch - Flysch Cretaceous

Miocene
to 3>
Cambrian .
Late Cretaceous. Jurassic folds affected
Pliocene Mountains Folds,crushed and again by late Cretaceous
intruded. Nappes disturbance

Fig. 44. Diagram showing sequence of mountain building from Jurassic to Pliocene times
in ceatral and south-west Iran. Scale about 20 miles to an inch. (After N. L. Falcon, J. Inst,
Petr, vol. xxx, 1944.)

of miles, from the site of its origin to reach its present position. It may
have overridden structural obstacles, or it may have rammed another
nappe and abutted against it.

The country to the south-west is essentially made up of folded lime-
stone, whereas the nappes driven towards or over the limestones
include radiolarite: that is, thin-bedded red cherts containing radiolaria.
In addition there is a massive peridotite, a volcanic rock rich in olivine;
and the Coloured Mélange (Gansser, 1955), consisting of green shales
and siltstones, of brown sandstones, serpentine (or altered peridotite),
black pillow lavas, amygdaloidal and epidotic lavas, and of limestones
in the form of thin ribs or fragments of reefs. In other places a nappe may
be flysch, a useful term denoting a series of irregular alternations of
shales and siltstones with ribs of sandstone and, rarely, a small per-
centage of very local conglomerate or reef-limestone. The limestones
provide a variety of colours, such as white, black, grey, yellow, and
pink. Another nappe might consist of one rock type only, such as
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radiolarite, or pethaps peridotite, but others are composed of a variety
of rocks occurring together sheared, jointed, or slickensided. Nappes
of different sorts may lic one behind the other, or they may be arranged
en échelon. In many nappes there is a bed of a rock liable to give way
under strain and develop into a lubricant over which masses of tougher
rocks may more easily slide.

Starting in the north-west from the Iraqi frontier close to Sulaimania,
radiolarite forms the edge of the Complex belt for 120 miles and con-
tinues to do so for nearly fifty miles beyond Kirminshah. Calcite-
veined and crushed Cretaceous limestones are stacked as a pile of
recumbent synclines, forming the massive crags of Bisitin. They stand
to the north-east of the radiolarite nappe. Lenses of peridotite and
serpentine are found behind the radiolarite intermittently, marking a
zone traceable for 150 miles along the strike.

Where the red cherts from Kurdistan end, their place in the front is
taken by a series of crushed limestone humps for approximately 450
miles. They are untidy features such as might result from a smooth
normal dome being ruined by later shearing and crushing. These
are followed farther south-east by another sheet of red cherts. But this
is in an unexpected alinement, for instead of being near the zone of the
crushed limestone humps, the cherts are found nearly forty miles to the
south-west of them. Patches of what was probably once a continuous
radiolarite sheet have been discovered over a distance of 100 miles
along the strike. Washington Grey (1950) has described the region and
discussed the occurrence and its implications. He regards it as a far-
travelled thrust-sheet, and submits that the red-bedded chert sheet
overrides Upper Cretaceous limestone. The radiolarite was itself covered
by a still higher Cretaceous stage before folding took place. Since then
weathering has worn through the radiolarite layer and exposed a dome
of Upper Cretaceous limestone below. Other interpretations may
possibly be preferred; e.g. the limestone and the chert might be in
stratigraphical and not tectonic relation.

Farther north-east a range littered with boulders and debris marks
the front of another nappe. This consists of Coloured Mélange,
containing pieces of sheared and calcite-veined dark limestones, white
crystalline limestones, tooth-shaped fragments of sandstone and grits,
thin-bedded siliceous brown limestones, red and green indurated shale,
and purple marls. Characteristic scenery results, with many coloured
fangs or spines made up of the more resistant rocks, upstanding above
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a plain of drab shales (see p. 161 above). Small spikes standing a few
feet high exist close to large ones several hundred feet high. Gansser
(1959) has drawn attention to the presence of such confused con-
glomerations, always associated with masses of slickensided serpentine,
and recalls that such assemblages of about the same age are strung out
across the mountain arcs of two continents from the Alps to the
Himalayas.

A nappe of Coloured Mélange is developed around the metamorphic
massif east of Nairiz, where gneiss, schist, marble, and epidiorite are
reported. Presumably it is on this metamorphic basement that the
Permo-Carboniferous twelve miles south-west of Sitjan (at Saidabad)
rests (De Bockh ez al. 1929).

The nappe front runs south-east from Nairiz for 100 miles. Beyond a
patch of alluvium, alternations of Coloured Mélange and serpentine are
alined approximately parallel to the nappe front. Then the direction of
the front changes to about east-south-east, which is maintained for
some eighty miles as far as Pir, a village sixty-five miles north-north-
east of Bandar ‘Abbis. Over this part lenses of serpentine and associated
formations tend to be alined north-north-east. The structure is com-
plicated by many faults and some unconformities.

The nappe front suddenly alters direction near Piir and turns south,
twisting to south-south-east after twenty-eight miles, then proceeding in
this direction for at least fifty miles more. The flysch that lies immediately
east of the nappe front is trending parallel to it. From beyond the distant
Ruwindiz in northern Iraq (Naqib, 1960) to Kirmanshih and from
there to Piir, all movements along the belt have resulted in the carriage
of nappes more or less from north-east to south-west; but from Pir
southward the thrust-masses are carried forward towards the west.
For the fifty miles west-north-west of Pir the nappe front is well ex-
posed. Numerous schuppen occur to the north of the nappe front,
giving lens-shaped outcrops of flysch, Middle Cretaceous limestone,
Coloured Mélange, basic igneous rocks, serpentine, indurated shales
simulating schists, and rounded blocks of quartzitic sandstones.

Twelve miles due north of Pir, slivers of serpentine, lenses of schist,
and interposed masses of Coloured Mélange, all with a nearly east-west
alinement, are thrust against a narrow body of flysch that lies to the
south; farther south a splinter of Coloured Mélange is caught in and
carried into contact with brown Mio-Pliocene sandstones of the normal
zone across the last few miles of the frontal fault. This complex of
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Fig. 45. Sketch-map of the nappe front between Naitalkh and Khushk Kiih,
showing the trend of some structures exposed within the nappe zone,

polished, striated, and sheared lenses is pierced by a cylindrical plug or
pipe of fresh uncrushed peridotite, which was presumably emplaced
after the Mio-Pliocene.

On the south-westetn side of the Complex belt anticlines and domes
of “ Jura type” are developed, but those which lie in the crook of the
lower thrust-fault just west of Pir show more faulting and distortion
than usual. Thrust-faulting affects the southern flanks of the domes, but
faults also appear in the core of the folds. Nearest to the nappe front
and south of it one surviving anticline, ‘ Abbad, is sheared out along
its southern flank ; moreover, oblique faults alined north-east and south-
west ctoss the dome. Three large domes apparently disturbed by their
proximity to the nappe front are Naitalkh, Kih-i-Gahkum (Gakiin), and
Furgiin. Each has a sheath, complete or partial, of massive Eocene
limestone; and each has a comparatively undisturbed northern limb, and
a broken one on the south. The westernmost dome, Naitalkh, runs
east and west, and although pierced by two salt plugs it is broken only
by a steep reversed fault along its southern side. The next, Gahkum, is
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otiented east-south-east, and its southern flank, too, is sliced by a
reversed fault, which brings Carboniferous against Eocene limestones;
other complications are caused by small tear-faults. A salt plug just to
the south of the axis remains circular in plan and appears to be un-
distorted—therefore it is an event later than the folding. Lastly,
Furgiin is a fold in which the axis is sharply bent. It trends east-south-
east in the west and curves round to lie east-north-east in the east.
Not only does a thrust-fault break the southern flank, but the core is
ruptured by 4 normal fault that brings the Trias into contact with the
Lower Palaeozoic. After the thrust dies out eastward, prongs of lime-
stone with their cover of Mio-Pliocene silts and sandstones plunge
farther eastward apparently undisturbed by the proximity of the
thrusted Eocene flysch of the Zindan range.

Kih-i-Gahkum Kih Abbad
e
swW Conglomerate Conglomerate ! i;"e\f ¢ NE
— y =13 ANA Sealevel
~—fars—— . BG
NN '///’ﬁ_i'\\ I U N

) Upper Lower Mesozoic Upper Mesozoic

Asmari Palaeozoic Palaeozoic

Limestone

Fig. 46. Section across Kih-i-Gihkum, ‘Abbad and the Nappe Front with reverse
faults affecting them. (After British Petroleum, 1956.)

It is noteworthy that in this neighbourhood west of the Zindan
range, whilst some of these Zagtos folds in Mio-Pliocene seem to be
undisturbed, the older dome of Khushk Kiih has experienced a sharp
turn at its eastern end. It is a fold exposing Lower Cretaceous and is
thrust-faulted on its southern flank, which runs parallel to the axis, or
nearly east and west, for some miles. At its eastern end the dome
suddenly turns north and plunges downward. The turn is in the same
direction as that in Furgin but is more sudden. This deformity is
close to the line of the Zindan front.

The change in behaviour exhibited by these folds—what are at
first long, straight structures become notably bent—is what might
happen if a fairly uniform sheet of sediments that is moving and folding
up rather regularly south-west or southward is impeded by an up-
lifted block of basement. Such a mass may exist along a line from
the north of Oman to the region of Piar. Another factor affecting
the situation could be the ending of the Cambrian salt. This is thought
of as extending along most of the Zagros, but the salt domes end on the
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west of the Oman-Pir line. Where the salt is present there is a lubricant;
where it is absent increased friction can be expected. This would cause
dragging and a twist in the strike.

The conjectured Oman-Pir block would also provide a reason for
the change in strike in the western Makrin near the eastern side of the
Strait of Hurmuz. The regional movement in the Makrin is southwatrd,
which has produced a general east-west alinement. Near the Strait
the strike turns sharply to become north by west. It looks as if the
moving sheet was halted by the Oman-Par obstruction. The zone
running north of the Oman peninsula has been referred to in literature
as part of the Oman line (Schroder, 1944).

The zone of normal folding

A zone of normal folding occupies most of the Zagros mountains
and their foothills. It is an area in which long periods of quiet existed
during the deposition of a thick packet of limestones, amongst which
occasional bodies of limy clays were intercalated. Below these calcareous
strata come sandstones and shales, which in turn lie upon a formation
that includes salt, calcium sulphate, and dolomite. This whole assem-
blage of deposits covers a large area, and when subjected to lateral
pressure it has reacted by folding in a rather regular pattern, with the
folds assuming the shape of long domes. Near the north-eastern edge,
however, some of the domes have broken and their north-eastern
limbs have been thrust up towards the south-west, exposing the lowest
horizons seen in the region. The faults are collected into two main
groups, which trend obliquely to the alinement of the domes and run
north-north-west. The fault-systems are each about 100 miles long, and
they are disposed en échelon approximately thirty miles apart.

Above the great slab of limestone 2 further complication ensues in
the foothills. Here, now covered by a variably thick mantle of sand-
stones and conglomerates, a deposit of mixed salt and gypsum was laid
down; and it later suffered intense distortion in the course of regional
folding. The types of folds produced in the gypsum and its accom-
panying marls and silts seem to have required the property of plastic
flow in the strata. The folds are pinched, puckered, and contorted, and
are utterly unlike the round-topped, smooth, and wave-shaped folds
encountered in the limestones below.

The basal or Cambrian salt, deep down below the bottom of the
limestone, has helped to lubricate interformational movement during
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Fig. 47. Sketch-map of two major thrust faults in the north-eastern Zagros, one holding
south-east from Koh-i-Ushtirin to Zardeh Kih, and another from Do Pulin to Kih-i-
Dina.

the epochs of folding, and to cope with readjustments among the thick
or massive beds. But in doing so it has itself been folded and moved,
and then, in suitable places, has burst through the overlying beds
(locally some 20,000 ft thick) to form salt domes. Their abundance in
the south-east of the Persian Gulf suggests that the salt formation was
particularly thick under the Bandar ‘Abbis district.

The map of the zone of normal folding is not a parallel-sided figure,
but is formed of two bulges connected by a narrow part, looking much
like half a dumb-bell. This pattern is conspicuous, particularly on any
coloured geological map of south-west Iran. The north-westerly bulge,
between 100 and 120 miles wide, continues south-eastward for 200
miles from the Sirvin river, the frontier of Iran and Iraq. Its south-
western flank is held up by three great, long domes lying close to-
gether and arranged nearly parallel to one another. They are Kabir
Kah, Kah-i-Qal‘eh, and Kih-i-Anarin. The first two are each more
than 100 miles long, up to ten miles wide, and with an amplitude of
about four miles from crest to trough. All three domes plunge south-
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Fig. 48. Sketch-map of the Kabir Kih, the largest individual anticline in the
Zagros arc, It is over 100 miles long.

east near Dizfdl, thus accounting for the north-western bulge, to
terminate towards the south-east. The interior part of the bulge is less
mountainous than the south-western border. This central area exposes
well-rounded, comparatively gentle folds in a series of limestones and
thick detrital beds—beds which weather away easily, for they are made
of silts, sandstones, and marls of Upper Cretaceous and Eocene ages.
The few limestone reefs present are local but sometimes massive
phenomena, and by weathering out as they do in Luristan they form
unexpected mountains in the north-east, rising on the flank instead of
on the axis of a dome.

A conglomerate occurs locally as part of the flysch near Khur-
ramibad, and in this district sections exposing upturned Eocene
flysch are overlain by nearly flat Asmari Limestone: satisfactory
evidence that folding and some erosion took place here between the
Eocene and Oligocene. These disturbances were severe in the north-
east, but they appear to fade away and cannot be identified south-
westward. The north-eastern conglomerates thin and give out, and
sands and then silts occur before marls come in. Thus the angular
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unconformity displayed to the notrth-east disappears south-westward,
where conditions of sedimentation appear to have changed little from
Middle Cretaceous to Asmari Limestone times.

The north-eastern edge of the bulge still contains thick flysch, but
the principal mountains depend upon the presence of two great domes
of Middle Cretaceous limestones. These are Kih-i-Charmi on the north-
west and Kih-i-Safid plunging near Khurramabad on the south-east.
It was observed that the Saidmarreh rivet cuts its valley across Kih-i-
Charmi at a place where the crest of its dome stands high above the
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Fig. 49. Section across the Kabir Kiih and its neighbours, showing diagrammatic
symmetrical folding. (After British Petroleum, 1956.)
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Fig. s50. Section from Khurramibad to Kih-i-Suftch, (After British Petroleum, 1956.)

surrounding country (see pp. 1345 above), which can only be explained
if the drainage was inaugurated on a surface unaffected at that time by
the north-west and south-east ridges now in control. Radiolatite and
serpentine of the Complex belt have been thrust against the north-east
side of the Charmi fold as far east as the turn of the Kashgan river, but
farther to the south-east, near Burijird, the nappes are not clearly
developed. Instead a deeply incised limestone dome displays its Permian
core in Kah-i-Sufreh, at the eastern end of Kih-i-Chichil Naulakin,
thus providing a first glimpse of the older rocks that become more
generally exposed farther south-east.

Where the bulge ends the width of the exposed limestone terrain
becomes restricted and continues as a natrow strip as far as Bashahr
[Bushire],a distance of 280 miles. Structures within it can be groupedinto
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three divisions. The first, along the north-east side, varies in width from
ten miles in the north-west to nearly thirty miles at one place in the south-
east. The whole sedimentary sequence of south-western Iran, from
Cambrian to Miocene, is exposed in it in bold folds, many of them
broken by thrust-faults dipping north-eastward. The second group of
structures is found in the centre, where massive Cretaceous limestones
are worn into shapes dictated by structure, providing expressive topo-
graphy and still retaining a few relics in some of the synclines of younger
formations now mainly swept away. This strip is forty-five miles wide.
The third structure-type, up to seventy miles wide, embraces the south-
western country and is expressed in foothills. Surface wastes of gypsum,
red beds, and conglomerates overlie concealed domes of limestone.
It is these which contain the oilfields.

The first division provides a foretaste of the fusulinid limestones in
the core of Kiih-i-Sufreh near Burgjird. These strata, with the sandy
and shaly Cambrian below, appear again forty miles to the south-east
in a series en échelon of thrust-faulted folds. Together they form a
range running south-south-east for 150 miles from Duridd on the
Sehzar river to Kih-i-Girreh. In most of the folds a massive Jurassic or
Cretaceous limestone makes the high ridge on the north-eastern side of
the fold, whereas the Palaeozoic formations crop out along the lower
skirts of the mountains, in the valleys on their south-western side, and
under an escarpment that may stand as much as 7,000 ft above the
valley floor. Kuh-i-Ushtiran, Kuah-i-Vinizin, and Zardeh Kih
conform to this pattern. Exposures of the Lower Palaeozoic cover a
large area around Qal‘ch Kih, where outcrops are ten miles wide
and extend for many miles along the strike. The folds affecting these
old strata are relatively gentle, but are broken occasionally by steep
reversed faults, some of which bring the Lower Palacozoic rocks
against much younger formations on the south-western side. Thus
Cambrian is found faulted against Mio-Pliocene, for instance, which is
still preserved in one of the adjoining synclines.

Zardeh Kuh is an example of such a faulted fold. It is nearly fifty
miles long. Along the major thrust the Cambrian is brought into con-
tact with the Upper Fars, and still younger, Bakhtiari conglomerates,
which are Pliocene, have been overridden after folding. Subordinate
folds on the north-eastern side of Zardeh Kih have suffered faulting, so
that the northern flank is imbricated. This patch of imbrics ends at
Kih-i-Girreh, where the second line of Palacozoic exposures starts
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about twenty miles farther east. Kih-i-Sabzii stands near its northern
end. This is a synclinal mountain that is underthrust by masses whose
fault-planes dip towards one another. It is as if the structure had been
raised by two wedges being driven together from opposite sides.
Cambrian on the south-western side rides over Cretaceous by thrusting
and Permian on the north-eastern side rides over Cretaceous.

The most imposing feature of the south-eastern Palaeozoic zone
is Kuh-i-Dina, which runs south-south-east for eighty miles, with
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Fig. s1. Section across the Zardeh Kih, showing an essentially synclinal fold uplifted to
the south-west as a result of moving in the same direction. (After British Petroleum, 1956.)
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Fig. 52. Section across the Kiih-i-Sabzd. The mountain appears to have been lifted
upon faults inclined towards one another. (After British Petroleum, 1956.)

Cretaceous limestone along the mountain top and the Cambrian
sequence about one mile thick exposed below on the south-western
slopes. Three ridges on its back are oriented nearly south-east and
north-west, but unlike the subordinate folds on the north-east of
Zardeh Kih they have not broken under compression: they remain
corrugations not imbrics.

The second strip exhibits groups of open folds controlled by the
massive Cretaceous limestones but still with some residue of higher
formations left in small patches in synclines in the north-west. South-
eastward the percentage of country covered by younger formations
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is larger. Some of the domes retain a complete sheath of Eocene lime-
stone—even Asmari Limestone may occasionally assume this cover-role.
The folds are tighter in the north-west than in the south-east, which
accords with the widening of the division southward. The unit is
marked off from the Palacozoic strip by long synclines, such as the
one occupying the main valley of the Bazuft river, or the lowland
including Khaneh Mirzi under the brow of Kih-i-Dina.

The dominating massive anticline in the north-west, drained by the
Sehzar river, forms the great mountain Kih-i-Qa‘ind. Its suite of
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Fig. 53. Section across the Kih-i-Dini and its wrinkled north-eastetn flank. The palaeozoics
are carried south-west by thrusting on to Pliocene conglomerates. (After British Petroleum,

1956.)
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Fig. 54. Section across Kih-i-Qi‘indi, in which a wide flat-topped anticline is
preserved. (After British Petroleum, 1956.)

supporting folds gives the whole region the aspect of an anticlinorium,
whose crest, south-west of Qal‘eh Kih, is developed in the Palaeozoic
division. South-east of the plunging end of Kiih-i-Qi‘ing, the width
from the Palaeozoic edge to the mountain front is still about thirty
miles, but when Kuh-i-Mungasht rises en éhelon to the south, the
strip widens to sixty miles; see fault-zone map: fig. 47, p. 167 above.
Mungasht is 2 much greater fold than its neighbours. Its long oval
outcrop of Lower Cretaceous is gashed in two places by streams which
have cut down into the Trias. After being the giant feature for forty
miles, Kth-i-Mungasht plunges and the country becomes fairly evenly
corrugated. Most of the folds run to a type, yet are cut across by rivers
in a capricious fashion. But domes standing high above their fellows
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continue to appear sporadically and may even rise close to the south-
western edge. Kiib-i-Bingistin and Kth-i-Khami are examples.

In general the limestone domes become less imposing south-east-
ward along 2 zone running neatly north-east of Biishahr. It is here that
the narrow strip, the connecting link between the two bulges, comes
to its end. Faulting is not conspicuous. Rocks younger than Cretaceous
are more in evidence south-eastward, where several synclines retain
large areas of Miocene beds within them.
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Fig. 55. () Section across the Kih-i-Khimi and Kih-i-Lir. These large anticlines are the
features off which the upper formations have slipped, giving collapse structures. (6) The
section across Kiih-i-Mungasht shows a structure with a steep south-westerly limb so often
seen where thrust faulting has broken an asymmetrical fold. (After British Petroleum,
1956.)

It was in this part of the Zagros mountains that the overturned
gravity-collapse structures were first recognized on the north-eastern
flanks of Kih-i-Khami. Other fine examples of such curious folds have
been noted from a few other localities in the Zagros chain, one in
Kih-i-Sahand near the Sehzar river, and another west of Kazariin near
Naudin.

The third division contains the foothills between the edge of the
present-day alluvium and the mountain front. It is about fifty miles
across, but outlying ridges emerge from the alluvial plains near Ahvaz
as much as 100 miles south-west of the mountain front. The style of the
folds is less regular than in the limestone country to the north-east; this
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is one result of the compression upon the varied stratigraphical column,
whose beds of low mechanical strength overlie the strong, competent
Asmari Limestone. The base of the post-Asmari sediments consists of
the mobile Lower Fars, made up of salt, gypsum, anhydrite, red and
grey marls and silts, with some thin limestone ribs. The Middle Fars
above it, a succession of fossiliferous marls, reef-limestones, and
calcareous sandstones, is rather more robust—more so than the Upper
Fars, a formation of alternating red sandstones, siltstones, and matls.
Next come the Bakhtiari beds made up of pebbly sandstones ultimately
passing into bodies of competent brown conglomerates on top. The
Lower Fars varies in original as well as present thickness, because it
tends to be fugitive under unequal pressure. Thus the amount of salt in
any drill-hole is peculiarly unpredictable. Flexures in the Upper Fars
generally maintain the north-west and south-east regional otientation,
but by Zagros standards the folds are narrow and do not reflect
comparable structures below.

Sheets of contorted gypsum and marl sometimes protrude from the
south-western side of a sandstone fold, as if they had flowed out as a
paste. They are bounded by faults, and each mass forms a plateau that
is nearly level overall: etched upon each plain is a shallow drainage
pattern, a local affair, and there are many swallow-holes. The surfaces
of neighbouring evaporite bodies do not stand at any constant level,
but each one seems to be independent. The complicated contortions
seen at the surface on such an extrusion are matched by innumerable
wrinkles underground, where in one case they have been traced by
drilling to a depth of two miles. On the other hand, in some drill-holes
the gypsiferous Lower Fars is greatly attenuated and the Upper Fars
comes close to the Asmari Limestone. Wherever present, the marl-
gypsum-salt assemblage tends to lie disharmonically folded with respect
to the Middle or Upper Fars.

Depositional unconformities as well as tectonic ones occur in the
Upper Fars and the Bakhtiari conglomerates. The latter, being firmly
cemented, are durable and resist weathering better than the Upper Fars,
and therefore they form the few peaks upstanding amongst the foot-
hills. The Lower Fars beds are economically important because the
plastic evaporite deposits provide an all but impermeable cover for
the limestone domes below, thereby sealing in the liquid hydrocarbons
in the oilfields. The gaseous constituents enjoy much greater mobility
and are not so securely trapped, so that there tends to be some leakage.
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Fig. 56. Sketch-map of the oilfield province around the Persian Gulf, From Naft-i-Shih
and Naft Khineh in the north to Masjid-i-Sulaimin, the first discovered field in the centre,
and on to the exhausted field of Kih-i-Mund in the south. (After Falcon, 1958.)

The escaping gas reacts with the gypsum above a gas dome and con-
taminates it with smelly sulphur-compounds, the product being known
as “sour gypsum”. Sour gypsum has often proved to be a reliable
indicator of petroleum below. At times in the past, when the search
for oil was proving difficult, and complicated evidence due to dis-
harmonic folding was befogging the interpreters, the presence of sour
gypsum in a wilderness of Lower Fars might have foretold with a
reasonable accuracy the presence of an oilfield.

The oil and gas fields so far developed in south-western Iran are all
contained in buried domes of limestone; nine of them are in Asmari
Limestone, and one of the nine has a separate reservoir in the Creta-
ceous limestone. The fields are: Naft-i-Shah, Lili, Masjid-i-Sulaimain,
Naft Safid, Haft Kel, Aghi Jari, Pizanun, Gach Sirin, Ahvaz, and
Khirg. The shapes of the various structures are known and recorded
by the contours developed from bore-hole evidence and geophysical
techniques. The surface of the ground above them has also been
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geologically mapped; but apart from the clue given by the distribution
of sour gypsum, it is doubtful whether the surface evidence alone could
have led to the detection of the underground dome in the case of Lili,
Masjid-i-Sulaimin, or Naft Safid. For Haft Kel and Gach Sarin there
are rather difficult clues, whilst Naft-i-Shah, Aghia Jari, Pazanun, and
Ahviz all yield reasonably good evidence on the surface.
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Fig. 57. Section through Aghi Jari oilfield showing the thickening of Lower Fars Stage 1
from the Mirin river north-eastwards. (After Ion, Elder and Pedder, 1951.)

The second bulge, situated east and south-east of the Bushire-
Kazaran line, extends for 400 miles and ends against the Zindin range
near Minab. At its widest part it is 160 miles across, but it dwindles
eastward as the axial direction of the constituent domes changes from
north-north-west near Bushire to east-north-east near Bandar ‘Abbis.
The bulge asserts itself where a series of folds, alined north-north-west,
rise southward from the Bushire embayment. Kih-i-Mund is an example.
Standing by itself along the coast, it rises from sea level to 2,750 ft, is
nearly ten miles wide andabout sixty mileslong,and exposes post-Asmari
formations. Kah-i-Khiirmij, Kah-i-Sidh, and Kiah-i-Gisakin lie inland
and keep neatly parallel to it. In each of the four folds Cretaceous lime-
stone is exposed at the core. Farther inland the domes are wide and
gentle and may be covered entirely by Eocene or Asmari Limestone, or
even by a veneer of Fars.

A score of contiguous domes, each with some Cretaceous limestone
exposed, form a curving bulwark that guards the coast of the Persian
Gulf from Bughire to Charak. On the landward side the array of folds is
still maintained, but the domes are less deeply eroded and most are not
uncovered below the Eocene, although the Cretaceous limestone does
crop out in folds south of Shirdz and in one fold near Jahrim, oo miles
north of the seashore. Eocene or Asmari Limestone are the feature-
forming elements in many of the domes, whilst the Fars is preserved
in the broad synclinal areas between the domes. North-eastward,
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Fig. 58. Sketch-map of the Persian Gulf coast south-cast of Bushire.

between Shiraz and Nairiz, Cretaceous limestone is also frequently
exposed. Upper Cretaceous is thick to the notth of Shirdz in the neigh-
bourhood of Persepolis, but is strongly jointed and appears to have
been involved in Late Cretaceous folding.

Asmari Mesozoic .
Limestone Persepolis
Sea level
0 10 “  Upper
) = Km Palaeozoic

Fig. 59. Section across the Persepolis terrain, where faulting is conspicuous.
(After British Petroleum, 1956.)

Longitude 54° passes close by Chirak and Lar. Several domes along
this meridian lie with their axes running neatly east and west; and
Eocene limestone is the formation now mainly in control at the surface.
A degree farther east the domed axes are trending east-north-east, and
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Fig. 6o. Sketch-map from Bandar ‘Abbis to the Zindin range to the north-east
and to Angiri to the west.

bending occurs within the length of an individual fold. Kah-i-Furgiin
is both twisted and faulted. Over a distance of twenty-five miles its
plan looks like a half-moon which is concave northward, as if the fold,
following 2 south-easterly course from the north-west, had been
disturbed by having its eastern half dragged northward—a ptocess
applied with less drastic effect to the eastern part of the terrain.

The most easterly dome in the Zagros arc, Khushk Kih, has had
similar treatment. After the structure has maintained a trend a little
south of east for fifteen miles, its eastern end is suddenly turned north,
the curving axis being concave to the north also. Synclines on the north
and east of these two folds, Furgiin and Khushk Kih, ate those over-
ridden respectively by the serpentine nappe in the north and the
flysch nappe in the east (see p. 164 above).

Near Bandar ‘Abbas adjacent domes attain quite different heights.
Kih-i-Ginau, for instance, stands as a great mountain high above its
neighbours Kuh-i-Angirt and Kih-i-Khirgd. The predominantly

178



GEOLOGY

ARABIA

0 200

o Miles '

400
Km
e

Fig. 61. Sketch-map of the salt domes known in Iran.

calcareous facies running on rather consistently throughout the Zagros
arc terminates, apparently abruptly, along the western front of the
Zindan range. Large smooth domes, the characteristic folds in massive
competent limestones, do not emerge anywhere to the east in Iranian
Baltichistin, a province of thin-bedded incompetent rocks which pro-
vide little or no expression of structure in the topography.

In south-western Iran salt-domes are widely scattered over the
southern parts of the zone of normal folding. The main concentration
is found on both sides of a line from Lir to Bandar ‘Abbis, although a
few are encountered farther north within the catchment of the Kiriin
river. Most of them can be attributed to the restlessness of Cambrian
salt trying to escape from pressure. However, one small saltplug near
Masjid-i-Sulaimin at Ambil is built wholly with Miocene salt, from
thick Lower Fars. In the south-eastern bulge saltdomes have pierced
the long anticlines near Bushire. Five other salt domes stand close to
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a straight line oriented north-north-west, whose northern end lies
thirty miles south-west of Shiraz. Then for nearly 100 miles to the east,
as far as Jiyum [Juiviin], salt domes are uncommon; but east of
Juyum, near long. 54°, they abound both on the mainland of Iran and
on the islands in the Persian Gulf. Several salt masses bring up fossils,
which proves that they derive their salt from the Cambrian or below it.
They also carry blocks of metamorphic and igneous rocks. Most of
these are regarded as being interbedded with other rocks forming the
sheath around the salt, although alternatively some may have been
plucked from the basement on which the salt lay. The salt domes end
east of a line joining the northern point on the Oman peninsula with
Larak Island and Par.

There are so many plugs—over 100—in this group that it is possible
to suggest that several lie close to the same straight line; but it would
be rash to say there is any obvious orientation according to which the
domes are distributed. Unusual colours and curious topographical
features characterize some salt domes; of these, salt glaciers are prob-
ably the most surprising. Blocks of the various rocks brought up by
the salt, together with pockets of haematite, weather out and account
for the colours. The instability of the salt and its readiness to creep
explain the formation of the small, steeply poised tongues of salt which
descend and smother the weathered-out “flat-irons™ along the fretted
edges of the surrounding limestones. Salt glaciers assuming a much
gentler slope develop exceptionally where part of the limestone girdle
is deeply breached. The course of these, as in their ice counterparts, is
usually broken by a succession of concentric crevasses beautifully dis-
played in photographs from the air as has already been noted (p. 141).

Reviews incorporating new evidence from the salt domes in Iran,
based on field-work and aerial photographs, have been produced by
Gansser (1960) and Kent (1958); and O’Brien (1957) has discussed the
role of the igneous rocks found in so many salt domes. For several
years it has been accepted that the mechanism which generates the
upward rising of the salt dome is the load of heavy sediments pressing
upon the mobile salt, which has a relatively lower specific weight. This
theory is now challenged, and some prefer to believe that heat from the
associated igneous rocks, which are regarded as injected, set the salt
moving. Accumulated evidence confirms the contention that salt
domes have been injected at several different times. Some moved first
in the Cretaceous and some are moving at present. The salt domes
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are oriented along lines running north-north-west (for instance,
south-west of Shiraz) and east-north-east (as in the district west of
Bandar ‘Abbas)—and the significance of this alinement is not known;
but it has been thought possible for movements along buried faults to
determine the positions at which some salt plugs were initiated. -

The Makrin remains to be reviewed. It lies between the Strait of
Hurmuz on the west and the borders of Pakistan on the east. This
block is nearly 400 miles long in the north and 280 miles in the south,
with an average breadth of about 100 miles. Nearly all the sediments
at the surface are incompetent. Flysch of Eocene and Oligocene age
predominates, but strips of Coloured Mélange are interfolded with the
flysch in the north, while remains of Mio-Pliocene grits are abundant
in the south. Farther north patches of pillow lavas with wisps and lenses
of serpentine occur. No massive formation is found in the region to give
robust folds which might weather out boldly as domes. Instead the
incompetent formations are disturbed by numerous small sharp folds,
many of which have broken and are faulted. Striated surfaces abound,
and the lens-shaped blocks called schuppen (see p. 161 above) are pro-
duced from any of the harder beds like sandstones and lavas. The
schuppen stand out locally as rocky fangs.

The very disturbed strips that may include bodies of serpentine
alternate with others, which, whilst still strongly folded, are more
orderly. The saw-tooth folds of the north and centre contrast with the
quiet oval basins of younger grits situated farther south, which contain
massive beds dipping gently towards a centre and bounded on their
margins by cliffs. Each oval “cake” stands up as a mountain mass
which may reach 4,000 ft in height, with slabs of grit resting upon
disturbed silts and sandstones. Perhaps some of this disturbance was
caused by movement of the silts away from the load formed by the
patches of eroded grit: at any rate the effect is similar to that of a
“valley bulge” (Hollingworth, 1944), with the low central cliffs in
the gritstones also resulting from this movement by the silts as they
have come under pressure. Many of the basins are as long as they are
wide. The axes trend more or less east and west, and this is also the
orientation of the tight folds in the north, to the east of long. 58°,
about the position of Jask. At about this longitude, too, the trend
changes. Some fifty miles inland it curves quietly from east and west
to north-west and south-east, but makes a sharp bend nearer the coast,
where it turns abruptly from east and west to north-north-west and

181



THE LAND

south-south-east—a trend that is held as far north as Pir at the northern
end of the Zindin range neatly 160 miles away.

THE STRUCTURAL HISTORY OF IRAN

Much of Iran provides an example of what Kober thought of as a two-
sided orogen. A lowland is situated on each side of the orogen from
which mountain chains arise, and between these chains is 2 region of
basins and ranges of lower hills. The Russian platform lies to the
north of Iran, with the curving chain forming the Alburz mountains
south of it. Central Iran, consisting of basins with subordinate chains,
has a complicated history. The Zagros range skirts its south-western
side for 8oco miles and beyond the Zagros are the plains of Iraq or
Mesopotamia, the growing delta of the Euphrates and Tigris, and the
Persian Gulf. These elements forming the west of the region have
features of structural history in common. Most of the information
about the Alburz and the Iranian basin region comes from the research
of Gansser and his team, enhanced by recent valuable summaries
added by Stécklin and his collaborators in 1964. The description of
geological events in the Zagros mountains has been discussed by British
Petroleun Company geologists in the last few years. Supplementary
evidence about the eastern part of the central Iranian basin was pub-
lished in Germany by Huckriede and his associates in 1962.

The earliest part of the story refers to the presence of an unconformity
between the schists and green shales below, and a sequence above of
red beds and dark dolomites which pass upward with apparent con-
formity into fossiliferous Cambrian. This has been noted at places
scattered along the Alburz and in the basin to the south: at Alam Kih
in the central Alburz; at Zanjin in the west; at Damghin in the east
(350 miles from Zanjin), and at Saghand, some 220 miles south of
Damghin. The beds immediately overlying the unconformity are
certainly lower than Middle Cambrian, and they may perhaps precede
Lower Cambrian and be pre-Cambrian. This widespread unconformity
indicates a tectonic break, which, following Stille’s nomenclature, is
placed tentatively in the Assyntic period of the Pre-Cambrian era
between 1,300 million and 6oo million years B.r.1 After this disturbance
more than 6oo million years ago in the pre-Cambrian, no further
diastrophism was apparent in northern and central Iran until the

1 Before Present—much used nowadays.
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Jurassic. On the other hand, there is evidence that vertical movements
did occur, causing gaps in the Devonian sequence and in the Permian
sediments. St6cklin concludes his review (1964) by stating that “stable
platform conditions were created in pre-Cambrian time and persisted
through the entire Palacozoic era”. Palaeozoic strata are also exposed
in the Zagros mountains, but even in the deepest valleys do not reach
any unconformable basement, such as schists. The lowest rocks
exposed consist of dark dolomites and red beds, together with a series
of olive-coloured shales and brown silty sandstones. There is, however,
some conglomerate, and also pebbles of vein quartz and andesite.

Folded and Overthrust Folded and Overthrust
NE Border Ranges SW Border Ranges
Turkmen * Iranian Basin ¥ Alluvial Plain
teppe ST - =>4  Mesopotamia

Asiat/c > ™~
£ .
m

Fig. 62. Diagram of the Iranian orogen. (After A. Holmes, Principles of
Physical Geology, 1944.)

Here too in the Zagros mountains there are gaps in the sequence of
sediments overlying the Cambrian, but there are no angular uncon-
formities within any of the Palaeozoic systems. The stable conditions
visualized by Stocklin for the centre and north hold also in the south-
west.

The Jurassic in Central Iran is a mixture of shales, sandstones, lime-
stones, and coals. It was folded and somewhat eroded before the
transgression of the Middle Cretaceous limestone. In a strongly dis-
turbed zone along the south-western side of the Iranian basin, where it
adjoins the Zagros mountains, thete is a2 body of metamorphic rocks.
Baier (1938) has suggested that because their lithology is not unlike that
which would have resulted from an alteration of the Jurassic assem-
blage, these metamorphic rocks may themselves be Jurassic in age.
On the other hand, rocks that are similar to those in Baier’s sequence
are known to crop out along a line of hills to the north-west of Kirman,
and Huckriede has shown these to be Pre-Cambrian. In the Zagros
mountains the Jurassic follows the Triassic without perceptible un-
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conformity or much change in the type of facies. There is some un-
conformity in the Alburz between the Jurassic and Trias.

When Gansser published the evidence from northern and central
Iran, he described a number of episodes showing that central Iran was
unstable after Middle Cretaceous times. Orogenesis, followed by up-
lift, occurred before the Middle Cretaceous, and both coincided with
widespread vulcanicity. It is also about this time, just before or in the
Maestrichtian, that some of the large bodies of peridotite and serpentine
were emplaced and faulting occurred. Folding again took place in the
Lower Eocene, and before the Middle Eocene vulcanicity was again
vigorous. A marine invasion flooded the basin in the Lower Oligocene
and thus preceded the main Alpine orogeny, assigned by Gansser to
the Late Pliocene. Subsequently, after the folding had attained its
climazx, vertical movements uplifted parts of the mountains and started
a cycle of active erosion, the debris from which accumulated in the
downfaulted areas.

Whilst this complicated programme was being followed out in
central Iran and farther east, the course of events in the Zagros
mountains was less involved. Here two vigorous pulses of mountain-
building occurred. The first commenced in the Upper Cretaceous and
continued into the Eocene. This was concentrated in the north-eastern
part of the present range and was sufficient to erect a chain of mountains
which soon suffered erosion; their ruins and stumps were subsequently
covered by the Lower Miocene limestone. This angular unconformity
was produced before the major upheaval in Gansser’s Pliocene and the
British Petroleum geologists’ Mio-Pliocene. It was this, the second
stage of mountain-building, which bent the strata into the folds dis-
played at the present day in the Zagros mountains. Bailey (1948)
summed up the position in the Alburz by saying that there were two
important movements there, one late in the Cretaceous and the other
late in the Miocene. Later uplift has affected parts of both ranges,
Alburz and Zagros.

In the Zagros it has been established that the main orogenic uplift
(as distinct from the folding), which must have been contemporaneous
with the formation of the present Persian Gulf depression, has an
amplitude of 40,000 ft in the Bakhtiari mountain area, decreasing to
the north-east and south-west. The way in which the great limestone
folds of the Zagros have been exhumed and incised—for instance, by
the Karun river in the Bakhtiari mountains—can only be explained if
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the main river system was initiated before the present succession of
north-west and south-east folds had a surface expression. It is clear
also, from the thick Pliocene deposits in the Zagros foothills and the
coastal area, that the main uplift took place concurrently with the
folding.

The two-sided orogen so clearly represented in western Iran does
not continue uninterruptedly throughout eastern Iran, but is truncated
by the Oman line. This line, referred to by most authors who have
dealt with the geology and structure of Iran as a whole, starts from the
point of Oman, Ra‘s Musandam, and runs north to Pir, seventy miles
north-east of Bandar ‘Abbis, where in Iran it is conspicuous on account
of the Zindin range. The whole geological aspect on the west side of
this range is different from that on the eastern side as far as Pir. Here
onwards the anticlines and the usual sedimentary column of the Zagros
disappear and Eocene flysch with pillow lavas, associated with serpen-
tine, come in. These beds ate not folded into major anticlines, but the
structure is more fault-controlled, and zigzag folds are common. Thrust-
faulting is evident, bodies of flysch having been carried westward, over-
riding the Mio-Pliocene at the extreme south-east end of the Zagros
mountains; whilst the flysch itself is overridden by schist of pre-Liassic
age. The thrusts occurred very late, presumably in Pliocene times. The
effect and indeed the existence of the Oman line farther north are not
obvious, although the faulting along a north to south feature on the
west of the Daght-i-Lut, together with the regional strike in this area,
form a northern extension of the trend. Beyond, towards Doruneh, the
surface geology shows no sign of the trend continuing.

To summarize: after a turbulent start in the pre-Cambrian, there was
a long quiet period until the Jurassic. Movements began in central
Iran in the Jurassic and reached a climax in the Upper Cretaceous, when
some folding took place with vulcanicity, north-east of the Zagros
mountains. Volcanoes remained active through much of the Eocene.
Then with some breaking down through faulting—which is important
in central Iran—folding increased to a maximum in Pliocene or Mio-
Pliocene, when the Zagros range was formed. During this folding,
vertical movements also took place and erosion uncovered the folds
and produced the mountain scenery of the present day.
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GEOMORPHOLOGY

The variety and nature of morphological forms in the upland mass that
forms Iran are closely determined by the prevailing climate. Just as this
climate can be called an orographically conditioned variant of the general
climatic type characteristic of thearid belt of the Old World, so the surface
formsoccurring within Iran can be characterized in an analogous manner.
Climaticand geomorphological provinces can be said largely to coincide.

The massif of Iran rises generally within the Alpine orogenic zone
of Eurasia. Together with its surrounding frame of mountain ranges,
this massif separates the Saharan-Arabian portion of the arid zone of
the northern hemisphere from its Turanian-Central Asian counterpart;
and in addition, it divides the desert regions of the subtropics (deserts
which have formed because of their location in relation to the
tradewinds) from the dry areas of the temperate zone, which may be
said to owe their aridity to an extreme continental position. The Iranian
upland is subjected simultaneously to “westetly” weather conditions
in the north and to effects of the monsoon in the south. The mountain
ranges tise sharply from their foreland, which greatly facilitates con-
densation from the air masses associated with the Mediterranean,
Caspian, and subtropical oceanic areas; but the resulting precipitation
occurs consistently and in quantity only on the outer flanks to the west
and north. The atmospheric circulation carries further moisture inland
to the more sheltered highland zones, producing rainfall on the lee, or
the inward-facing, slopes. This explains the extension of precipitation
to the mountainous areas in the east and south of Iran. A further cha-
racteristic of the rainfall distribution pattern is the general decrease of
precipitation from west to east. As this is also coupled with a decrease
in altitude from north-west to south-east within the interior basin of
Iran, the number of dry months increases correspondingly: an import-
ant index of growing aridity in this direction. Further, there is a
diminution of rainfall within the interior of Iran from north to south.
As a result there are strikingly distinctive climatic—-morphological areas,
culminating in the desert basin of Shiahdid, which lies in the extreme
south-east of the country.
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Disposition of relief therefore conditions the contrast between the
rainy outer flanks, and the sub-arid to almost completely rainless inner
basin regions. But it also controls the hydrological pattern of Iran,
which is characterized by similarly sharp contrasts and delimited by the
alinement of water-partings.

As regards geomorphology, the watersheds are significant first
because of their course, and also because of the specific effects they
produce within the general pattern of relief. Though they are only
one element in the general scheme of a river basin or group of basins
with a similar geomorphological history, the watersheds are the most
outstanding and immediately visible demonstration of the surface
forms that can be produced by fluvial erosion. Their formation within
the general relief is in each case the result of denudation acting as far
back as the edge of the drainage system itself. Such a process depends
basically on the volume of water transported, and especially on the
total amount of rainfall within the catchment area and the seasonal
distribution of this fall.

Along the summits of the Zagros mountains and uplands of Makran
runs a “first-order” water-parting. This separates drainage to the
Persian Gulf and Gulf of Oman (i.e. to the Indian Ocean) from the
“endoresc” ot interior, closed drainage systems of inner Iran. Another
watershed, which is of considerable significance in the drainage pattern
of inner Iran, defines drainage to the Caspian Sea. Its disposition and
alinement reveals that the Caspian catchment is by no means restricted to
the northern slopes of the Tilish and Alburz mountains: it overlaps well
into the inner plateau of Iran by an embayment stretching in a southerly
direction. Hence for a relatively short distance within the north-west-
ern Zagtos, this second watershed coincides with the main oceanic-
endoreic water-parting already alluded to. Over the rest of its course it
can be considered a “second-order” watershed, for as a continental
interior divide it separates the Caspian drainage from that of interior
Iran, from which there is no outward drainage. (See fig. 87, p. 270.)

The inner plateau of Iran may be regarded as divided hydrogra-
phically into two patts, by the southerly prolongation of the Caspian
drainage system into the Qizil Uziin-Safid Rid areas. On the west is
the drainage basin of Lake Reza’iyeh (Urimiyeh), formed in a relatively
straightforward, uniform manner, and characterized by perennially
flowing streams. Possibly at an earlier period (Pleistocene?) this
drainage system had an outlet to the Caspian Sea.
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In contrast, the remaining region of inner Iran, from which there is
no drainage outlet, is not only considerably larger in area but is also
composed of a number of quite separate basins laying at different
altitudes. These may be considered collectively under the heading of
desert basins of the inner Iranian platean, and classified according to the
degree of alteration in landscape which occurs between the centre of
each basin and its periphery. The central parts comprise the desert
grouped round the Great Kavir and the basin of Shahdad (Southern
Lat). Next occurs an “inner” ring of bordering desert, which in the
south is separated from the Zagros foothills only by the relatively low
ridges of the Kih-i-Rid hills; whilst in the north-east it overlaps on to
the mountainous terrain of Khurasin. The “outer” zone is formed by
various closed basins which are “inserted” so to speak, into the Zagros
massifs and are distributed longitudinally within the trend of the
mountain ridges. In the north, on the other hand, the steep fall of the
Alburz sets a sharp limit to the number of basins; but this steepness
varies eastward, where the main Alburz chains radiate as a fan and inter-
lock with the ridges of the north-east hill country. Here the interior
desert basins appear as a mosaic of “inserted” pieces.

The eastern border of the interior basin zone is formed by a third-
order watershed, which extends across the mountains of southern
and eastern Iran, and which also separates Iranian drainage from that of
Afghanistan and Pakistan. Within the Iranian frontier these interior
basins include: the regions forming a part of the Sistin lowlands;
the catchment system oriented towards the Hari Rad; and finally,
the tongue of lowland round Sarakhs, which to the south-west is a
prolongation of the desert basins of Central Asia. Despite their actual
location, these border regions belong morphologically to the Iranian
upland.

This hydrographic boundary terminates in the great longitudinal
valley of north-east Iran—the Khurisan rift. This is drained northward
by the Atrak river to the Caspian Sea, and southward by the Kashaf Rad
to the Hari Rdd. The Mashhad basin, which also forms part of the
region, is connected with the inner desert zone by the low pass of
Sharifabad.

The close relationship between climatic and hydromorphological
zones within the Iranian plateau is still more enhanced by considering
the regional variety of morphological forms within the same funda-
mental scheme of hydrographic division.
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Surface features on the Iranian plateau show clearly the effects of
earth movement of relatively recent geological age, especially the pro-
cess of downwarping in the region of the Caspian Sea, as well as various
phases of orogenic uplift in the mountain ring that forms the outer
border of Iran. But apart from earth tremors, which still occur through-
out Iran, and despite volcanic activity in Mt Damavand and Kah-i-
Taftan, which are not totally extinct, major activity apparently ceased
with the transition from Pliocene to Pleistocene; so that since that
time the basic agency responsible for the evolution of relief has been
subaerial erosion. Water and wind are therefore the decisive physical
factors in the formation of the present detailed landscapes of the
Iranian plateau: this is shown by geomorphological evidence and by
the nature of tectonic evolution.

The wetter, outer flanks of the Iranian mountains are consistently
furrowed by deeply cut valleys; in the mountain forelands great alluvial
fans were deposited and wide deltas built up. The rivers largest in
volume (if not in length) are found in that part of the catchment area of
the Caspian Sea where rainfall occurs all the year round. But most of
the northetn slopes of the Alburz chain are drained only by short
streams that drop steeply. Consequently, in the region of the southern
Caspian uplands there is very little lateral extension of the valleys by
river erosion: their stage of development may be regarded as one of
extreme youthfulness. The valley of the Haraz river does extend, it is
true, east of Damavand through the central mountain massifs, so that
the highest summit lies outside the line of the main watershed; but only
the Safid Rad (“White river””), which forms the lower course of the
Qizil Uzin and rises in the wetter mountains of Kurdistin, manages to
break through the whole range—and this only by an extremely steep
gorge.

The courses of these rivers developed largely under the influence
of relatively recent tectonic processes. Because of these, the erosive
power of the rivers was rejuvenated, and the effective catchment area
of the Qizil Uzin was enlarged to include a large segment of the
interior plateau, which as a result now drains to the Caspian Sea.
Outwash and deposition of sediments derived from erosion of the
northern uplands have built up the level of the Caspian coastal plain.
Only a few centuries ago this was totally marshy and inundated, but it
is now almost entirely under cultivation, with a coastline diversified only
by the haffs or sand-spits of the Safid Rad, Gurgan, and Atrak rivers.
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Effects produced by shrinkage of the Caspian Sea itself are apparent
as geomorphological features in the east, particularly in the Atrak
valley. Here the Atrak has been able to unite into one system, by means
of capture, a series of small basins grouped linearly within the faulted
zone of the Khuridsin rift valley; but it has not yet made tributary the
small aretic basin which forms a water-parting with the Kashaf Rad.
Erosion by the Atrak is apparently no longer sufficient to act as a major
influence upon the physiological evolution of the Khurasan rift valley.
Its pebble-strewn floor and mighty scree deposits close to the valley
flanks bear impressive witness to the fact that aridity increases with
distance from the Caspian Sea. Furthermore, throughout the entire
Alburz the Caspian watershed can be established as a sharp morpho-
logical divide between the northern slopes, which are broken by
erosion ravines, and the bare slopes of the southern declivity, where
there are only furrows cut by melt-water in spring.

From a corresponding complex of effects arises the morphological
picture of the southern bordering massifs. From the structural point
of view, the Zagros range is made up of several distinct mountain
chains running in a N.W.-S.E. direction; arranged en érhe/on as a major
arc beyond the Armenian upland mass, they enclose the inner plateau
of Iran. As the primary element in this structural pattern, the Zagros
chains include a system of longitudinal valleys and basins. The most
important of these, the basins of Isfahin and Saidabad, lie within the
inner chains and always form independent hydrographic units. By
contrast, longitudinal valleys lying among the outer chains are usually
broken into by cross-valleys. These “break-through channels”
(e.g. that of the Kardn into the Ab-i-Diz) were formed by faulting
related to the general dislocation that gave rise to the contrasting relief
zones of the Zagros to the east and the plains of Mesopotamia and basin
of Khiizistin in the west.

The rivers of the Zagros area that have the greatest elaboration of
course and volume of water are located, significantly, in the rainier
north-west and west; whilst the mote arid upland landscapes of the
south have no major drainage worthy of mention.

Because of a generally insufficient and seasonally fluctuating volume
of water, the erosive effects of most rivers in the Zagros area are now
small. But within certain limited areas greater amounts of rainfall occur
sporadically over a relatively short time, transporting eroded material
and causing major landslides, which can block the rivers. Such dam-
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ming of streams by landslips is by no means unknown in the Alburz
region, but it becomes especially frequent in the Zagros chains and has
been repeatedly observed down to the present day. A landslide in the
Saidmarreh valley (Karkheh) near Dizfil, which would appear to have
occurred in prehistoric times, is possibly the greatest of its kind in the
eastern hemisphere.

Hence the regions of most active geomorphological change as the
result of river action would seem to be confined to the outer flanks of
the Zagros range. But erosion also has a crucial influence on the
morphology of the inner basins, with relatively large, if short-lived,
falls of rain still producing some effect, especially in the north-west.
Much of the runoff here, however, is increasingly maintained by
melting snow from the higher parts of the mountain ring; and a
consequent decrease of fluvial erosion processes from north-west
towards the south-east is indicated by the more abundant sand- and
pebble-cover of the basin floors in the latter area.

Transition to the arid climatic regime characteristic of inner Iran
takes place more gradually in the Zagros than in the Alburz, and there-
fore the sequence of changes in land forms from the outer to the inner
zones of the central basin is demonstrated much more clearly in the
Zagros. Diminution of the effects due to water flow can be considered
the prime reason for the greater variety of regional morphological forms
that is apparent as one passes from the outer margins towards the
interior of the Iranian central plateau.

Of the morphological forms present within the interior of Iran, the
“sump” or kavir structures would seem to be unique in that they
possess no exact counterparts in any other region of the world
(Gabriel). Two kinds of kavir are involved—those fed by direct rainfall,
and those maintained by underground seepage. In the slightly less arid
areas of the north the expanses of kavir are mainly moist; whilst in the
distinctly drier south the kavir is harder and without the extensive
water surfaces that characterize the north. These southern basins, fed
primarily by ground water, are today largely dried out. In the most
arid parts of the south, comprising the interior districts of the Shahdad
basin, the kavir landscapes of the residual lakes Namakzar-i-Shihdad
and Shirgiz-Himin show the almost completed final phase of drying
out. The ground-water sumps came into existence at an earlier, markedly
pluvial period, and now represent various advanced stages in the general
drying-out process. They therefore provide important evidence of the
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effect of climatic fluctuation upon the evolution of land forms, as will
now be examined in more detail.

During the earliest months of the year many parts of the inner basins
are under water, mainly as a consequence of runoff from winter pre-
cipitation occurring over the border ranges that define inner Iran.
Part of the north-eastern segment of the Dasht-i-Kavir may be under
water during the entire year. A dense network of valleys around the
Dasht-i-Kavir, together with recently formed talus that is now covered
by rainwater runnels or worked over by drainage furrows, point un-
mistakably to the valleys’ recent formation as the result of episodic
falls of rain, which occur almost always as instability showers. Although
denudation by wind plays a subordinate part, the transport of wind-
borne material must in no way be overlooked or underestimated. This
view, which emphatically contradicts an opinion widely held at present, is
fully substantiated by, amongst other things, the existence of dunes on
the southern margins of Dasht-i-Kavir. And in the interior of the
Shahdid basin (Southern Lit), morphological features produced by
water action become fewer and fewer, and aeolian forces occupy un-
mistakably first place among the influences which have moulded the
surface land forms.

Impressive proof of the effects due to wind action occurs in the arid
areas round Shihdad. In this region there have developed the gal‘d#
(“desert villages ) through deposition of so-called “lake silt”; there are
also “desert towns”* (Shabr-i-Laf), which have been built up from more
strongly consolidated deposits and appear to consist of several storeys.
But most of all the “boulevards” of the £z/ut landscape, extending over
about sixty miles present a remarkable, almost unique, example of wind
erosion on a grand scale. The existence of many residual (ot deflexion)
geomorphological forms, produced by the blowing away of sand or
dust, indicates the importance of wind action as the formative agent.
Hollows, “pans”, furrows, and “blind ” valleys without drainage outlet
are further effects of wind erosion; while Sistan’s notorious Wind of
120 Days hollows out small basins arranged in rows.

These views on geomorphological evolution, put forward as the
result of research by Gabriel and Stratil-Sauer, have been supported by
the aerial photogtraphs of Bobek, who has also definitely established that
the extensive hollows and small-scale basin structures of the Southern
Lit and Sistin were scooped out by wind action. Complementary, as it
were, to the areas of deflation in the interior deserts are extensive
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regions of accumulation, whose surrounding zones include extensively
piled-up dunes, best developed in the southern portions. A special
problem, however, would seem to present itself in the basin of Shihdid,
where a considerable accumulation of sand occurs, not in the south, but
for the most part in the east. Here there are dark-coloured sands of an
earlier period—these are to some extent differentiated by the partial
occurrence of vegetational forms—which represent something com-
pletely different from the markedly restricted and definitely more
recent lighter-coloured sands characteristic of the southern part of
this basin. Since forms originating in remoter times can often be
recognized in the inner desert basins, the question arises of the nature
of the climate at these eatlier periods.

As already mentioned, the kavir zones have for long been regarded
as evidence of a markedly wetter climate at an earlier geological period,
for they seem to be the vestiges of once-extensive residual lakes, or
possibly even the last stage in the drying up of one vast water surface
that onceincluded the whole region of theinterior basins. Butsuchaview
of the effects produced by a pluvial phase in climate within the interior
of Iran can definitely not be upheld, since the central desert areas never
completely disappeared. What should be assumed is a contraction of
arid areas during pluvial times, like that postulated for the Saharan
desert belt. Bobek cannot accept this line of thought, since he rejects
the assumption that there were one or more pluvial phases extending
over the whole upland of Iran: however, the way seems to be opening
towards some reconciliation of these opposing viewpoints.

Detailed studies of river terraces in the Kih-i-Binilid range of the
north-eastern mountainous rim, as well as their dating and correlation
with the numerous terraces occurring elsewhere in the hills surround-
ing the Iranian plateau, seem to affirm the existence of pluvial periods
during the Pleistocene. On the basis of observations made and conclu-
sions derived from these, it is possible to form an idea of the extent of
regional variationin climate that occurred overtheIranianplateau during
pluvial epochs. Basically there would seem to have existed, even during
the cold or pluvial phases of the Pleistocene, a climatic zonation that
corresponds broadly to modern conditions—i.e. there was a contrast
between the cooler and damper surrounding hills, and the warmer, drier
inner plateau. Hence increased rainfall occurred only on the hills, whereas
the climate of the interior did not undergo any marked change, remaining
apparently arid as before, though milder in its general characteristics.

13 193 FCH



THE LAND

Yet decisive morphological changes did in fact result from regional
variation in climatic regime during the pluvial phases. Besides the
formation of glaciers on the highest parts of the mountains, which led
to the elaboration of surrounding glacial and periglacial zones, the
greater rainfall over the entire mountain ring brought an increase in
erosive activity and a consequent deepening of the valleys. The direct
effects of increased precipitation during colder periods were confined
to the mountainous zones; but since the overall flow of water from the
mountains was increased, the ultimate effects reached far into the drier
interior basins, which had relatively little rain and no emergent drain-
age. Therefore pluvial phases in the border mountain ranges of Iran
always provoked a corresponding rise in river-flow in the interior—
it was a time of higher river- and water-levels—and in this way large
areas of the central inner basins became as it were drawn into a Pleisto-
cene drainage pattern.

During pluvial phases there was additional outwash from the moun-
tains, and the increased transportation power of the rivers, resulting
from their greater volume, led to the accumulation of fluviatile material
in the residual lakes within the desert basins. Whilst this was deposited
with a force that is still partially observable today, there also occurred
the removal of deposits that had formed on the valley bottoms on the
upper courses of the streams. These deposits were a feature of drier
phases, when the rivers’ transportation power was insufficient to carry
outwash very far into the foreland. Consequently, during arid intervals
of the Pleistocene the accumulation of rock debris and pebbles was
restricted to the bordering mountain ring and its valley floors, whilst
deflation (removal of lighter deposits, such as silt and sand, by wind
action) was then prevalent in the desert basins.

In conclusion, it can be seen that extended research within the
Iranian massif might follow two related methods of approach: a
specifically regional approach, linked with a consideration of the dif-
ferences produced on surface morphology by overall fluctuations of
climate. This research, whilst serving merely as a general preliminary
view, could nevertheless offer a tenable first basis for further correla-
tions. Geomorphological investigation thus has the task of elucidating
and demonstrating on a regional basis the ebb and flow of process—
glacial, periglacial, pluvial, fluviatile, and arid—which has produced
the variety of land forms in Iran.
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CHAPTER 4

THE ORIGIN OF THE ZAGROS
DEFILES

While the westward-flowing streams of the Zagros mountains provide
some of the world’s most impressive canyon scenery, they also present
an extremely perplexing problem of drainage genesis. Transverse
streams that seem unrelated to their geologic environment are rather
characteristic of great mountain systems, but seldom are drainage
anomalies as pronounced as they are among the great petrified waves of
the Zagros, whose scanty vegetation and structural simplicity make
every disharmony between structure and surface form conspicuous in
the landscape. While the individual mountain ranges of this region are
sundered indiscriminately by transverse streams that seem heedless of
their presence, the morphology of the ranges in many cases exactly
duplicates their tectonic structure. Thus we are presented in the Zagros
with an unusual situation: the major land forms are structural, while
the drainage lines, both major and minor, appear to disregard the
geological environment altogether.

The disharmony between the drainage and the deformational
pattern in the Zagros is manifested in the profound gorges, or fangs,
which breach range after range in the youngest portion of the moun-
tain system—a zone of powerful but rather simple anticlinal and syn-
clinal deformation. The most typical tangs ate extremely constricted
slot-like defiles, 1,000 to 5,000 ft in depth, which split anticlinal moun-
tains at any point from their culminations to their plunging extremities.
The walls of such gorges rise perpendicularly from the rushing waters
to heights of 200 to 1,000 ft or more, before falling back at slightly less
precipitous angles; thus they bespeak strong recent incision by the
streams flowing westward out of the Zagros. The configuration of the
tangs has always interested travellers in the highlands, for the facing
walls of a great number of the gorges are jagged and interlocking,
giving the mountains the appearance of having been torn apart in some
violent convulsion of the earth. Indeed, the first Western geologist to
describe the Zagros surmised that the tangs were “due to the tension
of the cooling mass at right angles to the axis of the chains in which
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they occur.”! To many subsequent observers, direct tectonic movements
of 2 more conventional nature have seemed the most satisfactory ex-
planation of the tangs. These interpretations are based upon such mor-
phological evidence as the sheetness of the tang walls, their fresh
angular appearance, and the occasional “fit” of opposite faces.

In truth, the morphology of the tangs presents no real geomorphic
problem. All of the transverse gorges cleave extremely youthful
mountain ranges composed of limestone or calcareous conglomerate:
materials susceptible to fluvial trenching and solution, but affected to
a minimum degree by the more common processes of slope reduction.
The effects on the same materials of a longer period of weathering,
possibly under more humid conditions, may be seen in the older
portions of the highland, which have not been subjected to strong post-
Pliocene uplift and stream incision. In such areas the tangs are V-
shaped and lack the slot-like lower storey that is an integral feature of
canyons in the more unstable zones. Morphological analogues to the
most constricted of the Zagros defilés may be seen in other parts of the
world where the scenety is developed upon calcareous rocks upheaved
during the later phases of the Alpine Revolution; the Dinaric ranges of
Yugoslavia are an outstanding example.

Although the origin of tang morphology should no longer be in
question, the drainage pattern in the strongly grained Zagros highland
does present a genuine physiographic enigma: one all too common in
mountain systems of a similar type, and one which can seldom be
explained in a truly satisfactory manner. The genesis of drainage that
runs transverse to fold-structures, although one of the more ubiquitous
problems of geomorphology, has most often been attacked deductively.
This constraint has been imposed by complexities of tectonic develop-
ment and erosional history that are so monumental, even in the younger
orogenic systems, that it is impossible to reconstruct with any degree of
confidence the critical physiographic conditions prevailing during the
earlier stages of orogenesis when drainage systems were being formed.
Accordingly, anomalous drainage lines are usually dismissed as a
heritage of some antecedent tectonic environment; as the result of
superposition by unconformable cover-masses of which no traces
remain; or as a product of headward stream extension under circum-
stances that are defined vaguely, if they are defined at all. The number

1 W. K. Loftus, “On the Geology of the Turko-Persian Frontier, and of the Districts
Adjoining”, Quarterly Journal of the Geological Society, London, vol. x1 (185), p. 282.
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of instances in which the operation of any of these processes can be
proved conclusively are few indeed.

The uniqueness of the Zagros lies in the presence here of an exag-
gerated drainage anomaly that does not lend itself to explanation by
these traditional hypotheses of transverse stream development, but
which is singulatly susceptible to the type of geomorphic analysis
that can establish its origin beyond doubt. Fundamental to such an
analysis is the possibility of reconstructing the former landscapes
of those areas in which drainage anomalies presently occur. The
tectonic and physiographic youth and simplicity of the Zagros allow us
to make such reconstructions, for in this highland large areas still
display the rarely seen initial physiographic conditions associated with
strong deformational movements. Moteovet, this area presents us with
a matchless sequence of erosional landscapes illustrating each successive
stage in the evolution of a thorough discordance between stream pattern
and tectonic structure.

THE SETTING

The vast majority of the drainage anomalies and the most spectacular
tangs in the Zagros are found in the zone of powerful but simple folding
along the south-western (outer) margin of the highland. Nowhere on
earth have large tectonic structures been formed more recently than
here. At the same time this zone exhibits as great a discordance between
drainage and geological structure as has been discovered in any
mountain complex regardless of age or character. Recent investigation
in the central portion of the Zagros (fig. 63) has revealed that in an
area of 25,000 square miles large and small streams have effected some
300 full transections of anticlinal structures.! All significant drainage lines
in this region incorporate important transverse components; and, as
fig. 64 indicates, some of the trunk streams are discordant to structure
almost throughout.

The major physiographic contrasts in the outer Zagros depend
upon the tectonic development of the fold-system subsequent to the
main Late Pliocene compression. Areas that remain unaffected by post-

Pliocene uplift preserve intact anticlines with cleanly stripped cara-
1 T. M. Oberlander, The Zagros Streams (Syracuse University Press, 1965). The area
studied consisted of the mountain catchments of the Karkheh, Diz, Kiriin, Jarrihi, and

Hindiin [Hindijan] rivers. The simply folded zone, in which most drainage anomalies
occur, comprises only about half of the total area of these watersheds.
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paces of the Oligocene-Miocene Asmari Limestone, well known as
the producing horizon in the oilfields of south-western Iran. (fig. 65,
BB’ and EE'). These arches rise as much as 2,000 ft from synclines
cluttered with Upper Miocene and Pliocene deposits (the Fars and
Bakhtiari formations). Where the fold-belt has been slightly upheaved,
its limestone anticlines are partially unroofed by erosion, producing
lenticular subsequent valleys excavated in a great depth of underlying
friable sandstones, shales, and marls—an immense flysch deposit with
exceptional internal homogeneity (fig. 65, 4.A4'). Somewhat greater
uplift and erosion produce an inverse relationship between structure
and topography, in which anastomosing anticlinal lowlands opened in
the flysch are overlooked by isolated synclinal mountains (fig. 65, A4.A").
A centre of post-Pliocene uplift, such as the Bakhtiari mountains
between the Sehzar and Kiriin rivers, is a sea of sharp-crested limestone
anticlines that have been exhumed by denudation from beneath the
thick flysch accumulation (fig. 65, CC’). The ranges of this area are
composed of Mesozoic (Cenomanian) limestones, and they commonly
rise 5,000 ft above synclinal valleys that are compressed so tightly that
they form structural gorges. Thus great uplift and denudation post-
dating the main folding movements re-establish the initial corre-
spondence between structure and surface configuration in the outer
Zagros.

The foregoing progtession of landscapes, developed by erosion in
similar structures that have been arched to different elevations, permits
us to restore the past and to project the future scenery of the outer
Zagros wherever it is crossed by seemingly anomalous drainage lines.

The conclusions to be drawn from such reconstructions are sur-
prising and instructive. In the outer Zagros, as in the range as a whole,
standard hypotheses of transverse stream development are insufficient
to explain the anomalous relationship between the drainage pattern and
structural development. The transverse streams of the outer Zagros
have clearly been produced by a variety of mechanisms, the most
important of which seems to have escaped notice in previous studies of
disharmonies between drainage and geological structure. Of greatest
significance, perhaps, is the discovery that a particular association of
structure and lithology in the outer Zagros inevitably gives rise to
drainage transverse to the otrogenic system, producing wholesale
transection of anticlinal structures and an astonishing number of
gorges of the type hitherto attributed to regional drainage antecendence

200



10T

Kabir Kiih Haimiyiin

""" R

el e g

Kah-i-Khamt Kuh-i-Dind Malbir Basin

Upper Pliocene Molasse Formations m Eocene L"lmestones and Marls

7 £
Upper Miocene to Middle Pliocene Clastic Formations ;

: Miocene Lower Fars Formation E Jurassic to Cenomanian Limestones
) ™
E Oligocene~Miocene Asmari Limestone k\ Undifferentiated Jurassic and older Forinations

Fig. 65. Cross-sections through representative portions of the fold zone of the central Zagros. Length of each section approximately 76 miles,
The hotizontal and vertical scales are equal. The horizontal line represents sea level.

4 Upper Cretaceous Flysch: Friable Sandstones, Shales, Marls




THE LAND

or superposition. The requisite geological environment is one of the
most ubiquitous in the Tertiary mountain systems of the globe, whete
unexplained drainage anomalies abound.

DRAINAGE ANOMALIES

The drainage anomaly in the central Zagros may be resolved into two
distinct problems: the courses of the trunk streams, and the behaviour
of their tributaries, large and small. Each of these appears to be an
independent development. The tributary drainage net, supetficially a
trellis-system, produces more than two thirds of the anticlinal tran-
sections in the central Zagros, and creates some of the most spectacular
defiles in the region. The majority of these gorges breach otherwise
intact anticlines composed of the uppermost limestones deposited in
the Zagros geosyncline: the Oligocene-Miocene Asmari Limestone.
Transverse components of the tributary net seldom extend twenty
miles across the strike of the folding, and are ordinarily characterized
by one or more 9o° turns resulting from their deflexion by individual
anticlines. Many such diversions are only temporary; the streams later
breach the deflecting structure in another right-angle turn a few miles
downstream, where the crest of the barrier is declining in elevation.
Thus the tributary pattern is one of transection and deflexion, a
bewildering mélange of structural control and fluvial disobedience.
The principal streams south of the Diz Basin—the Kirtin, Marin,
Khairibad, and Zuhreh rivers—share this general tributary pattern.

The five trunk streams of the central Zagros, the Saidmarreh,
Kaghgin, Sehzar, Bakhtiari, and Karin rivers, rise in a region of rather
subdued topography in the overthrust complex of the older (eastern)
portion of the highland. Leaving this region they twist through a zone
of imbricated faulting which carries the highest peaks in the Zagros;
and then, seeming to choose the most difficult path available, they
transect the fold-belt where it is most fully developed. They cross this
zone of violent deformation by a series of zig-zags oblique to the
structural trend, in profound gorges cleaving swarms of closely
jammed anticlinal ranges of hard Mesozoic limestones—ranges that the
streams appear to seek out. Where these belligerent torrents are turned
into synclinal paths, it is only so that they may approach and breach
an anticline nearer to its culmination. They consistently ignore open
structural paths around fold-noses and through natural spillways, and
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often turn away when continuation of their previous line threatens to
bring them free of a mountain group. Thus the major drainage lines
of the central Zagros display a conspicuously rhomboidal pattern that
largely coincides with the pattern of transverse structural culminations
produced by adjacent sheaves of resurrected en écbelon folds.

The drainage anomalies of the central Zagros cannot be attributed
to regional drainage antecedent to superposition by an unconformable
cover-mass. The pattern of course deflexions and structural control
at the boundaries of the adjacent tectonic divisions of the highland
indicate that the drainage of each successively younger zone is auto-
genous. The major structural complexes appear to have arisen from a
marine environment as island archipelagos, precluding antecedent
transverse drainage. A lack of summit accordance, and of any trace of
regional erosion surfaces in the portions of the highland characterized
by drainage anomalies, both frustrate any attempt to attribute the
transverse drainage to superposition from some type of ““surface”.
Local unconformable cover-masses of orogenic deposits, which would
seem to be possible sources of drainage anomalies, are found to have
been laid down by former synclinal streams perpendicular to those now
transecting them.

THE TRIBUTARIES

The question of drainage anomalies created by streams extending
less than twenty miles across the strike of the folding is best resolved by
observing processes that affect the landscape of the outer Zagros at
present. Drainage anomalies of this type are being initiated today. Most
of them involve either local drainage antecedence or local stream super-
position from disharmonically folded orogenic deposits.

Above the Asmari Limestone, the final layer of limestones deposited
in the Zagros geosyncline, several thousand feet of marls and eva-
porites collected throughout the Later Miocene. This formation, the
rainbow-hued Lower Fars series, behaved as an incompetent mass
during the Pliocene folding, sagging off the developing anticlines and
accumulating in the deepening synclines of the western half of the fold-
belt. The intricate deformation of this material bears no relation to that
of the underlying limestones, which are folded into relatively simple
anticlines and synclines with local amplitudes of §,000 to 20,000 ft.
Sands and gravels (the Upper Fars and Bakhtiiri formations) were
distributed over the surface of the Lower Fars accumulation by streams
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running off the emerging relief. Eventually this drainage was super-
imposed upon limestone anticlinal crests that were developing under
the plastic Lower Fars mass without permanent surface expression.
Thus streams rising on slightly higher limestone anticlines could be
superimposed upon coeval folds of lesser elevation that were more
deeply buried under the disharmonically folded cover of clastic sedi-
ments. Such drainage would have been antecedent, not to the formation
of these arches, but to their exhumation. The resulting drainage pattern
is consequent upon the pattern of larger anticlines; and it is dishar-
monic to ridges only slightly inferior in size, as well as to the more
recently exhumed plunging termini of the larger folds themselves.

Exhumation of limestone anticlines and superposition of drainage
from their clastic cover are a continuing process, and can be witnessed
today on the north-east side of the lower Saidmarreh valley, where the
crests of a number of arches are being uncovered and incised by inter-
mittent streams superimposed from the Lower Fars mass. In the area of
Behbehin, table mountains composed of the Fars mass capped by
Pliocene gravels stand 3,000 ft above the current base of erosion, and
as much as 1,000 ft above adjacent limestone anticlines that are breached
by undeviating transverse streams, including the through-flowing
Miriin, Khairabad, and Zuhreh rivers..

Local drainage antecedence, unassisted by superposition, has also
been an important source of transverse gorges in the tributary stream
network of the central Zagros. The anticlinal structures of the fold zone
were clearly not all thrown up simultaneously. Certain arches dominate
the fold zone, being both higher and longitudinally more persistent
than their neighbours. Among these ate Kabir Kiih, Kih-i-Mungasht,
and Kih-i-Mafirin. Such structures are more complex and much more
severely denuded than somewhat smaller adjacent anticlines, and it can
be shown stratigraphically that they pre-date the inferior arches, some
having been expressed as submarine ridges as early as Eocene time.
Lesser anticlines in the vicinity of these snow-capped primary ranges
are highly segmented by transverse streams that originate in deep
canyons within the primary ranges. The transecting streams are un-
questionably antecedent to the formation of the secondary ranges,
which they breach without deviating from their original paths off
the flanks of the great arches. By effecting transections of secondary
anticlines in some regions, superposition from clastic formations may
have supplemented local drainage antecedence; but numerous tangs
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attributable to such transection are found in areas that were never
covered by a great depth of the disharmonically folded Lower Fars
series.

Stream superposition from the Lower Fars series, together with local
drainage antecedence, account for about half of the anticlinal tran-
sections in the central Zagros. Another fifteen per cent of the drainage
anomalies in the region are attributable to headward extension of
consequent gullies. Transections resulting from headward gullying
by autogenetic streams are facilitated, first, by the rapid erosion of the
flysch mass interposed between the resistant Asmari and Cenomanian
limestones; and second, by disparate elevations of adjacent synclinal
troughs in the fold zone. The latter condition allows lateral tributaries
of deep synclines to extend across anticlinal axes, eventually under-
cutting the synclines on the far sides of such arches. Incipient captures
by headward-extending gullies are rife among the narrow, strongly
dissected anticlines of the Kiihgiliyeh area south of the Kartin river.

THE TRUNK STREAMS

The Kiriin river incorporates several reaches that became discordant
because disharmonically folded orogenic deposits wete superposed
upon them; but only the terminal reaches of the other great through-
flowing streams of the central Zagros may be explained in terms of the
processes mentioned above.

Though the physiographic environments of the trunk streams north-
west of the Kirlin bear little resemblance to one another at present,
the courses of all of these streams, as well as those of their major
tributaries, have identical structural environments. In the fold-belt
they all follow transverse culminations—these being created by local
en échelon fold-patterns. Two of the streams, the Sehzar (Diz) and its
affluent the Bakhtiari (Zaliki, Darteh Qiyad), each flow about sixty
miles through a continuous series of awesome chasms, 3,000 to 8,000 ft
in depth. These gorges sunder lofty anticlinal ranges resurrected on
Mesozoic limestones after a long period of relief inversion. The middle
Saidmarreh river, by contrast, traverses a series of open lowlands
overlooked by isolated synclinal ranges. The fourth stream, the
Kashgin, is the key to the evolution of transverse drainage in this area.
It is channelled through six barely contiguous axial basins in unroofed
anticlines that originally had carapaces of the Asmari Limestone. Each

20§



THE LAND

of the four through-flowing streams of the area thus links several
series of major anticlinal structures that are tangent laterally with en
échelon dispositions. These anticlines are either unroofed negative forms,
or positive features resurrected, by the exposure of deep resistant layers.
All are undergoing or have passed through a period of relief inversion.

The different landscapes crossed by these individual through-
flowing streams are models of progressive stages in the development of
a seemingly anomalous transverse drainage; in fact, this drainage is the
inevitable result of normal erosion in the given structural-lithological
environment. The essential features of this environment are: dense
en échelon folding with local variability in the level of synclinal troughs;
and a stratigraphic succession including an accumulation of several
thousand feet of erodible flysch deposits interposed between more
durable limestones. To geologists this combination of circumstances is
rather common throughout the Alpine system from Morocco to Assam
—an area in which seemingly inexplicable transverse streams are
almost without number.

ORIGIN OF THE TRUNK STREAMS

The principal through-flowing streams of the Zagros north-west of the
Kairtn river appear to have originated during a period of relief inver-
sion in the Zagros. As shown by their location with relation to local
geological structures and present and past lithological outcrops, these
streams were initiated as subsequent streams that followed exposures of
weak rocks extending across the deformational strike. En échelon folding
determined the location of the transverse streams by lifting easily
eroded materials (under the Asmari Limestone cap-rock) to high eleva-
tions in zones oblique to the general structural trend. Several thousand
feet of easily eroded flysch underlay the limestone envelopes of the
folds, and this facilitated the rapid excavation of axial basins in en
échelon, whale-backed anticlines, which were undergoing normal
erosion by consequent runoff. The close packing of the folds, their
en échelon dispositions, and variations in the elevations of the synclines
to which axial-basin runoff was tributary, all meant that axial basins
tributary to lower synclines could expand laterally to undercut adjacent
higher synclines. Thus separate tiets of anticlinal basins were merged,
creating compound subsequent basins extending diagonally across
the fold-belt. Transverse subsequent lowlands of this type may be seen
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in the basin of the Karkheh river today. These large hollows of non-
resistant flysch deposits are overlooked on either side by cuspate lime-
stone hog-backs, which are constantly in retreat as a result of spring-
line sapping at their base. Where the thickness of the soft materials has
exceeded the amplitude of the folding, extensive subsequent basins
composed of many lateral anticlinal structures were gradually occupied
by through-flowing drainage systems, whose extension was completed
before denudation could expose the hard Mesozoic limestones under-
lying the flysch accumulation.

The Kaghgan river (Karkheh basin), a stream whose extension has
only recently been completed in this manner, links oval subsequent
basins that look like beads on a string. The Saidmarreh river (Karkheh
basin) illustrates a more advanced development, in which the separate
anticlinal basins have almost lost their identity in compound sub-
sequent lowlands. The Sehzar and Bakhtiari rivers (Diz Basin)developed
in the same manner. Their present spectacular entrenchment in swarms
of anticlinal mountain ranges is the result of post-Pliocene uplift of
some 6,000 ft in the Bakhtidri mountains between the Kashgin and
Mariin rivers. This massive uplift superposed the transverse subsequent
Sehzar and Bakhtidri rivers upon the strongly folded and resistant
Mesozoic limestones that underlay the transverse flysch lowlands.
Figure 66 summarizes the evolution of the resulting drainage anomaly.

Broad uplift of the regions crossed by the Saidmarreh and the
Kashgin rivers would produce spectacular drainage anomalies similar
to those of the Bakhtidri mountains, for these streams are at present
suspended, in their medium of flysch materials, exactly over the
Mesozoic limestone crests of the major anticlinal clusters north-west
of those transected by the Sehzar. In the floors of four separate anti-
clinal valleys, the Saidmarreh and Kashgin rivers have already exhumed
the crests of Mesozoic limestone arches (as in fig. 66). The streams were
sufficiently entrenched in the flysch so that exposure of the harder
limestones has not caused a shift in their channels. Rather, they have
incised the hard rocks, thereby fixing their courses transverse to the
future mountain ranges of Luristan.

Several facts indicate that the system of en dhelon axial basins is
responsible for the development of transverse drainage, rather than
the reverse. The consistent association of through-flowing streams and
transverse culminations in the fold-belt, shows that the streams are
structurally controlled, though hardly in the usual sense. Large axial
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Fig. 66. Generalized evolution of transverse drainage associated with relief inversion in
simple folds.

A,

Anticlines being unroofed in initial phase of denudation. Major drainage lines follow
structural routes. Anticlinal valleys enlarge by cliff recession controlled by spring-line
sapping at the base of the upper limestone (black).

Expanding anticlinal valleys excavated in soft materials (stippled) merge, undercutting
former consequent streams and producing compound subsequent valleys occupied by
streams adjusted to lithology tather than tectonic structure. Soft materials are of
sufficient depth so that adjacent subsequent basins coalesce before the centres of hard
subjacent rocks are exposed.

Continued scarp retreat produces full relief inversion. Qutcrops of non-tesistant
materials are continuous across the strike to the ridge on the left, and are drained by
abstracted through-flowing subsequent streams that are transverse to the trend of the
folds. Strips of hard rock begin to appear in the centres of those anticlinal basins, which
are excavated through the full depth of soft materials. The syncline on the right is still
intact and continues to function as a drainage conduit.

. Continued uplift and denudation resurrect anticlinal mountains through erosional

stripping of the mass of soft beds ovetlying the resistant subjacent formations (foned).
Transverse subsequent streams superimposed upon the crests of hard-rock arches now
produce transverse gorges through the anticlinal ranges. Large arch to left covered by
erodable materials of insufficient depth to produce relief inversion ptior to exposure of
lower, resistant formation. Thus this range is not crossed by autogenic transverse
drainage.
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basins and embryonic transverse subsequent lowlands occur in areas not
yet characterized by unified through-flowing drainage systems, thus the
establishment of transverse streams is a gradual process of “capture”
involving piracies between neighbouring subsequent stream systems.
The varying orientations of the transverse reachesin successive anticlinal
transections suggest an autogenic origin for each drainage anomaly.

The role of the Upper Cretaceous—Eocene flysch in the development
of the transverse drainage is clear and consistent. Through-flowing
transverse streams are found in every area in which the original
depth of the flysch was of a greater magnitude than the amplitude of
the folding, and in those areas only. Where the flysch was poorly
developed, bringing the feature-forming limestones sufficiently close
to one another to preclude large-scale relief inversion, all transverse
reaches are demonstrably the result of local drainage antecedence, of
superposition from orogenic sediments, or of headward extension;
and no continuously anomalous reaches are present. This is the domi-
nant condition south and east of the Bakhtiari river—except in the basin
of the Malbiir river, where a flysch basin reappears and central tran-
sections of resurrected anticlines are once more conspicuous.

It is of extreme significance that transverse streams seemingly
attracted to transections of resurrected anticlines are found in every
region of the Zagros in which the original depth of the flysch accumula-
tion exceeded local fold amplitudes. This unvarying relationship would
appear to have implications beyond the Zagros region, for the com-
bination of geological structure and lithology that has unfailingly pro-
duced transverse drainage involving successive anticlinal transections is
common throughout the Alpine system in Europe and Asia. En échelon
folding has affected immense masses of relatively easily erodible flysch
sediments interbedded with more resistant materials in many older
mountain systems as well. The development of more complex tectonic
structures accompanying continued orogeny would tend to obscure the
simple original relationship between structure and drainage that can be
demonstrated in the Zagros. Howevet, through-flowing streams, once
fixed, will probably persist throughout continued deformation unless
new patterns of highly erodible materials are bared deeper in the tec-
tonic edifice. In this latter case adjustments similar to those sketched
above should recur, with the transverse drainage lines continuing to be
attracted to transverse structural culminations wherever they appear in
conjunction with 2 critical thickness of erodible materials.
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o Reach developed in transverse subsequent valley,later
superimposed upon adjacent resistant formations.

v Reach antecedent to structure,

o Reach superimposed from disharmoniously folded overburden

x Reach extended headward across anticlinal axis.

2 Origin of transverse reach undetermined due to lack of
information on local geology.

Fig. 67. Origin of anomalous transverse stream reaches in the central Zagros. Undifferentiated transverse reaches
are channeled by structure or outcrops of erodable materials,
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SUMMARY

Figure 67 summarizes the origin of transverse stream reaches and tangs
in the central Zagros. The salient points from this figure are: first,
drainage anomalies expressed almost identically in the landscape have
originated simultaneously in a number of different ways; second, the
through-flowing streams that cross the fold-belt most directly are of
autogenic origin almost throughout, having developed in a simple
logical manner not previously recognized in studies of drainage
anomalies around the world; and third, despite the multitude and pat-
tern of transverse defiles that so strongly suggest an allogenic origin for
much of the region’s drainage, neither regional stream antecedence
nor superposition of drainage from an unconformable cover-mass
have been significant in the genesis of the major transverse streams of
the central Zagros.
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CHAPTER §

CLIMATE

INTRODUCTION

As with many other countries of the world, Iran is somewhat unfor-
tunate in having recorded no long-term climatic observations. Climatic
studies and observations are usually stimulated either by scientific
interest or practical necessity; and whilst the weather exerts a decisive
influence on nearly all phases of human activities, it is particulatly in the
fields of agriculture and aviation that a sound meteorological knowledge
becomes essential, both for long-term planning as well as for day-to-day
operations. Here it must be admitted, with regret, that until the
World War II years, neither of the above incentives to meteorological
studies received much attention in Iran. In the early years of the war,
however, the country became a vital area, considered by the Allies the
“Bridge of Victory” for the transport of essential wartime supplies to
Russia. Roads had to be built under various climatic conditions, and
traffic maintained in all kinds of weather. Soon a network of airways
was established all over the country, and it was not long before Tehrin
became the largest and most strategic air base of the Middle East. Then
came the wartime food shortages and famines all over the Middle East,
particularly in Iran where there occurred successive years of drought
and crop failure. The country was made as self-supporting as possible.
Consequently a great deal of attention was focused on its agricultural
potentialities, the assessment of which required adequate knowledge of
climatic conditions. A number of research projects were introduced and
put into operation, and so 2 new movement began in the field of
climatic studies.

In 1948 the Iranian government adopted its first Seven Year Econo-
mic Development Plan, and the help of foreign advisors was sought in
making necessary surveys. The great importance of meteorological
observations for agriculture and aviation was pointed out with due
emphasis by various groups of consultants. The Plan Organization of
Iran, a very effective body in financing the country’s various economic
projects, became interested in the subject of meteorology and sponsored
a long-term project for its development.
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Until that time the Iranian Ministry of Agriculture had been in charge
of collecting climatic data from a number of stations in provincial
centres. The stations of this ministry were increased in number,
modernized in equipment, and to a certain extent staffed with better-
trained observers. In addition a Department of Civil Aviation was
created, and the existing airports classified according to their landing
facilities and observational equipment.

The International Civil Aviation Organization, of which Iran has
long been a member, offered technical help, and in 1951 three ex-
perienced Norwegian meteorologists were placed at the disposal of
the Iranian government. A new era in the history of Iran’s meteoro-
logical studies was thus opened and a sound start made under the
supervision of U.N. advisors. The great necessity for co-ordinating
activities was recognized in 1953, when a meteorological council, con-
sisting of representatives of all interested government agencies, was
formed under the authority of a decree by the council of ministers.
The main object of this council was to make necessary preparations
for the creation of the Iranian Meteorological Department, within the
framework of the Ministry of Roads and Communication. The council
received assistance from the World Meteorological Organization; and
finally, in February 1956, the meteorological department was formed
by virtue of a governmental decree, though it was not until March
1957 that it was firmly fixed by an act of parliament.

Once created, the department was able to implement a large number
of development projects with the financial help of the Plan Organiza-
tion and the technical assistance of the World Meteorological Organiza-
tion. Between 1956 and 1964 the new department centralized within
itself all the country’s meteorological activities, and gathered together
existing files and records. It then devoted its efforts to building up
various meteorological networks, training technical staff, and process-
ing the past data. By early 1965 the department operated some 400
stations, comprising:

4 Radar wind-finding stations, 44 Synoptic stations,
4 Radiosonde stations, 140 Climatological stations,
8 Pilot balloon stations, 200 Rain-gauge stations.

Their distribution throughout the country is shown in fig. 68.

It is on the basis of all existing records (especially those of the past
fifteen years) available in the archives of the Iranian Meteorological
Department that the following account has been compiled.
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Fig. 68. Distribution of meteorological stations in Iran, May 1964. Only those stations
included in the synoptic network have beea named.

PRESSURE AND WINDS
Winter pressure condstions

During the cold winter months there develops over theinterior of Asia
a high-pressure belt, which results from the intensive cooling of a vast
continent. Pressure is very high over Siberia (reaching 1,035 millibars),
but it decreases outward in all directions. The winter high-pressure belt,
however, is not a continuous one. Some outlying portions of this belt
extend westward over the northern Caspian regions into Europe, and
other tongues of high pressure exist on the Armenian and Anatolian
plateaux. The interior of the Iranian plateau, too, is usually covered with
a local centre of high pressure during the winter months.

In contrast with these centres of high pressure, there are a number
of lows that also influence the climate of Iran. To the north there is a
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Fig. 69. Mean sea level pressure for January (in mb).

relatively low centre over the warm waters of the Caspian Sea. Farther
west the effect of the Mediterranean Sea is to produce a zone of warmth
surrounded by colder lands on all sides. Pressure over this large
sea is therefore low, and it is in the eastern parts of this sea, namely in
the neighbourhood of Cyprus, that a semi-permanent low centre of
considerable importance exists. Other centres of barometric minima
can be observed over the Persian Gulf and the Gulf of Oman.

Lying within this Middle Eastern pattern of pressure systems,
Iran may be said to have a pressure field in winter that declines in
intensity from north to south, as can be seen from fig. 69.

With the onset of spring in the northern hemisphere, the interior of
Iran warms up rapidly, and by May the summer pressure pattern is
fairly well established.

215



THE LAND

30*n

25°N |

45“: 50 L{

Fig. 70. Mean sea level pressure for July (in mb).

Summer pressure conditions

The general isobar pattern is almost the same in summer as in winter,
except that the pressure centres and the gradient of isobars differ from
one season to the other. Cooler air over the Caspian Sea causes relatively
high pressure in this part of the country. In the south the excessive
heating of the land produces one of the lowest thermal pressure centres
in the world, within which the average pressure may amount to less
than 994 mb. In winter the centre of this low is 20 mb higher: i.e. about
1,014 mb on average.

One interesting point about the pressure systems of Iran is that,
contrary to conditions in certain other parts of the world, the pressure
gradient increases in the summer. This is one of the main reasons for the
strong winds that prevail in eastern parts of the country during the
summertime. The mean difference of pressure between the south and
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the north of the country is 12 mb in winter and 18 mb in summer, with
the higher pressure occurring in the north. Figure 70 shows the general
distribution of pressure over Iran during the summer months.

WINDS

As indicated by the winter pressure pattern over much of Iran, through-
out the cold months the winds tend to blow consistently from the east
or the north-east. This is because in the winter months there is a well-
established and vigorous north-easterly stream of polar continental air
over parts of the Iranian plateau. However, it should not be thought
that the easterly or north-easterly winds of Central Asia are dominant
at all times during the winter season. Frequently masses of relatively
warm and moist (i.e. maritime) air from the Mediterranean break
through over the Iranian plateau, not only raising the temperature con-
ditions but also bringing rainfall and hence life to the country. The
western half of Iran is more influenced by these western depressions;
and in addition, masses of cold air reach it from the north-west, in the
rear of eastward-moving depressions. Consequently the prevailing
winds during the cold season in this part of the country are northerlies
—sometimes from west of north, sometimes from east of north.

During the summer months the winds of Iran are dominated by the
Indian monsoon system. However, in contrast with true monsoon
areas, Iran experiences no reversal of wind direction from winter to
summer, because higher pressure prevails in the north at all seasons,
with a centre lying to the north-east in winter and to the north-west in
summer. Summer wind directions over most of Iran are again more or
less from the north or north-west, but topography and the nature of
the terrain play a great part in modifying this general picture and in
determining the actual directions of the local winds. Figure 71 shows
winter and summer streamlines.

Local winds

In a country like Iran, where extensive flat deserts, highly complex
mountain systems, closed basins, long valleys, coastal plains, lakes, and
seas all lie in juxtaposition to one another, topography is a major
modifying factor and surface winds are, almost in all cases, greatly
influenced by local topographical features.

Over the mountainous regions winds are extremely variable and
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Fig. 71. Streamlines.

greatly influenced by topography. In the narrow mountain valleys,
however, they tend merely to alternate in the two opposite directions
that are determined by topography: thus “up and down” flows are a
common feature of all such valleys. During the day, as would be
expected, winds blow up valley, but as soon as the sun sets and the air
on the higher levels is chilled, a down-valley flow of cold dense air
sets in.

The air streams that cross the high ranges of Alburz and Zagros
produce considerable “fshn” effects over the Caspian Sea littoral zone,
as well as within the interior of the country and over the Mesopotamian
lowlands. On the other hand, bora (i.e. katabatic) winds occasionally
descend from the Alburz to bring cold waves over the flat deserts to
the south. Similarly, down-slope winds of the bora type sometimes
flow off the Zagros ranges into the coastal areas of the Persian Gulf.
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The sirocco ot kbamsin of the Mediterranean have no real counterpart
in Iran. However, along the northern shores of the Persian Gulf,
and particularly in Khizistin, a south-westerly warm wind that has its
otigin in Saudi Arabia blows occasionally during the cold months with
gale force; but unlike the sirocco of the southern Mediterranean region,
it brings a good deal of moisture because of its passage over the
Persian Gulf.

In the mountainous areas the canalization of the air-stream in narrow
mountain valleys and gorges causes unexpectedly strong winds in
certain localities. This phenomenon is best exemplified in Manjil
(lat. 36° 37' N.; long. 49° 31’ E.), where the Safid Rad valley provides a
channel between the pressure system of the Caspian Sea and that of the
interior.

Over the flat and barren lands of the interior of Iran, eddies and
squalls are of common occurrence, especially in the hot afternoons when
strongly heated air near the ground rises in funnel-shaped dust currents.

Land and sea breezes are common over the coastal areas, but because
of the nature of the terrain their effect is closely restricted to the narrow
littoral zones. Along the southern shores of the Caspian, where there is
a general combination of moisture and high temperature in summer, the
night winds blowing off-shore mingle with and are reinforced by cool
and dry down-valley currents originating in the Alburz ranges behind
the coast. The effect is to bring considerable relief to the inhabitants.

Along the Persian Gulf coast, on-shore winds are accompanied by
great humidity, which, when combined with excessive temperature,
produces considerable discomfort. The shores of the Persian Gulf
have gained a bad reputation among the mariners, and have been called
“hell’s kitchen”, and the like, by those who have suffered the neatly
unbearable conditions found there.

Of all the local winds that blow over Iran during the summer
months, two are very well known: the shamal of the Persian Gulf
coast and the Wind of 120 Days in Sistin. Both these winds result
directly from the prevalence of low pressure centred over West
Pakistan, and both become strongly established currents during the
dominance of this low pressure. The Shamil is a north-westerly wind
(shamal means north) that blows down the valley of the Tigris and
Euphrates; it affects the head and coastal areas of the Persian Gulf from
February to October, though its greatest intensity and steadiness
are during the hottest summer months. The Wind of 120 Days blows
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during May to September from the north-west with great regularity,
steadiness, and sometimes violence. The wind normally begins towards
the end of May. Actually the local inhabitants expect its commencement
two months after the Iranian New Year, i.e. about sixty days after the
spring equinox. The direction of this wind appears faitly constant, and
although its speed wvaries, it does not often exceed 65 or 70 miles per
hour.

TEMPERATURE

A fundamental climatic control in any part of the wotld is that exerted
by latitude, for latitude determines the amount of heat received directly
from the sun in the form of radiant energy. Iran is situated wholly
within the extra-tropical warm temperate beit, since the southernmost
portion of Iranian territory on the Gulf of Oman, slightly to the west of
the port of Gwadar, in Pakistan, is located a shott distance north of the
Tropic of Cancer. Northward, Iran extends almost to the fortieth
parallel.

Next to latitude, altitude is the most important control in the dis-
tribution of temperature. As already indicated, Iran is a plateau country
of considerable elevation, in which the total area of land below 1,500 ft
altitude constitutes a small portion of the total land sutface: in fact, it is
limited to very narrow coastal plains. Of the total surface area of Iran,
no less than 103,000 square miles, or about one sixth, has an elevation
exceeding 6,500 ft above sea-level.

In Iran, because of the special disposition of the mountain ranges, the
influences of the seas tend to be limited to their immediate neighbour-
hood, and it is seldom that maritime areas play an important part in
controlling temperature other than within narrow coastal strips.

There is one more fact that deserves special attention in this brief
survey of general temperature control. From time to time, the country
is exposed to the movement of air masses that originate in distant
places and are therefore initially of totally different temperatures from
those prevailing in Iran. Such air masses can exert a great influence on
the pattern of temperature distribution within Iran, more especially
during the winter season when the local effects due to insolation are
relatively weak. “Imported” temperature is therefore in large measure
responsible for the actual distribution of temperature over Iran. This is
best observed when the country is invaded by cold continental air from
the heart of Asia, but warm ait can also flow in from outside in summer.
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January temperature conditions

Figure 72 shows the average January temperatures within Iran.
Except in the narrow coastal region of the Caspian Sea, January is
everywhere the coldest month of the year in Iran. Mean monthly
temperatures vary from 20° C in S.E. Iran to less than —10°C in some
of the higher stations in Azarbaijin.

January is the month when most of the absolute minima are recorded
at many stations, and table 1 below illustrates conditions prevailing in
some representative localities.

April temperature conditions

Except along the southern shores of the Caspian Sea, where the annual
minima are reached in February, the passing of January marks the
beginning of a warming up of the land, a process that continues until
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TABLE 1. January temperatures at selected stations

Elevation Av. Av. Abs. Abs. Mean

Station above sea-level max* min. max.f min. monthly
Abidan 3m 19°C 7°C  27°C -4°C 15°C
Arik 1752 m 45 -5 17 - 2§ o
Bandar ‘Abbis 6m 23 14 30 5 19
Bughire [Baghahr) 14m 19 10 28 -1 1$
Isfahian 1590 m 10 -2 20 -16 4
Jask 4m 24 16 29 9 20
Kirmin 1749 m 13 -1 24 -24 6
Kirminshih 1322 m 8 -4 19 —21 2
Mashhad [Meshed] 985 m 8 -2 24 ~24 3
Pahlavi ~-1§m 11 ] 27 -9 8
Shiraz 1530 m 12 o 22 - 10 6
Tabriz 1405 m 4 -3 16 ~25 -1
Tehrin 1190 m 9 -1 19 -16 4
Yazd 1240 m 13 1 27 -14 7
Zibul 500 m 14 2 29 -4 8

* Av.=Average. 1 Abs. = Absolute.

TABLE 2. April temperatures at selected stations

Station Av. max, Mean monthly Av. min.
Abidin 32°C 25°C 18°C
Arik 20 13 6
Bandar ‘Abbis 29 26 23
Bugshire 31 2§ 19
Isfahin 23 16 9
Jask 30 27 24
Kirmin 24 17 10
Kirminghih 20 12 4
Mashhad 19 14 9
Pahlavi 16 13 10
Shiraz 24 16 8
Tabriz 17 11 5
Tehrin 22 16 10
Yazd 27 20 13
Z3bul 28 22 16

July or even August. All isotherms therefore show a tendency towards
a gradual upslope and northward movement. This can be easily seen
from a compatison of fig. 73, which shows the daily temperature con-
ditions in April, with fig. 72, which relates to January. It will be noted
that in the south the 25° C isotherm makes 2 significant appearance
during April.

The effect of rapid heating is more prominent in the interior, where
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Fig. 73. Mean daily temperature for April (° C).

the 20° C isotherm now dominates. A similar change to warmer condi-
tions is also observed along the Caspian shores, where most stations
show an average mean daily temperature of about 15° C.

Over the highlands of the Alburz and the Zagtos, the upslope and
northward movement of the isotherms—a process that goes on from
March to July or August—continues at a fast rate, with the result that
the o° C isotherm disappears from most of the mountainous sections
and is to be found only over the higher Alburz.

Table 2 brings out a general picture of the thermal conditions during

April.

July temperature conditions

The most critical months of the year, from the point of view of tem-
perature studies, are the midsummer and midwinter months, during
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Fig. 74. Mean daily temperature for July (° C).

which extremes of temperatures usually occur. July and August are
the warmest months of the year in Iran.

Detailed study of the temperatute recotds of Iranian stations for the
months of July and August brings out certain interesting facts regard-
ing the distribution of temperature in Iran. It appears that the low and
flat deserts of the interior and their surrounding regions become
heated earlier in the year than the coastal areas, where the retarding in-
fluences of the sea play a decisive part in temperature conditions. Stations
below the 5,000 ft contour, with the exception of coastal stations,
record their highest monthly mean in July. But on the higher ground
of the Alburz and Zagros, as well as on the shores of the Caspian Sea,
the majority of stations record their maximum mean temperatures in
August.

The southern shores of the Caspian Sea are cooler in July than in

224



CLIMATE

August, because of the retarding influence of the sea. During July
the middle sections of the Caspian shores enjoy relatively lower tem-
peratures, whereas in August the 25°C isotherm extends to the
northern foothills of the Alburz, thus leaving the entire coastal areas
within the same thermal averages as those of Tehrin to the south.
However, in the capital the dry air makes conditions much more
pleasant than in the humid coasts (fig. 74).

Table 3 illustrates the general thermal conditions at selected stations
during July.

TABLE 3. July temperatures at selected stations

Elevation Mean

Station above sea-level Av. max.* Av, min, Abs, max.t Abs. min. monthly
Abadan 3m 45°C 28°C 53°C 22°C 37°C
Arik 1752 m 36 19 43 8 28
Bandar ‘Abbis 6m 39 31 45 28 35
Bushire 14 m 39 28 50 23 24
Isfahin 1590m 37 19 42 11 28
Jask 4m 35 28 42 21 32
Kirmin 1749 m 35 18 41 9 27
Kirminghih 1322 m 37 16 44 7 27
Maghhad 985 m 34 18 43 11 26
Pahlavi -15m 30 22 33 15 26
Shiraz 1530m 37 20 41 14 29
Tabriz 1405 m 32 17 40 7 25
Tehrin 1190 m 36 22 43 15 29
Yazd 1240 M 39 24 45 16 32
Ziabul socom 38 23 45 22 31

* Av.=Average. 1 Abs. =Absolute.

October temperature conditions

October is the typical autumnal month of the year, when more mod-
erate temperatures make the climate of most parts of Iran distinctly
agreeable. During October Tehran, like many other cities, has a pleasant
climate that attracts many visitors and tourists. Temperature con-
ditions are in general similar to those of April, except in the south-
west and along the Persian Gulf, where maritime influences produce a
lag in the lowering of temperatures. Bandar ‘Abbis and the south-
east of Iran are now the warmest parts of the country: averages of
about 30° C are recorded in these parts of Iran even in October. The
effect of quick cooling of the interior of Iran is seen in the trend of the
20° C isotherm, which comes to dominate an extensive area.
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Fig. 75. Mean daily temperature for October (° C).

Table 4, as well as fig. 75, brings out the general thermal conditions
that prevail during October.

TABLE 4. October temperatures at selected stations

Station Mean monthly Station Mean monthly
Abidan 27°C Mishhad 14°C
Arik 15 Pahlavi 18
Bandar “Abbias 30 Tabsiz 14
Busghire 26 Tehrian 18
Isfahan 16 Shiriz 19
Jask 28 Yazd 19
Kirman 17 Zibul 20
Kirmanghih 16
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Fig. 76. Temperature provinces of Iran,

TEMPERATURE ZONES OR THERMAL PROVINCES OF IRAN

A study of the temperature data for Iranian stations has enabled the
writer to recognize five distinct groupings, for which boundaries
were worked out as here shown in fig. 76. The groups may each be
called a “temperature type”, and the approximate area dominated by
each group may be referred to as a “temperature province” because of
the similarities displayed by the individual stations within each group.

The five temperature provinces thus recognized are:

1. The Caspian gone. Characterized by a low annual range of tem-
peratures, with relatively high values in winter and lower ones in
summer. This is the only type in which the mean monthly minimum is
reached in February; August is the month with the highest mean tem-
perature, and both these characteristics are due to the retarding in-
fluences of the sea, as has already been initiated.
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Fig. 77. Mean daily temperatute for the year (° C).

2. The Persian Gulf zone. ‘The Persian Gulf temperature zone stands
out by reason of its high values and relatively small range, as compared
with the curves for other types. January is the coldest month, but it is
interesting to note that the mean for this month is higher than that for
April in all the other types. July is the hottest month, but here again the
mean for this month is 4° to 10° C above those of other types.

3. The Zagros gone. This is characterized by a very low January mean
value, which almost approaches freezing point. August is the warmest
month, but the average for the month is distinctly below those of the
other types shown on the chart. The higher annual range in this zone,
when compatred with those of the maritime zones, (1), (2) above, is quite
striking.

4. The Alburg gone. The trends hete are not markedly different from
the general Zagros trends, though this region experiences generally
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Fig. 78. Mean annual range of temperature (° C).

higher temperatures and also a relatively greater annual range. July
is the warmest month of the year in this temperature zone.

5. The Interior zone. This is striking because of its great annual range
—the widest of all the Iranian regimes—and also for its relatively high
values.

It should be noted, however, that the mean monthly temperatures
of the “Interior” zone, although high, are somewhat below those
recorded along the Persian Gulf, which therefore represent the highest
absolute temperatures occurring in Iran.

Mean annual temperature

Figure 77 illustrates the national average temperatures occurring, whilst
fig. 78 illustrates the mean annual range of temperature occurring in the
country.
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The influence of latitude and elevation as highly significant major
controls in the distribution of temperature throughout Iran can be
cleatly seen from this figure, which shows that isotherms decrease in
value from south to north and from lower to higher elevations.

Matitime influences due to the Caspian Sea in the north and the
Persian Gulf and the Gulf of Oman in the south are indicated by the
way in which the disposition of isotherms follows the main trend of
the coastline in both areas. Similarly, the main ranges of the Alburz
and Zagros stand out quite distinctly on the map, while all other parts
appear as islands of distinctly lower temperature.

The warmest parts of the country are shown to be the coastal areas
fronting the Persian Gulf and the Gulf of Oman. Here, extremely high
temperatures are recorded in summer, and the whole region appears as
one of the most desolate in the entire country. The interior deserts are
also characterized by higher average annual temperatures, and these
conditions extend in a major belt from the neighbourhood of Tehran
in the north to Kirmin in the south, with a continuation eastward into -
Afghanistan where similar temperature conditions most probably pre-
vail. To the west and north of the desert belt of central Iran, annual
temperatures decrease under the influence of higher latitudes and also
greater altitudes.

Generally speaking, temperatures decrease over Iran from the south-
east to the north-west. Thus the Zagros highlands form a continuous
zone of lower temperatures from the neighbourhood of Shiriz as far
as Azarbiijan, with the coldest parts of Iran centred in the latter
province. Azarbiijan is well known for its very severe winters, when
the entire plateau is invaded by cold air masses from Russia. Lowest
annual temperatures are recorded at certain stations in these parts of
the country, and these are much affected by spells of winter cold that
can be of exceptional severity. Eatly in 1964, when a very cold, stag-
nant air mass covered most of the country for a few days, Bijar (lat.
35° 52’ N,, long. 47° 36’ E.)—at an elevation of 6,360 ft above sea
level—reported the lowest minimum temperature (—36° C, = —33°F)
in the country. In the same period Darreh Takht (33° 22°N., 49° 18’ E:),
at 6,500 ft, had —35°C. Bustinabad (37° 51’ N., 46° 5o’ E.), at
5,650 ft, showed —35° C; and Hamadin (34° 47" N., 48° 30’ E.), at
6,160 ft had —34° C.

In sharp contrast, the warming effects of the Caspian Sea on its
southern shores are distinctly brought out in the annual temperature
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map. Temperatures are fairly uniform in this coastal belt: averages
range from 15° to 17°5° C. Sub-zero temperatures are occasionally
recorded, and the highest record available for this region is 44° C (111°F)
in Gurgin. Farther east of Gurgin the outlying branches of the Alburz
experience colder temperatures, especially in the north-eastern corners
of the country which are in the direct path of the Asiatic cold waves.
In Mashhad an absolute minimum of —35°C has been recorded;
whilst —35°C is also reported from a high station of this part:
Turuqgbeh (lat. 36° 10" N, long. 59° 31’ E.), which lies at an elevation of
7,600 ft.

In contrast to conditions within Azarbaijan, very high temperatures
can be observed in the summer months within the mountainous districts
of Khurasan. This is because the region is a territotial link between the
hot deserts of the interior of Iran and the strongly heated wastes of
southern Turkistin., Maghhad has recorded an absolute maximum of
43° C, to which there is nothing analogous in Azarbiijan.

Annual range of temperature

Annusl range of temperature, defined as the difference between the
mean temperature of the warmest month and that of the coldest month,
increases generally with an increase in latitude. This is because there
are greater differences between winter and summer insolation as the
distance from the equator becomes greater. The distance from large
bodies of water is another factor that influences the annual range in
temperature of any place on the earth’s surface. Within Iran the effects
of both these factors ate cleatly observable in the mean monthly tem-
peratures, which vary considerably from season to season and place
to place.

The lowest annual range is found along the coast of the Gulf of
Oman, in south-eastern Iran. In Jask, for example, the difference be-
tween the coldest month (January) and the warmest month (July) is
only 12° C, whilst Bushire [Biishahr], a port on the Persian Gulf, and
some three degrees north of Jask, shows a mean annual range of 19° C.
These two stations portray very well the general conditions prevailing
along the southern seas of Iran, except in the low-lying and extensive
plain of Khiizistin, where the annual range of temperature suddenly
assumes a continental aspect and rises to 25° C. The Caspian littoral
belt is another area with great maritime influences and consequently low
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annual ranges. Along this coast the annual range in temperature varies
from 16° to 22° C.

Outside these maritime provinces, the annual range of temperature
is considerable everywhere. Generally speaking, it varies from 22° to
25° C for stations in Azarbiijan and the high Zagros, with possibly
even greater figures for those areas surrounding the interior deserts.
As will be seen from fig. 78, the isopleth of a 25° C annual range in
temperature encloses the central deserts of Iran, with a north-west-
ward extension towards Azarbaijin. Another closed curve of similar
value (25° C) occurs over the Khizistin area.

Maxcimum and minimum temperatures

The study of mean and absolute extremes of temperature gives some
idea of the average thermal conditions experienced by day and by
night. In addition, of course, it furnishes information about the daily
range of temperature. Highest values in the mean monthly maximum
temperatures naturally come from the southern part of the country.
Shustar, in the low-lying plain of Khuzistan, has a mean maximum
temperature for July of 47-3° C, which is the highest for the country;
whilst the lowest value in this respect comes from some stations in
Azarbiijin, which in the hottest month show a mean maximum
temperature of between 21° and 25° C. As regards mean monthly
minimum temperatures, the highest is recorded from the south-east—at
stations on the coastlands of the Gulf of Oman (around 20° C); and the
lowest comes from Bustinibid, in Azarbiijin, with a mean monthly
minimum temperature of —10° C,

More interesting perhaps than the mean extreme values of tem-
perature are the absolute extremes, i.e. the highest and the lowest on
record during the period of observation, for they indicate the extreme
temperature conditions to which an area can be subjected because of
local conditions or the influence of external climatic factors. Summer
heat is so strong that extreme maxima of more than 50° C are observed
at several stations in the Khiizistdn area in the south-west, as well as in
the interior basins of the south-east. However, this latter area is in-
fluenced by the summer monsoon, and therefore attains its maximum
temperatute before July. In Tehrin, the daily temperature normally
rises to above 40° C three to four times during the summer, and tem-
peratures as high as 44° C have been recorded in the capital.
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The highest temperature recorded in Iran during the period of
observationis 53° C(127° F) registered at Gatvand (32° 17'N., 48° 30’ E.)
in the northern part of the Khizistin lowland; and the lowest official
record from existing data comes from Bijar in the northern Zagros,
where the lowest temperature ever recorded in the country, —36°C
(—33°F), was experienced in January 1964.

PRECIPITATION
Average annual precipitation

Discussion of annual precipitation in Iran is based on data for 125
stations within the period 1951-60. Of these stations, only forty-one
had a complete record for the period; the others each had less than a
ten-year run. Attempts have therefore been made, wherever possible,
to extend by extrapolation the figures for stations whose data are
incomplete. Unfortunately, the geographical distribution of recording
stations does not permit a full basis for comparison, especially as
between mountain and desert areas, and between mountains and the
rest of the country. Moreover, closer examination of the location of
cities within the highland zone would reveal that these tend to lie in
tain-shadow areas, and therefore they report a generally reduced
amount of rainfall compared with that experienced at higher levels or
at sites more open to direct westerly influences. It is significant that
many major towns within the upland regions—e.g. Isfahin, Shiriz,
and Kirmin—Ilie in basins of lower relief.

In preparing the rainfall maps (figs. 79-83) it was necessary to take
into account a2 number of diverse factors: the general wind circulation,
paths followed by atmospheric disturbances (especially the “depression
tracks™), aspect in relation to rain-bearing winds, and of course
topography.

Orography is clearly a major factor in the distribution of precipita-
tion in Iran, and its influence, immediately clear on all rainfall maps,
should be emphasized in all climatic studies of the country. Relief becomes
an important factor in the climate of any region, especially where
highlands or mountain ranges lie across the paths of prevailing moist
winds. The parallel ridges of the Zagros range, which have a generally
N.W.-S.E. trend, obstruct the prevailing westerlies of the winter
season. Similarly the Alburz, trending east-west and lying to the south
of the Caspian Sea, is at right angles to the dominant northerly winds.
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Fig. 79. Mean annual amount of precipitation (millimetres), 1951-6o.

Over Iran as a whole it can be said that precipitation decreases from
north to south and from west to east, except where relief of the land
upsets the regularity in this arrangement. The mean annual precipitation
for the entire country is 400 mm (1 5-7in.). This value by itself is somewhat
misleading, because only a small proportion of the land sutface of Iran—
namely, those parts of the Alburz and the Zagros foothills which have
anelevation of 3,000 to 5,000 ft above sea-level—actually receive annual
falls of this amount. Mean annual precipitation is much higher than this
average on the high mountains and also along the Caspian Sea; and it is
much lower in a major part of the interior as well as all along the
southern sea.

The highest annual precipitation is recorded to the south-west of the
Caspian Sea, at Pahlavi, which has an annual average rainfall of around
1,950mm, or five times the average for the country. Mirjaveh,a railway
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station on the Irano-Pakistani frontier, with an average annual rainfall
of 48 mm only, is one of the driest recording stations of Iran, with less
than one eighth of the country’s average.

Circulation conditions and types of rainfall

During the entire winter season, from October/November to April/
May, Iran is under the influence of the middle-latitude westerlies, and
almost all the rain that occurs over the region during this period is
caused by depressions moving over the area, after forming in the
Mediterranean Sea on a branch of polar jet stream in the upper tropo-
sphere, which exists in this part of the world only during the winter-
ume.

These atmospheric depressions are basically of two different types:

1. One type is connected with shallow waves moving rapidly in the
upper troposphere on a westerly air stream. These waves pass over
the area along two principal tracks, a northerly one that brings the
main rainfall of the country, and a southerly one travelling over the
southern part of the plateau. Rainfall occurs from these streams on
the western highlands of Iran; but on the lee of the mountain mass
and in the interior of Iran there is little or no precipitation.

2. The second type of depression is related to the development of
cold troughs inthe upper atmosphere, which tend to create stationary or
slow-moving depressions in the lower troposphere. These “lows”,
which absorb much moisture from the Persian Gulf and humid low-
lands of Iraq, give rise to heavy rainfall over the western mountain
ranges and also, to some extent, over the inner plateaus, owing to the
petsistence of damp air currents beyond the hill zone itself.

In spring the heating effect from the ground, which in these latitudes
is sudden and rapid, creates a considerable amount of convectional
rainfall, especially over the mountains. This is the reason why the
northern mountainous parts of Iran receive their maximum rainfall
during spring. In April and May, with the approaching summer season,
the upper-air circulation over the region becomes dominated by the
subtropical centre of high pressure—the subtropical jet stream is
located to the north, in the high levels of the troposphere—and the
rainfall season ends with the northward migration of this jet stream.

Except for the Caspian area rainfall is basically of cyclonic origin
during practically all the rainy season; and in all cases when a cold upper
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trough is connected with the cyclones, the latter are considerably in-
tensified by convection and instability. Such conditions are also
associated with high intensities of rainfall.

The average fall of rain over the area is around 4 mm a day, while a
maximum of 40-80 mm per day may occur once a year in the Zagros
mountains. Such intensity is frequently observed along the Caspian
coast, where daily falls of up to 100 mm (4in.) are very occasionally
reported at stations in the south-west of the Caspian region.

Seasonal distribution of precipitation

In the discussion that follows, seasons are considered according to the
Iranian calendar: i.e. the year begins on the first day of spring (20
March), and each season covers three calendar months. In addition
to seasonal maps of the actual distribution of precipitation, percentage
isolines have also been prepared to illustrate the time of maximum
rainfall at various groups of stations. These are based on the proportion
of the annual precipitation occurring in each season of the year, and
should prove helpful in explaining the actual distributions. Finally, it
should be recalled that the terms “rainfall” and “precipitation” have
been used interchangeably throughout this discussion, since of course
all maps are based on figures that include both rain and snowfall.

Winter precipitation

In general, winter is the rainy season of Iran, and though there are
stations that receive their maxima in spring or autumn, it is during the
winter months that more than two thirds of the surface area of the
country receive more than half of their annual precipitation (see fig. 80).
The percentage value of winter precipitation decreases from south to
north. Consequently, parts of southern Iran receive as much as 75 per
cent, or even more, of their annual precipitation during the three winter
months. The percentage lines on the map of winter precipitation bring
out some interesting facts regarding stations in the high Zagros and
the Alburz regions. It appears that the percentage value decreases as one
goes farther north, and also as one reaches higher elevations: thus
all the highlands of northern Khurisan, together with the southern
foothills of the Alburz, the southern half of Azarbiijan, and the Zagros
as far as the neighbourhood of Isfahan, all receive between 25 and
so per cent of their annual precipitation in the winter months. The
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Fig. 80. Mean secasonal amount of precipitation and percentage of annual
precipitation for winter,

percentage value for the winter rainfall is at its minimum along the
southern shores of the Caspian Sea.

Turning now tofig. 8oitself, we note that the striking feature of themap
is the great extent of territory that receives less than 200mm of rainfall
during the winter season. This territory covers almost the entire area of
the country, with the exception of the Caspian littoral and the higher
sections of the two mountain systems. It has already been stated that
winter is the rainy season for Iran, and therefore one need only glance
at the map to appreciate the degree ofaridity that prevails inthe country.
Winter is the season during which Iran gets most of its annual precipita-
tion; and yet half the land sutface of the country lies within the
100 mm (4in.) isohyet, and more than two thirds of the remainder
between the 100~ and the 200 mm lines (4~8 in.).

237



THE LAND

The wettest part of Iran during the winter months is the Caspian
region, although it has already been indicated that this favoured zone
actually receives less than 25 per cent of its annual precitation during
this season. Within the Caspian region itself, precipitation decreases
from west to east. '

After the Caspian area and the northern flanks of the Alburz come
the Zagros highlands, with a total winter precipitation of over 200 mm.
In Azarbiijan the average winter precipitation is below that of Zagros,
and no station records a total winter fall of more than 200 mm. But the
snow-clad mountains of Sahand and Savalan must receive a distinctly
higher precipitation, and therefore they stand out on the map as
“islands™ of wetter territory. The rest of the country is relatively dry
even in the midst of its rainy season, and the driest part is the central
desert of Iran and Dasht-i-Lit, to the east of Kirmin.

Most of the winter rain, which is more widespread than that of other
seasons, has its origin in depressions that develop over or close to the
Mediterranean basin. This indicates that over most of the country.
precipitation is cyclonic. In fact, if a line is drawn from Sarakhs, in the
north-eastern cotner of the country, to Abidin in the south-west, it
will be seen that the territory south of this line receives 6o to 75 per cent
of its annual precipitation during the winter months (20 December
to 20 March). Stations with spring or autumn maxima also benefit a
great deal from the winter cyclonic rains, as they receive 