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ABSTRACT

Past archaeological research in the fluvial landscapes of southern Iraq and southwestern
Iran has suggested that the increasing consolidation of power under centralized territorial states set
the stage for a remarkable expansion of irrigation infrastructure. The subject of Sasanian irrigation
has been pivotal in this argument. Archaeologists have argued that the centralized power and
bureaucratic apparatus of the Sasanian empire enabled the expansion of waterworks and
intensification of irrigation agriculture on an unprecedented scale. After the Islamic conquest, the
extensive Sasanian systems collapsed or declined, further confirming that the centralized power of
states and empires enabled the construction and operation of the large-scale canal systems. A
similar trajectory has been postulated for the irrigation history on the Miyanab: construction of a
monumental canal system, the Gargar and associated headworks, under the patronage of the

Sasanian state and an eventual collapse of irrigation after the conquest.

The Miyanab is the agricultural hinterland of the historic town of Shushtar, a city famous
for its ancient waterworks, which were inscribed as a World Heritage site in 2009. Nevertheless,
little is known about the construction date, subsequent developments, and in some cases, even the
function of these monuments. This dissertation presents a long term perspective on the history of
settlement and irrigation on the plain. Insights from archaeology, texts, and remote sensing were
combined in order to assess the impact of various factors contributing to changes in the irrigated

landscape, particularly, political dynamics. Some of the main results are summarized below.

This study demonstrates the strong continuity in irrigation strategies and practices on the

Miyanab. Canal systems seem to have been developed gradually in the course of increasingly more
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complex actions of humans in channel straightening and expansion, building on the natural
hydrology of an alluvial fan. Investment in canal system expansion appears to pre-date the
Sasanian period. Sasanian irrigation projects were probably focused on the re-engineering of the
historical canal head at Shushtar. This study demonstrates that imperial investments may not
necessarily result in the structural transformation of the landscape. They may instead work to

enhance the durability and increase the capacity of already existing infrastructure.

A main conclusion of this research is that the impact of the fall of Sasanian state on
irrigation agriculture in the region may have been less pronounced than previously thought.
Irrigation agriculture in the Miyanab does not seem to have changed notably in the Early Islamic
period. In addition, the establishment of a new administrative province, ‘Askar Mukram, after the
Islamic conquest points to new or increased agricultural investment in the buffer zone between the
two pre-Islamic cities of Shushtar and Ahwaz. The strong continuity in irrigation and settlement
patterns on the plain throughout the historical periods undermines the idea that central
governments were directly involved in the management of irrigation. It is more likely that
community participation around the economic and socio-political power of elites played a

fundamental role in the construction and maintenance of irrigation infrastructure.

The present research makes a significant methodological contribution to the study of relict
canal systems. It demonstrates that the relative dating of canal evolution is possible based on the
internal analysis of the system and does not need to be tied to settlement pattern data. In addition,
detailed mapping and comprehensive study of canal systems can yield new information about the
“features” of a system and the “functions” they perform. For example, it is argued that the Gargar

canal did not play a role in the irrigation of the Miyanab, as has been widely-assumed. Its purpose
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for the plain must be sought in other reasons, including flood control as well as industrial
production and possibly waterborne transportation. In addition, this study highlights the
complexity of human-water relationship in shaping fluvial landscapes. A wide range of human
activities and natural processes seem to have worked in tandem in the formation of the Gargar

canal that has been frequently considered the result of a short-term, planned project.

Finally, this research contributes to a demonstration of the limits of universal explanations.
Until recently, the model of expansion and decline based on research in lower Mesopotamia had
been considered applicable to the core areas of Near Eastern empires in Iraq and southwestern
Iran. The trajectory of the Miyanab diverges from the widely-accepted rhetoric of Sasanian
imperial expansion and post-conquest decline. Similar micro studies in other regions are needed
in order to illuminate whether the trajectory proposed for the Miyanab is an exception or whether

it represents a pattern that was more widespread.
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Chapter 1

Introduction

1.1. The Miyanab Plain

This study investigates the long term dynamics of irrigation and settlement on the Miyanab'
plain, in Khuzistan province, Iran. The goal is to understand aspects of continuity and rupture in
irrigation and land use, and to assess the impact of political dynamics, in particularly the rise and
fall of the Sasanian Empire on the irrigated landscape. In addition, this study seeks to explore new
interdisciplinary methods for the study of irrigation history, specifically in archaeological

landscapes severely damaged by development.

Miyanab is a fertile alluvial plain, located at the far eastern edge of Susiana (Map 1.1). It
is situated on the left bank of the Karun, immediately after the river exits the Zagros. The eastern
boundary of the Miyanab is defined by a large canal, the Gargar. The historic town of Shushtar is
positioned in the northernmost area of the plain, at the bifurcation of the Karun and the Gargar.
The city has been continuously inhabited since at least the fourth century CE and its establishment
might date to an even earlier time.? The Miyanab is a fertile plain and constitutes the most
important area of the agricultural hinterland of Shushtar. The city is famous worldwide for its
ancient waterworks, including canals, weirs, dams, bridges, subterranean tunnels, and watermills,
which were inscribed as a World Heritage site in 2009 (Fig. 1.2).° Despite the significance of these

ancient waterworks, systematic archaeological investigation on the Miyanab plain began relatively

! For simplicity, Miyanab has been written without diacritics henceforth.
2 Soroush, “Irrigation in Khuzistan after the Sasanians: Continuity, Decline, or Transformation?”
3 http://whc.unesco.org/en/list/1315



late; none of the surveys of 1960s-1980s in Khuzistan covered this region.* In the early 2000s,
settlements and the ancient canal system on Miyanab were systematically studied for the first
time.® The timing of these surveys was crucial; they were undertaken just as a major modern
irrigation scheme, The Miyanab Irrigation and Drainage Project,® had started to be implemented.
Much of the archeological record on the Miyanab has been lost thereafter as a result of the modern

irrigation project, and even more as a result of the subsequent land leveling scheme.

It is widely assumed that the all of the major hydraulic remains at Shushtar and on the
Miyanab date to the Sasanian period. The medieval authors were the first to attribute the
construction of the Gargar canal and the bridge of Shadorwan to the powerful Sasanian kings,
Ardashir 1 (224-241 CE) and Shapur I (241-271 CE). Modern scholarship has not disputed this
date, even though material evidence for this assumption is lacking.” Over time, more waterworks
have been attributed to these kings (see Chapter 2). The publication of The Decline of Iranshahr
integrated the Miyanab into the discourse of Sasanian irrigation expansion and post-Sasanian
collapse.® Moghaddam (2012 a, b) utilized archaeological data to argue that an unprecedented

expansion of irrigation on the Miyanab happened during the Sasanian period, followed by a

4 Hole, The Archaeology of Western Iran; Moghaddam, Later Village Period Settlement Development in the Karun
River Basin, Upper Khuzestan Plain, Greater Susiana, Iran.

5 Moghaddam, Barrast'ha-Yi Bastan'shinakhti-I Miyanab, Shiishtar; Moghaddam, Later Village Period Settlement
Development in the Karun River Basin, Upper Khuzestan Plain, Greater Susiana, Iran; Moghaddam and Miri,
“Archaeological Research in the Mianab Plain of Lowland Susiana, South-Western Iran”; Moghaddam and Miri,
“Archaeological Surveys in the ‘Eastern Corridor’, South-Western Iran.”

6 Hereafter MIDP.

7 Rawlinson, “Notes on a March from Zohab,” 73-75; Graadt Van Roggen, “Notice Sur Les Anciens Travaux
Hydrauliques Susiane”; Christensen, The Decline of Iranshahr, 107-109.

8 Christensen, The Decline of Iranshahr.



collapse after the Muslim Conquest.® Even though the evidence for this argument is questionable, ™
water history on the Miyanab (especially the case of the Gargar canal) has recently became firmly
tied to the archaeological literature on empires and irrigation in Near Eastern history.” It is,
therefore, crucial to carefully collect and closely examine the material evidence for the long-term
developments of the irrigated infrastructure in order to test whether a significant correlation

between water history and political history can be observed.

Headworks of the irrigated plain in Shushtar that are inscribed as a World Heritage site
demonstrate outstanding achievements in water management history. Yet, little is known about
their creation and subsequent developments. The literature on these monuments consists largely
of local and historical legends, and contains little factual information. We know nearly nothing
about the mechanisms of creation and subsequent modifications of these waterworks, and about
the dynamics of the relationship of the inhabitants of the plain with water through history. At the
same time, a holistic and systematic study of this landscape becomes increasingly more
challenging as MIDP is eradicating landscape features, proceeding from north to south of the plain.
While landscape features such as relict canals, field systems and hydraulic features in the
countryside that are crucial in understanding irrigation history are clearly and at a high rate
destroyed by development, the damage to the hydraulic monuments in Shushtar should not be
underestimated. The conditions of these headworks is severely affected by air pollution, water

pollution caused by industrial and domestic waste, increasing erosion capacity of river flow caused

9 Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain,
Greater Susiana, Iran, 28-30; Moghaddam, “A Note on the Gargar Irrigation System.”

10 Verkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period,” 293; Soroush, “Irrigation in Khuzistan after the Sasanians: Continuity, Decline,
or Transformation?”

" Wilkinson, Archaeological Landscapes of the Near East, 92-93.
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by upstream dams, and vibration of motor vehicles on and around the monuments. In addition to
direct damage to the visible parts of the monuments, urban development is continuously changing
the physical context surrounding these monuments and potential undiscovered evidence that they
contain. An archaeological investigation of the Miyanab is, therefore, not only important but also
urgent. Before discussing the research goals and objectives in more detail, in the following pages,
I will review the theoretical background of the examination of irrigation and political power in

general, and in Near Eastern studies in particular.
1.2. Irrigation and Authority; Conceptual Framework of Research

Wittfogel’s theory of hydraulic society has influenced anthropological research since the
1930s, especially after the translation of Oriental Despotism into English in 1957. Attempting to
prove, refute or reformulate his ideas, generations of anthropologists have sought to understand
the relationship between construction and operation of irrigation systems in arid and semiarid
environments and the development of socio-political complexity. Despite this long research
history, there is still little agreement about the nature of the relation between irrigation and
authority in the past societies. Even the principals and implications of the hydraulic hypothesis are
debated creating diverging opinions about the nature of the research questions that have to be
asked.' In addition, these attempts at universal explanation are targeting very different historical
periods and geographic regions, which are dramatically varied in terms of quantity and quality of

data on irrigation management, hindering comparability of various research’s findings. What

12 Price blames the scholars for creating a straw man of Wittfogel’s theory, and for criticizing a work which they have
not understood or worse have not read. Very rarely, Wittfogel is directly cited. Price, “Wittfogel’s Neglected
Hydraulic/Hydroagricultural Distinction.” Also see: Mitchell, “The Hydraulic Hypothesis.”
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comes below is a brief review of the principal themes that are most commonly discussed in the

literature on irrigation and authority.

Does irrigation necessitate central authority for the construction and operation of the
system to be successful? Several studies of irrigation systems have demonstrated that irrigation
per se does not necessitate centralized coordination and management. Canal systems of various
size can be built and operate by communal, non-hierarchical groups without centralized
authority." However, as Mitchell and Price have argued, Wittfogel never claimed that all irrigation

systems required a strong central authority.™

Thus, too little or too much water does not necessarily lead to governmental
water control; nor does government water control necessarily imply despotic methods
of statecraft. It is only above the level of an extractive subsistence economy, beyond the
influence of strong centers of rainfall agriculture, and below the level of a property-

based industrial civilizations that man...moves toward a specific hydraulic order of

life.®

This assumption seems rather to have originated in the early works of Steward, who argued
that “political control becomes necessary to manage irrigation and other communal projects.”

Wittfogel, on the other hand, categorizes irrigation societies into hydraulic and hydroagricultural,

in order to account for the geographical, ecological, technological, and hydrological conditions

'3 Millon, “Irrigation at Teotihuacan”; Leach, “Hydraulic Society in Ceylon”; Netting, “The System Nobody Knows:
Village Irrigation in the Swiss Alps”; Hunt, “Size and the Structure of Authority in Canal Irrigation Systems.”

14 Mitchell, “The Hydraulic Hypothesis”; Price, “Wittfogel’s Neglected Hydraulic/Hydroagricultural Distinction.”

5 Wittfogel, Oriental Despotism; a Comparative Study of Total Power, 14.

16 Steward, “Cultural Causality and Law,” 22. Steward later played down the significance of irrigation as one of
several catalysts of states, and eventually dismissed it as a trigger altogether. Steward, “Some Implications of the
Symposium,” 61-64.



that favor a particular hydraulic trajectory. Hydroagricultural society defines those instances where

irrigation is practiced without leading to political integration and centralization.

The second, more critical question that is tied to the hydraulic hypothesis is whether all
large-scale irrigation systems must have a centralized authority. Adams’ archaeological studies of
irrigation in southern Mesopotamia and southwestern Iran suggested that such a relationship exists;
all extensive canal systems were built and sustained under the centralized rule of territorial states
and empires. He argued that disintegration of the centralized political system, most notably in the

case of the Sasanian Empire, resulted in the decline or collapse of the monumental canal systems.'®

Robert Hunt's seminal study examined the relevance of the size of a canal system in
defining the structure of the operating authority.' Through a comparative study of a significantly
wide-range of irrigation systems, Hunt argued that size alone does not determine the charter and
structure of authority and the form of control in the system. Canal systems as small as 700 ha are
found which are directly administered by the state, while systems as large as 458,000 ha can be
operated at a local level. Price criticizes Hunt’s study as irrelevant to Wittfogel’s theory on two
grounds: first, disregard for the nature of Wittfogel’s hypothesis and his distinction between
hydraulic and hydroagricultural societies; second, disregard for the fundamental impact of

technology when comparing past and present societies.?’ The validity of the latter problem needs

7 Wittfogel, Oriental Despotism; a Comparative Study of Total Power, Ch. 2-3. Initially, he had categorized three
types of irrigation societies, Egyptian, Japanese, and Indian to account for differences in the social organization and
structure. Wittfogel, “Geopolitics, Geographical Materialism and Marxism.” It is true, however, that Wittfogel
misclassified several instances of hydroagricultural societies as hydraulic, most notably in the case of Ceylon, see
Leach 1959; Price 1994:190), perhaps contributing to this misunderstanding. Leach, “Hydraulic Society in Ceylon”;
Price, “Wittfogel’s Neglected Hydraulic/Hydroagricultural Distinction,” 190.

'8 Adams, Land behind Baghdad a History of Settlement on the Diyala Plains.

' Hunt, “Size and the Structure of Authority in Canal Irrigation Systems.”

20 Price, “Wittfogel’s Neglected Hydraulic/Hydroagricultural Distinction,” 193-98.
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little comment: The hydraulic hypothesis questions whether the managerial needs of large
hydraulic works could have been met in the ancient world with available technologies without
specialized bureaucratic hierarchy. Modern technologies and state-funded infrastructure of
communication and administration (e.g., massive dams and headworks, road systems,
telecommunication, legal systems, etc.) allow efficient coordination of the extensive canal systems
by local communities and corporations. Hence, these canal systems cannot be considered local in
nature. Interestingly, Hunt does recognize the possibility of wide variations in the form and
hierarchy of control within the systems where authority is chartered by state. He also admits that
in the modern world, all irrigation systems are articulated in some way with the state.?' But, he
fails to acknowledge that these problems undermine the applicability of his results to Wittfogel’s

hypothesis about ancient states.

The second criticism addresses a more complicated issue. Price argues that “size” is not a
determining factor in Wittfogel’s hypothesis. The key instead is “hydraulic density,” i.e., the
degree to which agricultural societies are dependent on hydraulic agriculture because
“bureaucratic density of an agromanagerial society varies with its hydraulic density.”?? It is true
that Wittfogel does not argue that the scale of canal systems is solely determinant of the
sociopolitical trajectory of an irrigation society. He attempts to theorize a variety of natural and
human factors that make an irrigation society choose to become a hydraulic one. If the society
makes this choice, the managerial needs of the “massive hydraulic devices” trigger the formation

of despotic states. All hydraulic societies rely on irrigation systems of considerable scale. As a

2! Hunt, “Size and the Structure of Authority in Canal Irrigation Systems,” 341-42.
22 Price, “Wittfogel’s Neglected Hydraulic/Hydroagricultural Distinction,” 194; Wittfogel, Oriental Despotism; a
Comparative Study of Total Power, 167.



result, the factor of size has become a fundamental aspect of research on the topic of irrigation and
authority. Even if Hunt’s study does not address the fundamental shortcoming of the hydraulic
hypothesis, it makes a significant contribution to the field by stressing the need for the clarification
of the concept of size and scale in irrigation literature. The terms “irrigation system size” and
“irrigation system structure of authority” are widely used but are rarely defined by scholars. No
author defines precisely what he means by concepts such as /arge and extensive. Even the basic
concept of “irrigation system”, comprising the headworks that feed the canal system from a source,
the control works such as dams and weirs that regulate the flow in the system, and the extent (in
area) that is supplied by a single canal system, is often left undefined.? The extent of the canal
relicts that seem to have been fed from the same source of water is frequently presented as the size

of “the irrigation system”.

While it has become customary to reject Wittfogel’s hypothesis, much of the later
scholarship confirms the positive relationship between the size of irrigation systems and central
authority without clarifying the nature of the tasks that require state control. Is authority necessary
for the construction of the system or for the operation? It is fundamental that these two aspects be
considered independently. The construction of an irrigation system on any substantial scale seems
to benefit from central and bureaucratic management. Given the sophistication of the decision
making and the complexity of coordination (tasks such as setting the headworks for the canals,
assembling labor and supplies including food and tools, calculation of the process and coordination

of various jobs), a central and specialized bureaucracy seems to be advantageous and in many

23 Hunt, “Size and the Structure of Authority in Canal Irrigation Systems,” 344—46.
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cases to be involved in the initiation of a system.?* Central governments and ancient rulers often
claim credit for such construction efforts, whatever the reality.?® It is far more difficult to show
that the involvement of centralized administrative action is essential for the working of the system.
Research has demonstrated that canal systems of substantial size can be operated at community
level; and that the same physical canal system can operate under different social organizations.
The specific managerial forms of irrigation societies are selected through the calculations of, and
the experimentations with, the costs and benefits for the individual irrigation society and its central

authority (if existing).?®

Further complicating research on the social organization of irrigation is the diversity of the
forms of control over irrigation tasks and the relationships between the irrigation community and
an external authority. Two separate dimensions of organization are frequently muddled in the
irrigation literature. First, the internal organization of irrigation, i.e., the degree to which irrigation
roles in the systems are hierarchically configured (acephalous vs. unified). Second, the external
relationship of the irrigation roles to the roles in the political system of the state, i.e. the degree to
which organization of irrigation is linked to or independent of the state (decentralized vs.
centralized). All canal systems larger than 50 ha seem to necessarily constitute authority in their
internal organization. The charter of authority might be the local irrigation community, the state

or a private investor. There is no data that proves that centralized organization is necessary, or that

24 Given the complexity of tasks and the scale of resources needed, large scale canal construction in Mesopotamia was
often a multi-generational project, exceeding the period of a single king’s time of authority.

25 Hunt, “Size and the Structure of Authority in Canal Irrigation Systems.”

26 Leach, “Hydraulic Society in Ceylon”; Price, “Wittfogel’s Neglected Hydraulic/Hydroagricultural Distinction”;
Kaptijn, “Communality and Power: Irrigation in the Zerqa Triangle, Jordan™; Eva Kaptijn, Life on the Watershed,
Ertsen and van der Spek, “Modeling an Irrigation Ditch Opens up the World. Hydrology and Hydraulics of an Ancient
Irrigation System in Peru.”



the state is the only entity that can confer authority. If the state charters authority, it may choose
to exert varying degrees of control on the system for political or economic reasons.?” The next
section, will review background of irrigation research in Near Eastern archaeology, in terms of
research methods as well as theoretical framework, both contributing to the questions and

methodology of the present study.
1.3. Near Eastern Irrigation Studies and Political Dynamics

The earliest substantial research on Near Eastern hydraulic infrastructure was carried out
by the Dutch engineer, Graadt Van Roggen, around the historic cities of northern Khuzistan, Susa,
Dezful, Iwan-i Karkheh, Shushtar, and Ahwaz. ?® The project was focused on the examination and
documentation of the architectural remains at these locations as well as the mapping of the canal
segments in their immediate vicinity. The first systematic attempt at the regional reconstruction of
relict watercourses in Near Eastern archaeology was initiated by Thorkild Jacobsen, during the
Diyala project in the late 1930s.%° Jacobsen was interested in the study of the network of canals
which formed the backbone of Sumer, by providing the means of communication between
settlements as well as irrigation water. He developed the ‘Ceramic Surface Collection” method for
reconstruction as well as dating of ancient water courses. The underlying assumption was that in
the semi-arid alluvial Mesopotamian plain, human settlement was possible only along rivers and
canals. Therefore, systematic survey of all existing settlements, dating the settlements by means

of their surface pottery, and plotting them on period maps will show that they group in linear

27 Kelly, “Concepts in the Anthropological Study of Irrigation”; Hunt, “Size and the Structure of Authority in Canal
Irrigation Systems”; Price, “Wittfogel’s Neglected Hydraulic/Hydroagricultural Distinction.”

28 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane.” See also chapter 2, section 2.2.

29 Wilkinson, Archaeological Landscapes of the Near East, 97.
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patterns representing the lines of major water courses in each period. This method began to be
extensively applied in the regional surveys in the 1950s. The Ceramic surface method was then
combined with the use of cuneiform texts for a more sophisticated reconstruction of ancient

watercourses.>°

Robert McC. Adams’s regional studies of settlement and irrigation in southern Iraq and
southwestern Iran applied this method in combination with limited use of accessible aerial
photography, between the 1950s and 1970s, collecting large amounts of data about relict canal
systems and their evolution over extensive survey areas.>' He was specifically interested in
exploring the impact of sociopolitical dynamics on the developments of irrigation systems. The
impact of Adams’ surveys on shaping the research methods and conceptual framework of Near
Eastern archaeological studies of irrigation was profound. Following in his footsteps, many
projects in the fluvial plains of Mesopotamia and Khuzistan began to collect data on relict canal
systems at regional scale, and to explore the relationship of their evolution with sociopolitical
history.

A major advancement was brought about in the 1970s-1980s, in a series of interdisciplinary
projects in southern Iraq, undertaken by the Ghent University and the Oriental Institute. Through
close collaboration between archaeologist, epigraphers and geomorphologists, the complexity of
the factors shaping southern Mesopotamian landscapes began to be fully understood. It became

clear that neither plotting of archaeological sites in period maps, nor use of textual sources alone

30 Jacobsen, “The Waters of Ur,” 173.

31 Adams, “Agriculture and Urban Life in Early Southwestern Iran”; Adams, Land behind Baghdad a History of
Settlement on the Diyala Plains; Adams, Heartland of Cities; Adams, “Intensified Large-Scale Irrigation as an Aspect
of Imperial Policy. Strategies of State Craft on the Late Sasanian Mesopotamian Plain.”
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is sufficient to understand the complex palimpsest of fluvial landscapes. ** Unfortunately,
fieldwork in Iran and Iraq came to a halt in the 1980s and 1990s as a result of war and political
conditions. At the same time, much of the archaeological landscapes across the Middle East were
damaged by development projects which started in the 1960s and have continued to obliterate
archaeological evidence ever since. In the late 1990s, declassification of the cold war CORONA
satellite imagery that captured Middle Eastern landscapes prior to and at the onset of these
development schemes brought a new momentum to the study of Near Eastern water history, by
providing the opportunity for remote sensing of remains of canal systems. Meanwhile, advances
in Geographic Information Systems (GIS) and the availability of a wide range of satellite and aerial
imagery enabled data acquisition even in the regions where fieldwork was not impossible. A truly
influential figure in this phase was the late Tony Wilkinson. His innovative research methods that
combined remote sensing (the systematic study of aerial and satellite imagery) along with
extensive fieldwork of off-site features significantly advanced the field and were quickly and
widely applied by archaeologists.®® Since the 1990s, Near Eastern landscape archaeologists turned
their attention to northern Mesopotamia, which had remained relatively understudied compared to
the south. Regional field surveys that were conducted in northern Iraq and Syria and in southern
Turkey enabled ground-truthing of the data acquired by remote sensing. Fortunately for
archaeology, these areas had remained fairly underdeveloped and much information about the
extent and scale of canal systems and their broad patterns of evolution was brought to light,

complementing the results of the earlier research in the south.

32 Gasche and Cole, “Second-and First-Millennium BC Rivers in Northern Babylonia,” VII-VIII; ibid., 2-6.

33 See e.g. Wilkinson and Tucker, Settlement Development in the North Jazira, Irag; Wilkinson, “Geoarchaeology,
Landscape and the Region”; Wilkinson, Archaeological Landscapes of the Near East; Wilkinson, On the Margin of
the Euphrates.
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With regard to research questions, the past and present focus of the field’s research has
been largely shaped by the theoretical framework of Robert McC. Adams’ regional surveys, in the
1950s-1970s. Adams demonstrated that the first appearance of substantial canal systems occurred
at the end of the third millennium BC, over a millennium after the emergence of the first urban
states. Therefore, Wittfogel’s theory that the managerial needs of large scale irrigation were the
catalyst of state formation was disproved.** Adams' studies of ancient irrigated landscapes in
Mesopotamia and Khuzistan supported a different type of relationship between power and water,
namely that the emergence of states, particularly the increasing consolidation of power under
centralized territorial states, sets the stage for a remarkable expansion of irrigation systems. He
argued that a long period of increasing investment in irrigation infrastructure by territorial states,
especially since the Neo-Babylonian period, culminated in the maximum expansion and
intensification of irrigated agriculture under the Sasanian Empire. After the Islamic Conquest, the
extensive Sasanian systems collapsed or declined, providing further confirmation that the
centralized power of states and empires enables construction and operation of large-scale irrigation
infrastructure.® The subject of this study, i.e., the Miyanab, was not studied by Adams. A similar

trajectory, however, has been postulated for the irrigation history of the plain in the later historical

34 Price (1994), on the other hand, argues been argued that Adam’s research did not disprove Wittfogel’s hypothesis,
and, that a mechanistic model of causality looks for the cause (irrigation) at a point in time explicitly before the effect
(political control). If the model were to be verified, however, the two variables would probably emerge together,
interacting with each other in a synergistic fashion. Mitchel (1973), on the other hand, argues that the problem with
Steward and Wittfogel’s work is that they had isolated important social consequences of the central coordination of
large-scale irrigation and not of irrigation per se. “Their hydraulic hypothesis can be reformulated to state that if there
is centralized direction of irrigation activities in an arid or semiarid environment, then there will be a corresponding
increase in centralized political powers in other areas of social life.”

35 Adams, “Agriculture and Urban Life in Early Southwestern Iran”; Adams, Land behind Baghdad a History of
Settlement on the Diyala Plains; Adams, “Historic Patterns of Mesopotamian Irrigation Agriculture”; Adams,
Heartland of Cities; Adams, “Intensified Large-Scale Irrigation as an Aspect of Imperial Policy. Strategies of State
Craft on the Late Sasanian Mesopotamian Plain”; Adams and Nissen, The Uruk Countryside.
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periods: construction of a monumental canal system under the patronage of the Sasanian state and

an eventual collapse of irrigation after the conquest.

Compared to the advances in the archaeological investigation of the remains of
waterworks, their physical character, their landscape structure and spatial patterns of distribution,
the theoretical framework of Near Eastern water studies has remained mostly limited to the
examination of the impact of empires on water history. Aside from a few studies that deal with the
origins of irrigation, imperial discourse has received the lion’s share of scholarship on irrigation
in the Near East.*® Past research has suggested a positive correlation between the power of Near
Eastern territorial states and the scale of the water works they built, and has set its goal on “laying
out the archaeological evidence” for this trajectory.®” This relation is further underlined by an

emphasis on the decline and collapse of large waterworks with the demise of the state powers.

Aside from limited occasions where textual data present the claim of a central authority for
involvement in the construction of a hydraulic system, size is the determining factor for postulating
centralized control: If a system is big, state management was required. But, as Hunt discusses,
scale is rarely defined; nor is the nature of the postulated state control. Irrigation systems are simply
defined as large-scale or extensive or monumental, leaving the reader with little clue as to what
these qualities mean in quantitative and comparative terms. For example, how does a Neo-Assyrian

canal system differ from a Sasanian one, with both described as large-scale? When numbers are

3% See e.g., Adams, “Historic Patterns of Mesopotamian Irrigation Agriculture”; Adams, “Intensified Large-Scale
Irrigation as an Aspect of Imperial Policy. Strategies of State Craft on the Late Sasanian Mesopotamian Plain”; Wenke,
“Imperial Investments and Agricultural Developements in Parthian and Sassanian Khuzestan”; Wilkinson,
“Introduction”; Wilkinson, “Empire and Environment in the Northern Fertile Crescent”; Wilkinson and Rayne,
“Hydraulic Landscapes and Imperial Power in the Near East”; Wilkinson et al., “Landscape and Settlement in the
Neo-Assyrian Empire”; Ur, “Sennacherib’s Northern Assyrian Canals”; Moghaddam, “A Note on the Gargar
Irrigation System.”

37 Wilkinson, “Introduction,” 86.
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provided, they concern the extent of the survey area, the land irrigated, or the potential irrigable
area, and not the “size of a single irrigation system”. A large irrigated area can comprise several
systems of varying size and complexity in terms of technical aspects of water supply and
organizational aspects of water distribution. I am aware of only one archaeological study that
attempts at detailed reconstruction of the features of an irrigation system in the Assyrian heartland,
including the headworks, main canals, and off takes, from its source to its distribution to the fields,
based on the physical remains of the irrigation landscape.® It appears that the inherently low
resolution of archaeological data is a contributing factor in the rarity of detailed hydraulic
reconstructions, even in the case of the Assyrian waterworks that, thanks to extensive philological
and iconographic evidence in addition to the preserved archaeological remains, are the most

extensively studied and best understood features in the Near Eastern water history.*

Near Eastern irrigation literature is frequently ambiguous in terms of the tasks that require
state control, the nature of centralized management that is being postulated, and the evidence or
justification for the proposed structure of authority. The following statement is an example of the

argument that is found in various versions in the literature:

“Not only does the Distribution of water over long distances require a well-

developed system of hydraulic technology, it is also necessary to marshal labor supply

38 Ur, “Sennacherib’s Northern Assyrian Canals.”

39 Among numerous studies of Assyrian hydraulic infrastructure, including extensive publication of Ariel Bagg see
for example: Bagg, Assyrische Wasserbauten; Bagg, “Irrigation in Northern Mesopotamia”; Bagg, “Assyrian
Hydraulic Engineering. Tunneling in Assyria and Technological Transfer”; Jacobsen and Lloyd, Sennacherib’s
Aqueduct at Jerwan; Simonet, “Irrigation de Piémont et économie Agricole a Assur”; Reade, “Studies in Assyrian
Geography, Part I: Sennacherib and the Waters of Nineveh.”
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and control resources over large areas, all of which takes considerable political

clout.”™

Many elements of the above statement are subject to scrutiny. For example, what
constructional or operational tasks of water distribution are considered to require political clout?
How is considerable political clout defined and measured, specifically with regard to the extent of
the irrigation area? Is the proposed political power defined in terms of the configuration and source
of authority in the irrigation roles, or, does it postulate a certain form of the articulation of irrigation
authority with a specific form of overarching political system? Admittedly, answering these
questions is often beyond the reach of the archaeological data. The danger lies, however, in
positing a certain structure of internal and external authority on the basis of an (often subjective)
assessment of the scale of the relict canal systems. Recently, Stephanie Rost has applied a task-
based approach to the analysis of administrative texts from the Ur III period and has made a
significant contribution to this question. She has demonstrated that in the province of Umma, the
management of the irrigation tasks in the areas that were supervised by the provincial
administration was highly centralized (unified, in Hunt’s terms) at the provincial level, but the
state was not involved beyond that. This research sheds light on variations in terms of the structure

of authority in one case, but cannot be used as a model for other cases in Near Eastern history.*’

Wittfogel postulates that the centralized coordination of irrigation activities permits the
intensification of agriculture. A higher level of agricultural returns supports more population and

allows territorial expansion that would be impossible without such centralized control. The extent

40 Wilkinson, “Introduction,” 85.
41 Rost, “Watercourse Management and Political Centralization.”
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of political power that is derived from agromanagement depends on the importance of irrigation
systems to the political economy.*? The case of Sasanian irrigation, which has played a pivotal role
in shaping the discourse of imperial water management in Near Eastern studies, has been
conceived within the same theoretical framework*®. Adams and others following him have argued
that the centralized power and bureaucratic apparatus of the Sasanian Empire enabled the
expansion of waterworks and intensification of irrigation agriculture on an unprecedented scale.
The agricultural return (food as well as revenue) enabled the Sasanians to sustain a very large
population and to fund militaristic expansionist activities. Given the importance of irrigation
agriculture in the Sasanian political economy, the state undertook reforms in the late 5th and early
6th centuries and increased the power of the hydraulic bureaucracy to exert more control over
production in the riverine territories of Mesopotamia and Khuzistan*. There is no doubt that
centralized control can be advantageous to the construction of hydraulic works. Also true is that
in a hydraulic society, agricultural revenues generally enhance the power of the ruling polity. As
discussed above, however, the existence of central rule does not necessary entail direct
involvement of the state in any task related to irrigation. Furthermore, the scale of waterworks is
not proof for a certain level of state involvement. It appears that past archaeological research has

been trapped in a reductionist model of irrigation and power, and has not sought to explore or even

42 Wittfogel, Oriental Despotism; a Comparative Study of Total Power; Mitchell, “The Hydraulic Hypothesis”; Price,
“Wittfogel’s Neglected Hydraulic/Hydroagricultural Distinction.”

43 The same theoretical frameworks propel research on other empires, specifically the Neo-Assyrian. I limit the
discussion to the Sasanian case because it is of most relevance to the research here and has formed the cornerstone of
the argument.

44 Adams, “Intensified Large-Scale Irrigation as an Aspect of Imperial Policy. Strategies of State Craft on the Late
Sasanian Mesopotamian Plain”; Christensen, The Decline of Iranshahr; Wilkinson et al., “From Human Niche
Construction to Imperial Power: Long-Term Trends in Ancient Iranian Water Systems”; Wilkinson and Rayne,
“Hydraulic Landscapes and Imperial Power in the Near East”; Alizadeh and Ur, “Formation and Destruction of
Pastoral and Irrigation Landscapes on the Mughan Steppe, North-Western Iran.”
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consider the diversity of operative mechanisms that are involved in the social organization of
irrigation.

Even more problematic is the use of scale, especially one that is usually left undefined, as
proof for date. Over the past decades, there has been an increasing readiness to date any irrigation
system described as /large-scale and linear to the Sasanian period. The dating of the canal systems
in the regional surveys is generally based on association with dated archaeological sites. Despite
the shortcomings that are involved in this method, a controlled and clearly defined archaeological
procedure is utilized. The conclusion that Sasanian irrigation systems were monumental and
generally linear is increasingly used as evidence for dating, even in the absence of any site
association,* or in cases where the site association does not suggest a Sasanian date.*® This
methodological bias is clearly demonstrated in the use of double-standards when applying the site-
canal association method; a Parthian or Islamic date far canals has to be confirmed by well-defined
ceramic chronology while the Sasanian date can be merely supported by the monumentality of the

features.

As Parthian and Sasanian archaeology is less well developed [compared to
Mediterranean archaeology], we know less about their water systems. Nevertheless,

thanks to the monumental scale of some Sasanian canals, certain features have become

45 E.g., in Adams, “Intensified Large-Scale Irrigation as an Aspect of Imperial Policy. Strategies of State Craft on the
Late Sasanian Mesopotamian Plain,” 29-30.

46 E.g., in Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan
Plain, Greater Susiana, Iran; Soroush, “Irrigation in Khuzistan after the Sasanians: Continuity, Decline, or
Transformation?”’; Verkinderen, The Waterways of Iraq and Iran, 132.
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well known. However, disagreements over the archaeological evidence weakens the

arguments that favor Parthian contribution to hydraulic engineering. ”*

Further proof for the positive relationship between centralized political control and
irrigation comes from the argument for the collapse or decline of these canal systems in the wake
of the Muslim conquest of the Sasanian empire in the 7th century CE. A widely accepted
explanation has been that investment in the construction and maintenance of waterworks stopped
or was significantly reduced after the fall of the Sasanian state. Other reasons, mainly
environmental conditions and the inherent fragility of the heavily engineered irrigation
infrastructure, have also been considered. Even so, it has been frequently argued that the absence
of state sponsorship (for lack of interest, centralized bureaucratic apparatus, resources or a
combination of all) has been the reason why the collapse could not be averted and the canal systems
could not be restored to their intended capacity. The case of Sasanian-Early Islamic agricultural
economy presents one of the most striking cases of disciplinary incongruity. The Near Eastern
archaeological narrative of post-Conquest decline contradicts the literature on Islamic economic
history that argues for a thriving economy especially until the 11th century, largely based on the

mass production of cash crops and related industries.*®

Sustained archeological survey and fieldwork in the eastern Mediterranean along with
improved methodological and theoretical approaches resulted in a serious reconsideration of the

narratives of general decline after the Conquest; new light has been shed on continuity and change

47 Wilkinson and Rayne, “Hydraulic Landscapes and Imperial Power in the Near East,” 121.

48 The cause(s) of the 11th century decline are not well understood; nevertheless, varying degrees of recess in
settlement and economy is suggested across the Islamic Caliphate on the basis of archaeological, philological and
numismatic evidence, from the Eastern Mediterranean to Central Asia. Watson, Agricultural Innovation in the Early
Islamic World, Bulliet, Cotton, Climate, and Camels in Early Islamic Iran; Banaji, “Late Antique Legacies and
Muslim Economic Expansion”; Kennedy, “Military Pay and the Economy of the Early Islamic State.”
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in the Late Antique-Medieval transition as well as on the varied local responses to the post-
Conquest socio-political context.*® Even though this type of continuous reappraisal has been
impossible in Mesopotamia, emerging evidence begs for a reassessment of earlier views. In
northern Mesopotamia, for example, recent studies have suggested considerable continuity in
irrigation landscapes from the Hellenistic to the medieval periods and have especially shed light

on the remarkable investments in canal building in the Early Islamic period. *

In Khuzistan, an unprecedented expansion of irrigation agriculture in the Sasanian period,
and a decline following the fall of the empire has been similarly posited.>' Although evidence for
continuity in land use and irrigation has been accumulating, it has remained largely unnoticed in
the synthesizing literature. Already in the 1970s, Wenke’s surveys suggested that large scale
investments in irrigation in the Susiana plain were undertaken in the Parthian period.®? This
argument was largely dismissed on account of the disagreement over ceramic chronology. It is
important to note, however, that the critics of ceramic chronology suggested an earlier chronology,
not a later date.*® Two Greek inscriptions discovered at Susa suggest that substantial investments
in canal construction were made in the Parthian period by the satrap of Susa. They may refer to

some of the large relict canals identified by Wenke or Adams.>* Alizadeh has similarly argued for

4 Walmsley, Early Islamic Syria.

50 Bartl, “Continuity and Change in Northern Mesopotamia from the Hellenistic to the Early Islamic Period”;
Wilkinson and Rayne, “Hydraulic Landscapes and Imperial Power in the Near East”; Rayne, “Imperial Irrigated
Landscapes in the Balikh Valley.”

51 Adams, “Agriculture and Urban Life in Early Southwestern Iran”; Hansman, “Urban Settlement and Water
Utilization in South-Western Khuzistan and South-Eastern Iraq from Alexander the Great to the Mongol Conquest of
1256.”; Christensen, The Decline of Iranshahr.

52 Wenke, “Imperial Investments and Agricultural Developements in Parthian and Sassanian Khuzestan.”

53 de Miroschedji, “Fouilles Du Chantier Ville Royal II a Suse (1975-1977) II. Niveaux D’epoques Achemenide,
Parthe et Islamique,” 43 ff. 85.

54 Potts, “Gundesapur and the Gondeisos,” 327-32.

20



a peak of settlement and irrigation on the alluvial fan of the Jarrahi River in the Parthian period.*
Neely’s study of irrigation history in Deh Luran argued for continued functioning of irrigation
infrastructure in the Early Islamic period until the 8th century. *® Surveys in the lower Khuzistan
plain, near Ahwaz, have found no significant change in the spatial distribution of sites from the
Parthian to the Early Islamic period;>” hindering the applicability of site-canal association for the
dating of the canals.’® Even in Adams' study of the Susiana plain, the choice of map graphics
exaggerates the contrast between the settlement map of the Sasanian and Islamic period. When the

same symbology is applied, the contrast between the two maps is less dramatic (Fig. 1.2).
1.4. Research Goals & Questions

The Miyanab presents a very interesting case for the long-term study of the aspects of
continuity and rupture in irrigation, especially with regard to the Late Antique-Medieval transition.
The multi-period nature of the hydraulic infrastructure and the potentials of long-term community
participation in the evolution of the hydraulic systems on the plain have, nonetheless, remained
understudied. While water history in Miyanab has been solely investigated within the framework
of imperial expansion, continuity in irrigation and land use on the plain is striking. Both in pre-
modern and in modern times, hydraulic structures of Shushtar have supported irrigation agriculture

on the plain, permitting the city to maintain its status as an economic and political center in

55 Alizadeh, “Elymaean Occupation of Lower Khuzestan During the Seleucid and Parthian Periods: A Proposal.”

56 Neely, “Sasanian and Early Islamic Water-Control and Irrigation Systems on the Deh Luran Plain, Iran.” Given that
distinguishing between the ceramic of the 7th and 8th century in Khuzistan is impossible, Neely’s proposed terminal
date of 8th century is questionable. If his identification is based on the findings of opac white glazed sherds, then the
final date of occupation was not sooner than 9th-10th century.

57 Gasche and Paymani, “Repéres Archéologiques Dans Le Bas Khuzestan.”

58 Heyvaert et al., “Susa and Elam.”
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Khuzistan until the present. The resulting challenge for study of water history is that the origin and

development of these structures is obscured by millennia of re-use and modifications.

This research aims at a long term study of irrigation history on the Miyanab plain in order
to advance our understanding of the processes associated with the creation, transformation, and
abandonment of hydraulic infrastructure in fluvial landscapes, with particular focus on such
processes in Khuzistan. I will investigate whether the archaeological evidence from the Miyanab
is indicative of large-scale imperial investments, or the result of gradual accretions of local

practices or a combination of the two.

Methodologically, this study will assess the potential of the historic air photos and widely-
used CORONA imagery for the study of settlement and irrigation. The potential of high resolution
air photographs for regional archaeological studies was already recognized by Adams in the 1950s,
and air photos has been occasionally used in Mesopotamian studies. But the lack of public access
to these archives has hindered their systematic application in landscape studies and the attention
was turned to the use of the CORONA satellite imagery.> Iran is the only country in the Middle
East that has provided public access to these archives; air photos capture the appearance of the
landscape at and around Shushtar since the 1950s with exceptional resolution. The historical
hydraulic landscape of Miyanab is heavily damaged by modern irrigation and agricultural
schemes, to the point of total obliteration in many areas. This study examines how remote sensing,
specifically of these largely unexplored datasets, can contribute to the study of the damaged

irrigation landscape.

59 Adams, Land behind Baghdad a History of Settlement on the Diyala Plains; Gasche and Tanret, Changing
Watercourses in Babylonia, V1I; Pournelle, “KLM to CORONA: A Bird’s Eye View of Culutral Ecology and Early
Mesopotamian Urbanization.”

22



Universal explanations may blur the ability to see the varied trajectories of irrigation and
settlement in the fluvial plains, and the diverse responses of societies to the environmental and
socio-political changes.® This dissertation presents a micro-study of human-water interaction on
the Miyanab, a fertile plain which has been part of the core areas of several successive empires,

and yet has shown remarkable resilience in the course of the sociopolitical history of Khuzistan.
In order to pursue these goals, the study addresses the following questions:

a) What are the main features of the ancient irrigation system of the Miyanab plain?
How did they form and develop? What is the approximate date of various canals

and hydraulic structures?

b) What types of evidence can shed light on the water history of the Miyanab? What
is the potential of textual and archaeological data, especially when utilized in
tandem? How can remote sensing data and GIS enhance our methods of enquiry,
especially in a landscape where archaeological evidence is largely obliterated by

subsequent development?

c) What is the relative importance of human and natural forces in shaping the
hydraulic landscape of the Miyanab in long term? How have various human

interventions and natural processes triggered major developments of the system?

d) Does the water history of the Miyanab show continuity or radical change,
especially in the transition from Late Antiquity to the Middle Ages? How

significantly (if at all) does the water history correspond to political history? More

60 Rosen, Civilizing Climate; Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane.”
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specifically, does the data from the Miyanab support the image of an
unprecedented development of irrigation in the Sasanian period and a post-

Sasanian decline?

e) How can a micro-study of irrigation on Miyanab contribute more generally to our
understanding of Near Eastern water history and agricultural economy? How
does it contribute to the anthropological discourse on the subject of water and

authority?
1.5. Structure of the Thesis

This thesis is composed of seven chapters and three appendices. Following this
introduction, Chapter Two will provide the context and background of the research. Geography
and environment of the plain are described. Then, a detailed description of the hydraulic landscape
of the Miyanab and its main elements is offered along with the current state of knowledge about
their history. In addition, the state of research on the dynamics of settlement and irrigation on the
plain is discussed. The gap in our knowledge of water history and the evolution of major
waterworks on the plain is outlined, guiding the investigations and analyses of the subsequent

chapters. The research methodology and an overview of data is presented in Chapter Three.

Chapters Four and Five present the bulk of the data that was collected and analyzed in this
study. In Chapter Four, the findings of the remote sensing study of the relict canal systems and a
detailed discussion of the remote sensing data is offered. The results include detailed mapping of
relict canal systems, analysis of their spatial distribution and structure, a relational analysis of canal
evolution, and the use of air photos for creating a historic topography of the plain. Appendix B
deals with the results of the topographic modeling. Chapter five furnishes the findings of the
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archaeological field work that was undertaken on the Miyanab as a part of this dissertation research
in 2014. The data that is presented include examination of patterns of settlement as well as the
results of the ground-truthing of the remote sensing construction of canal systems. The ceramic
catalog of the survey is supplied in Appendix A. The reason why the results of the remote sensing
study of the canals is presented prior to the ceramic and topographic evidence is that the survey
questions and the choice of locations to be examined was based on the results of the hydraulic
study of the canals. This sequence would help the reader better understand the logic of the survey

strategy and the significance of the results.

Chapter Six integrates the results of remote sensing and fieldwork with a survey of the
medieval and early modern textual data in order to shed light on the history of water management
on the plain and on the evolution of major elements of irrigated landscape. This synthesis provides
a long term perspective on the evolution of irrigated landscape and on aspects of continuity and
rupture in water management. A sizable part of this final discussion deals with the agricultural
investments of the Sasanian and Islamic periods. Finally, Chapter Seven discusses the contribution
of the study of the Miyanab, from a historical and theoretical perspective. It is argued that water
history on the Miyanab presents a much more complicated picture than previously thought. On
one hand, a complex pattern of interaction between hydrogeological processes and human
interventions seems to have contributed to the development of the irrigated landscape of the
Miyanab, specifically with regard to the history of the Gargar. On the other hand, strong continuity
in water management practices on the plain is suggested, with an expansion into the marginal areas
in the Islamic period. The Sasanian headwork(s) at Shushtar established a well-engineered and

durable foundation for irrigation on the plain, but investments in the construction, maintenance
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and restoration of the waterworks appear to have continued in the medieval period. Local elites
seems to have had a pivotal role in the coordination for the construction of headworks, at least in

the medieval period.
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Figure 1.1 The monuments
inscribed as Shushtar Historic
Hydraulic  System World
Heritage site.

1. Shadorwan

2. The Mustawfi and Bateni
Bridges

3. The Salasel Castle

4. Band-1 Mizan

5. The Kolah Farangi
Monument

6. The Watermills Complex
7. The Mandaean Sanctuary
and Band-i Ayyar

8. Band-i Sharabdar

9. The Lashkar Bridge

10. The Shah “Ali Bridge

11. Band-i Khak

12. The Haj Khodaee Bridge



Figure 1.2 In Adams's publication of the Susiana plain survey (1962), the choice of map graphics exaggerates the contrast between
the settlement map of the Sasanian and Islamic period. Top: original publication maps (a) Sasanian settlements (3rd-mid 7th
century) compared to (b) Early Islamic settlements, black fill (7th-9th century) hollow (continued occupation after 9th century).
Bottom: a) Sasanian settlements c) Early Islamic settlements, same symbology is applied to the two categories of the Early Islamic
period.
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Chapter 2
Context and Background

2.1. The Miyanab Plain

2.1.1. Geographical Setting

The study area, the Miyanab plain, is located in the northeastern part of Khuzistan province
in southwestern Iran. It is confined between two watercourses: the Karun to the west, and the
Gargar to the east. The Karun is the largest perennial river in Iran. The Gargar is a relatively small
water course and the history of its evolution is poorly understood. In fact, while the geographical
boundary of this study is the Miyanab plain, it is an open question as to when the present course

of the Gargar developed, and the Miyanab plain became constrained by its present boundaries.

The historic town of Shushtar is located at the northernmost part of the Miyanab plain.
Approximately sixty kilometers south of Shushtar, the Karun joins with its main tributary, the river
Dez. Nearly half a kilometer downstream from the Dez-Karun confluence, the Gargar joins the
Karun, forming the Miyanab plain. Miyanab is a Persian word meaning ‘between’ (miyan) the

‘water/watercourse’ (ab), hence the area confined between the rivers.®!

61 In the local Shushtari dialect, Miyanab is shortened and pronounced Meynow, which is a homograph of word Minii
(paradise). This has led to a good deal of misunderstanding. The shortened name has been frequently misunderstood
as Minii, and seen as a reflection of the agricultural fertility of the Miyanab Plain, i.e., the website of the UNESCO;
World Heritage List; 1315; Shushtar Historic Hydraulic System. In other cases, Miyanab has been understood as an
abbreviated form of Miyan-do-Ab (between the two waters/watercourses), i.e.,Rawlinson, “Notes on a March from
Zohab,” 75-76. In this case, the confusion is derived from the assumption that the name of the plain should contain
do (two), referring to an island between two water courses. While the name Miyan-do-Ab exists in Persian, this
assumption is wrong and the combination of miyan and ab (water course) makes perfect sense.
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Geologically speaking, the Miyanab is part of the upper Khuzistan plains of lowland south-
western Iran (Fig. 2.4).%? Different terminologies have been used in the archaeological literature to
describe the lowlands of southwestern Iran and the environmental zones found within them. These
differences in terminology reflect scholars’ understanding of the environmental and cultural
similarities or differences between the lowlands of southwestern Iran and southern Iraq. The terms
“southwestern lowlands of Iran” and “Greater Susiana” have been frequently used by
archaeologists to describe the region. The southwestern lowlands are usually defined by the Zagros
Mountains to the north and east, the lowland regions of southern Mesopotamia to the west and
southwest, and the northern low-lying plains of the Persian Gulf coast. Such a definition, however,
encompasses only the upper southwestern plains, stretching from the small valley of Mehran in
the northwest to the Zohreh valley in the southeast. As a result of the particular geological history
of Khuzistan, a chain of low, outlying folds separates the upper plains from the lower plains of
Khuzistan which are in many ways similar to the southern lowlands of Mesopotamia. ® In this
study, the geologically specific terms—Ilowlands of southwestern Iran, upper Khuzistan plains, or
upper plains of lowland southwestern Iran—are preferred to the archaeological terms —

southwestern lowlands of Iran and Greater Susiana— because of their accuracy and neutrality.

The prevailing view in most general studies of the past is that the southwestern lowlands
of Iran are geographically, and to a great extent, culturally an extension of the lower Mesopotamian

plain. However, several scholars have emphasized the cultural as well as geographical distinction

62 Woodbridge, “The Influence of Earth Surface Movements and Human Activities on the River Karun in Lowland
South-West Iran,” 34.

83 Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain,
Greater Susiana, Iran, 1.
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between the two zones.® The lowlands of southwestern Iran can be considered an “ecotone”
between the adjacent ecological ecosystems of the highland Zagros, the lowland Mesopotamia,
and the marshes of lower Khuzistan. Formed by tectonic uplift and alluvial deposition, the region
is bisected by several permanent rivers and agricultural plains which are capable of sustaining both
dry farming and irrigation agriculture.®® The geography and environment of the region have been
thoroughly described in several archaeological studies of Khuzistan.®® For the Miyanab plain,
Moghaddam has recently provided a detailed description of the geographical setting. Therefore, in
this section, [ will limit my review of the natural setting to aspects that are critical to understanding

the water history of the region.®’

2.1.2. Geology and Hydrology

The southwestern plains of Iran were formed by a combination of tectonic uplift and
alluvial deposition. Therefore, both geological and hydrological aspects of the region need to be
considered in tandem. Recent decades have witnessed an emerging interest in the
geoarchaeological study of the lowland plains of southwestern Iran, although this has primarily

focused on the lower Khuzistan plains.®® A recent study by Woodbridge, however, provides a

64 Ibid.; Hole and Flannery, “The Prehistory of Southwestern Iran,” 148—149; Nissen, The Early History of the Ancient
Near East, 9000-2000 B.C., 87.

65 Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain,
Greater Susiana, Iran, 1-2.

66 Hole and Flannery, “The Prehistory of Southwestern Iran”; Hole, The Archaeology of Western Iran; Kouchoukos,
“Landscape and Social Change in Late Prehistoric Mesopotamia.”

87 Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain,
Greater Susiana, Iran, 12-42.

68 Gasche, “The Persian Gulf Shorelines and the Karkheh, Karun, and Jarrahi Rivers: A Geo-Archaeological
Approach: A Joint Belgo-Iranian Project: First Progress Report - Part 1”; Gasche, “The Persian Gulf Shorelines and
the Karkheh, Karun, and Jarrahi Rivers: A Geo-Archaeological Approach: A Joint Belgo-Iranian Project: First
Progress Report - Part 2”’; Gasche, “The Persian Gulf Shorelines and the Karkheh, Karun, and Jarrahi Rivers : A Geo-
Archaeological Approach: A Joint Belgo-Iranian Project: First Progress Report - Part 3”; Walstra, Heyvaert, and
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useful discussion of geological and hydrological processes in upper Khuzistan from a larger
regional scale to the micro-scale of individual land forms along the Karun river. The information

in this section is primarily based on the latter source. %

The Zagros Mountains, the Persian Gulf and the fluvial plains of Iraq and Iran were formed
as a result of a long process of plate convergence combined with high rates of river sediment
transport into zones of subsidence. The Zagros Mountains are one of the youngest fold mountain
ranges on Earth, formed as a result of ongoing collision between the Arabian Plate and the Iranian
Block of the Eurasian Plate. In southwestern Iran, the Zagros Mountains are effectively narrower
due to the Dezful Embayment, a feature which acts as a drainage node for the five major rivers

flowing across the Khuzistan plains. "

Within an area of continental collision, major rivers frequently form in foreland basins
which develop along the length of collisional plate margins or along compressional destructive
margins. A foreland basin is a depression that develops adjacent to and parallel to a mountain belt
(or orogen), mainly as a result of the large mass of crustal thickening associated with the formation
of the orogen causing flexural bending of the relatively thin, elastic lithosphere of the tectonic plate

floating above the relatively fluid substrate of mantle .”*

The Mesopotamian-Persian Gulf Foreland Basin extends from northern Syria and Turkey

to the Gulf of Oman and is adjacent to and parallel with the generally NW-SE trending Zagros

Verkinderen, “Remote Sensing for the Study of Fluvial Landscapes in Lower Khuzestan, SW Iran”; Heyvaert et al.,
“Susa and Elam.”

89 Woodbridge, “The Influence of Earth Surface Movements and Human Activities on the River Karun in Lowland
South-West Iran.”

70 Ibid., 49-50.

" Ibid., 9.
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Mountains. It is the foreland basin for the major rivers of southwestern Iran. Foreland basin
systems are comprised of four discrete sedimentary depozones: the wedge-top, the foredeep, the
forebulge and the backbuldge (though the latter two maybe poorly developed or absent) (Fig. 2.1).
Rivers develop with time in a peripheral foreland basin, and are the principal agent of transfer of
sediments from the orogen and the wedge-top to the foredeep. A succession of folds frequently
develops in a foreland basin parallel to the orogenic axis, with progressively younger folds rising
further away from the highlands. In the lowlands of southwestern Iran, the upper plains are
separated from the lower plains by such folds. Fig. 2.3 demonstrates the major folds in the lowlands
of southwestern Iran, which follow the general NW-SE direction of the Zagros orogenic axis. The
Miyanab plain is circumscribed by several folds: the Shushtar anticline to the north, the
Sardarabad/Haft Tappeh anticline to the west, the Naft-i Sefid anticline to the east, and the Kupal

anticline to the south.”

Rivers in foreland basins may be longitudinal (axial), flowing mostly parallel to the axis of
the foreland basin and the majority of the folds and thrusts, or transverse, flowing mostly across
the axis of the foreland basin, and the majority of the folds and thrusts. The Tigris and Euphrates
are longitudinal rivers, while the main rivers of Khuzistan, such as the Karun and the Dez, are
transverse. This is a feature that differentiates the upper plains of Khuzistan from the
Mesopotamian fluvial plains. Note that the terms longitudinal and transverse apply only to the
general course of a river. The transverse rivers of southwestern Iran including the Karun, for

example, follow a longitudinal course in their fluvial plains in lower Khuzistan.”™

2 Ibid., 9-11,49-50.
3 Ibid., 10-11.
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The overall form of a peripheral foreland basin and that of its rivers depends on the relative
balance between river sediment transfer and tectonic movements. Models of interactions between
rivers and growing folds indicate that where rates of river aggradation exceed rates of structural
uplift associated with the fold, a transverse river will flow across the fold. Where a fold does
develop a surface topographic expression, as is the case in the upper Khuzistan plains, the river
will either flow in a course across the fold; be diverted around the fold by channel migrations or
avulsions; or will be ponded in a basin upstream the fold. The influence of tectonic uplift on the
course of transverse rivers is poorly understood. Paradoxically, these rivers have a tendency to cut
across many growing anticlines at locations of their greatest structural and topographic relief, and
to be diverted around the “nose” of the anticline. However, this is only a tendency and rivers may
cross a growing fold near the nose of the fold. The reasons for this variation are unclear. Another
complicating factor in the interaction between rivers and topography is direct human intervention,

particularly, channel straightening.”

The main watercourse in the study area is the Karun river (Fig. 2.4). The Karun is c. 870
km long. It originates in the Zard Kuh (Yellow Mountain) region of the Zagros and forms Iran’s
largest river basin (estimated at 71,980 km?). The Zard Kuh region is an area of abundant springs.
Unlike the Tigris and Euphrates, which receive their water only from snowing melt, the Karun is
fed by annual recharged aquifers and is already a relatively large river at its source. The mean
monthly flow regime of the Karun River is characterized by snow-melt dominated peak flows in
March and April and low flows in September and October. The Karun and its main tributaries (the

Wanak, Bazuft, Khirsan and Kiyar) wind their way through the Zagros, often in accordance with

" Ibid., 11,16,18,19.
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the generally NW-SE oriented folds. Near the town of Gotvand (25 km northeast of Shushtar), the
Karun exits a narrow gorge in the Turkalaki anticline and crosses the alluvial fan of the Aghili
plain (Fig. 2.3, 2.4). After receiving the salty water of the Ab-i Shur, the Karun first crosses the
Shushtar anticline and then the alluvial fan of the upper Miyanab plain. Immediately north of
Shushtar, the Karun splits into two branches. The main branch delineates the western boundary of
the Miyanab plain, while the smaller branch, the Gargar, defines the eastern boundary of the plain.
After bifurcation, the Karun flows for approximately 10 km to the southwest before being diverted
around the nose of the Sardarabad (or Haft-Tappe) anticline. It then flows to the southeast and
south for 40 km until it is joined by its main tributary, the Dez, and immediately thereafter by the
Gargar, at the Band-i Qir. Historically, the segment of the Karun located between Shushtar and the
Band-i Qir is called the Shotayt. Before the Band-i Qir, the Karun takes a slightly southeasterly
direction diversion around the nose of the Kupal anticline. From the confluence of the rivers to the
village of Wais (Veys), ® the Karun runs south in a very straight course. Considering that the Dez
flows for approximately 7 kms upstream before joining the Karun and that traces of a large
paleochannel exist immediately west of the present course of the Karun, there is a consensus that
the Karun migrated from its natural eastern course into a man-made channel, and that the river Dez
now flows in part of the older course of the Karun before joining it. The reasons for this shift and
for the fact that Karun has maintained its straight course are still the subject of much discussion.”®

Below Wais, the Karun runs southwest across the lower Khuzistan plains before joining the Shatt

5 Now, the small city of Wais.

76 Verkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period,” 282-286; Woodbridge, “The Influence of Earth Surface Movements and
Human Activities on the River Karun in Lowland South-West Iran,” 86—87,259, 268; Alizadeh et al., “Human-
Environment Interactions on the Upper Khuzestan Plains, Southwest Iran. Recent Investigations,” 81-82;
Moghaddam, “A Note on the Gargar Irrigation System”; Bakker, “Iran - the Development of Land and Water
Resources in Khuzistan - Report to the Government.”
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al-Arab (Arvand Rud) which debouches into the Persian Gulf. Two features of the lower Karun
need to be highlighted. First, at Ahwaz, the Karun has incised its bed across the large Ahwaz
anticline. Second, a near straight course between Darkhovin and the confluence with the Shatt al-
Arab seems to reflect human activities. The 4-km segment at the end of this course, between
Khorramshahr and the Shatt al-Arab, is named the Haffar Canal and is attested to the Buyid period

with a good level of certainty. ”’

In the upper Khuzistan plains, the effect of changes in the sea-level of the Persian Gulf on
major rivers, including the Karun, has been negligible due to the distance from the shoreline. The
base-level for the Karun in the upper plains is effectively the rapids in the vicinity of “Band-i
Ahwaz”, where the river crosses the Ahwaz anticline. This series of rapids, with a total fall of
about 2.5 m due to the greater erosion resistance of the Agha Jari Formation bedrock’® and the
uplift of the Ahwaz anticline, effectively shields the Karun upstream of Ahwaz from the effects of

sea-level changes.”

Immediately after branching off the Karun, the Gargar cuts through the rocky outcrop on
which Shushtar is built, in a deep and narrow channel c. 55 m deep and c. 30 m wide (Fig. 2.37).%
The Gargar flows for nearly 5 km in a relatively straight and narrow southerly course for nearly 6

km, its channel never exceeding 200 m in width. Past the remains of a hydraulic structure named

7 “Inventory of Shared Water Resources in Western Asia,” 16—-161; Woodbridge, “The Influence of Earth Surface
Movements and Human Activities on the River Karun in Lowland South-West Iran,” 41-42; Potts, The Archaeology
of Elam, 16; Verkinderen, “Tigris, Euphrates, Kartn, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower
Iraq and Khiizistan in the Early Islamic Period,” 259-261, 345-345; “Environmental Report-The Renovation and
Restoration Plan of Shushtar Historic Hydraulic System.”

78 The steepness and incision force of a river that crosses an anticline is proportional to the erosion resistance of the
geological formation in its way. When the resistance is great, a river will need to maintain a higher incision force by
maintaining a steeper and straighter channel. Woodbridge, “The Influence of Earth Surface Movements and Human
Activities on the River Karun in Lowland South-West Iran,” 240.

" Ibid., 75; Kirkby, “Land and Water Resources of the Deh Luran and Khuzistan Plains,” 253.

80 Curzon, Persia and the Persian Question., 2:372.
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Mabhibazan, the Gargar makes a large bend towards the east and then towards the west. Thereafter,
it cut its way for c. 10 kms across the Kupal anticline before joining the Karun. The Gargar is a
relatively young, meandering channel, with no evidence for mature scroll bars or oxbows. The
river has sunk deep below the surface of the plain. Downstream from Mahibazan and the outcrop
of Dastowa, the channel bed is wide (up to 1 km) and a few meters below the plain level (Fig. 5.6).
From the middle of the plain onward, the river flows up to 10 m below the plain surface (Fig. 5.42,

5.61).8

The area that extends from the Gargar to the westernmost folds of the Zagros Mountains
to the east has a very dynamic environment, with extremely high rates of erosion. The Gargar river
basin has deeply incised its bed relative to the surrounding plain surface; several ephemeral streams
run toward the river in a general east west direction creating an extremely truncated terrain on the
east bank. Two major drainage channels, the Darreh Naft and the Darreh Haddam intersect with
the Gargar basin north of the Kupal anticline (Fig. 2.5). These saline seasonal streams contain
water only during the rainy months of January, February, and March. The surface water that flows
toward the Gargar from east originates in three small wadi systems. From northwest to southwest
their local names are Dar Khazineh, Ab-i1 Gonji, and Naft-i Sefid. Dar Khazineh, with a radial
extent of about 13 km has a gently sloping incline. Much of this fan has been destroyed as a result
of the increased incision caused by the more recently formed the Gargar Channel. Alluvial fans of
the Ab-1 Gonji zone, covering a radial extent of about 11 km, are flatter than those of Dar Khazineh.

The streams in this zone seem to have had a lower level of flow, and the processes of fan

81 Woodbridge, “The Influence of Earth Surface Movements and Human Activities on the River Karun in Lowland
South-West Iran,” 253; Verkinderen, “Tigris, Euphrates, Kartin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers
in Lower Iraq and Khiizistan in the Early Islamic Period,” 261.
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development are currently inactive. Alluvial fans within the Naft-i Sefid zone extend much deeper
into the Zagros range. The deepest canyon, Naft-i Sefid, carries water that is both saline and
contaminated by several nearby oil seeps.®? While the alluvial fans just discussed are visible on
global DEMs, the radical expansion of fish farms along the eastern bank of the Gargar entailing
large scale land leveling activities has largely destroyed the fan systems of Dar Khazineh and Ab-

1 Gonji and is advancing toward the Naft-i Sefid zone.

The surface geological formations in the study area are Upper Miocene and younger. From
old to young, the geological layers include the Middle Miocene-Middle Pliocene Agha Jari
Formation (mainly sandstones interspersed with layers of marl and mudstones)®®, the Middle
Pliocene-Pleistocene Bakhtyari Formation (mainly conglomerates, as well as sandstones and

mudstones), and Quaternary fluvial deposits.®*

2.1.3. Environmental History of the Miyanab plain in the Quaternary

Since the 1950s, it has been noted that the processes of land formation and the morphology
of rivers in the Upper Khuzistan plains have occurred as a result of both tectonic and depositional
activities. Upstream from Ahwaz, the Karun can be classified as mixed bedrock-alluvial valley.
Over the long term (10° years), the river has been in a state of incision and deepening at a rate that

reflects the balance between the incision and uplift forces.® Further, studies have suggested that

82 Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain,
Greater Susiana, Iran, 21-23.

83 The Agha Jari Formation is the bedrock in and around Shushtar and supplies the primary building material for
hydraulic structures on the plain, as will be discussed in the next section.

84 “The Renovation and Restoration Plan of SHHS-Vol 7,” 189; Woodbridge, “The Influence of Earth Surface
Movements and Human Activities on the River Karun in Lowland South-West Iran,” 57.

85 Woodbridge, “The Influence of Earth Surface Movements and Human Activities on the River Karun in Lowland
South-West Iran,” 75.
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late Quaternary land forms in Upper Khuzistan are characterized by a shift between river
aggradation and river incision. Despite the clear implication of these geo-hydrological processes
for the archaeological study of hydraulic and settlement histories, both the rates of tectonic uplift
and the structural development of southwestern Iran during the Quaternary are very poorly known.
Nevertheless, a few geological studies in the upper plains that have focused specifically on
archaeological issues provide important insight into the role of the uplift, incision and aggradation

in the Holocene Human-Environmental interaction in this zone.

Lees and Falcon disagreed with de Morgan’s hypothesis that after the initial period of
orogenic formation, alluvial deposition and sea level changes in have been the primary geological
agents in the region.® They emphasized that various land forms in the Mesopotamian-Persian Gulf
basin are a result of the balance between sedimentation, tectonic uplift and subsidence. As an
example, they studied the geo-archaeological stratigraphy at Dar Khazineh, a site on the eastern
bank of the Gargar that had just been excavated (Fig. 2.6 left). At the site, the highest layers
containing archaeological finds were nearly 2.5 m below the top of the terrace. From there,
archaeological layers extended as much as 3 m deeper, and include flint, copper and black on buff
Late Susiana painted pottery. The sections suggested that the site was occupied for millennia,
during which time the alluvial plain built up to at least 3 m. The site seems to have become
uninhabitable due to flooding. From the latest archaeological layer upward are layers of “water-
washed” appearance, coarse river gravels, 13 cm of silt, and then 18 cm of coarse sand and thin
gravel lenses. The last depositional stratum seem to be evidence for a winding river course. These

fluvial deposits were overlain by 2 m of fine laminated silts containing Lymnea, which according

86 Lees and Falcon, “The Geographical History of the Mesopotamian Plains”; Morgan, MDP 1, 4-48.
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to the authors implies a lacustrine environment. They suggest that the upper silt layer was surface
of the alluvial plain for an extended period, given that evidence of small Sasanian settlements®’
were scattered over the ground surface. The next event was a rapid river incision to a depth of 5
m. Lees and Falcon interpret this final phase as “rejuvenation of the Karun system” for reasons
that have yet to be determined. They speculate that this hydro-geological change happened because
of renewed subsidence of the plains to the southwest, a tilting of the hills to the northeast, or a
combination of both. For any scenario, the increased gradient of the rivers caused them to trench
into the alluvial deposits which had been accumulating during the still-stand period. Lees and
Falcon acknowledge that the incision might have started earlier than the date suggested by the
surface pottery, but it is clear that between the Late Susiana period and modern times, there was a
build-up of the land surface by sedimentation to about 2.5 m, followed by an entrenchment of the
rivers by 5 m. Lees and Falcon admit that this evidence might be a rather local effect, due to the
impounding of a local lake by a temporary barrier or to recent movements of the Naft-i Sefid

anticline. &

Recently, Alizadeh and colleagues conducted a geo-archaeological study on the Miyanab
plain, particularly focusing on the area and the site of Dar Khazineh (Fig. 2.6 right). Excavation at
the site and observations of nearby wadi sections confirmed Lees and Falcon’s hypothesis that
during the Late Susiana period, a transition happened on the plain from the relatively stable land
to one marked by continuous aggradation. During this phase, the base level of the wadi systems

east of the Gargar River were significantly higher than at the present. However, the team found

87 Given the still very poor knowledge of the later historical pottery sequence, which was certainly more severe in the
1950s, I prefer to interpret this evidence as suggesting “later historical settlement” and not necessarily “Sasanian”.
88 1 ees and Falcon, “The Geographical History of the Mesopotamian Plains,” 32-33.
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cultural deposits of the Middle Elamite period (ca. 1300-1100 BCE) above the upper loam; and as
such they speculate that the phase of aggradation must have lasted for nearly 3000 years. They
also speculate that significant flooding and aggradation occurred only under specific conditions,
given that some prehistoric deposits occur at plain level or at very shallow depth. The team has
found traces of old channel beds several meters above the modern wadi floors. According to the
authors, although the deposits in these handing wadi channels are occasionally gleyed, freshwater
mollusks and other signs of sustained water logging and persistent flow are absent. Therefore,
seasonal floods have been understood to account for the sustained aggradation. The authors
suggest that at least by the Middle Holocene, seasonal floodwaters were distributed widely across
the plains rather than confined to wadi channels. Yet, two statements in this report seem to
undermine the argument for aggradation caused by a pattern of strong seasonal floods. First,
marine mollusks have been mentioned in the list of recovered fauna from newly excavated trenches
at Dar Khazineh. Second, Later Susiana occupation surfaces are reportedly interstratified with low
energy over bank deposits.?® Another point of divergence from the Lees and Falcon study is the
fact that Alizadeh et al. attribute the incision event to the sudden appearance of the Gargar as a
large manmade canal on the plain in the Sasanian period (Fig. 2.7). Prior to the existence of such
a stream, wadis in the region flowed westward from their sources on the Naft-i Sefid anticline to
the Karun. During this phase, they argue, wadi channels were longer and less steep than at present

and flowed across the plain in an aggrading manner. In response to the sudden appearance of the

89 Alizadeh et al., “Human-Environment Interactions on the Upper Khuzestan Plains, Southwest Iran. Recent
Investigations,” 72-74.
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Gargar, wadis began to incise and erode the plain, resulting in the extension of the drainage

network through gully and tributary head-cutting.*

Another geographical project that focused on archaeological issues was carried out on the
Deh Luran plain by Kirkby.! In this thorough study, in addition to the geography and environment
of the Deh Luran, several aspects of land and water sources in the upper Khuzistan plains were
carefully examined. Kirkby studied the archaeological evidence from excavations across the upper
plains and concluded that continuous aggradation after ca. 4000 BCE by river flows was in all
likelihood simultaneously happening across the upper plains of Khuzistan. Around 1500 BCE the
process ceased and was replaced by down-cutting that formed more stable river channels. Kirkby
used historical and archaeological evidence to suggest that by 500 BCE at the latest, the rivers
were more or less all in stable, incised channels. Stream regimes during the aggradation phase
might be meandering with levees or braided. The former regime only occurs where sediments are
sufficiently fine grained. In coarser material, meanders develop without appreciable levees as it
can be seen today in upper plains. The absence of levees in the aggraded plains of Khuzistan
confirms a braided regime that most likely once covered the whole of the Khuzistan plains. As we
can see in his sketch of river fans of upper Khuzistan, the Upper Miyanab plain is characterized as

having been covered with a braided fan (Fig. 2.8).%

Kirkby’s estimation of the onset and the end of aggradation process can be aligned with
the evidence from Dar Khazineh. But, he attempted to define the phenomenon in the larger context

of the Khuzistan plains. He suggested that because the aggradation event was synchronized across

% Ibid., 80-81.
91 Kirkby, “Land and Water Resources of the Deh Luran and Khuzistan Plains.”
92 Ibid., 280-283.
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Khuzistan, the causes must have been widespread and regional. Kirkby disputed the argument put
forth by Lees and Falcon. He argued that the impact of tectonic uplifts is limited and cannot
account for the scale and uniformity of the phenomenon. He argued that environmental change
offers the best answer for a phenomenon at this scale. Kirkby hypothesized that the aridity
following the Pleistocene (ca. 8000 BCE) was the primary cause of aggradation. So, his study
diverged from the two earlier ones in suggesting that aggradation which was recorded in the
archaeological sequence of Dar Khazineh was part of a process that started around 8000 BCE and
continued until ca. 1000 BCE. From c. 4000 BCE onward plain aggradation was stabilized. In drier
periods, the plain cover in the upstream areas is reduced, which results in more surface run-off and
erosion upstream and increased sediment load. As channel incision is needed to carry sediments,
the changes first happen in the upstream areas and progressively move downstream. There is a
transition between headwater erosion and downstream aggradation. As the upstream erosion
reaches equilibrium, the transition point moves downstream. Kirkby suggested that over thousands
of years, erosion areas spread downstream into the Khuzistan plain. Overgrazing can have similar
effect on upstream plant coverage as drought. But, the increased grazing of domesticated animals
after 8000 BCE seems to have had limited impact. Agriculture is not considered relevant because
large-scale cultivation only began at the end of this process. Furthermore, large-scale canal
agriculture affects low-water regimes and not peak flows, which are the main force responsible for

the geomorphological changes described above.*

Kirkby’s further contribution was his study of micro-environmental zones on plains and

along rivers. He emphasized that the environmental zones he delineated for Deh Luran have

98 Ibid., 283-285.
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parallels in many plains in northern Khuzistan. Kirkby defined three environmental zones. First,
the “dry steppe” near the mountains, which has the worst condition for dry farming because the
soils have low-moisture retention. This zone is almost entirely given to grazing—even though the
best grazing zones gradually shift to the river valleys. Second, the heavily used “alluvial plain,”
where fine soil and low slope provide good moisture conditions for agriculture while allowing
enough passage of water to minimize salinity. Third, the “seasonal marsh,” which is created after
winter floods®. In this zone, high calcareous silt and slow drainage has increased salt level to the
extent that cultivation is prevented. But, it is impotent to note that the salinity is natural and not
the result of excessive irrigation. In addition, Kirkby argued, four distinct but shifting zones existed
along the length of a river systems in Khuzistan after 8000 BCE; (1) a head water area of erosion;
(2) an incising alluvial area that had been deposited previously—most of the current study area
lies within this zone; (3) an area of active aggradation, where stream levels are close to the surface
and change course frequently. This zone is optimal for agriculture, as water can be brought to the
fields with a simple diversion system. Zone 3 is liable to floods while active sedimentation prevents
salinity. Kirkby argued that while this zone does not exist today in Deh Luran, it was the most
favorable location for early settlements. Similarly, zone 3 does not exist on the Miyanab plain
today, but, the archaeological evidence from Dar Khazineh that was described above suggests an
active aggrading zone since the late fifth millennium BCE; (4) a downstream area where
distributaries formed in the aggradation area gradually came together, usually reuniting in the old
downstream river bed. This is a rather disorganized drainage zone and is particularly susceptible

to marsh formation. The possibility of such a zone playing a role in the settlement history of the

94 Although this zone is absent on present day Miyanab, it might have existed before and might have had a crucial role
in the distribution of pre-Parthian settlements.
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Miyanab will be discussed in chapter 6. Kirkby emphasized the need to think about the dynamics
of these zones as they were affected by thousands of years of environmental change. As a general
trend, he speculated that between ca. 8000 BCE and ca. 1000 BCE, areas of aggradation gradually
moved downstream while marshes first contracted and then expanded. Between ca. 8000-4000
BCE, sedimentation and marsh zones both moved downstream as the marshes were shrinking. In
this period, agriculture was possible in zone 3, which also benefited from high water table near the
marsh zone. After 4000 BCE, the marshes tended to expand while deposition zones continued to
move downstream; for the first time, the marshes began to expand to the dissected parts of the
plain. Likewise agricultural land was to be found in the zones that had begun to be incised. For
smaller tributaries the channel bed was still shallow enough to allow agriculture with primitive
water diversion methods, but, water extraction from rivers had become impossible without large

canal systems. %

Woodbridge's study of the impact of human interventions and tectonic movements on the
course of the Karun and its tributaries confirms the hypothesis presented by Lees and Falcon.
Namely, the tectonic uplifts of folds in the upper plains might have triggered hydrological changes
at a regional scale. Unfortunately, six decades after Lees and Falcon’s investigation, the rates of
active uplift and subsidence as well as the geomorphology and structural development of
southwestern Iran during the Quaternary are still very poorly known. The role of tectonic uplifts
in vertical surface movements is very difficult to determine due to complex factors such as
extensive sedimentation, sea-level changes and shoreline retreat and advances. However, studies

have proven that regional uplift northeast of the Zagros Deformation Front (ZDF) increases with

9 Kirkby, “Land and Water Resources of the Deh Luran and Khuzistan Plains,” 285-87.
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distance from the ZDF, while general subsidence is happening southwest of the ZDF. At locations
roughly 60-130 km to the northeast of the ZDF, which includes Miyanab, moderate rates of
tectonic uplift, in the range of about 0.2-2.3 mm yr'!' are estimated. Within this rate, Woodbridge
has used OSL dating of river terraces as well as the archaeological literature on the history of
construction of hydraulic structures at Shushtar to estimate the rates of uplift of individual
anticlines that delimit the Miyanab plain. In addition to vertical Earth movements, the difference
in uplift rates in the area between the ZDF (c. zero) and within the Dezful Embayment (c. 0.2-2.3
mm yr'!) is sufficient to produce regional tilting. This regional tilting would occur from northeast
and east northeast to southeast and west southwest, at average rates of 1.5 x 10 to 3.8 x 107
radians kyr'!. These directions of tilt are consistent with the tendency for major rivers in the upper
Khuzistan plains to migrate toward the west and south-west over millennial timescales. Thus, the

Karun now occupies a course near the west and southwest margin of the Miyanab plain. %

In sum, despite the fact that reasons for the Late Quaternary geological and hydrological
processes are still debated, a loosely defined, two-fold fluvial aggradation sequence separated by
erosion and river incision has been established by archaeological and geological research in
southwestern Iran. An older fill (c. 50/38 ka-7.3/6 ka) of mainly alluvial gravel was probably
deposited in a cold and fairly dry climate. It was followed by an Early-Middle Holocene floodplain
aggradation of sand and mud (ca. 8000/6500 BCE-1500BCE/500BCE). A period of incision
followed this phase which resulted in rivers being established in their present incised valleys.

While the beginning and end of this process are not well established, it seems that the second phase

9 Woodbridge, “The Influence of Earth Surface Movements and Human Activities on the River Karun in Lowland
South-West Iran,” 66—68, 196-99, 206-207. These rates of tilting, however, are considerably less than the threshold
suggested in former studies as necessary for avulsion. Therefore, other factors might be involved in the avulsion of
rivers in Upper Khuzistan. Ibid., 206-207.
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of aggradation, comprised of silty sands and clays, started by ca. 700 AD.*" It is important to note
that while in geological terms this sequence may be considered “synchronous” across the upper

plains, in archaeological terms temporal and geographical variations are considerable.

2.1.4. Climate”™®

Generally speaking the Miyanab plain is located in the semi-arid zone. Specific climatic

conditions of the plain are briefly described below.
Precipitation

The Miyanab plain is situated between the 250 mm and 340 mm isohyets, but most of the
Miyanab receives 300 mm or less of annual rainfall. The relationship between elevation and
rainfall in Khuzistan is not linear. In the southern plains, rainfall is minimal. In the upper plains
and nearer to the mountain front, precipitation almost doubles. Thereafter, the increase of rainfall
with elevation is much less. Furthermore, in southwestern Iran, average precipitation rates do not
reflect the great inter-annual variability in precipitation that may occur: some areas may receive as
little as 85 mm rain in some years and as much as 580 mm in others. On the Miyanab, as in other
areas of low elevation in Khuzistan, rainfall peaks in December. Almost half the annual
precipitation on the Miyanab falls between November and January. At high elevations, a second

peak is observed in March, which is reflected in the spring peak river flows.*

97 Woodbridge, “The Influence of Earth Surface Movements and Human Activities on the River Karun in Lowland
South-West Iran,” 57, 68.

98 For climatic data, the LAR report has been consulted primarily because it is focused on Shushtar and Miyanab,
utilizing the weather and gauging stations on and near the plain.

99 “The Renovation and Restoration Plan of SHHS-Vol 7,” 173—74; Woodbridge, “The Influence of Earth Surface
Movements and Human Activities on the River Karun in Lowland South-West Iran,” 77; Kirkby, “Land and Water
Resources of the Deh Luran and Khuzistan Plains,” 268.
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Temperature

The maximum average annual temperature recorded at Shushtar, between 1969 and 2001,
is 26°C. December and July are respectively the coldest and warmest months of the year. The

maximum and minimum temperature recorded in this period are 50°C and -1°C."%
Evaporation

The high air temperatures of summer produce high evaporation rates between c. 2,000 and
3,000 mm yr-1 in Khuzestan, of which 66 % occurs during May - September. Hence, evaporation
greatly exceeds precipitation throughout the region. The average open water evaporation on
Miyanab, between 1969 and 2001, is 2963 mm. The maximum and minimum evaporation is

recorded in Jul-Aug and Dec respectively.!

Flow and Floods

Low and peak flows in the Karun occur in Sept-Oct and Mar-Apr (Fig. 2.9). High flow
starts with winter rainfall and peaks, generally in spring, with snow-melt and rainfall in Zagros.
The average flow, 1955-2001 (1334-1380 AH) in the two branches of the Shotayt and the Gargar
was 379 and 43 m?/s, respectively. The maximum flow of both branches during this period was
almost twice this figure (Fig. 2.10). Flood records do not exist for the entire period. Based on the
existing data, the biggest flood recorded for the Karun at Gotvand was 6164 m%/s, in 1980. For the
Shotayt, this figure was 4015 m?®/s, in 1998. For the Gargar, the biggest recorded flow flood was

406 m¥/s, in 1980. Construction of several reservoir and regulating dams on the Karun since the

100 “The Renovation and Restoration Plan of SHHS-Vol 7,” 174.
19" Ibid.; Woodbridge, “The Influence of Earth Surface Movements and Human Activities on the River Karun in
Lowland South-West Iran,” 78; Kirkby, “Land and Water Resources of the Deh Luran and Khuzistan Plains,” 269.
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1970s has significantly reduced both the frequency and flow of the floods of the Karun. However,
frequently occurring floods (2-5 year return period) can amount to 7-10 times the average flow of

the river.'%?
Water Quality

Based on the Wilcox water quality index, the Karun’s water is good for agriculture and
acceptable for drinking. Among the tributaries of the Karun, the Dez has the best and the Shur has
the worst water quality. Almost all of the chloride occurs in the form of NaCl (salt) and the sulphate
occurs mostly as SaCos (gypsum).'® It should be noted that the water quality index describes the
natural composition of the waters and the dramatic effect of domestic and industrial waste on

Karun water quality is not taken into account.

102 “The Renovation and Restoration Plan of SHHS-Vol 7,” 9-17; Woodbridge, “The Influence of Earth Surface
Movements and Human Activities on the River Karun in Lowland South-West Iran,” 39—40.

103 “The Renovation and Restoration Plan of SHHS-Vol 7,” 174-75; Kirkby, “Land and Water Resources of the Deh
Luran and Khuzistan Plains,” 272-73.
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2.2. The Hydraulic Landscape of Miyanab: An Introduction.

In this section, I will introduce the main elements of the historic hydraulic landscape of the
Miyanab plain (Fig. 2.1). For each case, a description will be followed by a brief discussion of the
known and unknown aspects of the origin, function and development of each feature. A final
analytical discussion of the elements of the hydraulic landscape of the Miyanab is provided in
chapters 6. The sources that are used here include works of the medieval geographers and
historians, publications of 19th and 20th century travelers, as well as recent scholarship about the
water history of the Miyanab plain. Five sources in particular are briefly introduced here in the

order of publication:

1) An account of the hydraulic structures at Shushtar published by the Dutch engineer
Graadt Van Roggen in 1906: Van Roggen was appointed by the Qajar government to investigate
the remains of the waterworks of Khuzistan so that they could be repaired and so that the
impoverished province could be restored to its former agricultural prosperity. He visited Shushtar
and several other locations in 1900. Although the restoration plans were not carried out, Van
Roggen left us with a detailed analytical documentation of the headworks at Shushtar at a time

when the archaeological landscape was relatively intact.

2) The travelogue of an Iranian engineer, Mirza ‘Abd al-Gaffar Najm al-Mulk: Najm al-
Mulk was one of the first people to teach and apply modern sciences in Iran, and he created the
famous map of Tehran in the Naseri period. He was appointed by Nasir al-Din Shah to undertake
this task some twenty years before van Roggen, and began work in the winter of 1882 CE. Najm
al-Mulk’s report to the king was published in Persian in 1962, under the title Safarname-yi

Huzistan (The Khuzistan Travelogue). Ahmad Kasrawi mentioned that the original report
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accompanied Najm al-Mulk’s maps of hydraulic remains, but the editor of the travelogue failed to
find either the original maps or their copies. '* Nevertheless, the travelogue provides one of the
richest descriptions of agricultural production and hydraulic infrastructure in early modern Iran.
In addition to detailed descriptions of water sources, the travelogue provides a vivid picture of
socioeconomic conditions in the region. Moreover, it records the names of features and locations

accurately, for unlike European travelers, Najm al-Mulk spoke and wrote in Persian.

3) The report of the Lar Consulting Engineers Co’s (Iran) study of hydraulic headworks
at Shushtar which was submitted in the winter of 2005, to the patron of the project “Ganjineh-yi
melli-yi ab-i Iran” (The National Hydraulic Treasures of Iran): Ganjineh is the research department
in the Ministry of Power that is concerned with the study, documentation and restoration of historic
hydraulic infrastructure. In 2000, a large-scale irrigation project was lunched on the Miyanab plain
that was to result in significant alteration/destruction of the hydraulic and archaeological
landscape. The goal was to intensively irrigate the entire 36000 ha of cultivable land on the
Miyanab plain. Although the planning for modernization of irrigation on the plain began in the
early 1980s, the plans did not go into effect until 2000. In anticipation of the expected destruction
of the archaeological record, the project triggered two comprehensive studies of the hydraulic
landscape of Miyanab, which had been largely left out of modern archaeological research on
Khuzistan. One of them was a multi-disciplinary study of the best known hydraulic remains at

Shushtar, assigned to the Lar Co. Many of the ambitious goals of the project remained unrealized

1941 have heard of some other scholars who more recently looked for the maps and could not find them. In 2013-2014
an Iranian colleague and I tried to find the maps, which we heard were kept in the archive of the Ministry of Foreign
Affairs. After much back and forth, we were given only a sample of the digitized maps in that archive that related to
the documentation of rivers and hydraulic remains. Among them, one of Najm al-Mulk’s maps was found. I will
include it in my images. I heard that another researcher is publishing a few other maps of his.
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mainly because it is difficult to document hydraulic remains in a river. But, for the first time a
systematic study of the hydraulic function of these structures as a group was conducted and the

findings of this study have contributed greatly to the present research.

4) The Archaeological Survey of the Miyanab plain, directed by Abbas Moghaddam from
the Iranian Center for Archaeological Research (ICAR): This was another important study
undertaken in anticipation of large scale landscape change on the plain. More information about
this project will be provided in this chapter, in the discussion of the settlement pattern of the plain.
The comprehensive reports of this project were published in Persian and English in 2005 and 2012,

respectively.

5) Peter Verkindern’s dissertation research on the waterways of lower Iraq and Khuzistan
in the Early Islamic period:'® The research is an excellent critical study of the works of Muslim
geographers and historians as well as the reports of modern travelers. The work combines the
author’s competence in Islamic historiography with a close reading of the archaeological literature.
My research has greatly benefited with this excellent and compelling synthesis of the historical

sources on the water courses and hydraulic structures of Miyanab.

2.2.1. Hydraulic Landscape of Miyanab: An Overview

The hydraulic landscape of the Miyanab is composed of three groups of elements: the two
rivers that encircle and define the plain, namely the Karun (the Shotayt) and the Gargar, which

were described at the beginning of this chapter; the Dariun feeder canal and the associated canal

195 Verkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period.” The dissertation was recently published (2015) under the title “The Waterways
of Iraq and Iran in the Early Islamic Period: Changing Rivers and Landscapes of the Mesopotamian Plain.”
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network that crisscrossed and irrigated the plain prior to the recent large-scale modernization
projects;'® the hydraulic structures which regulated the flow of water in the aforementioned
canals. Most of the remaining structures are located in the historic town of Shushtar (Fig 1.1, 2.13).
In addition, certain structures outside Shushtar will be presented and discussed. This chapter is
meant to present an overview of the features that are to be studied and is not an exhaustive survey
of the textual and archaeological evidence. Additional archaeological and textual evidence will be
presented in the discussion chapter. For ease of reference, relevant passages from all of the

historical sources which were consulted are provided in Appendix C.

2.2.2. The Karun /The Shotayt/Cahar Dangeh

Immediately northeast of Shushtar, the Karun River divides into two branches. The main
branch of the Karun, between its bifurcation and confluence with the Gargar, is called the
Shotayt'" (Fig. 2.11-2.13). Shotayt is the diminutive of the Arabic word Shatt, meaning a large
river. It flows around the north of the rocky outcrop of Shushtar for ca. 1.5 km. It then turns
southwest to the Sardarabad (or Haft Tappeh) anticline where it begins to flow toward the
southeast. In this stretch of the river, c. 25 km, its course is very unstable, with parallel channels,
numerous old meanders, oxbow lakes and scroll bars. For the remaining 20 km, the river follows
a generally southward course that is characterized by large, relatively stable meanders. As
discussed earlier, the difference between the upper and lower course of the Karun in the Miyanab

region can be attributed to variations in slope and sediments, between the fan to the north and the

196 The recent agricultural modernization project, too, depends to a large degree on the Dariun canal. Hence, the project
is dived into seven phases, Dariun 1-7. However, the modernized canal network was built by the destruction of the
old canal and its famous intake from the Karun river. The new canals only generally follow the courses of the main
old canals (Fig. 2.15-2.17).

107 Sutayt
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flat plain to the south. The Karun joins the Dez and shortly thereafter the Gargar (see infra) at the

Band-i Qir (the Bitumen Dike), which marks the southern limit of the Miyanab plain.

The Gargar did not join the Karun at the Band-i Qir before the Middle Islamic period (see
infra). Therefore, the earliest sources do not contain information on the name of this particular
segment of the river. Nahr-i Tustar/Ab-i Tustar/Dujail al-Ahwaz/Dujail/Nahr al-Ahwaz are the
names of the Karun in Medieval sources. These names were used interchangeably in contemporary
sources even by the same author. '®Yet, a difference between the choice of name between

geographical and historical sources, and between earlier and later sources, can be discerned.

Dujail al-Ahwaz, often abbreviated as Dujail, the diminutive of Dijla, is the standard name
of the Karun throughout the medieval period."” The 10th century geographers, however, use Nahr
Tustar or Ab-i Tustar (the river of Shushtar) to refer to the Karun."'® Gradually Ab-i Tustar was
used only to refer to the river in the vicinity of Shushtar.”"" But, the works of later medieval authors
who copied from multiple sources present a confusing picture as they used both names. The fact
that Dujail is the more common name at this time is nevertheless clear from explanatory phrases
added to the copied texts, e.g. “And, in the land of Khuzistan, there are flowing rivers and the

99112

biggest of all is Nahr Tustar, which is called Dujail al-Ahwaz”"' or from the fact that an entry for
Dujail al-Ahwaz is added along with the 10th century entry for Nahr Tustar.""® Nahr al-Ahwaz, is

the third name for the Karun in medieval sources, although it appears far less frequently.'™

108 Yo' Bld, 361; Ya’ Trh, Vol 1:180; Yag, 285, 243; Dim, 97, 115.

109 Bal Fut, 380; Faq A, 227 Ya’ Bld, 361; Hal, 172; Hur, 172; Rus, 91; Dim, 115; Suh, 129; Fid, 57-58.
10 Ist, 89; Haw, 2:251-2; DIf, 28; Yagq, v. 4:3.

"1 Nuz D, 165; Jug, v 2:253; Dim, 97.

"2 1dr Nzh, 393.

113 Jug, v1:157, 161, 163.

"4 Mug, 19, 419; Dim, 97.
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In modern literature, the Greater Karun (Per. Karun-i Bozorg) refers to the waterway
formed after the Shotayt joins the Dez and the Gargar. A similar notion is observed in medieval
sources. Prior to the joining of the Karun and the Gargar, the main landmark along the river
between Shushtar and Ahwaz was its confluence with the Dez (Nahr as-Sus and Ab-i Dezfiil of
Medieval and early Modern sources, respectively) which is frequently mentioned by Muslim

geographers (see infra).'"®

While the date of the hydrological shift of the Karun that caused it to join the Gargar is
debated, it is clear that by beginning of the 14th century the current situation was established: the
Gargar and the Dez joined the Karun/Shotayt near the ruins of ‘ Askar Mukram to form the Greater
Karun."® By this time, the river had received a new name, Cahar Dang/Dangeh (Per. The four-
sixths), while the smaller branch was called Du Dang/Dangeh (Per. The two-thirds)."” These
names reflect the assumption that the water of the Karun is divided in such proportions between
the Shotayt and the Gargar branches.'® Comparing the accounts of European travelers with the
travelogue of Najm al-Mulk suggests that in the 19th century, Cahar Dangeh and Du Dangeh were
still the standard local names of these water courses, while the Shotayt and the Gargar had begun
to dominate official literature: Europeans used the latter names and only mention the former when

referring to the division of the water at Shushtar.”"® In contrast, Najm al-Mulk used only the former

"5 yag, 361; Hur, 176; Rus, 162; Dim, 115; Suh, 129.

16 Nuz S, 207.

"7 Ibid.; Zaf, 702-3. All the non-Iranian sources (early modern and present-day) record these two names as Cahar
Danig and Du Danig, while the Persian word for “a sixth” is Dang and not Danig. It seems to be a mistake that has
persisted since the 19th century. Dang, which is the formal written word, often becomes Dangeh in colloquial
pronunciation of the combinations such as four sixths (Cahar Dangeh). Najm al-Mulk Persian recording of these names
confirms my initial speculation that Danig is a mistake that has been repeated to the present day.

"8 Nuz S, 207; Rawlinson, “Notes on a March from Zohab,” 74.

19 Rawlinson, “Notes on a March from Zohab,” 74.
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names and in one instance mentioned that Cahar Dang/Dangeh is also called the Shotayt.'? This
trend persisted. While Cahar Dang/Dangeh is still remembered as the name of the segment of the
Karun between Shushtar and the Band-i Qir, the water course is at present called the Shotayt or

simply the Karun. "'

Before the Gargar and the Karun joined, the main landmark along the Karun between
Ahwaz and Shushtar was the Early Islamic town of ‘Askar Mukram, the ruins of which are found
approximately 2-3 km north of the Band-i Qir. The history and evolution of this Islamic town will
be discussed in detail in chapter 6. It was the only Islamic city founded in Khuzistan after the
Conquest, most likely in the later 7th century/early 8th century, and grew to eclipse Ahwaz and
Shushtar by the 10th century. The standard 10th century description, repeated in later medieval
sources, states that the Nahr Tustar passes behind (wara’i) ‘Askar Mukram until it reaches
Ahwaz."? Ya’quibT’s account is interesting in that it includes Jundi Shapur as a settlement along
the Karun: “the water of Nahr al-Ahwaz comes from two wadis (rivers), one originates from
Isfahan (i.e., the Shotayt) and flows to pass the Shadorwan of Tustar and ‘Askar Mukram and
Jundi Shapur. The other (the Dez river) originates in Hamadan and flows toward Siis; then the two
rivers flow toward Manadir-i Kobra'?® where they join and become one river which is called Dujail

al-Ahwaz.”"'?* Beside this uncommon reference to Jundi Shapur, which is not on the Miyanab,

120 Najm al-Mulk, Naj, 27-35.

121 At least for the Shoteyt, the sudden appearance and dominance of the name in the early modern literature could be
explained by the general trend of Arabization of the province which was encouraged by the British. While some
Iranian scholars have opposed the use of this name, I decided to maintain and use it because it is still commonly used
by local people and development agencies.

122 16t 79; Haw, 2:252; Idr Nzh, 393.

123 An Early Islamic Kura (Province) and settlement which seem to have been deserted by 10th century (ref).

124 Ya’ Bld, 203.Verkinderen is puzzled by this account and proposes a translation that does not place Jundi Shapur
along the Karun. I disagree with his translation as it does not accord with the tenses of the verbs. Yaqubi’s conception
is eccentric but not unacceptable, as Jundi Shapur is indeed depicted along the Karun in some of the 10th century
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‘Askar Mukram is the only settlement on the plain that is frequently mentioned by medieval
authors as a landmark along Nahr Tustar. Verkinderen has speculated that the lack of geographical
names along the upper course of the Karun is due to the fact that no major roads passed along it.
That might well be true. It is important to note, however, that the main land route from Iraq (al-
Wastt) to Fars connected Jundi Shapur and ‘Askar Mukram and crossed Nahr Tustar most likely
somewhere near the nose of the Haft Tappeh anticline. The location of this crossing in not
mentioned anywhere in our sources. Therefore, this silence might also relate to the fact that no
important settlement existed along this course, as suggested by the map of archaeological sites on
the Miyanab. The next settlement that is located along Nahr Tustar or Dujail al-Ahwaz after ‘Askar
Mukram is al-Ahwaz (also called Stq al-Ahwaz and al-Hurmuz). There is a consensus that, prior
to the Middle Islamic period, the Karun continued its course to the south in a meandering bed that

was later abandoned, traces of which are clearly visible on satellite imagery (Map 6.12).

2.2.3. The Gargar/ al-Masrugan/ Du Dangeh

Today, the smaller stream that is created after the bifurcation of the Karun at Shushtar is
called the Gargar River (Fig. 2.11-2.13). The Medieval name of the river was al-Masruqgan (al-
Masruqgan). This water course is the most frequently mentioned component of the irrigated
landscape of Miyanab. The two aspects that were raised by medieval authors continue to form the
basis of intellectual inquiries about water history in the region: First, when and how did the river
form? Second, what was the role of the Gargar in irrigation agriculture and what areas were

irrigated by it?

maps; see Kramer’s Ibn Hawqal for example. In fact, neither Askar Mukram nor Jundi Shapur are in that sense actually
located along the Karun.
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As explained earlier, by the 14th century, the river had received a new name: Du Dangeh.
The fact that later medieval authorities continued to copy earlier sources makes it difficult to know
when the name Masrugan was abandoned. It is likely that it occurred in association with the
hydrological event south of the Miyanab that transformed the hydraulic landscape of the region. It
seems likely that by late 14th century, the name Masruqan had gone out of use. This is suggested
by the fact that Hafiz Abra was unaware that Masrugan and Du Dangeh refer to the same water
course. In his account of Shushtar, which is based on first or second hand information, Hafiz Abrt
describes the hydrology of the city surrounded by Du Dangeh and Cahar Dangeh.'® In his
geographical list, however, which is copied from earlier sources, he names the Masrugan and
modifies the description, adding that it originates in the environs (Nawahi) of Shushtar. Likewise,
he states that Nahr Tustar arose from behind ‘ Askar Mukram and does not link it to Shushtar.’?® It
is nonetheless unclear whether the names Du Dangeh and Cahar Dangeh first appear in the Middle

Islamic period or whether they were already used by locals during earlier times.

By the late 18th century, the name Gargar was frequently used alongside Du Dangeh. '*’
Rawlinson tells us that the name derived from the easternmost city quarter of Shushtar.'?® Two
local histories of Shushtar in the 18th and 19th centuries inform us that post-Safavid sectarian strife
caused the clustering of neighborhoods to two zones: Dastowa, west of the city, and Gargar east

of the city and near the Gargar river.'® Whether the river gave its name to the city quarters or the

125 Jug, v2:93.

126 Ibid., v1: 162-63.

127 It has been become common in modern Persian usage (even in scholarly literature) to assert that the name Gargar
was in use in the 14th century. All sources cite MustawfT as saying the city had four gates, one of which was called
Gargar. MustawfT writes, however, only that the city had four gates and does not name them. Nuz S; Nuz D.

128 Rawlinson, “Notes on a March from Zohéb,” 74.

129 Tuh, 58-59.
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converse is not clear, in particular as the meaning of the name Gargar is not understood. There are
several folk etymologies for the name Gargar, one of which concerns certain water lifting devices
along the river.”®® However, since Gargar appears in certain placenames, e.g., Sahra-yi Gargar
(Per. The Gargar plain) or the Gargar neighborhoods, I favor the idea that the river was named

after a place called Gargar, around the 18th century.

There is no ambiguity about where the stream begins. Medieval authors state that the
Masruqgan branched off the Nahr Tustar at or near Shushtar. Very often the description makes it
clear that the river was separated from the Karun upstream from the Shadorwan (see infra) of
Tustar.™" The fact that the present configuration of the city, surrounded by canals on all sides, was
established by the time of the Muslim Conquest is proven by a 7th century Syriac text, known as
the Chronicle of Khuzistan or the Anonymous Chronicle. There is a consensus that the text was
written during or immediately after the conquest of Khuzistan (no later than 680s) by a resident of
the region, and is not influenced by the Islamic historiographical tradition.”? The text reports that
all of the fortified towns of Khuzistan were conquered except for Shush and Shushtar, which were
very strong. The conquest of Shushtar was extremely difficult because “This Shushtra is very
extensive and strong, because of the mighty rivers and canals that surround it on every side like
moats. One of these was called Ardasirgan, after Ardasir who dug it; another, which crossed it,
was called Samiram, after the queen; and another, Darayagan, after Darius. The largest of all of

them was a mighty torrent, which flowed down from the northern mountains.”**?

130 Ibid.

31 Hur, 176; Rus, 90; Haw, 2:251; Jug, v2:93.
132 Robinson, “The Conquest of Khuzistan,” 15.
133 Tbid., 17.
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There is almost no doubt that Ardasirgan is to be identified with al-Masruqan, Darayagan
with the Dariun canal (see infra) and the mighty torrent with Karun or more specifically the
Shotayt. The identification of Samiram is more problematic.'>* The fact that Shushtar at the time
of conquest was unassailable owing to the large canals that surrounded it on all sides is
corroborated also by futiih accounts.” Unfortunately, the texts do not offer any information on

the lower course of the Gargar.

Another fixed location along the Masruqan is the Islamic settlement of ‘Askar Mukram,
the ruins of which are located south of the Miyanab plain. The 10th century geographers report
that ‘ Askar Mukram was built on both sides of the Masrugan.'*® The course of the Masruqan after
passing through ‘Askar Mukram is less clear. The Karun flows in the old bed of the Masrugan
between the Band-1 Qir and the village (now town) of Wais. This is an extremely straight channel
for near 20 km, and the traces of the old meandering bed of Karun are found c. 5 km west of the
present course. There is less consensus as to how the river continued its course after Wais and
where it ended. The 9th and 10th century geographers offer two possibilities: first, that the
Masruqan ended in Ahwaz;™’ second, that it flowed past Ahwaz and debouched into the Persian
Gulf."®® As will be discussed in chapter 6, modern scholarship has attempted to reconcile these

conflicting accounts.

Since the 19th century, many scholars have attempted to illuminate the development of the

Masruqan in antiquity. The origin and the history of the channel is, however, still a mystery. There

134 See also: Moghaddam, “A Note on the Gargar Irrigation System”; Verkinderen, The Waterways of Iraq and Iran,
120-21.

135 Bal Fut, 380; Halifa b. Hayyat, Hal, 81; Tab, 2553-3.

136 [s¢, 89; Haw, 2:252; Mugq, 410; DIf, 28.

87 Hud, 372; Ist, 89; Haw, 2:251.

38 Hur, 176; Rus, 91; Suh, 162.
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is no indication as to when and how the river was created in the first place. Nor is there any clue
about whether the course of the river described in the Early Islamic period was dramatically
different from the channel that flowed in the pre-Islamic period or not. Past scholarship has taken
the claim of medieval texts for granted that the river was a canal built as a massive state-sponsored
project by a Sasanian king in the 3rd or 4th centuries.”? Nonetheless, these textual references are

inconsistent and problematic.

Also unclear is the role of the Masruqan in irrigation. Textual sources indicate that the
Masruqan area was a most prosperous agricultural zone.'*® However, the river currently flows c.
10-20 m below the plain, and its role in irrigation is limited to small fields on the lowest terrace of
the river channel. Past scholarship has attempted to explain the irrigation function of the Gargar

and the reasons for its failure in the medieval period."" This question is pursued in chapters 6-7.

2.2.4. The Dariun

A third important watercourse that originates at Shushtar is the Dariun'? canal (Fig. 2.13-
2.17). The history and function of the canal is linked with that of the Shadorwan Weir. The weir
creates a reservoir which feeds the Dariun canal. The two main canal heads of the Dariun were
located on the left bank of the Shotayt, c. 300 m east of the weir under the Salasel Castle. From

there, two c. 3-4.5 m wide canals originated. They joined after c. 100 m and formed the Dariun

139 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 174—87; Rawlinson, “Notes on a
March from Zohab,” 73—74; Curzon, Persia and the Persian Question., 2:377-79; Verkinderen, The Waterways of
Iraq and Iran, 111-36; Alizadeh et al., “Human-Environment Interactions on the Upper Khuzestan Plains, Southwest
Iran. Recent Investigations,” 80—-82; Woodbridge, “The Influence of Earth Surface Movements and Human Activities
on the River Karun in Lowland South-West Iran”’; Moghaddam, “A Note on the Gargar Irrigation System.”

140 Isr, 90-91; Abii Dulaf, DIf, 30.

141 Alizadeh et al., “Human-Environment Interactions on the Upper Khuzestan Plains, Southwest Iran. Recent
Investigations,” 80-82; Moghaddam, “A Note on the Gargar Irrigation System.”

142 Dariytin
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canal. In 2002, during the first phase of the MIDP, the ancient canal heads were destroyed and

replaced with modern headworks which pump water from the Karun to the Dariun.'*®

In addition to these main headworks, it is said that six subsidiary canal heads and two
subsidiary canals existed under the Castle and downstream from the main intakes. Given that the
Dariun canal head has never been properly documented, the configuration and function of the
subsidiary canal heads is not fully understood. According to the local cultural heritage
authorities, " these facilities came into play during seasons of high water. They directed the

overflow of the main canal and protected the canal network from destruction by flooding.

The configuration of the Dariun canal system after it emerges out of the Salasel Castle was
first documented by Graadt van Roggen in the beginning of the 20th century. He reports that the
first 500 meters of the Dariun canal was protected from the river floods by means of a masonry
wall on its right bank. Nonetheless, the wall did not seem to have been very effective. The bed of
the Dariun was filled with pebbles from the river and the canal had become useless."® Less than 2
km south of the castle is an ancient weir, named Band-i Khak (Per. The earthen dam). At this
location, the Dariun branches off into two channels. One, the Raqqat'® canal, flows toward the

southeast, flanks the city on the southern side and empties into the Gargar. About 400 m south of

143 One of the main concerns and design criteria for the modern canal system of Miyanab was to overcome the problem
of dropping water level at the head of the Dariun. The initial design-by Mahab Quds Consulting Co. was based on
raising the Karun water level at the canal head of the Dariun through a new weir downstream the Shadorwan. In this
plan, the Miyanab canal system continued to function by gravity flow. Nonetheless, a new idea was offered by Ab
Warzan Consulting Co. in the late 1990s that proposed destroying the ancient canal head and replacing it with pumping
facilities. The main argument was that the ancient Dariun canal head was the best configuration for the irrigation of
the plain, and that a pumping facility would eliminate the problem of dropping water level in the canal forever.
Unfortunately, after much debate between Cultural Heritage activists and the KWPA, the latter design was
implemented and the old canal heads were destroyed.

144 E.g. http://omurpaygah.ichto.ir/Default.aspx?tabid=4898 &language=fa-IR

145 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 178-79.

146 Raqqat
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Band-i Khak, a weir and bridge named Lashkar is built on this stream. The Raqqat canal completes
the moat that has encircled the city at least since the Muslim conquest. The second canal runs to
the southwest and is the main irrigation branch of the Dariun. The canal distributes water on the
northern part of the Miyanab plain and empties into the Karun near the village of Arab Hasan, c.

20 km south of the Salasel citadel.

References to the uppermost part of the Dariun canal system are abundant in the futiih
accounts, which inform us that the most difficult stage of the conquest of Khuzistan was at
Shushtar. The city was surrounded on all sides by water and the Muslims besieged the city for a
long time."" Eventually, the conquest was made possible when one of the inhabitants of Shushtar
offered to show the Muslim army the hidden way through the city if they promised to save his life
and that of his family members. The vanguard of the Muslim army followed him and swam from
a location where water exits the city (47. mahraj al-ma’)"®. They opened the gates and the Muslim
army was able to enter and conquer the city. While the story does not locate the tunnel under
discussion, the general configuration and condition of the Dariun canal heads under the castle
makes it the likely site of the story.™® According to Tabari, the Persian commander Hurmuzan,
once informed of the situation, ran away toward the Salasel citadel and was caught by the Muslim
vanguard who had found their way through the hidden tunnel. This account provides more support

for theory that the betrayer guided the Muslims into the city wall by means of the Dariun canal.

147 Couple of months up to two years is mentioned in various accounts.

148 A key word in these excerpts is the adjective used to describe the water passage: Tabari (Tarikh, v1.5: 2555) calls
it the outlet of water (Makhraj al-Ma’) while Khalifat (Tarikh: 81) calls it an inlet. The Dariun is the outlet of the water
from beneath the city. In this case, only Tabari’s account can refer to the Dariun. Nevertheless, a few lines after,
Halifat gives a longer description: The subterranean channel through which the water enters/goes (Naqb al-ladhi
dakhal al-Ma’r minhu), which can apply to the Dariun. Therefore, it is possible that his use of inlet instead of outlet
abbreviates this longer description.

149 Bal Fut, 380; Hal, 81; Tab, v1: 2553-55.
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Despite the gradual decline of the Dariun canal system, medieval and pre-modern
irrigation agriculture on the Miyanab plain depended solely on this canal. This is indirectly
expressed by medieval sources emphasizing the significance of the Shadorwan for irrigation of the
plan. The first explicit reference is by Mustawft who writes that the province of Shushtar owes its
well-being/glory (Pers. madar) to the canal (Per. jiiy) of Dastabad (i.e. Dariun)." After the weir
of the Shadorwan collapsed in the late 19th century, the canal heads were below the water level
during low waters. Thereafter, water supply through the system was possible only during high

water and was intermittent at best.'’

Hydraulic modeling of the historic headworks at Shushtar
suggests that a discharge of 15-20 m?/s could have been supplied by the Dariun when fully
functional. The number had dropped to 5 m*/s in the Pahlavi period and 2.5 m?/s in the late 1990s

before MIDP launched.®?

The date of the construction of the Dariun is not known. A popular legend that has
persisted since the 7th century associates the name of the canal and its builder. According to the
Chronicle of Khuzistan, the canal was named “Darayagan, after Darius”. Modern scholars have
generally accepted this explanation, even though no particular argument has been offered.'*® In the
18th century, the local history of Shushtar attributes the construction of this canal to the

mythological king of the Kayanid Dynasty, Dara and his son." The core of the legend that is

150 Nuz S, 165.

151 Verkinderen, “Tigris, Euphrates, Kartin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period,” 266.

152 “The Renovation and Restoration Plan of SHHS-Vol 7”; “Environmental Report-The Renovation and Restoration
Plan of Shushtar Historic Hydraulic System.”

153 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 179; “The Renovation and
Restoration Plan of SHHS-Vol 7,” 123.

54 Taz, 4; Tuh, 42.
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corroborated in modern scholarship as well is that the construction of the Dariun canal happened

before the construction of the Gargar and before the Sasanian period.'®®

While a name derived from Dariya/Darius seems to have persisted for the canal since
antiquity, other names have also been recorded for the canal. Furthermore, the Dariun canal system
is composed of several canals which may have had different names. As mentioned above, in the
14th century, Mustawfi called the canal jiiy-1 Dastabad. At the same time, Ibn Battiita wrote that
the canal that encircled the city was called Nahr al-Azraq (4r. The blue canal). If the latter name
was in fact used, it might have only referred to the branch that forms the moat of the city, similar
to the present name Raqqat. The Samiram of the Khuzistan Chronicle might refer to the same
canal. In the 19th century, Nahr-i Miyanab (the canal of Miyanab) was used along with the name

Dariyan.'®

2.2.5. The Salasel Castle

While not a hydraulic feature, the Salasel'’

castle is an important element of the irrigated
landscape of Shushtar owing to the fat that the Dariun canal heads are located beneath it (Fig. 2.1,
2.6-2.7, 2.19). The castle footprint is an irregular oval that covers an area of c. 3.5 ha. It is located
north of the city, on the left bank of a large meander of the Karun overlooking the river and the

Shadorwan. In addition to the headworks of the Dariun canal, ruins of administrative buildings

from the 19th and 20th century stand inside the walls of the castle. At least in the 19th century, the

1% Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain,
Greater Susiana, Iran.

156 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 178; Naj, 29; Tuh, 42.

157 Salasel
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southern side of the castle, not naturally protected by the river, was flanked by a moat (2.19)."®
Aerial photos demonstrate that the northern side of the castle has been gradually away since at

least the 1950s. This process might have been ongoing for a long time.

As explained above, the futiih accounts leaves no doubt that the citadel and canal heads
underneath it existed at least since the late Sasanian period. The medieval authors refer to it simply
as qal’a (Ar. citadel); the name Salasel is mentioned for the first time in the local history of
Shushtar that was written in the 18th century. According to legend, Salasel was the gulam (A4r.
slave) of a certain governor of Fars who ruled Shushtar on his behalf and built the castle. He then

revolted against his overlord, but, eventually peace was made and Salasel was reappointed to rule

Shushtar."®®

According to a local history of Shushtar, the 17th century, the Safavid governor of
Shushtar, Fath ‘Ali Han, repaired the buildings of the castle, which were in ruins."® Regardless, a
century later, in the early Qajar period, all the administrative buildings of the castle were in ruins
and the governor resided inside the town.'®" Three other restoration projects were undertaken later
in the Qajar period and the castle was used again as the official residence of the governor of
Shushtar: first, in 1237 AH/1821 CE by Muhammad ‘Ali Mirza; second, in 1299 AH/1881 CE;
third, in 1307 AH/1889 CE by Huseyn Quli Han-i Mafi. Eventually, the buildings fell victim to

heavy rain and an earthquake in the 1920s and were never repaired. In 1963, most of were

58 Tuh, 60.
59 Taz, 22-23; Tuh, 60.
60 Taz, 62.
81 Tuh, 61.
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destroyed by the Bureau of Finance (Per. idari-yi dara’i). Various organizations have since then

occupied the area within the castle.'®

2.2.6. The Band-1 Mizan

The Band-i Mizan'®® (the Mizan weir) is located on the Gargar where it separates from the
Karun (Fig. 2.11-2.13, 2.20-2.22). At first glance, the geometry of the weir is striking. It is formed
of two perpendicular arms. The weir proper is the eastern arm, which faces the flow of the river
and regulates water that is diverted to the Gargar. It is ¢. 70 m long and has a trapezoidal section:
the straight side faces the flow and the slanting side (c. 45°) faces south to maximize resistance.
Average crest height, above the river bed, is 6 m. The weir has nine main sluices and two small
sluices. The main sluices are c. 1.8-2.5 m wide. Their height ranges from 1-3 m. The apexes of the
sluices are located c. 0.5-2.5 m below the crest of the weir. One of the small sluices is located after
the first main sluice and the other before the last sluice. Their width and height are 1 m and 1.2 m,
respectively. Their apexes are located 3.5 m below the crest of the weir. At present, the weir is not
equipped with sluice gates, but it appears to have been in the past. The western arm of the weir is
more a stabilizing structure, c. 300 m long. The shape, height and width of the structures does not
remain constant across its length. The maximum height of the crest from river bed is 9 m. The
western structure has one sluice, 4 m width, 3 m height. The western arm widens significantly at

the junction with the eastern arm, and takes a round form. The weir is generally made of sandstone

162 1qtidari, Asar-I Khiizistan, 668; “The Renovation and Restoration Plan of SHHS-Vol 7.”
163 Band-i Mizan

68



and sariij mortar. Like other hydraulic structures in Shushtar, however, variation is observed in the

material used in different parts of the structure owing to past restorations.'®

The name of the weir reflects its commonly assumed function in the bifurcation of Karun.
Mizan means balance, measure, amount etc. A widely accepted idea is that this weir regulates the
flow of the Karun so that two-sixths of it is directed to the Gargar/ Du Dangeh and four-sixths to
the Shotayt/Cahar Dangeh. The sources have described this function variably, noting that the weir
allows, directs or guarantees a certain portion of the river Karun to pass to the Gargar."® The Lar
project was the first to model and analyze the Shushtar Historic Hydraulic System and its possible
variations. The modeling study assumed the situation where the Shadorwan was still functioning
and a reservoir existed behind the dam. The study disproved the idea that the Band-1 Mizan directs
a fixed proportion of the flow of the Karun into the Gargar. First, the proportion of the water that
flows into the Gargar and the Shotayt depended on the discharge of the Karun. Second, the weir
could have had a significant impact on the division of the water between the two streams only if it
had sluice gates. Without sluice gates, the proportion of the water that was distributed between the
two water courses was determined by the velocity of the flow, the relative elevation of the Gargar
and the Shotayt, and the elevation of the Gargar Dam. The Band-i Mizan had negligible hydraulic
impact. In this situation, at low water most of the Karun would have flowed through to the Gargar.
As the water level rose the proportion would have reversed. During floods, only a small percentage
of water flowed through the Gargar. During high floods, the weir is usually under water and is

hydraulically ineffective. If the weir was equipped with sluice gates, it would have been possible

164 «“The Renovation and Restoration Plan of SHHS-Vol 7.”

165 Verkinderen, “Tigris, Euphrates, Karin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period,” 268; Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques
Susiane,” 184; Naj, 29.
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to adjust the flow of the Gargar during low waters and the Band-i Mizan would have a hydraulic

role in distribution of water between the Karun and the Gargar."®®

No unequivocal reference to the Band-i Mizan is found in the medieval sources. In
Baladuri’s account of the conquest of Shushtar Abu Musa dispatched one of his people with the
traitor to Dujail on a pavement of stone (‘Araq min Hijarat). Verkindern has suggested that this
passage might refer to the Band-i Mizan since the weir functions as a paved stone bridge during
low water.'®” More support for this theory may come from the fact that the Muslim army
approached Shushtar from the southeast, the area of Ram Hurmuz. Thus, it is not unlikely that they
camped on this side of the city wall. Nevertheless, other details mentioned in the story, in particular
a water channel that could take the swimmers inside the city, best fits the Dariun channels. The
small water distributor channels on the bank of the Gargar that were connected to the inside of the
city are downstream from the Gargar Dam, and are too far from Mizan and too small to correspond
with the story. The small water distributor channels on the bank of the Gargar that were connected
to the inside of the city are downstream from the Gargar Dam, and are too far from Mizan and too

small to correspond with the story.

The only story that is unquestionably relevant to the weir appears for the first time in the
local histories of Shushtar written in the 18th and 19th century. They relate that Shapur II divided
the Karun into two streams and built both the Shadorwan and the Band-i Mizan in the following

sequence: first, a large canal (i.e., the Gargar) was built to divert the water of the Karun. Second,

166 “The Renovation and Restoration Plan of SHHS-Vol 7,” 116; “Environmental Report-The Renovation and
Restoration Plan of Shushtar Historic Hydraulic System”; “Hydraulic Report-The Renovation and Restoration Plan of
Shushtar Historic Hydraulic System.”

67 Bal Fut, 380.“Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period,” 277 ff. 636.
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the Shadorwan was built. Third, the Band-i Mizan was built in order to facilitate the movements
of animals and people across the canal, reflecting the fact that the weir was a major transportation
causeway during times of low water. Another function of the weir was to allow a certain amount
of water (two-sixths) to flow into the Gargar through its openings.'® Modern scholars have
generally accepted this story and assumed a Sasanian date for the structure. Van Roggen is the
only person who has attempted to explain the process whereby such a project was undertaken. This

hypothesis will be more thoroughly discussed in chapter 7."°

The weir has also been called Band-i Sahzadeh (Per. The princess’s weir) or Band-i
Muhammad ‘Ali Mirza, or Band-1 Dawlat$ahi, reflecting major restoration of the structure in the
early 19th century under the patronage of the Qajar prince, Muhammad ‘Ali Mirza. The weir seems
to have always been a solid structure and did not suffer major damage until it was purposefully
breached in the 17th century. In 1078 H/1667 CE, Fath-°Ali Han, the governor of Shushtar, partly
destroyed the weir in order to divert the flow of the Karun into the Gargar and to make it possible
to repair the bridge of the Shadorwan. '"° The restoration of the bridge took fourteen years, after
which Fath-‘Ali Han was summoned from Shushtar before he was able to repair the weir. The
damage worsened over time, especially after a flood in 1106 AH/1694 CE, and left a severe impact
on the agricultural production and hydraulic structures on the Gargar. Attempts to restore the weir

under the patronage of Nadir Shah in 1142 AH/1730 CE failed and were not pursued again for 80

168 Taz, 4-6; Tuh, 46-47.

169 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 184.

170 A major technical obstacle which has hindered the study of hydraulic structures at Shushtar is that they are fully
or partially submerged. In particular, the Shadorwan and Mizan are in the untamable currents of the Karun. As this
overview shows, since antiquity, it has seemed logical that the construction of the Shadorwan required diversion of
water. The incentive of Fath-*Ali Khan to breach the weir might have also been related to the legend that the Gargar
carried the entire flow of the Karun until the Band-i Mizan was built and the flow of the Gargar was restricted.
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years. Under Muhammad ‘Ali Mirza, the weir was successfully restored between 1221-1231
AH/1806-1815 CE, and remains solidly in place to this day. Najm al-Mulk expressed surprise at
the level of investment in the project and the quality of the restoration under the patronage of the

prince. """

A certain confusion has persisted in western scholarship as to whether the name Band-i
Qaisar (Per. The Caesar’s weir) was applied to this weir or to the Shadorwan (infra). Some 19th-
century travelers have even attributed the name the Band-i Mizan to the Shadorwan weir.""
Persian sources rule out the idea that the name the Band-i Mizan was ever applied to any other
hydraulic structure. In addition, the local building legend only makes sense for a weir that is located
at a bifurcation of the river. There is no textual reference that suggests Band-1 Qaisar was ever
used to refer to the Band-i Mizan. Likewise, in modern times this usage is not attested locally. It
is very likely that the confusion in western scholarship stems from Rawlinson’s mistake. This idea
might be further supported by the fact that Van Roggen, the only western scholar who spent enough
time in Shushtar studying the structures, did not confuse the names. Nonetheless, Mir ‘Abd al-
Latif writes that after the Valerian's (Caesar) Roman engineers completed the hydraulic project of
Shushtar for Shapur II, water was allowed to flow into Du Dangeh by means of the Caesar’s

openings/holes (Per. forjeh-ha-yi Qaisari).'” This may suggest that in 19th century some kind of

71 Taz, 62—66; “The Renovation and Restoration Plan of SHHS-Vol 7,” 120; Naj, 29. Verkinderen notes that while
the repairs of Mohammad ‘Ali Mirza at the Shadorwan are well-known, no independent source corroborates
Rawlinson’s statement that the weir on the Gargar was also repaired by him. As shown here, however, Persian sources
describe these repairs at the Band-i Mizan in great detail. Verkinderen, “Tigris, Euphrates, Kartin, Karkheh, Jarrahi,
Tracking the Traces of Five Rivers in Lower Iraq and Khiizistan in the Early Islamic Period,” 603f.

172 Verkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period,” 268; Rawlinson, “Notes on a March from Zohab,” 75; Alizadeh et al., “Human-
Environment Interactions on the Upper Khuzestan Plains, Southwest Iran. Recent Investigations,” 70.

73 Tuh, 47.
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relationship was posited between the Band-i Mizan and the story of Qaisar which may have created

the confusion in the literary sources.

2.2.7. The Shadorwan

The most well-known hydraulic feature of Shushtar, and of Khuzistan in general, is the

Shadorwan 74

weir-bridge, also known in historical sources as Shadorwan-i Tustar. The
Shadorwan is located on the Shotayt, c. 1300 m downstream from the bifurcation (Fig. 2.11, 2.13,
2.18-2.19, 2.23-2.27, 2.53). The structure, as it has survived to modern times, consists of a weir
over which a bridge was built. The hydraulic function of the weir was to raise the water in a
reservoir which would feed the Dariun canal system. Despite the fame of the monument, very little
is known about it. By the time Van Roggen properly documented the Shadorwan, the structure had
collapsed and fallen victim to the currents of the Karun for a couple of years. Therefore, even the
exact number of arches of the bridge are not known for sure. Also, differing measurements of the
structure and its components appear in medieval and modern sources. It is likely that this variation
is caused by the difficulty of documenting a monument that stood in the middle of the Karun, by
the existence of extensions and installations near the weir which may or may have not been

included as belonging to the monument, as well as by errors of transmission on the part of the

medieval authors who copied from earlier sources when writing about the monument.

The monument, as preserved today, is ¢. 530 m long. We do not know much about the
substructure, i.e., the weir, which is submerged. In the few locations where the weir is visible, the

irregular geometry of the structure across the river suggests that it followed a natural outcrop in

174 Sadurwan
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the river bed."”® This is typical of hydraulic structures in northern Khuzistan. In section, the weir
takes the form of an isosceles trapezoid made of large sandstone blocks and sariij mortar. The
upper surface, which forms the base of the bridge, is ¢. 20 m wide. The height of the weir above
the river bed averages c. 4-5 m. In the middle of the river where the bed has been highly eroded,

the crest of the weir is ¢. 10 m higher than the river bed.

Our understanding of the original bridge construction is also limited, primarily due to past
restoration and modern alterations and destruction. In its current state, the bridge can be divided
into three segments. The southern segment is c. 280 m long, and is composed of 24 large arches
as well as 11 small arches at a higher elevation. The middle segment, ¢. 120 m long, is washed
away. Van Roggen estimated that this section 5 five arches. The northern section is ¢. 130 m long
and includes 11 main arches as well as 2 small arches at a lower elevation. In total, it has been
suggested that the bridge, when intact, had 40-44 main arches. There is significant variation in the
form, construction, and dimensions of the arches caused in part by several phases of construction

and restoration of the structure.'”®

The bridge in general has four main components. The piers, the main arches, the small
arches and the deck. The piers have five sides whose cross section is formed by a rectangle and an
isosceles triangle, the end of which faces the flow. Their rough ashlar masonry is cemented with
sariij mortar. The sections of some of the fallen piers suggests that the core of the pillars was filled
with irregularly-shaped stone pieces. The arches are heterogeneous in form and material. They are

primarily built of brick, with lime and gypsum mortar; sometimes on springs made of rough ashlar

75 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 176; “The Renovation and
Restoration Plan of SHHS-Vol 7,” 266.
176 “The Renovation and Restoration Plan of SHHS-Vol 7,” 100, 225-26; Naj, 26.
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and sardj. In general, the piers and the arches are wider in the southern segment. In the southern
segment, large piers are c¢. 7-11 m wide and small ones c. 4-5 m wide (2.53 top). In the northern
segment, piers are c. 3-4.3 m wide. The span of the main arches is c. 5.5-7.5 m wide in the southern
segment and 3-4.2 m wide in the north. The first 15 arches, from the left bank, are c. 4 m high and
the rest are c. 5-6 m high. Given the fact that recent restoration was undertaken on the southern
arches, they might have been originally higher, too. The deck has a rough ashlar fagade filled with
rubble masonry with sartij mortar. Between every two main arches, smaller arches are built in
order to reduce the weight of the structure. Like the main arches, the small arches, when preserved,
are generally built of brick on stone pillars. In the southern and northern segments, the small arches
are c¢. 3 and 2 m wide, respectively. Their height averages c. 2-4 m. In addition to the deck arches,
two small arches are preserved on the southern edge of the northern segment. The crest of these

arches is more or less level with the top of the weir. The average height of the bridge is ¢. 10 m.""”

While the name Shadorwan appears in most medieval geographical sources, we have little
information about the phases of its construction and restoration. The first reliable information
concerns the restorations undertaken by Fath-‘Ali Han, a Safavid governor of Shushtar. As
mentioned earlier, the Band-1 Mizan was breached and severely damaged (supra) in the course of
this project. The restoration started in 1078 AH/1667 CE and took fourteen years.'’® In the 19th
century, the masonry of the bridge was deteriorating. British travel accounts provide information
on several restorations attempts between 1810 and 1889. Each repair lasted a short time and the

arches of the bridge repeatedly fell victim to spring floods. Eventually, after two unsuccessful

77 “The Renovation and Restoration Plan of SHHS-Vol 7,” 100, 225-26; Naj, 26.
78 Some sources mention 12 and some 14 years. The difference might be related to the difference in the length of
Hijri and Georgian calendars.

75



attempts in 1889, restoration efforts were finally abandoned.’”® When Van Roggen was appointed
to survey the state of the hydraulic works of Khuzistan, the central segment of the bridge had been

already washed away.'®

The evidence supporting the general consensus that the monument was built in the Sasanian
period is textual and circumstantial. A major problem that has received little attention in modern
scholarship is whether the bridge and the weir were built at the same time. "' No reference to the
Shadorwan is found in the futiih accounts. Nonetheless, since we know that the city was
surrounded on all sides by canals, and since the reservoir behind the Shadorwan is the source of
water for the Dariun, it has been generally assumed that the monument was built in the Sasanian
period. This idea has been corroborated by medieval sources, which ascribe the Shadorwan to the
extraordinary feats of Shapur I/Shapur I1."%? According to a popular story, which has been narrated
in many versions, king Shapur II defeated and held captive the Roman emperor (4r. Qaisar) and
his army. Shapur forced the emperor to build the Shadorwan. Several names referring to the weir
and/or bridge reflect this story, including Band-i Qaisar, Pol-i Qaisar, Pol-Band-i Sapﬁr,
Sadiirwan-i Sapiri. A more recent name, Pol-i Fath-Ali Hani, appeared after the major restoration

project under his patronage.

A chronological comparison of the sources provides an interesting glimpse into the
development of the legend. The early sources often attribute the building of the Shadorwan to a

certain king Shapur (4r. Sapir al-malak), without much detail. The two earliest sources which

79 For a detailed account, see: Verkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five
Rivers in Lower Iraq and Khiizistan in the Early Islamic Period,” 263 ff.

180 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 179.

181 The only exception being verkindern (2009, p 273-274).

82 Fag M, 303; Ya’ Bld, 361; Hur, 162, 176; Tab, v1: 827.
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contextualize the construction of the monument in relationship to the Roman war captives in
Khuzistan relate the story to the victory of Shapur I over the Roman Emperor Valerian.'® Mas’adi
is the first author who elaborated on this story and set the scene within the legend of the travels of
Shapur II incognito through the Roman territories."® The king is captured and imprisoned, and the
Roman army conquers Mada’in, Jundi Shapur. Shapur is carried with the army as they advance
through Iran. Afterwards, the Roman army lays siege to Shushtar. There, Shapur manages to
escape during a feast when the soldiers are drunk and he is able to get into the city and lead the
Iranians to defeat the Roman army. He forces the Qaisar (no name is provided) to repair everything
destroyed in the region by his army, and he asks him to build the Shadorwan in Shushtar. Ibn Balhi
refers to this confusion in his account of the reign of Shapur I: “Some say he built the Shadorwan
of Shushtar, but, the truth is that Shapur Il (4. du l-aktaf) made it.”"®® At this point, the story is
permanently linked with Shapur II. It appears in the account of Mustaw{T with less details, and a

new version with elaborate extraordinary elements is presented in the local histories of Shushtar.'®®

A major lacuna in our understanding of the Shadorwan concerns the original configuration
of the monument, its structural components and its building techniques. Descriptions by medieval
authors fall into a repeated pattern with inconsistent details.'® Two aspects of such descriptions
are frequently discussed in modern literature. First, the Shadorwan was built of stone, sartj and

metal clamps. Second, the bed of the river behind the weir (up to the Band-i Mizan according to

183 Tab, v1: 827; Hmz, 2:48; Ya’ Bld, v1:180.

184 Mur, 282-83.

85 Far, 178.

186 Nuz D, 165; Tuh, 45-49.

87 Tab, v1: 827; Fag M, 303; Hur, 162; Idr Nzh, 393.While 1 have dismissed these references as unreliable,
Verkindern (2009: 272-3) has provided a good overview and has attempted to reconcile the available descriptions with
what we know of the monument.
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some sources) was paved with stone."®® No evidence for such elements has been found in recent
investigations by the Lar project. Van Roggen also states that he looked for the flagstones and iron
clamps, but found no trace of them."®® Several hypotheses have been offered for the etymology of
the word Shadorwan, all equally speculative.'® There is, however, little doubt that the medieval
authors understood the Shadorwan as a dam, or the dam and the basin behind it."®! Interestingly,

the sources are silent about the bridge.

Modern scholarship and public media have taken for granted that the bridge and the weir
were built at the same time and that the bridge was destroyed after the Muslim conquest.
Nevertheless, there is no information about the bridge prior to the 17th century, when the local
history of Shushtar states that Fath-Ali Han restored the Qaisar’s bridge which had been destroyed
by Hajjaj." Prior to that, the only reference to crossing along the Shotayt is found in Ibn Battiita,
who informs us that the passengers would enter the city through darwazi-yi desbil (Per. The
Dezful gate)." This is the gate that opens towards the Shadorwan and has been called by this
name up to the 20th century. According to Ibn Battiita, a very long pontoon bridge was built here.
He does not mention traces of an old bridge. As a result, scholars have assumed that the bridge
was destroyed at some point after the conquest. As will be discussed later, the textual references

that have been used for this argument are very problematic.

188 Rawlinson, “Notes on a March from Zohab,” 74; Curzon, Persia and the Persian Question., 2:377-79.

189 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 183.

190 “The Renovation and Restoration Plan of SHHS-Vol 7,” 102—6; khazraee, “Shadorvan, and the Difficulties of
Shushtar Historical Studies”; Verkinderen, “Tigris, Euphrates, Kartn, Karkheh, Jarrahi, Tracking the Traces of Five
Rivers in Lower Iraq and Khizistan in the Early Islamic Period,” 272-73.0ne of the most frequently mentioned
scenarios about the meaning of Shadorwan relates it to hypothetical stone pavement, which as mentioned, has never
been documented on the ground.

91 For a detailed discussion see: Verkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of
Five Rivers in Lower Iraq and Khiizistan in the Early Islamic Period,” 272—73.

192 Taz, 8, 24. This story is fictional; it will be discussed in chapter 7.

193 Bat, v2: 24.
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2.2.8. The Boleyti/The Gargar Dam, the Watermill Complex/the Waterfalls

While the Shadorwan was the most famous waterworks of Shushtar in antiquity, Shushtar
is today best known for another hydraulic site known as the Watermills, the Watermill complex,
or the Waterfalls. The site is located on the Gargar canal, ¢. 800 m south of the Band-i Mizan (Fig.
2.11-2.13). It is a multi-functional complex consisting of numerous structures over c. 2 ha (Fig.
2.28-2.37). The beauty and spectacular visual aspect of the site was celebrated by nearly all the

early modern travelers who visited Shushtar and continues to mesmerize modern visitors.

The first component as one moves downstream from the Band-i Mizan is an impressive
structure, known as the Gargar or Boleyti dam, which closes off the entire channel (Fig. 2.30-2.31,
2.34). The dam is made of a huge sloping foundation wall, ¢. 12 m high,'* and a vertical wall of
almost the same height built on top of it. A roadway runs on top of the dam and connects the
eastern and western neighborhoods of the city.'® The visible construction material is sandstone.
Nevertheless, different structural components were built in various phases. The Lar project found
that the core of the sloping foundation is a natural formation of sandstone that was left in place in
the course of digging of the canal. The sloping surface is covered with dressed sandstone. The
straight wall was built in two phases. The lower part, c. 8 m high, was built of rough ashlar
sandstone in the Qajar period. The Lar studies suggested that this part too, has a natural sandstone

core. This masonry wall is backed on the north by a massive earthen wall. The width of the dam,

194 Different sources provide different figures for the height of the dam and its various components. The figures
presented here are based on my comparison of the figures and my observations.

195 Since the Pahlavi period, this road has been the main thoroughfare inside the city for the movement of people and
vehicles between the two banks. The heavy load and vibration that is caused by motor vehicles using this roadway has
been the main threat for the watermill complex and caused heated debate concerning the management of the site.
After several minor collapses of the subterranean channels, a major collapse in 2008 caused the temporary closing of
the road.
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including the earthen structure, is estimated at 12-16 m. The upper part of the vertical wall, c. 4 m
high, was added early in the Pahlavi period when modern streets were built through the old city.

The outer surface is ashlar masonry. The inside material is not known. '

The water collected behind the dam is forced to flow through three subterranean tunnels
(Fig. 2.35-2.36). They are cut through the sandstone rock that forms the foundation of the complex,
as described above. They used to distribute water to more than 40 watermills that were built south
of the dam. The excess water jets back to the river, creating the waterfall aspect for which the site
is famous (Fig. 2.29, 2.32-2.33). On the western bank is one tunnel, Seh Kureh (Per. of three
tunnels). kiireh is the local term for the subterranean tunnels that connected the famous deep
basements, sawadans. The name is derived from the particular shape of the intake of the tunnel,
made of three small channels. Seh Kureh is c. 100 m long, c. 2 m wide and c. 3 m high. Two
channels are located on the eastern bank: Shahr (Per. City) and Boleyti. It is said that the name of
the former comes from the fact that it supplies the city with water. This does not seem very reliable,
as the city proper is located on the other side. The meaning of Boleyti is not known. It is the name
of the neighborhood adjacent to the site and probably gave its name to the tunnel. The Shahr tunnel
is ¢. 80 m long, c. 4.5 m w, c. 6 m high. The Boleyti tunnel is ¢. 350 m, c. 3.5 m, ¢. 7 m high. The
Boleyti has one main outlet and several smaller ones. The Shahr does not have a main outlet and
its excess water empties into the outlets of the Boleyti. The intakes of the tunnels are located at

different elevations. From lowest to highest are the Seh Kureh, Shahr, and Boleyti. The Seh Kureh

196 “The Renovation and Restoration Plan of SHHS-Vol 7,” 122; Verkinderen, “Tigris, Euphrates, Kariin, Karkheh,
Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and Khiizistan in the Early Islamic Period,” 269.
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is always filled with water and runs most of the watermills. The Boleyti works only during high

water and functions as a safety valve for the system.'®’

The site downstream from the dam can be divided into a western, northern and eastern area
(Fig. 2.28, 2.32). In addition to the historic structures, several modern industrial buildings were
built on the site in the Pahlavi period in order to use the water and the hydropower. On the western
side, which is the largest built area, are 21 watermills all in a state of ruin, a two-arch bridge,
remains of modern industrial buildings including the first ice-making company, and several
enigmatic structures/spaces, the functions of which are unknown. Installations in the northern area
include three double-pen watermills, which are being restored for tourism, as well as three modern
facilities including the first power plant of the city. The watermills of the eastern and northern
areas are all turned by the water of the Seh Kureh tunnel. Ten watermills, five of which are restored,

were built in the eastern area. "%

Interestingly, no reference to the site or any component of it is found in written sources
prior to the 19th century. Even the local histories of Shushtar are silent in this regard and British
travelers provide us with the first account of the site, noting a major transformation of the dam.
Until 1836, a bridge of one arch spanning the Gargar river connected the city to its eastern suburbs
and to the road to Bakhtiyari and Ahwaz."*® Kinneir, who visited Shushtar in 1810, describes the
structure thus: “there is a bridge of one arch, upwards of eighty feet high, from the summit of

which the Persians frequently throw themselves into the water, without sustaining the slightest

197 “The Renovation and Restoration Plan of SHHS-Vol 7,” 221-22, 231-59.

198 Tbid. Several restoration projects have been carried out in the past two decades on the site. Most of these projects
are extreme interventions and have had a negative impact on the authenticity and appearance of the site. One such
example is a massive staircase on the western side which replaces a humble stair access to the site and is not authentic.
199 Rawlinson, “Notes on a March from Zohdb,” 77; Graadt Van Roggen, “Notice Sur Les Anciens Travaux
Hydrauliques Susiane,” 181.
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injury.”® In 1842, when Layard visited Shushtar, the dam had already replaced the one-arch
bridge and he ascribes the new construction to Muhammad ‘Ali Mirza.?*' Van Roggen was
informed by local people that the old weir had caused much concern because of several recent
breakages. He hypothesized that an earthen barrage used to close the bed of the river was replaced
by the present masonry weir. According to Van Roggen, the piers of the old bridge were preserved
on both sides of the river.?”? Today, the remains of the earthen weir are visible behind the vertical
wall of the dam (Fig. 2.34). The remains of a vertical brick structure that is preserved below the

dam is the most likely candidate for the piers of the one-arch bridge, noted by Van Roggen.

2.2.9. The Band-i Khak (The Earthen Weir)

The Band-i Khak?®® is one of the three waterworks built on and alongside the Dariun canal,
southwest of Shushtar, the two other being the bridges of Lashkar and Shah ‘Ali (Fig. 2.11-2.13,
2.38-2.40). The original configuration of the site and the structure(s) is badly obscured. In addition
to the modifications of the monument through time, the site has been significantly damaged and
disturbed by the construction of the Shushtar ring road in the 1980s, followed by various irrigation
and sewage projects since then. The weir divides the Dariun into two branches: the eastern branch,
which is the main irrigation feeder of the Dariun, continues to the south for c. 33 km and drains
into the Karun at the ‘Arab Hasan village. The western branch is the Raqqat canal that completes
the water ring around the city and drains into the Gargar. Given the c. 15 m elevation difference

between the Dariun and the Gargar, a weir would have been necessary at this location to keep the

200 Kinneir, 4 Geographical Memoir of the Persian Empire, 97.The practice of diving from atop bridges into the rivers
has remained a very common pastime for people of Shushtar and Dezful until today.

201 Layard, “A Description of the Province of Khuzistan,” 28.

202 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 181-82.

203 Band-i Hak
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water in the main irrigation feeder of the Dariun. The weir stopped being used after the

implementation of the MIDP in this area.

The signage of the Cultural Heritage Organization dates the structure to the Sasanian
period, but no textual or archaeological data exists to confirm or disprove this. The building
material, like most other hydraulic structures in Shushtar, is sandstone and sartijj mortar. The
heterogeneity of the main structure, a U-shaped reservoir, suggests at least two construction
phases. It consists of a stepped wall, c. 20 m long, which had been equipped with at least five
sluices, each c. 1.7 m wide. The stepped side faces downstream. Two more recent walls have been
built east and west of this feature, creating the U-shaped reservoir. The remains of at least one
stone structure with sluices that was built with the same building structure as the linear stepped

feature is found c. 10 m south of this reservoir.

2.2.10. The Lashkar Bridge

Nearly 300 m south of Band-i Khak is another hydraulic structure built over the Dariun
canal: the Lashkar weir-bridge (2.11-2.13, 2.40-2.42). The structure is located next to an old gate
of Shushtar, the Lashkar gate (darwazeh-yi LaSkar). Lashkar is the Persian equivalent of Arabic
‘Askar. There is little doubt that the gate and the bridge were so named because of their location
at the beginning of the road to Ahwaz, which passed by the ruins of ‘ Askar Mukram. Several 19th-
century travelers, e.g., Rawlinson, Loftus, Schindler, and Bell, passed by this gate and wrote about

the bridge.?** The monument bears many similarities to the Shadorwan, albeit on a miniature scale.

204 yerkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period,” 265, ff.
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It consists of a weir that forms the foundation for a bridge.?® Likewise, the axis of the monument
is not straight and seems to follow a natural outcrop that functions as its foundation. Furthermore,
the weir and the pillars of the bridge are built with rough ashlar sandstone while the arches are
made of brick. The nature of the core of the weir as well as the pillars and the deck of the bridge

is not known?%.

The bridge was originally c¢. 104 m long and c. 8 m wide. It had 13 spans, one of which is
now sealed. ?°” The pillars are equipped with piers and buttresses of different forms on the northern
and southern side. The weir is c. 2 m above the canal bed. A watermill is built on the northwestern
side of the bridge. When Najm al-Mulk visited Shushtar, five of the spans of the bridge had been
destroyed. He reports that people had to use a temporary crossing made of wood which was washed
away during every flood and had to be constantly rebuilt.?®® Typical of water works at Shushtar,
past restorations are evident in the heterogeneity of structural elements of the monuments. It is
commonly assumed that the monument was built in the Sasanian period and restored afterwards.

Nevertheless, no textual or material evidence has been offered to support this hypothesis.

2.2.11. The Shah ‘Ali Bridge

Immediately west of the Lashkar bridge is the small bridge of Shah ‘Ali (Fig. 2.11-2.13,

2.40, 2.43). The bridge is positioned in a north-south direction. The road that started from the

205 Unlike the Shadorwan which is called a pol-band (Pers. weir-bridge), this structure is only called a pol (Per.
bridge), obscuring its role as a flow-regulating device.

206 Some sources mention that the core is rubble masonry, but, there is no documentation or evidence to support that.
207 Naj, 30. “Introduction to Shushtar Historic Hydraulic Structures”, Shushtar Cultural Heritage and Tourism
Organization, accessed Feb 2, 2016: http://omurpaygah.ichto.ir/Default.aspx?tabid=4898&language=fa-IR. Schinder
and Bell wrote that the bridge had 8 spans. The reason is probably because 5 of the arches were destroyed at the time
of their visited, as reported by Najm al-Mulk. Schindler, “Reisen Im Stidwestlichen Persien,” 103; Bell, “A Visit to
the Karun River and Kam,” 460.

208 Naj, 30.
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Lashkar gate and crossed the Raqqat branch of the Dariun by means of the Lashkar bridge, passed
over a cliff and descended to the plain by crossing over the Shah-Ali bridge.?® The bridge has
three spans, just as it did in the time Najm al-Mulk.?"° The building technique is similar to that of
the Lashkar bridge, with a fagcade of rough ashlar sandstone and brick arches. It is said that ‘Ali

Sultan, the governor of Shushtar during the reign of the Safavid king, Sulayman, built the bridge.*""

2.2.12. The Mahibazan

Approximately 2 km south of Shushtar is the remains of an enigmatic structure known as
Band-i Mahibazan?'? (less commonly as hoda afarin) (Fig. 2.44). The only visible architectural
remains at the site are three pillars of rough ashlar masonry as well as parts of two parallel stone
walls, found some 100 m west of the three pillars (Fig. 2.44-2.47). It is not clear whether these

remains belong to the same original feature.

These remains are located on top of a very long and spectacular sandstone ridge, c. 600 m
wide, across the valley of the Gargar. The river begins to widen after its narrow passage through
the outcrop of Shushtar. At this location, the width of the river is suddenly doubled: the river takes
a sharp turn around the ridge (as opposed to flowing over it) through a cut on its eastern side (Fig.

2.48).

209 The described configuration of the landscape and the relationship between the two bridges has been obscured by
the construction of the Shushtar ring road.

210 Ngj, 30.

21 “The Renovation and Restoration Plan of SHHS-Vol 7,” 83. It is also said that an inscription bearing the name of
Shah Sulayman Safavid king existed on the Lashkar bridge until 1047 CE. I was unable to find a reliable source on
this, or even the identity and the dates of the rule of the so-called ‘Ali Sultan.

212 Band-i Mahibazan
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The origin of the name hoda afarin (Per. god-fashioned) is not clear. It is said that the name
reflects the peculiarity of the structure and the spectacular scene. The Mahibazan seems to be
related to the fishing in the reservoir that is created behind the ridge. It is commonly accepted that
the remains were part of a weir, hence the name The Band-i Mahibazan.?'® At present, the site has
become the center of a growing industry of fish farming that has had a negative impact on the
environment and on the integrity of the historic remains. As a result, the site is now heavily

disturbed.

There are no textual references to The Mahibazan that predate the 18th century.
Nonetheless, Mugaddasi’s account of his boat journey from Shushtar to ‘Askar Mukram by way
of The Masrugan may provide a clue. He mentions that whoever wants to travel by boat to ‘Askar
Mukram has to walk for almost one farsah, to arrive at the point where the boats embarked.?™ We
know from 19th-century travel accounts that natural ridges near Shushtar were an obstacle to boats.
Therefore, all the boats used to load and unload upstream from the village of Shalili/Hesamabad,
just before a major ridge barred the river. 2° The account of Muqaddast seems to describe the same
situation as in the19th century. The Mahibazan is located approximately 3.5 km (less than a farsah)
south of the old city. Assuming that a passenger would have walked from one of the city gates,
probably the Laskhar gate southwest of the old city, the distance would be close to one farsah. It

is important to note, however, that these references are only to an outcrop that obstructs the course

213 Ibid., 125; Moghaddam, “A Note on the Gargar Irrigation System”; Verkinderen, “Tigris, Euphrates, Karin,
Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and Khiizistan in the Early Islamic Period,” 270.
214 Mug, 409.

215Selby, “Account of the Ascent of the Karun and Dizful Rivers and the Ab-I-Gargar Canal, to Shuster,” 271; Layard,
“A Description of the Province of Khuzistan,” 52; Naj, 31. Both villages exist today, very close to each other. The
historic aerial and CORONA imagery shows that the modern settlements have slightly moved, maybe because of the
flood damage to the older settlments.
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of the river, which may be the same as the outcrop of Mahibazan. There is no direct textual

evidence for the architectural remains on the outcrop.

The only notable research on the structure was carried out by Moghaddam. He
hypothesizes that the Mahibazan weir was an essential element of the Gargar irrigation system and
was built by the Sasanian state. In the wake of post-conquest socio-political disturbances, the
hydraulic system here was neglected and collapsed. The result was the avulsion of the Gargar
Canal into its current meandering course.?'® This idea will be more thoroughly examined in chapter

4 &6.

2.2.13. The ‘Ayyar Weir

Approximately 1700 m south of the Watermills complex, the remains of an old weir, known
as Band-i ‘Ayyar?'’ or Band-i Burj-i Ayyar, is found on the Gargar river (Fig. 2.11-2.13). The
origin of the name is unknown. A local legend says that a woman sold her burj-i ‘ayyar, a type of
headgear jewelry, in order to provide the seed money for the construction of the weir.?'® Burj can
have different meaning. The most common usage in Persian is a high building/tower (Per.), or
each of the twelve divisions of Zodiac/months of the year (A4r.). It seems more likely that the weir
took its name from its proximity to a high monument/tower at the site or nearby, a certain Burj-i
‘Ayyar. Another version of the legend relates that the patron lady sold the jewelry which she kept
in her Burj-i ‘Ayyar to provide the money.?" The site is also known to the local inhabitants of

Shushtar as the Niyayi§gah-i Sabi’in (Per. The Mandaean sanctuary), and it is believed that

216 Moghaddam, “A Note on the Gargar Irrigation System.”

217 Band-i ‘Ayyar

218 Ty 63.

219 “The Renovation and Restoration Plan of SHHS-Vol 7,” 127.

87



Mandaeans prayed at this site. Mir ‘Abd al-Latif does not mention this name, but reports that the
Mandaeans of Shushtar lived in the nearby neighborhoods and performed their rituals in the river

in the vicinity of the structure. 2

The site is very disturbed. A roadway crosses the Gargar at the site and has eradicated its
northern parts (Fig. 2.49). Also, domestic and construction trash has been dumped on the site, and
as a result the eastern part of the site is almost completely buried. What is visible consists of a
stone masonry structure, and a carved outcrop in the northern and eastern part of the site,
respectively. The weir has a concave geometry (Fig. 2.49, 2.51-2.52). The part that used to close
the river has disappeared. What is left on the eastern bank is c¢. 30 m long, and c¢. 5 m wide. Old
aerial photos show that prior to the construction of the bridge, c. 60 m of the weir was preserved.
The material is roughly dressed as well as undressed stone with sartij mortar. The outer surface is
partly plastered with similar mortar. The upper surface of the structure is paved with rubble stone

and mortar.

The carved part of the site is more enigmatic (Fig. 2.50-2.51). It is partly covered with
debris from construction waste and water erosion. What is left consists of several canals, and basins
of various forms. Other features which resemble steps and sluices are also found on the outcrop.
To my knowledge, no systematic study of the weir and its various features has been carried out.

According to the locals, the canals directed water from behind the dam to the basins which were

220 Tyh, 63—64.A sizable group of Mandaeans lived in Khuzistan, in the 18th and 19th century. Apparently, they were
centered in Shushtar and Dezful, but moved to Ahwaz and other cities in southern Khuzistan in the 19th century.
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used by Mandaeans for their water rituals.??’ This explanation is problematic as the Mandaean’s

are not known to build structures for their river rituals.

It has been said that in 1111 AH/1699 CE the weir collapsed and the gardens that relied on
it were destroyed.?”? However, Mir ‘Abd al-Latif, who wrote in the late 18th century, reports that
watermills and lifting devices were installed on western bank of the river which relied on the
supply from the weir, and, that the water that was raised from behind the dam was directed to the
nearby gardens and houses.?® Therefore, the destruction of the dam might have happened at a

much later time. Alternatively, Mir ‘Abd al-Latif might have simply repeated older stories.

2.2.14. The Band-i Qir (The Bitumen Dike)

The location of the confluence of the Gargar and the Shotayt is named Band-i Qir (Per.
The bitumen dike/weir), one of the most intriguing elements of the hydraulic landscape of
Miyanab. The name appears frequently in the 9th century British travel accounts, but with no
description of the feature or its location. Since the location of the weir has not been established,
speculations about the possible direction of the structure have varied in modern scholarship. In
general, however, the fact that such a hydraulically significant location bears the name of a weir
has made scholars associate the raison d'étre of the weir with regulation of the flow of water
between the two watercourses. Recently, Alizadeh et al. argued that since the Kupal anticline

forces the modern Gargar toward the Karun, the Band-i Qir was built to keep the two watercourses

221 “Introduction to Shushtar Historic Hydraulic Structures”, Shushtar Cultural Heritage and Tourism Organization,
accessed Feb 2, 2016: http://omurpaygah.ichto.ir/Default.aspx?tabid=4898 &language=fa-IR.

222 qtidari, Asar-I Khiizistan, 585.

223 Tuh, 63.
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separate below the nose of the Kupal.?** Moghaddam, on the other hand, argues that the purpose
of this weir was to force the water of the Gargar, which flows through the nose of the Kupal
anticline, to continue to run along its southern face.?® He does not elaborate further on how such
dam worked or where it might have been located. Woodbridge, referring to the fact that the major
weirs in the region are usually built along an anticline, suggests that the intersection of the Ramin

anticline and the Karun would be a good candidate for the location of the dam.??

Interestingly, the mystery of the Band-i Qir was created as a result of a simple error:
confusion between the location of the weir and that of a fort/village which bears the same name.

Najm al-Mulk describes the village and the weir after which it is named thus:

“The second way station [in the course of his travel from Shushtar to Ahwaz] is the Band-
1 Qir. It used to have a nice and prosperous fort, of which only the walls and few mud houses are
left. The population is 30 men and 100 women and children, from the Arab tribe ‘Andgicih, who
live in the lands between Dezful and Ab-i Shushtar (The Shushtar river). Their main occupation is
dry farming of the field in the lower Miyanab. They also have few sheep and a balam (Per. canoe)
to pass people across the three water courses of Dezful, Shushtar and Du Dangeh (the Gargar).
Three quarters of Farsang (farsah) north of the fort of the Band-i Qir, there used to be a weir across
the width of Du Dangeh, between 70 to 100 zar’. It seems that the weir/dam was built of brick and
bitumen. It is now in ruins and the foundation of what remains is under water. It is possible to carry

bricks from the remains in late summer. On both side of the weir, in the lands of than Miyanab and

224 Alizadeh et al., “Human-Environment Interactions on the Upper Khuzestan Plains, Southwest Iran. Recent
Investigations,” 81.
225 Moghaddam, “A Note on the Gargar Irrigation System.”

226 Woodbridge, “Responses of River Karun and the River Dez to Human Activities,” 31-32, 34.
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toward Ahwaz, there used to be a big city the ruins of which are still visible. The weir made it
possible to make a large canal to flow toward Ahwaz....The two rivers join approximately 700

zar’ south of the Band-i Qir fort.”??’

The fact that the weir was in a different location from the village is also corroborated by

the account of Mir ‘Abd al-Latif in the 18th century:

"Further downstream [from Hesamabad], there is the Band-i Qir, in which bitumen is used
[as mortar] instead of sariij and gypsum to provide further strength. In the vicinity, there is a village

inhabited by Arabs; there is also a fort that has been known with the same name [i.e. Band-i
Qir]"9228

2.3. Summary

In this chapter, the geographical setting of the Miyanab plain, the physical aspects of the
major hydraulic structures on the plain, and the historical background of the hydraulic monuments
were described. The Miyanab is part of the upper plains of southwestern lowlands of Iran. The
geological and hydrological characteristics of these plains are defined by tectonic uplifts and
sedimentation. The plain is bounded by the Karun and Gargar rivers. The Karun is the biggest river
in Iran. The origin and evolution of the Gargar is poorly understood. It is widely accepted that a

combination of human and natural agents has formed the waterway.

The geological history of the Upper Khuzistan plain, including the Miyanab plain is not
very well understood. Nevertheless, it seems that the geomorphological history of these plains in

the past 8000 years has been defined by two phases of aggradation and one phase of channel

227 Ngj, 32. Each zar’ is c. one meter.
228 Tuh, 65.
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incision. The precise dating and causes of these processes are not known. Based on the
archaeological evidence from the site of Dar Khazineh, the chronology of these processes in the
study area has been established as such: between 6000 and 1500 BCE water flowing near the
surface provided the optimum condition for agricultural production for the early sedentary
societies. Sometime between 1500 BCE and the first few centuries of Common Era, a phase of
channel incision started whereby the rivers were established more or less in their current position.

It seems that at least since 700 CE a new phase of aggradation has started on the plains.

Early work on the upper plains hypothesized that the rather synchronous date of the phases
of aggradation and degradation point to causes that operate at regional scale, including geological
processes and environmental change. However, Alizadeh et al. associate the processes of channel
incision documented at Dar Khazineh to a manmade cause, namely, the digging of the Gargar
canal in the Sasanian period. While the evolution of the Gargar River is not well understood, it is
widely accepted that the agricultural collapse was due to lack of investment in the maintenance of
the canal system in the Islamic period. Similar to the case of the Gargar, very little is known about
the history and past transformations of various historic hydraulic structures of the Miyanab. While
most of these structures are generally attributed to the Sasanian state-sponsored irrigation projects,
the only given fact is that the hydraulic configuration of Shushtar as surrounded by the canals, and

the Shadorwan weir existed at the time of conquest
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Figure 2.1 Schematic cross-section of a foreland basin system, showing the depozones. (Modified from DeCelles and Giles, 1996)
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Figure 2.3 Geological map of south-west Iran showing selected anticlines, oilfields, and oilfield anticlines in the lowlands (After
Woordbridge 2013, Fig 4.1 a)
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Figure 2.4 The Karun river and other main rivers of the province of Khuzestan (After Woodbridge 2003, Fig 2.3)
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Figure 2.5 Map showing the geological features of the study area (After Moghaddam 2012, Map 3.1)
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Figure 2.6 Left: sketch drawing (top) and the section (bottom) of the Dar Khazineh site (After Lees & Falcon 1952, Fig 4, 6).
Right: Study area of Alizadeh et al. (top) and the wadi section near Dar Khazineh (bottom; site KS1626) (After Alizadeh et al.

2004, Fig 2, 3)
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Figure 2.7 Development of irrigation and drainage systems on the left bank of the Karun river (After Alizadeh et al. 2004, Fig

13)

Phase C

o 4

uniey

Irrigated
Zone

.—m- 7

# gy

Zone

Irrigated

Shushtar

Z

L
o

PO

Irrgated
Zone

Irrigated

g E
< =<
5 8
. & g 2 8 ]
o T o
71 e e g = 2 5 el _ 8
T 02 \ 2 2 £ = - © ~ £ s
g MU € 1 A T 2 % 3 g S ol 25
AL — ‘ 3 € 83 £ 3 8 3¢
V] = ° £ 5
/r.\ ™ A\S i o = ) ¥ ©
~ o @ — o - 5
N 5 o 277 &1 ¢ B
< B o a 2
N ) 752223 a2
2 s~ 250007 g2
g ) h o 5<
© L‘ \\\\VL
YA
& : = Gl o
o 0 - g
= 7
e Yaug
LT ‘ uayy -z

Shushtar

Figure 2.8 Upper Khuzistan: principal physiographic zones and features (After Kirkby 1977, Fig. 101)
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Figure 2.9 Mean monthly flow regime of the Karun River
at Ahwaz for period 1894-1985. The highest mean
monthly discharge was recorded in April 1969 (2,995
m3/s) and the lowest discharge in October 1949 (163
ma3/s). (After Inventory of Shared Water Resources in
West 2013, Ch-5, Fig. 8)

Figure 2.10 High discharge of the watercourses in the study area, according to various flood return periods. (After
Environmental Report 2005)

Return Period
Area sqgkm
Location
2 5 10 20 25 50 100 200 500 1000 2000 5000 | 10000
Karun at the Gotvand Station 32425 2540 | 3757 4610 5460 5735 6603 7496 8418 | 9689 | 10693 | 11736 | 13180 | 14324
Karun at Band-i Mizan 35643 2662 | 3966 | 4886 | 5805 | 6104 | 7047 | 8019 | 9025 | 10416 | 11517 | 12664 | 14255 | 15517
Gargar at the Shushtar Station 35643 182 265 323 381 399 458 518 579 663 730 799 894 869
Shotayt at the Arab Hasan Station 35643 2396 | 3569 | 4398 | 5224 | 5493 | 6342 | 7217 | 8123 | 9374 | 10366 | 11398 | 12829 | 13965
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Figure 2.11 Bifurcation of the Karun into the Shoteyt (left of picture) and the Gargar (right of picture). The Band-i
Mizan is visible in the background at the bifurcation.

&

\ 3
Figure 2.12 Waterworks at Shushtar: 1. Band-i Mizan; 2. The Salasel Castle; 3. Shadorwan; 4. The Watermill Complex
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Figure 2.13 3D model of Shushtar and its environs, created from aerial imagery acquired in 1956. The numbered structures are 1)
The Band-i Mizan; 2) The Salasel Castle and the intake of the Dariun; 3) The Shadorwan; 4) The Band-i Khak; 5) The Lashakr
Bridge; 6) The Shah ‘Ali Bridge; 7) The Band-i Sharabdar; 8) The Mandaean Sanctuary and Band-i ‘Ayyar; 9) The Gargar Dam,

711 8 Wl : 3 3 ) e

Figure 2.14 The Dariun, view from south to north after it exits the Castle. The Mustawfi Bridge
is in the background. For location see Figure 2.19
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Figure 2.15 The Dariun, inside the Castle, at the beginning of its course over the ground. Photo taken in
2002, when the constructions of the new intake of Dariun had started.

Figure 2.16 Main channel of the Dariun after renovation: a
cement canal replaced the old channel.




Figure 2.17 The old intakes of Dariun beneath the Salasel Castle; To the right: new intake that replaced the main headwork of the
canal.

Figure 2.18 The Citadel and Shadorwan in the late Qajar period; view from a tower inside the citadel to NW.
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Figure 2.19 Top: Aerial photo acquired 1956 showing the hydraulic monuments and features northwest of Shushtar. 1) the wall
and the location of the moat protecting the southern side of the Salasel Castle; 2) The Shadorwan; 3) The intake of the Dariun; 4)
The Mustawfi Bridge; 4) The Haj Khodaee Bridge. Bottom: The map of Shushtar prepared by the Russian army in the early 19th
century, during the reign of Fath’Ali Shah shows that a moat used to circumscribe the southern side of the Castle (After Pictorial
documents of Iranian cities 1999.)
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Figure 2.20 The Band-i Mizan. The eastern wing of the weir with 9 sluices is in the lower right.
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Figure 2.24 Drawing by Madame Dieulafoy, 1881. View from right bank of the Shoteyt to south toward the city
and Citadel. They used the bridge, which was in bad condition, to cross the Karun.




Figure 2.25 The Shadorwan, the northern remains, view to east.

Figure 2.27 The southern arches are very poorly preserved and at the same time significantly modified through intrusive
renovations.




Figure 2.28 View from the south of the Watermills Complex to the north. The Gargar Dam is in the top center of the picture.

Figure 2.30 The southern face of the Gargar Dam. The sloping part and two phases of the straight
wall are visible on the image. To the left are the additional buildings of the Pahlavi period.




Figure 2.31 The remains of a brick building might relate to the
piers of the one-arch bridge that was destroyed in the Qajar period.

Figure 2.32 View from the northern area of the Waterfalls to the south at the central part of the complex (foreground) and the
watermills on the eastern bank (background).
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Figure 2.33 The renovated watermills and waterfalls of the eastern part.
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Figure 2.35 The intake of the Boleyti Tunnel. Figure 2.36 The intake of the Seh Kureh Tunnel.

Figure 2.37 The Gargar, immediately downstream the Waterfalls Complex.
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Figure 2.38 The Band-i Khak, before excavation.




Figure 2.40 Southwestern area of the old city of Shushtar: 1. The Lashkar Bridge; 2. The Shah-'Ali Bridge; 3. The
Imamzadeh 'Abdullah; 4. The Band-i Khak; 5: The Raqggat Canal.

Figure 2.41 Upstream of the Lashkar, view from east to west.
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Figure 2.42 Drawing by Madame Dieulafoy view from the western bank of canal to the east toward Imamzadeh 'Abdullah.

_ —
— -




Figure 2.44 The Mahibazan. Location c. 5 km south of Shushtar (top left). The site is
extremely disturbed and damage as a result of the expansion of fish farms (top right).
Air photograph of the site 1956 (bottom); the arrow shows the length of the sandstone
ridge that forms the base of the structure. The only architectural remains are 1) three
stone pillars that seem to have supported arches (Fig. 2.45-2.46) and 2) two parallel
stone walls (Fig. 2.47). 3) The ridge is cut at the eastern end (Fig. 2.48).
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Figure 2.45 The Mahibazan, architectural remains; trace of a spring is preserved on the better preserve pillar to
the left.

Figure 2.46 The Mahibazan: The sandstone ridge, with the three stone pillars in the background, view to the west.
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Figure 2.47 The Mahibazan, remains of two stone walls is preserved on the eastern side of the ridge.
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Figure 2.49 The Band-i 'Ayyar; The site is very disturbed, visible remains include: 1. The weir; 2. the canals and
features that are carved into a sandstone rock
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Figure 2.51 Band-i 'Ayyar: the rock cut canals and basins.




Figure 2.53. Recent restorations in the southern part of the Shadorwan have affected the authenticity of the
monument. In particular, the heterogeneity of the shape and size of the arches is completely covered hidden under
the renovated fagcade. Top, south arches in 1958-59. (Photo taken by Charles Schroeder, copyright, Harvard Fine

Arts Library, Special Collections. Bottom, south arches in 2004.
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Chapter 3
Methodology

3.1. Near Eastern Landscapes of Irrigation

Irrigation, probably more than any other technology, is capable of providing a structure for
the landscape. By forming the alignment of water supply, irrigation channels determine the pattern
of settlement and even in some cases the internal street and building plan of a settlement.??°
Sedentary life in the arid and semi-arid environment of West Asia has been necessarily bound to
some degree to supplementary water supplied from canals.?*® As a result of this ecological and
spatial significance, mapping and analyzing the patterns of canal irrigation has become one of the
main objectives of nearly all regional archaeological surveys in the Mesopotamian plains since the
late 1950s. Research into the origin of artificial irrigation and the growth of early civilizations are
inevitably tied to each other as archaeologists are still trying to assess the impact of one on the
evolution of the other. It is, however, clear that as the socio-political complexity of Near Eastern
societies increased, canal systems also progressively grew in scale and complexity. At least since
the end of the third millennium BC, there is textual evidence for the involvement of the state in
irrigation projects.?®' But, textual references have limited coverage, shedding light on certain
historical moments, specific locations and circumstances. Regional archaeological studies of
irrigated landscapes have attempted to obtain a more comprehensive view of the relationship

between the dynamics and structure of settlements and irrigation in time and space.

229 Wilkinson, Archaeological Landscapes of the Near East, 71.

230 Adams, “Intensified Large-Scale Irrigation as an Aspect of Imperial Policy. Strategies of State Craft on the Late
Sasanian Mesopotamian Plain,” 17.

231 Wilkinson, Archaeological Landscapes of the Near East, 89.
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A crucial question and the fundamental difficulty for irrigation research is dating the canals.
Actual sediments or contained organic material can directly date a relict canal.??> However, the
scale of the research agenda, the palimpsest nature of relict canal systems, and the complex
geomorphological processes on the alluvial plains limit the application of direct dating. Obtaining
and dating samples across a large study area can require human and financial resources far in
excess of the budgets of entire survey projects. Mineral and organic samples may be contaminated;
acquiring a set of reliable samples is much easier for a canal section or segment than it is for the
complex palimpsest of relict channels across fluvial plain. As Adams points out, “Most irrigation
systems not only are endlessly, incrementally modified in the course of regular desilting and
maintenance operations but also are repeatedly subject to modifications on a larger scale.
Frequently they newly incorporate remnants of extensive old systems conforming to entirely
different basic patterns, and they are in turn incorporated into dissimilar later ones. ”?*® Even when
good samples are obtained from a location and dated, it is not always straightforward to ascertain

what phase of the evolution of the regional irrigation structure is represented by the dated feature.

A breakthrough in the historical interpretation of irrigation was made during the Diyala
project when Jacobson proposed that the linear alignments of settlements reveal the course of
natural and artificial canals; he argued that if settlements of known date line up with a canal
segment, it can be assumed that the canal was in use when the sites were occupied. Regional
surveys by Adams and colleagues in the late 1950s to the 1970s, which applied this site-canal

association method systematically across large areas in southern Iraq and southwestern Iran,

232 Ibid., 83.
233 Adams, “Intensified Large-Scale Irrigation as an Aspect of Imperial Policy. Strategies of State Craft on the Late
Sasanian Mesopotamian Plain,” 27.
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yielded enormous amount of information about the structure and the evolution of irrigation in the
long-term history of Mesopotamian civilizations. In the meantime, already in the 1960s, the use of
cuneiform texts that refer to the sites being located along the named watercourses resulted in more
sophisticated reconstructions of ancient waterways and in the revision of some of the conclusions
that were made based on site alignments only. The methodology of the study of water history was
significantly improved in the 1980s-1990s, when the physical traces of channels on the detailed
topographic maps (levees) and on the historic aerial and satellite imagery were identified and
analyzed according to textual data, as well as geological sampling.?** As a result, it became clear
that some of the levee systems did not correspond to the channel systems that had been mapped
according to site alignments.?® Today, the value of an interdisciplinary approach that combines
textual, archaeological (remote sensing and fieldwork), and geological information is well
recognized, and projects that can afford to utilize all three categories significantly contribute to
our knowledge about the formation and transformation of relict waterways.?*® However, given the
practical difficulties of geologically dating the channels on a regional scale, mainstream research
in water history in West Asia is still based on, at least in the early stages, the application of a
revised site-canal association methodology. This modified approach involves identifying the
physical trace of the relict canals (primarily by means of remote sensing) and interpreting their

evolution according to the settlement alignments. Geological and geomorphological studies often

234 Gasche and Tanret, Changing Watercourses in Babylonia.

235 Gasche and Cole, “Second-and First-Millennium BC Rivers in Northern Babylonia”; Wilkinson, Archaeological
Landscapes of the Near East, 87.

26 E.g., Gasche and Tanret, Changing Watercourses in Babylonia; Gasche, “The Persian Gulf Shorelines and the
Karkheh, Karun, and Jarrahi Rivers: A Geo-Archaeological Approach: A Joint Belgo-Iranian Project: First Progress
Report - Part 1”; Gasche, “The Persian Gulf Shorelines and the Karkheh, Karun, and Jarrahi Rivers: A Geo-
Archaeological Approach : A Joint Belgo-Iranian Project : First Progress Report - Part 2”’; Gasche, “The Persian Gulf
Shorelines and the Karkheh, Karun, and Jarrahi Rivers: A Geo-Archaeological Approach: A Joint Belgo-Iranian
Project : First Progress Report - Part 3”; Pournelle, “Marshland of Cities.”
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provide supplementary evidence in the more advanced phases of the projects ?” . Field
identification of canals, and even ground-truthing of the remotely studied ones, plays a smaller

role as development has obliterated much of the landscapes of irrigation in the Near East.

Despite significant increase in our understanding of the long term pattern of the evolution
of ancient waterways in West Asia since the 1930s, some major theoretical questions have
remained unresolved in Near Eastern studies. One of the main reasons is that our methodologies
have still not improved enough to securely date canal systems on a regional scale. A classic
example is the role of canal irrigation in the growth of early Mesopotamian civilizations. A second,
less openly admitted problem is the extent of the direct involvement of the Iron Age and Late
Antique empires in the construction of large-scale irrigation systems. Related to this question is
the impact of the Muslim Conquest and Islamic rule on the irrigated landscapes of West Asia, and
the extent of agricultural intensification in the medieval period (chapter 1). While archaeological
research on water history is to a large extent based on the examination of sites dated from surface
collections, ceramic chronology of much of West Asia between the Hellenistic and Middle Islamic
period is poorly understood; several ceramic types that are generally defined as “Sasanian™ are
gritty plainwares with at most basic decoration that remained in use and were produced long into
the medieval period. Moreover, Islamic archaeologists debate the short chronologies established
by art historical approaches to the dating of the diagnostic types of Islamic period. The handful of
excavated sites from the Sasanian and early centuries of Islamic rule are spread over large

geographical distances. All the sites that are loosely-dated as Sasanian-Early Islamic by

237 Even when project are designed from the very beginning to adopt a multidisciplinary approach, integrating
archaeological, historical, and geological data with dramatically different time scales and resolution is a major research
channels and may become frustrating.
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archeologists—thus admitting the uncertainty of the date-- always appear on the Sasanian site-
canal maps based on the widely held assumption that they were first founded in the Sasanian period

and perhaps continued into the Islamic period.

The other major difficulty in water history research is the palimpsest nature of the irrigated
landscape, especially in the fertile fluvial basins that were the primary scene of Near Eastern
sedentary life. Related to this question is the impact of the Muslim Conquest and Islamic rule on
the irrigated landscapes of West Asia, and the extent of agricultural intensification in the medieval
period by the small scale modification of natural channels. With increasing human management,
irrigation channels assumed a more canal-like regime and eventually canal systems with an
unmistakably artificial character emerged. These complex paths blur the distinction between the
natural and human origins of the channels. Also, the designed character of the early canal systems
is usually very difficult to discern beneath the succession of its evolving forms.?*® Archaeologists
often have to make subjective decisions about the evolutionary phases of the long-lived canal

systems, before attempting to date them.

Aspects of land use within and beyond the major settlements is also a very thorny subject.
The “empty” areas between the recorded archeological sites are often defined as the realm of
pastoralism and mobile communities. Accordingly, the spatial organization of the mapped
settlement patterns makes a significant contribution in the discourse about the relationship between
sedentary and pastoral communities in Near Eastern history. Nevertheless, the extensive strategy

that has been standard in Near Eastern regional surveys is based on the vehicular examination of

238 Wilkinson, Archaeological Landscapes of the Near East, 71-91; Adams, “Intensified Large-Scale Irrigation as an
Aspect of Imperial Policy. Strategies of State Craft on the Late Sasanian Mesopotamian Plain,” 27.
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mounded features, so it is likely to dismiss smaller and more transitory sites. Unfortunately, the
landscape destruction caused by development schemes has eliminated the chance for resampling
previously studied areas by more intensive survey methods. Steinkeller’s study of the Ur III texts
suggested that the number of the settlements were probably far more than those mapped by Adams
and Nissen.? This difference might have resulted because the settlements were small, made of
perishable materials or had a seasonal function (e.g., agricultural processing).?*° Since the late
1990s, the recovery rates in the Mesopotamian surveys has dramatically increased, which probably
has as much to do with the original site density as with methodological advances and taphonomic
reasons. Surveys are using better maps along with a wide range of modern and historical satellite
imagery, and sophisticated recording technologies.?*' Depending on the availability of time,
money and personnel as well as research questions, Near Eastern archaeologists are now able to
consult a wide range of satellite data in order to intensify regional vehicular surveys to look for
smaller and more ephemeral sites. The methodology of this research is adopted based on the
advantages and disadvantages of previous approaches, and is inspired by the research questions
and the nature of available data and resources.

3.2. Data

3.2.1. Archaeological Data

The study area forms the eastern edge of Susiana. In the 1960s and 1970s, regional surveys

of Robert McCormick Adams and Robert Wenke recorded settlements and relict canal systems on

239 Steinkeller, “City and Countryside in Third-Millennium Southern Babylonia”; Adams and Nissen, The Uruk
Countryside.

240 Wilkinson, Archaeological Landscapes of the Near East, 90.

241 Ur et al., “Ancient Cities and Landscapes in the Kurdistan Region of Iraq,” 111, 112: Fig. 16.
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the Susiana plain, applying a methodology similar to that which had been used in the
Mesopotamian plain in southern Iraq. These surveys were limited to the area west of the Karun
and did not cover areas farther to the east, including the Miyanab. Beginning in 2001, two survey
projects on the Miyanab plain and on the Eastern Gargar plain, directed by Abbas Moghaddam
from ICAR, provided the first comprehensive record of settlement and irrigation in the far eastern
part of the Susiana (2001-2002 and 2003-2004). Moghaddam adopted a walking survey method
for most areas of the plain and complemented the settlement record with local knowledge of
archaeological sites. Walking the plain in transects was possible thanks to its rather small size.
Given that application of remote sensing and GIS in Iranian surveys lags considerably behind
western archaeology, the surveys of the Miyanab and Eastern Gargar did not use satellite imagery
and were only assisted by low resolution topographic maps. Maps of historical canals prepared by
the KWPA were consulted. These records of the channels represent the last phase of the palimpsest
of irrigation on Miyanab, and record only canals that were used until the modernization of
irrigation. Later, Moghaddam used CORONA imagery and improved the record of relict canals

focusing on the question of the origin and evolution of the Gargar canal.

While the ceramic chronology of Khuzistan in the early periods is relatively well-
understood (compared to later periods), test trenches were conducted at the following three sites
on the plain and local ceramic chronology was further improved for the prehistoric to the Parthian
periods: Tappeh Darougeh (Achaemenid, Seleucid-Parthian), Tappeh Meshwall III (Late Susiana,

Parthian), Tappeh Abu Amud Nejat (Uruk, Late Susiana and Seleucid-Parthian).

More excavations have been conducted on the Miyanab and on the Eastern Gargar since

then, and a reliable record of the ceramic sequence on the Miyanab has been compiled for the
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periods until the end of the Iron Age.?*? The Hellenistic period is the last phase in the area, known
from excavation. Therefore, the ceramic sequence for the later phases (Sasanian and later) is
established based only on comparison with excavations and surface collections from outside
Khuzistan and Iran and is not very reliable. Even though the transition from Iron Age pottery to
the “Parthian” type is recorded on excavated sites, the internal chronology of the latter type or its

transition to late antique and medieval types is not determined from local stratigraphic sequences.

Moghaddam has attempted to explain the evolution of the canal systems on the Miyanab
based on the association with sites. He has attempted to interpret his data specifically within the
discourse of the Sasanian imperial policy of large-scale irrigation schemes. However, the poor
chronology of the later periods along with the strong continuity of occupation on most sites
undermines his conclusions (see chapters 2, 6). Another important methodological consideration
is the small size of the Miyanab plain. It allows for increasing the resolution of the archaeological
study; yet, it adds to the limits of the application of the site-canal association method. The density
of archaeological sites in close proximity to multiple canals undermines any conclusive statement
about the relationship of a certain site to a specific watercourse, based on site and settlement maps
only. Similarly, the small size of the plain and its canal levees limits the potential of using a global
satellite terrain model like SRTM, which has been efficiently integrated into the regional studies

of the Mesopotamian plains.

242 The results of the excavations on the Miyanab, which are focused on the Achaemenid period, have not been
published. The excavation at the site of Tall-e Abu Chizan on the Eastern Gargar has been fully published in
Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain, Greater
Susiana, Iran.
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3.2.2. Non-Archaeological Data

Other sources of information for water history include environmental studies and texts.
Until recently, no systematic study of either of these categories had been conducted with the goal
of understanding the developments on the Miyanab plain. General information about the
geological and geomorphological processes on the fluvial plains of Khuzistan could be obtained
from the studies of Lees and Falcon, Kirkby, and from the publications of the Belgo-Iranian
research project on the Lower Khuzistan Plains.?** Only recently, Kevin Woodbridge collected
geological information in order to understand the long term water management and river
development over the Miyanab plain, as a part of his research on the Karun drainage basin.?** This
study covered the entire flood basin of the Karun with a few OSL and C14 samples. Therefore, the
results are more useful in terms of understanding the general regimes of river sedimentation and
earth movements than in terms of dating of specific hydraulic features. When dealing with the
hydraulic monuments and straight canal segments on the Miyanab, the study has taken the
commonly-assumed Sasanian date for the features in order to calculate the rates of surface

movements and therefore does not address the questions of the present study.

Archaeological literature on the water history of Miyanab has not so far systematically

utilized the insight from Islamic historiography. Prior to Verkinderen’s study, the use of textual

243 E.g., Lees and Falcon, “The Geographical History of the Mesopotamian Plains”; Kirkby, “Land and Water
Resources of the Deh Luran and Khuzistan Plains”; Gasche, “The Persian Gulf Shorelines and the Karkheh, Karun,
and Jarrahi Rivers: A Geo-Archaeological Approach: A Joint Belgo-Iranian Project: First Progress Report - Part 17;
Gasche, “The Persian Gulf Shorelines and the Karkheh, Karun, and Jarrahi Rivers : A Geo-Archaeological Approach :
A Joint Belgo-Iranian Project : First Progress Report - Part 2”’; Gasche, “The Persian Gulf Shorelines and the Karkheh,
Karun, and Jarrahi Rivers : A Geo-Archaeological Approach : A Joint Belgo-Iranian Project : First Progress Report -
Part 3”; Walstra, Verkinderen, and Heyvaert, “Reconstructing Landscape Evolution in the Lower Khuzestan Plain
(SW Iran): Integrating Imagery, Historical and Sedimentary Archives”; Heyvaert et al., “Susa and Elam.”

244 Woodbridge, “The Influence of Earth Surface Movements and Human Activities on the River Karun in Lowland
South-West Iran.”
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information for the examination of water history on the Miyanab has been limited to direct
references attributing a hydraulic feature (primarily the Masrugan or Shadorwan) to a Sasanian
king.?** Verkindern examined a wide range of Arabic sources for the water history of the Miyanab
plain (among other areas in Iraq and in Khuzistan) and has provided a solid base for the integration
of archaeological and textual data in the present study. Furthermore, Verkinderen’s methodology
for investigating the changing river courses in the southern Iraq and in Khuzistan, as well as in the
interdisciplinary research of the Belgian project on the lower Khuzistan plain®*® has been a model
for my approach to the study of the textual data.

3.3. Research Methodology

This study takes a multidisciplinary approach to study past landscapes in order to shed light
on major phases of development in the water history of Miyanab as well as the factors contributing
to this trajectory. This goal necessitates working with heterogeneous data that provide uneven
coverage for different historical periods, geographical regions and landscape features, as well as
being divided across disciplinary boundaries, each concerned with varying issues and time scales.
To these problems, one needs to add the limited time and resources of the research project, which

required compromising between the range and the scope of the disciplinary analyses.

3.3.1. Archaeological Data

It is common for extensive surveys to lead to more intensive, targeted and question-driven

surveys in many parts of the world. The surveys of the Miyanab plain in the 2000s provided the

245 Verkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khiizistan in the Early Islamic Period”; Verkinderen, The Waterways of Iraq and Iran.
246 Verkindern was the historian and philologist of that project.
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basic pattern of settlements for the entire study area, with a good level of resolution owing to the
use of walking transects instead of a vehicular method. The present study needed to adopt a
methodology that is useful for targeting specific areas and questions within the previously
surveyed archaeological landscape. Scale is a fundamental factor determining the most appropriate
research methodology and the adequate resolution of data collection. Following Wilkinson, this
research can be categorized as one of “mesoscale,” falling between the scale of excavations and
Mesopotamian regional surveys.?*’ The limited size of the plain (400 sq km) allows for increasing
the intensity of archaeological investigation and looking for the types of sites and landscape

features that might have been overlooked previously.

One of the goals of this research is to understand the long term patterns and dynamics of
habitation and land use across the study area. By identification of features such as relict canals,
roads and field systems that bond the habitation sites together, the records of the recovered
settlements can be placed within the background of a more subtle “landscape archaeology.”?*®
Moghaddam’s studies begin to address topics of landscape use by mapping and studying of the
relict canal systems.?*® However, his focus was more on dating the canals based on the distribution
of the sites rather than on understanding the role of the canals as bonding strands across the
landscape. When historic satellite imagery was consulted, a single feature, the Gargar Canal, was

examined and not the relation between the sites and the landscape features. Nor does he discuss

the functional or spatial relations between the sites. Alizadeh et al. on the other hand uses satellite

247 Wilkinson, Town and Country in Southeastern Anatolia. Volume I: Settlement and Land Use at Kiirban Hoyiik and
Other Sites in the Lower Karababa Basin, 61.

248 Ibid., 62-67.

249 Moghaddam, Barrasi'ha-Yi Bastan'shinakhti-I Miyanab, Shiishtar; Moghaddam, Later Village Period Settlement
Development in the Karun River Basin, Upper Khuzestan Plain, Greater Susiana, Iran.
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imagery and intensive survey in order to examine the off-site features around the site of Dar
Khazineh. However, that study covers a very small area and does not shed much light on the

dynamics of landscape change and land use on the plain.?*°

“Site definition” is a fundamental aspect shaping archaeological survey methods. In much
of the Near East, sites are traditionally equated with mounds. Small sites and flat sites that have a
short chronological range tend to be underrated and can easily be missed by extensive survey
methods. These types of missing evidence, however, characterize much of the settlement pattern
of the Iron Age and later periods when population were often dispersed in rural and short term
settlements, and when the sites shifted from place to place every few generations or centuries.
While the Near Eastern surveys never adopted the kind of intensive methodology that is common
in Mediterranean archaeology, more intensive surveys in northern Mesopotamia recently have
been successful in achieving a better recovery of the rural countryside, particularly as field surveys

are integrated with an increasing range of satellite imagery.?*

In order to understand the long-term dynamics of land use, the reliability of the recovered
settlement record needs to be examined. By increasing the intensity of the survey and by sampling
selected areas, patterns of landscape preservation and destruction can be examined. If settlement
records are absent for a certain area, it might be that sites are lost due to the processes of erosion
or sedimentation, or that sites originally did not occur in the area. Obviously, these two reasons

have very different implications for research.

250 Alizadeh et al., “Human-Environment Interactions on the Upper Khuzestan Plains, Southwest Iran. Recent
Investigations.”

251 Wilkinson, Town and Country in Southeastern Anatolia. Volume I: Settlement and Land Use at Kiirban Hoyiik and
Other Sites in the Lower Karababa Basin; Wilkinson, “The Disjunction between Mediterranean and Near Eastern
Survey: Is It Real?”; Ur et al., “Ancient Cities and Landscapes in the Kurdistan Region of Iraq”’; Bonacossi and Iamoni,
“Landscape and Settlement in the Eastern Upper Iraqi Tigris and Navkur Plains.”
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This research utilizes a combination of remote sensing and targeted field examination in
order to fill some of the gaps of the previous surveys. The first goal is to move from a settlement
map to a landscape map; to examine the inter-site relations, to move from a quantitative approach
to collected data to a qualitative one that explores the spatial and functional relations between the
“sites”; and to identify landscape features that bond the sites together. The second goal was to
investigate the nature of the sites, including their size and patterns of occurrence and absence; to
understand the natural and human agents that might have obscured the settlement maps, and to
investigate whether the settlement types are inclusive or whether certain kinds of sites might be
missing. Given that agricultural land use specifically in later historical periods is the heart of this
research, the study aimed to check for the rural landscapes that are characteristic of these periods
and that are not easily recovered in conventional surveys. The objectives and results of the remote

sensing and field study, which are elaborated in chapters 4 and 5, are summarized below.
Remote Sensing

Following the model of recent northern Mesopotamian surveys, remote sensing is a
fundamental aspect of the present research. Given that modern irrigation and agriculture schemes
have nearly eradicated the archaeological landscape of the Miyanab, remote sensing is even more
important than in the relatively better preserved landscapes of northern Iraq and Syria and southern
Turkey. In this research, the remote sensing study is different in two ways. First, it utilizes
historical aerial photos alongside the satellite CORONA imagery that are commonly used in Near
Eastern surveys. The potential of historical aerial photos has been noted and explored by Adams
and others since the 1950s. But, the lack of public access to these datasets turned Near Eastern

archaeology toward the historical satellite imagery (see chapter 4 for more details). Since these
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photos are archived and available for purchase in Iran, I attempted to integrate this data to explore
the potential of utilizing air photos on a large scale. The potential of aerial imagery was examined

both on its own and in comparison with the CORONA imagery.

The most essential feature of the air photos is their combination of high resolution (that is
often associated with modern imagery) and historicity (that is found in the CORONA). This
combination results in excellent preservation of the traces of relict canals on the photos. On the
other hand, the present research places the canals at the center of inquiry in order to investigate
them as a distinct category of archaeological data. Therefore, careful examination of the two early
sets of air photos comprised the first step of the research, providing the means for observing the
landscape from the point of view of the irrigation network, independent of and prior to the
settlement study. In addition to mapping relict canals, the photos were consulted in order to
understand the palimpsest aspect of the irrigation network, i.e., the earlier and later features. This
goal was achieved through a relational analysis. The resolution of the air photos allows informed
guesses as to which feature crossed over the other, and which ones were probably
contemporaneous. This method has been used previously in very limited scale for the examination
of limited number of features. 2 I benefited from the relatively small scale of my study area and
applied this method systematically across the landscape. The relational analysis examines the
relation of each segment to the nearby features both synchronically and diachronically. Despite

the difficulty of this task,?*® I attempted to reconstruct the early phases of the evolution of the canal

252 Often one or two canals in relation to an archaeological sites, see for example, Gasche, “The Persian Gulf
Shorelines and the Karkheh, Karun, and Jarrahi Rivers: A Geo-Archaeological Approach: A Joint Belgo-Iranian
Project : First Progress Report - Part 2,” 29.1 thank Dr. Maurits Ertsen, for suggesting to test the potential of applying
the relational analysis on a large scale.

253 Adams, “Intensified Large-Scale Irrigation as an Aspect of Imperial Policy. Strategies of State Craft on the Late
Sasanian Mesopotamian Plain,” 27.
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systems on the plain as well as their subsequent transformations and configurations. As a result of
this study, a model of the evolution of the canal systems was built that is independent of site

alignments, and does not necessitate access to geological dating samples.

The research adopts a landscape perspective that revolves around the means of artificial
water supply: canals act not only as strands that connect discrete points, i.e. sites, but also as the
structural elements of the archaeological landscapes. The patterns of the canals can define the
agricultural character of the various parts of the landscape, and can contribute to evaluating the
representativeness of the settlement record. This process is similar to predictive modeling, but, it
is qualitative and is based on a single factor, i.e. canal patterns. The record of settlements was
compared to the varying patterns of canal systems and agricultural capacity across the landscape,
and discrepancies between the record and the prediction were noted. These areas were reexamined
on the air photos, CORONA and Google imagery (in the case of non-bulldozed areas), for potential
missing sites. The remarkable potential of the CORONA imagery in revealing the traces of
anthropogenic features through soil coloration was underlined by this study. These areas were

mapped and examined in the field.

In addition to the canals, other features, such as historic roads or field patterns, which may
show up on the air and satellite imagery, connect and contextualize the sites in the landscape. Field
systems were observed on both types of historical data. But, only in very limited areas do they
seem to reveal information beyond what was gleaned from the canal patterns. Therefore, this
category was not systematically integrated in the study. However, the relict paths were found in
abundance in the southern part and immediately southeast of the plain. In these areas, which are

essentially outside the irrigated zone, the study of the “hollow way”’-like features provided a useful
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base for the study of the structure of the landscape and the connection between the settlements.

CORONA imagery proved most useful in the identification of relict tracks.
Archaeological Field Survey

Fieldwork must be conducted to test the validity of the remote-sensing findings and
reconstructions. As described in chapter 5, the mapped sites and canals were examined during field
survey. Despite the damage from development, a selection of the mapped and preserved canals
was opportunistically visited and sampled. A handful of larger canals that still promised to be
preserved were targeted and visited. The negative impact of development made it nearly
impossible to determine with certainty whether the small sites mapped from imagery, which were
presumably characteristic of the rural landscape, were archaeological sites. Given the continuous
and dense record of human occupation in the fluvial plains of West Asia, differentiating between
flat short-term “site” and “background” noise is complicated. Significant soil leveling and removal
on the Miyanab plain, which followed the implementation of modern irrigation systems, has
eliminated our ability to ascertain the existence of many of the recorded sites. The survey method
however attempted to examine the patterns of site occurrence and absence by using a combination
of field and remote sensing data, as well as talking to local people about recent topographic
transformations. In addition to the remote-sensing guided fieldwork, intensive opportunistic
survey was conducted along the areas where landscape degradation is most intensive, i.e. the edge
of the Gargar, in order to examine the impact of development and water erosion on the record of
settlements. Another task that was pursued in the field and was partially independent of the remote
sensing was the investigation of the inter-site relations in targeted areas. Based on the factors such

as size, distance, access to water, and topography, the spatial and functional relationship between
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a number of the recorded sites was explored, through the examination of the nature of the surface
finds, and through walking transects between the targeted sites. The results contributed to a much
more integrated picture of the landscape, where sites are connected through presumed functional

and spatial relations and through the recovered physical bonds such as tracks and canals.

3.3.2. Toward an Interdisciplinary Approach

The two important categories of information on environmental history, i.e. textual and
geohydrological, were examined in combination the archaeological data, albeit in different ways.
A systematic survey of the medieval textual sources (Arabic and Persian) was conducted and all
possible references to the aspects of irrigation, ancient waterways, and agriculture were compiled
(appendix c). The choice of the most reliable and up-to-date editions of every source was made
based on information provided by Verkinderen.?** The testimony of the medieval sources was used
under the following conditions. Each of the statements was evaluated based on the category of the
text and its distance from the subject. Geographical sources that were contemporaneous with the
described subject, followed by the historical sources of the 8th and 10th century that were based
on Hadith tradition, were considered most reliable. The rest of the sources, including subsequent
geographical compilations and copies as well as encyclopedic texts, were consulted primarily to
understand the history of the common stories, and the transmission of original accounts and
information. Consistency of information about a certain topic in different parts of the work of the
same author served as useful evidence for the author's familiarity with the topic. A priori

assumptions about the date of the construction and destruction of hydraulic features were strongly

254 yerkinderen, “Tigris, Euphrates, Kariin, Karkheh, Jarrahi, Tracking the Traces of Five Rivers in Lower Iraq and
Khizistan in the Early Islamic Period”; Verkinderen, The Waterways of Iraq and Iran.
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avoided, especially when based on the absence of textual information about a hydraulic feature, or
on ambiguous and out-of-context references. Much of the ungrounded theories about the hydraulic
features under study have been formed and propagated by the neglect of the latter principle. In
addition to the medieval sources, the accounts of the early modern travelers were consulted,
primarily for their description of the remains and waterways under study and less so for their
judgment about the date and the history of the features. Even in this case, the possibility of mistake
in the record, for example about names or distances has been considered. The two reports of the
engineers Van Roggen and Najm al-Mulk, which were prepared specifically for the purpose of
examination of the water works, provided the most reliable information on the pre-modern state

of the hydraulic remains. #*°

The geohydrological information was incorporated in a less systematic way compared to
the textual data. Given that specific environmental data corresponding to the questions of this
research were not available, information about the major geohydrological features within the study
area and the common processes that shape and transform them was collected. This knowledge
contributed to the scenarios of landscape formation and evolution that were eventually proposed.
Satellite SRTM terrain model of the entire Khuzistan and historic terrain model that was created
from historic air photos (chapter 4) were consulted for the identification of the geological and
hydrological features. This information was fundamental specifically in the study of the evolution
of the Gargar. Topographic information was evaluated independently and in relation to the textual
and remote sensing data. Instead of a priori assumptions, each segment of the Gargar was

separately examined for potential human and natural features that might have contributed to its

255 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane”; Naj.
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formation. On the other hand, the hydrological processes in the whole system that could have

shaped and transformed the parts in various ways were noted and taken into consideration.

While integrating various categories of data, the following strategies were adopted. First,
highest reliance was placed on the remote sensing data; scenarios that did not correspond with the
observations made on the terrain models and historic imagery were dismissed. This strategy was
essential in working with textual data. Second, every piece of information about hydraulic remains
that is found in the textual sources, even from the early modern period, is not to be necessarily
paired with one of the presently known ruins or remains. The rate of landscape transformation,
specifically owing to the destructive force of water, is very high; features can be destroyed and
ruins can disappear over few decades. One has to be very cautious when matching textual
information with features that presently exist on the ground.

3.4. Conclusion

This chapter presented the research methodology. The study of the complex relations
between natural systems and human activity requires an interdisciplinary research approach.
Archaeological research projects are increasingly planned to integrate textual and
geomorphological data. The present study similarly acknowledges the necessity of an
interdisciplinary approach and aims at integrating textual and information data, within the
constraints of its resources. The archeological aspect of the research is shaped by recent
methodological advances in Mesopotamian landscape archaeology, and is assisted by remote
sensing of historic air photos, CORONA satellite imagery and digital elevation models. The
research also benefits from a systematic and critical survey of the textual sources, Arabic and

Persian that cover a wide chronological range from the Islamic conquest to the modern period.

139



Acquiring geomorphological information for the purpose of this study was not possible at this
stage. However, remote sensing evidence and the literature on geohydrological characteristics of

the study area was consulted in the process of proposing scenarios of landscape transformation and

change.
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Chapter 4
Results I: Ancient Irrigation Systems on the Miyanab Plain

4.1. Introduction

Mapping and dating relict canals has become an established archaeological approach for
understanding aspects of the socio-economic dynamics of ancient societies. Archaeologists have
used various types of data, namely, field survey, historic imagery, and historic maps, to reconstruct
ancient canal systems. The Site-Canal Association method is used to estimate what parts of a
mapped system were built or used in a certain period. Scientific methods of dating, in particular
C-14 and OSL, are increasingly applied to obtain absolute and more accurate dates for relict canals.
Despite problems and uncertainties involved in the dating of canal segments by association with
archaeological sites, no substitute for this method has been found at the landscape level. The
association of canals with sites can very quickly provide large quantities of data, both spatially and
temporally, at negligible cost compared to scientific dating methods. Nonetheless, interpretations
derived from the alignment of sites with relict canals are not always conclusive. One critical
concern is the lack of well-defined ceramic chronologies for the regions under study. As discussed
in chapter 2, this problem is particularly relevant to the later historical periods in southwestern
Iran. A second, more general problem is that certain categories of archaeological sites may be
systematically over-represented or under-represented in the archaeological record.?® A third
problem that will be discussed in depth in this chapter is the complexity of socio-cultural and

hydraulic parameters that can affect the association of canals and sites over time. Finally, research

256 Wilkinson, “Regional Approaches in Mesopotamian Archaeology.”
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has to take into account the uneven impact of modern development and natural processes on the

archaeological record.

The goal of this chapter is to map and reconstruct the ancient canal systems of Miyanab
and the dynamics of their development through time. In order to obtain a more thorough
understanding of the irrigation history on the Miyanab plain, I aim to utilize the site-canal
association method, while alleviating its shortcomings by integrating other categories of data. This
study demonstrates that canals as a distinct category of archaeological data have much to offer
about past water management strategies. Furthermore, at the heart of the present chapter lies the
idea that a comprehensive understanding of water management history can be achieved only if we
go beyond the discussion of monumental features and begin to understand irrigation infrastructure
in its entirety. In the following pages, the questions and objectives pursued in this chapter are first
described. Second, the data that were available and affordable are described. Third, the remote
sensing method and results are presented. Fourth, the corrections and revisions made on the
remotely-mapped canals based on the survey results are provided. Finally, based on spatial and
hydraulic analyses of the ground-truthed data, a long term perspective on the dynamics of

settlement and irrigation patterns on the Miyanab plain is presented.
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4.2. Questions & Goals

This chapter addresses the following questions:

1. What are the main features of the ancient irrigation system of the Miyanab plain?
How did they form and develop? What is the approximate date of various canals
and hydraulic features?

2. What human and natural forces may have triggered major transformations
(expansion, contraction, reorganization) in the ancient canal system(s)?

3. What is the nature of the relationship between settlement patterns and the dynamics
of irrigation on the Miyanab plain? How did the inhabitants of Miyanab organize
their settlements in the landscape, in relation to the ancient canal systems and to
other available water sources, namely, the Karun, smaller natural water courses,
and even rain water?

4. What kind of analysis can be conducted on relict canal systems as a distinct
category of archaeological data, independent of their relation to archaeological
sites?

5. What are the possible impacts of irrigation developments and natural processes on

the relict irrigated landscape of Miyanab and how can we mitigate these effects?
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4.3. Data

The research presented in this chapter is primarily based on remote sensing. Before a
discussion of the research and the findings, the data used for remote sensing will be discussed

below.

4.3.1. Historic Satellite Imagery: CORONA

CORONA is the program name for the United States’ reconnaissance satellites that
“provided coverage of the Soviet Union, China, and other areas from the Middle East to Southeast
Asia” from the late 1950s to 1972.%” CORONA satellites took high-resolution black-and-white
images of the areas chosen for surveillance. In 1995, President Clinton declassified this imagery
for historical and environmental research. CORONA images, particularly those from the two latest
generations (KH-4A & Kh-4B), ?*® quickly proved an invaluable resource for the archaeology of
the Near East, both because the focus of CORONA imaging missions covered most of the Middle
East, and because CORONA imagery predates the many agricultural and urban development
projects that have obscured or obliterated much archaeological evidence (sites, ancient canals and
roads). Therefore, these images preserve a record of the landscape that in many places no longer
exists, and that, for geopolitical reasons, is often inaccessible. Moreover, CORONA images are
high-resolution, although there is increasing spatial distortion toward the edge of each frame.
Nevertheless, under ideal conditions, the images can reveal features as small as 2-3 meters wide.

Finally, the CORONA imagery covers vast areas on the order of tens of square kilometers.

257 Ruffner, Corona America’s First Satellite Program, xiii.
258 These two missions are the only ones that offer stereo imagery. Casana, Cothren, and Kalayci, “Swords into
Ploughshares Archaeological Applications of CORONA Satellite Imagery in the Near East.”
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Therefore, even when limiting analysis to only the central part of each frame, large land surfaces

can be studied efficiently in a single frame.?*®

CORONA imagery is accessible for purchase or free download through the United States
Geological Survey (USGS). However, the unique imaging geometry of CORONA cameras
produced long narrow strips, and the difficulties of correcting spatial distortion has limited their
use by researchers. Two institutions, the Center for Ancient Middle Eastern Landscapes
(CAMEL), at the Oriental Institute, and the Center for Advanced Spatial Technology (CAST), at
the University of Arkansas through its CORONA Atlas of the Middle East website, provide
individual researchers with CORONA imagery obtained from the USGS. They choose the best

available imagery for each area, georeference it and correct the spatial distortion.

For my dissertation, I used imagery from the KH4A mission: DS 1045-2182DA, acquired
5 Feb 1968, from three sources, with approximate ground resolution of the images is c. 3 m wide

at Nadir (the point on the ground directly below the camera).

1. Negatives purchased from USGS by Nicholas Kouchoukos, scanned at 7 microns (3600
dpi) and orthorectified by him.?®® The rectified imagery is reduced to 96 dpi; the clarity of features
is good, and the georeferencing is very accurate. The imagery is particularly helpful for studying
relict agricultural landscapes in the hummocky areas of the south, in the vicinity of the sites of
Herad and Negini. Unfortunately, the georeferenced imagery did not cover the very southern part

of Miyanab.

2% In the highest resolution CORONA images, acquired in the KH-4B mission, from 1967-72, the area covered by
each strip is approximately 13.8 x 188 km. Ibid.; “About” CORONA Atlas of the Middle East, accessed Feb 8, 2016,
http://corona.cast.uark.edu/index.html#bbox=3000000,2200000,5500000,5000000; “Declassified Satellite Imagery -
17 USGS, accessed Feb 8, 2016, https:/Ita.cr.usgs.gov/declass_1.

260 The imagery and this information was provided to me by Dr. Abbas Moghaddam.
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2. Digitized and Orthorectified Imagery from CAMEL. The negatives obtained from the
USGS were scanned at CAMEL at 1600 dpi, then, reduced to 72 dpi for georeferencing.?®’ The
clarity of the archaeological features is low. However, the imagery covers the entire study area.
The major advantage of the CAMEL imagery is the accuracy of georeferencing. Imagery from
CAMEL overlaps with Kouchoukos’s imagery, with Bing satellite imagery, and with aerial photos
I georeferenced with the aid of Google Earth. Therefore, this set was the easiest one to use for

comparative study of the features in multiple datasets.

3. Digitized and Orthorectified Imagery from the CORONA Atlas of the Middle East. The
tremendous advantage of this dataset is its high resolution and sharp color contrast. The negatives
were digitized by USGS at 7 microns (3600) dpi, and the NTF format of the uploaded imagery
retains high resolution with smaller file size. Furthermore, the histogram adjustment applied to the
imagery further enhances its color contrast and clarity for feature detection. Unfortunately, the
accuracy of georeferencing for my study area is less than that of the above two datasets?®?.

Therefore, the imagery was not as helpful for mapping and comparative study. I used this data

primarily for checking small and ambiguous features and for publication of the results.

4.3.2. Historic Aerial Photos

A myriad of aerial photos of Middle Eastern countries taken since World War II are spread

across the globe in various archives. In the 1950s in preparation for the launch of large-scale

261 E-mail correspondence with the Center, Jan 15, 2015.

262 The first two categories of imagery are the result of orthorectification of selected segments of the CORONA strips.
Casana et al. explain their method for orthorectification of the entire strips of imagery. The accuracy of CORONA
Atlas images range from 3—10 meters at nadir to 20—80 meters at the edges. “Swords into Ploughshares Archaeological
Applications of CORONA Satellite Imagery in the Near East.”. Miyanab is located on the far right edge of the
CORONA strips and my observation of the displacement (60-70 m) confirms this prediction. For my study area,
imagery created from orthorectified CORONA segments provides better spatial accuracy.
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development projects, some countries ordered systematic aerial photographic surveys. The results
were mosaics of vertical stereo photos that could be used to create topographic maps. In the 1960s,
Robert McC. Adams and McGuire Gibson systematically used KLM aerial photographs acquired
in the 1950s for regional surveys. ?®® Despite their tremendous potential, access to these datasets

was never guaranteed®®.

In Iran, systematic aerial imaging of the entire county began in 1955, and one year later,
the Iran National Cartographic Center (NCC) was established. Fortunately, these photos have been
systematically archived and prepared for public purchase. The NCC aerial photo database can be

searched by photo metadata (location, scale, acquisition date) or through an interactive map. 2*°

The unparalleled advantage of aerial photos is their exceptionally high resolution. Many
offer higher spatial resolution than even the best imagery from CORONA and may pre-date
CORONA by several decades. Their high quality has enabled me to map and study ancient canal
systems with unparalleled detail. A major disadvantage of aerial photos is the limited spatial
coverage of photo frames (9x9 inch). For example, each frame of a 1:20,000 aerial photo covers
5x5 km? or less. Therefore, georeferencing aerial photos is very time-consuming. Furthermore,
photos are relatively expensive ($3 for each contact frame, $20 for a 7-micron scan of each frame).

For technical and financial reasons, Iranian archaeological projects have not yet systematically

263 Adams, Heartland of Cities, 28-30; Gasche and Tanret, Changing Watercourses in Babylonia, VII.

264 After his successful experience with high-resolution KLM photos and the failure to secure access to this data,
Adams successfully lobbied for public access to declassified high-resolution satellite CORONA imagery Pournelle,
“KLM to CORONA: A Bird’s Eye View of Culutral Ecology and Early Mesopotamian Urbanization,” 30.

265 hitp://tsm.nce.org.ir/HomePage.aspx?TabID=5714&Site=tsm.ncc.org&Lang=fa-IR;
http://217.218.133.169/tsm/Pages/Aerial CoverbyPoint.aspx?TabID=0&Site=tsm.ncc.org&Lang=fa-IR
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utilized aerial photos. Their use by foreign archaeologists is limited because they cannot purchase

photos directly from the NCC. %%

For Shushtar, several datasets of imagery at various scales and coverage exists. To save

time and money, [ purchased two datasets.

L.

IL.

267

Acquired 1956, scale: 1:12500, flight coverage: northern part of the study area
(from north of Shushtar to south of the Band-i Mizan). Despite the partial coverage,
this dataset was chosen because it offered the chronologically earliest high-
resolution coverage of the major water regulating structures in and around
Shushtar. The dataset includes 35 frames, all digitized at 600 dpi, with approximate
pixel resolution 0.5 m. Seventeen images were georeferenced and used for
mapping. 28 All frames were used for 3D modeling.

Acquired 1975, scale: 1:20,000, flight coverage: all the plain (flight route:
Shushtar-Ahwaz). This dataset was chosen because it provided the oldest high-
resolution full coverage of the Miyanab plain. A selection of the dataset which
covers the entire frame, 373 frames, was selected, all digitized at 600 dpi,

approximate pixel resolution 1 m. 75 images were georeferenced and used for

mapping.

266 The high cost and technical difficulties of using historic aerial photographs for systematic landscape study is not
limited to Iran: Casana, Cothren, and Kalayci, “Swords into Ploughshares Archacological Applications of CORONA
Satellite Imagery in the Near East.”

267 In the course of my work as a cultural heritage consultant for the Shushtar Historic Hydraulic System (2005-2008),
I was able to work with and assess various sets of imagery available for Shushtar.

268 The rest of the digitized photos were utilized for photogrammetric modeling.
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4.3.3. Modern Google Satellite Imagery

In addition to historic imagery, I have used modern satellite imagery for three major

purposes:

I.  Georeferencing of aerial photos using Google Earth Imagery (Digital Globe &
CNES Astrium) as well as ArcMap Basemap imagery (Esri, DigitalGlobe, GeoEye,
i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and
the GIS User Community).

II.  Assessment of archaeological features’ preservation and destruction using Google
Earth Imagery.
III.  Navigation and Mapping in Fieldwork using Google Earth Imagery (Google Earth

and Google Map App for Android).

4.3.4. Satellite Digital Elevation Models

Owing to the basic hydrological principle that water flows downstream, study of the
modern as well as ancient water systems is predicated on understanding topography. Three-
dimensional models of a terrain’s surface, known as Digital Elevation Models (DEM) or Digital
Terrain Models (DTM), are used in spatial analyses for various uses, including hydrological and

hydraulic studies. For this project, two free global DEMs from the following sources were used.

SRTM (Shuttle Radar Topography Mission) DEM: A high-resolution digital topographic
database of the Earth obtained by means of a specially modified radar system flown aboard the
space shuttle Endeavour. The result is digital topographic data for 80% of the earth’s surface (all

land areas between 60° N and 56° S latitude). The horizontal resolution of the collected data is 30
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m, but, that is publicly available only for the United States. For the rest of the world, SRTM DEMs
at 90 m resolution are available for public use.?®® The elevation data are accurate to 16 meters (at
90% confidence)?”°. Despite the poor horizontal resolution, the accuracy of the SRTM DEM makes
it a powerful data source for studies of modern and archaeological landscapes. ' SRTM data is
available for public use at no cost from the USGS EarthExplorer website and from the CGIAR

Consortium for Spatial Information.?”? I have used the latter source.

ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) GDEM
(Global Digital Elevation Model): ASTER is a Japanese sensor flown onboard the Terra satellite,
the first of the NASA’s Earth Observatory System (EOS) platforms. The sensor collects high-
resolution multispectral (14 bands) as well as black-and-white stereo images of almost the entire
earth’s surface. The ASTER Global Digital Elevation Model (ASTER GDEM) is a DEM created
from the data collected from ASTER. The global spatial resolution of ASTER is 30 m. %> ASTER
GDEM can be downloaded at no cost from the project’s website. 2’* Despite the higher spatial

resolution, ASTER GDEM proved less useful for my study of ancient canal systems.

269 In 2015 free access was provided to GLOBAL imagery at the resolution of 30 m, which would significantly
improve their usability of Near Eastern landscape studies.

270 http://srtm.usgs.gov/mission.php; https://lta.cr.usgs.gov/SRTM 1 Arc; http://srtm.csi.cgiar.org/

271 Casana, Cothren, and Kalayci, “Swords into Ploughshares Archaeological Applications of CORONA Satellite
Imagery in the Near East.”; Hritz and Wilkinson, “Using Shuttle Radar Topography to Map Ancient Water Channels
in Mesopotamia.”

272 http://earthexplorer.usgs.gov; http://srtm.csi.cgiar.org.

273 http://eospso.gsfc.nasa.gov/missions/terra; https://Ipdaac.usgs.gov/products/aster products_table/aster overview;
274 http://gdem.ersdac.jspacesystems.or.jp/index.isp For a step-by-step guide see http://www.gisblog.com/how-to-
download-aster-v2-global-digital-elevation-model/
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4.3.5. Land Survey Data

Even the highest resolution, publicly available elevation data is too coarse for anything
more detailed than major regional landscape features. Institutions and projects often commission
customized high resolution topographic data through land or aerial survey of the terrain’s surface.
These techniques result in accurate high-resolution DEMs, but are very expensive. Individuals, if
lucky, might be able to use high-resolution data that is acquired by institutions or bigger projects.
I have also tried to obtain land survey data from the Khuzistan Water and Power Authority
(KWPA), which is undertaking a large-scale irrigation project destroying the archaeological
landscape of Miyanab. After several attempts, I obtained 1:2000 land survey data generated by the
KWPA project for the northern and western parts of the plain, and used this data to create a high-

resolution DEM of these areas (Fig. 4.8).%"

275 The Miyanab Irrigation and Drainage Project is organized in seven phases. Phase one, which encompasses most
of major headworks of Shushtar was carried out in a far less systematic way than other phases. Unfortunately, total-
coverage land survey was not conducted in this zone. The data for zones 6 & 7 (future plans) has not been collected
yet.

151



4.4. Remote Sensing I: Ancient Canal Systems on the Miyanab plain

A major methodological concern of the present dissertation is the relevance of the site-
canal association approach for dating ancient canal systems. I attempt to explore whether
information about canal function and development can be obtained from relict canal remains,
without reliance on settlement pattern maps. Obviously, data availability is key. Similarly
important is selecting the appropriate scale to use in the study the dynamics of irrigation,

settlement, and flows.

The methodology developed here to pursue these lines of inquiry is to large extent built on
access to historic aerial photos of the study area. Remote sensing that utilizes CORONA imagery
can successfully map major feeder and distributary canals, but the unparalleled spatial resolution
of aerial photos permits a holistic approach to mapping and analyzing the entire canal system of
the Miyanab plain. In the pages that follow, I explain my approach and method for mapping
systems, the output of the project as well as the results of qualitative analyses of the mapped canal

systems.

4.4.1. Creating a GIS database of the historic aerial and satellite imagery

The first step was to build a database of the historic imagery available for the plain.
CORONA imagery obtained from the three sources mentioned above came with orthorectification
information. ?’® However, integrating satellite imagery with historic aerial photos was a time-

consuming process. Contact sheets of the two sets (1956, 1975) were digitized in the NYU Digital

276 CORONA obtained from CAMEL and Dr. Moghaddam (Nick Kouchoukos’s data) were in GeoTiff format.
CORONA downloaded from CORONA Atlas were in NITF format and were easily georeferenced (on-the-fly) using
an SRTM elevation model provided for each CORONA revolution.
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Studio using a flatbed Epson Expression 11000XL & 10000XL scanner at 600 dpi resolution, 16

bit depth gray scale.

Selected digitized photos (75 photos) were then imported into ArcMap GIS software and
individually georeferenced by the author, using six Ground Control Points (GCPs) taken from
Google Earth and first order polynomial transformation. Given the relatively small area covered
by each frame and the radical transformation of the landscape, matching old and modern landscape

imagery in order to obtain GCPs was extremely difficult (Map 4.1).

4.4.2. Vectorizing relict canals

After the aerial photos were integrated into the GIS database of Miyanab, I began the
detailed mapping study. My goals were to step away from the paradigm of “Sasanian
monumentality”, to be as objective as possible, and to map canal networks as completely as
possible. Being objective proved difficult owing to the high amount of information preserved in
the aerial imagery. It soon became obvious that the smallest canals needed to be disregarded. After
experimenting within an area of approximately 25 km?, it became obvious that the best
compromise between analytical detail and efficiency was to map only canals of 4-5 m or greater
width, disregarding the smallest ones. In anticipation of possible hydraulic modeling, canals were
mapped as segments defined between two nodes. For each canal segment, the following attributes

were recorded (Fig. 4.1).27

Width: The width of a canal segment was measured on the aerial photos (Map 4.3). For

this purpose, in descending order of preservation, the distance between the two remaining upcast

277 T am grateful to Dr. Maurits Ertsen, for his invaluable guidance in the process of mapping and studying of canals.

153



banks, or the width of the levee left from the collapse of the canal, or the width of moist trace left
of the canal was measured. Understanding the relationship between the apparent width of a canal
on the digitized imagery and the original width was a challenge. Canals that were short-lived and
long abandoned were easier to map and measure. Those used over a long time appeared much
smaller on the imagery as a result of sedimentation and erosion processes. In addition to the state
of preservation, the resolution of the digitized imagery (c. 1 m/pix) introduced some error. In order
to account for the uncertainty of the measurements, both minimum and maximum widths were

estimated for each canal segment.

Length: The length of each canal segment was automatically calculated in the geodatabase

attribute table.

Certainty: Not all canal segments were mapped with the same level of certainty. Some
features were unmistakably relict canals. For some others, the exact path or even the nature of the
feature was uncertain. Therefore, a certainty value of 1 to 3 was recorded for every segment, 1
being the most certain (Map 4.2). It was anticipated that the certainty value would become
important in the process of proposing and evaluating various scenarios regarding the structure and

the evolution of the irrigation systems through time.

Relative age: Given that a primary goal of this research is to understand the phases of the
development of the irrigation systems on the Miyanab plain, an age attribute was also recorded
while mapping. The concept at this stage was only a relative one based on the qualitative evaluation
of the topographic relationships of the features. Four phases were chosen. Not all canals could be
assigned to one phase based only on visual analysis. However, various parameters including the

morphology of the canal, state of preservation, crossings of canals, or the intersection of the canals
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and other features such as roads were used to determine if a canal segment could be assigned to

any of these phases.

Having decided on the above parameters, the choice of to-be-mapped canals and their
attributes was still not straightforward. In a heuristic trial-and-error method, a plethora of features
on the aerial photos were screened for mapping. With the idea of holistic mapping, one critical
question was how to deal with modern canals, or, rather, how to define modern? We have the full
coverage of the plain on the aerial imagery for 1975, when an irrigation system incorporating
several old channels as well as newly built canals was in place. Eventually, I decided to map only

those modern canal segments that clearly related to the older irrigation systems of the plain.

Another question was how to deal with drainage canals. In addition to purposefully built
drainage channels, many relict canals were transformed over time and reused as drainage channels.
Therefore, I decided that only those drainage channels that seem to be structurally related to the

older canals needed to be mapped.

For canals in a very poor state of preservation, or, when it was not clear whether or not a
feature was a canal (most relevant in canals with a certainty level of 2 or 3), decisions about the
significance and width were made by complementary criteria such as the canals
upstream/downstream or the signature of the feature on the CORONA imagery. Given that I started
mapping upstream from where the major canals begin to branch off, the unraveling structure of

the canal systems became another helpful screening proxy. 2’® Many canals marked as least certain

278 Fortunately the high resolution 1956 imagery (1:12500) covers the upper part of the plain, where important
decisions about main branches of the old irrigation systems had to be made in the course of mapping process.
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(3) are drawn because of the logic of a closed hydraulic system predicated on their existence, most

notably along the Gargar.

Another unfolding reality was that the distribution of canals was much denser in the
northern part of the plain compared to the south. In order to save time, I used the logic that the
amount of irrigation water that reaches a given area could be determined based on the capacity of
the largest canals that carry water through the area. Therefore, I concluded that not all the relict
canals in the upper part of the plain needed to be mapped even if their dimensions fall within the
parameters of mapping. I made one exception to this rule: any canal that flowed around an

archaeological site, whose age could suggest a terminus post quem for the canal.

In many places, several parallel canals visible on the imagery seem to have replaced one
another as the older ones went out of use. In these cases, only one canal was vectorized and min

and max width was estimated for the entire set collectively.

At this level of detailed mapping, differentiating between canals and roads presented a
major dilemma. Several modern roads have been built where ancient canals might be expected. In
other cases, the feature could plausibly be identified as either a road or a canal. Ground-truthing
in the fieldwork helped resolve this problem to a large extent. But, it was not possible to check all

features and this ambiguity persists, to a certain degree, in the final canal map.

4.4.3. Assessment and corrections

After the data were vectorized, the results were re-screened and evaluated with two

different methods to make sure excessive detail did not affect the coherence of the conclusions:
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I. Comparison with the map of historic canals of Miyanab provided by KWPA: Before the
launch of The Irrigation and Drainage Network of Miyanab Project, a map of the old canal system
of Miyanab was prepared by KWPA and used in negotiations with the [CHHTO to determine what
needed to be protected. This map was not complete. It was created by field investigation only and
reflected the channels that were used until the very recent past. ?’° Nonetheless, this map reflects
those arteries of the Dariun system that remained in use until the modern times. I compared the
mapped canal system with the KWPA map to make sure that all of these main branches were

properly vectorized.

II. Structural approach: Once the mapping was finished, I reclassified the results into
several test groups in order to understand the structure of the mapped system and to verify its main
arteries. ?®° This examination revealed missing links in the mapped arteries that reflected either
non-vectorized segments or underestimation of the width of the features (compared to the
preceding and following segments), or overestimations that were reflected in stand-alone major

canal segments. I then corrected all the errors.

4.4.4. Preliminary Results: Canal Structure and Hierarchy

Maps 4.2 and 4.3 illustrate the results of the mapping over the entire landscape, classified
according to the certainty of identification as well as estimated width. Figure 4.1 presents a

snapshot of the results, in one of the best preserved areas with the highest density of relict canals.

279 KWPA did not map any feature that does not function and cannot be restored for reuse.

280 Reclassification is a function in GIS for regrouping features into more limited categories. For example, one can
reclassify all canals based on their maximum width into two groups: wider than 10 m, or as wide as or narrower than
10 m. Reclassification is a useful method for simplifying and making sense of data with wide array of values. This
process preserves the original attributes of the features.
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When broken down (reclassified) according to size, the distribution of canals over the study
area seems to be related to canal width. 2! The larger canals (12-80 m max width) are found in the
upstream part of the plain, either in the north or along the Gargar, whereas the smaller canals (4.5-
9 m max width) are mostly found in the downstream parts, to the south and further away from the
Gargar. The middle sized canals (9-12 m max width) connect the two extremes, as expected in a

gravity-based canal system.

Patterning in the spatial distribution of the canals suggests the existence of two or three

canal systems in the survey area (Map 4.6):

I. To the north, there is a system of organically shaped canals that stretches out to the
middle of the plain. All the known branches of the Dariun canal—prior to modern destruction—

are part of this system. I refer to this northern system as the Dariun system.

II. In the center is a concentration of linear canals of similar size that seem to connect to
the Gargar Canal/River. The linear canal that appears as the backbone of this canal system ends in

a dendritic pattern north of the Kupal anticline. I refer to this as the Gargar System.

III. In the southernmost part of the plain, canal density is generally low. *®? Few potential
large canal segments are mapped here that seem to have irrigated areas outside and south of the

Miyanab plain.

The possibility of such a division in the canal systems of the Miyanab plain and its possible

development over time is an important hydraulic question. If indeed the plain has seen two separate

281 These size categories were defined so that each included almost one third of the entire mapped canals.
282 A large part of this zone is coterminous with the tail of the Kupal anticline which blocks the gravity-based canal
systems.
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water systems, the issue of water distribution within and between those systems needs to be
studied. If there was a “third” system downstream, it would have functioned independently of the
water originating and flowing in the irrigation system of the Miyanab proper, and is an important

hydrological aspect to consider.

Looking at the certainty of the identification (Map 4.2), a critical question that lies at the
heart of this research is highlighted: The overall path of “a” Gargar canal from the bifurcation
point north of Shushtar to its end in the southern part of the Miyanab plain is very uncertain (Map
4.5). While every source, scholarly or popular, presupposes the existence of a monumental Gargar
canal, for the first time Moghaddam provides a detailed discussion of the possible course and
evolution of such a water channel (Fig. 4.2-4.3).2%* Two linear features are visible on the CORONA
imagery along the Gargar, immediately south of Mahibazan. Moghaddam argues that these
features are the upcasts of the linear Sasanian canal. The problem of the connection of this features
with the main channel which starts in Shushtar is solved by suggesting that the proposed channel
took off upstream of the Mahibazan. As such, the weir of Mahibazan was an essential hydraulic
features of the Sasanian irrigation system of the Gargar. The aerial imagery demonstrates,
however, that the linear features are not the heaps of a single canal, but are two canals of moderate
size (10-15 m wide). It would have been more accurate to talk about the Gargar channels based on
the evidence from the imagery (Fig. 4.4). Furthermore, the canals do not reach upstream from the
structure known as Band-i Mahibazan (Fig. 2.44-2.48), and could not have been fed by a reservoir
behind it. The only east-west link between these canals and the Gargar is located downstream from

this structure. The imagery further shows that the linear canals along the Gargar follow the bend

283 Moghaddam, “A Note on the Gargar Irrigation System.”
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around the Dastowa outcrop on the west and connect with the Dariun canal system (Fig. 4.4). It
cannot be determined with certainty whether this situation reflects the original course of the canals

or is a subsequent development.

A second unanticipated aspect that mapping reveals is a group of large canals east of the
Dastowa outcrop that spread out westward in a fan-shaped pattern (Fig. 4.5-4.7). Interestingly,
these features have never been mentioned in any of the discussions of the water history on the
Miyanab plain. Judging from the imagery, these channels are approximately 15-20 m wide (almost
as wide as the linear canals along the Gargar). Their capacity does not seem to correspond to the
size of the canal that presently passes behind them. Two questions arise: first, what was the source
of the water in these canals; second, where did these canals end, as their traces on the imagery
disappears after 200-300 m? The canal map draws attention to the hydrological relationship

between these canals and the linear Gargar channels.

Modern scholarship has presumed that the Gargar irrigated the Miyanab plain. Medieval
texts, on the other hand, report that the Masruqan irrigated the fields as far south as the vicinity of
Ahwaz. In view of the remote sensing data, these two functions cannot be easily reconciled. The
Gargar irrigation system on the Miyanab, proposed by Moghaddam, does not connect to the main

feeder canal of the Masrugan south of the plain.®

284 Moghaddam nevertheless maintains that the Sasanian Gargar irrigated fields up to the vicinity of Ahwaz.
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4.5. Remote sensing II: Irrigation and Patterns of Settlement

4.5.1. Spatial distribution of archaeological sites vs. the canal systems

Once the relict canal systems of the Miyanab plain were systematically mapped and their
spatial structure understood, settlement data from the survey of Moghaddam (2001-2002) was laid
over the mapped canals. In order to better understand the spatial relationship of settlements and
canal systems, the focus was placed on the large and medium canals. Three clusters or types of

settlements can be defined based on their relationship to irrigation water (Map 4.6).

I. Settlements that are close to and associated with the densest concentration of large and

medium canals in the upstream area (north of the plain).

IL. Settlements that are close to and associated with the Gargar River (center east of the
plain).

III. Settlements located south of the plain, mainly outside the direct reach of major
irrigation channels. These canals might have been associated with the third irrigation system (see

above) that originated in the south of the Miyanab plain.

What would the different positioning of settlements in relation to canals entail for the
ancient inhabitants of the Miyanab plain? First, the canal pattern suggested by the survey of canals
is typical for gravity systems. Because the potential area to be served is larger upstream, one might
expect to find more and larger canals here. Nonetheless, more upstream canals can also be
interpreted as reflecting the greater water rights of those living upstream. If indeed the plain
supported more than one water system, the issue of water availability within and distribution

between those systems needs to be carefully studied. If this is the case, it is particularly noteworthy
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that the elements of the “third” irrigation system (see above) seem to have functioned
independently of the irrigation water flowing on the Miyanab proper. Understanding the role of
canal systems in determining water availability at the settlement level is grounded in two
fundamental aspects of canal chronology and canal function. On one hand, without a basic
understanding of the relative chronology of the Miyanab canal systems, it is impossible to
determine how the spatial relationship of the canals affected water availability across the
landscape. Perhaps upstream canals were older than those downstream and did not function at the
same time. Or perhaps several smaller independent contemporaneous water systems on the plain
were connected after some time. On the other hand, the advantages or disadvantages of canal
proximity for ancient settlements is also determined by hydraulic functions of those canals. For
example, one would expect that settlements would not choose the areas near inundation canals. It
is impossible to evaluate these possibilities for every relict canal, especially at the scale of my
study area. Nonetheless, I have tried to obtain as much information as possible about the canal
sequence and function at major hydraulic nodes in order to enhance the reliability of site-canal

association.

4.5.2. Re-assessment of the Settlement Data

Access to remote sensing data, intensive survey strategies, and appraisal of non-mounded
small sites have resulted in a significant increase in the site recovery rate of landscape surveys in
Near East. ?®° Given that the 2001 survey of the Miyanab plain was not assisted by imagery, it was

conceivable that the site recovery rate would have been higher if imagery-assisted methods had

285Ur et al., “Ancient Cities and Landscapes in the Kurdistan Region of Iraq,” 111-112; Douglas C. Comer and
Michael J Harrower, Mapping Archaeological Landscapes from Space, 1-4.
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been used. This general consideration became a research concern in the process of remote-sensing
mapping of the ancient canal systems. Once the recorded archaeological sites were plotted onto
the mapped canal system, several questions about the relationship between settlement patterns and

irrigation channels were raised:

L. In the upstream zone of the mapped irrigation systems, where the advantage of good
agricultural soil (see chapter 2) is combined with proximity to a dense canal network, very few
sites are recorded. The question would be whether settlements were not founded here because the
land was agriculturally productive, or because proximity to the Karun would entail a flood threat.
Examination of CORONA imagery revealed several small white spots suggesting anthropogenic
soil (Map 5.10-5.12). Is it possible that the emptiness in this zone is not real and some small

hamlets were overlooked in the survey of the plain?

II. If the Gargar Canal (or the linear feature that runs along it) served as the backbone of
an important irrigation system, it is surprising that very few sites are recorded along much of its
course. No archaeological site is recorded along approximately 15 km of the length of the Gargar
River (Map 5.13-5.15). On the schematic small scale settlement maps, the precise relationship of
archaeological sites to the Dariun and the Gargar canal systems might remain unclear.?® But
detailed maps of canals demonstrate that between KS1520 and KS1586, no site is unquestionably
related to the Gargar canal. Is the paucity of archaeological sites along the Gargar real, or, has

subsequent development blurred the archaeological record in this zone?

286 Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain,
Greater Susiana, Iran, 54: Map 4.8, 4.9.
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III. Distribution of settlements in relation to the canal systems of the Miyanab is uneven.
Sites are concentrated on the north, south and west of the plain, leaving a large very low-density
area in the center of the plain. This relatively empty area overlaps with the zone irrigated by the
linear canal system. Again, the question is whether or not this low density could be confirmed on

the imagery.

In order to answer these questions, the remote sensing study was expanded to include
archaeological sites. For this purpose, I used historic aerial photos, CORONA satellite imagery, as
well as modern Bing and Google imagery, and scanned the landscape for missing sites. Several
potential archaeological sites were mapped. However, it was not possible to confidently rely on
this result without ground-control. Chapter 5 presents the results of the reassessment of the
archaeological sites through remote sensing and fieldwork. Besides answering the questions about
the distribution of settlements with regard to relict canals, other questions about settlement pattern
on the Miyanab plain that were raised and pursued through remote sensing and field work are

presented in Chapter 5.

Remote sensing inspection of the archaeological sites on the Miyanab plain demonstrated
the unparalleled power of the CORONA imagery for the identification of archaeological sites.
Even though the exceptional resolution of aerial photos allows for detailed mapping of canals,

archaeological sites are not as clearly visible on air photos.?®” Bigger mounded sites are identifiable

287 In his first systematic use of aerial imagery for survey, Adams noted that the photographs were far more useful in
identifying canals than archaeological sites. Adams, Heartland of Cities, 28.
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on both sets of imagery. However, small built structures are only visible in the simplified black

and white symbology of the CORONA imagery. 2%
The following conclusions were drawn as a result of a reassessment of settlement patterns:

I. The apparently “empty” areas in the northwestern part of the plain where canal density
is very high where most likely intensively used for agriculture. Several new small sites, probably
all farmsteads and hamlets, were recorded in this zone. Even though landscape destruction has
forever precluded our ability to prove that the recorded features were genuine archaeological sites,
high density sherd scatters and local farmer s’ memories of several now leveled mounds add more

credibility to this scenario.

II. The paucity of archaeological sites along the upper course of the Gargar is a result of
destructive human and natural processes. Intensive survey of the less developed areas found
several unrecorded archaeological sites. Transformation of the archaeological landscape in this
zone is happening at such a rapid pace that a far greater number of sites are likely to have been
lost. Furthermore, the dating of the newly discovered sites strengthens the argument of this
dissertation that the Gargar cannot be dated to the Sasanian period based on the site-canal

association because the sites that line up with the Gargar present a wide range of dates.

III. Finally, settlement reassessment highlights the absence of archaeological sites in the
central and south-central areas of the plain. Even though locations with much lower likelihood of

site-recovery were tested in this zone, survey did not recover more sites. Rather, this zone is

28 Among the three sets of CORONA imagery that I obtained, those from CORONA Atlas were exceptionally
powerful for site identification because of the high resolution and modified histogram that accentuates the black and
white contrast. For large-scale landscape features however this contrast was not always helpful. As we will see further
in this chapter, details of canals and field systems were only clearly visible in Kouchoukos’s dataset.
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characterized by a concentration of regularly-spaced linear canals. If the regularity of the canal
pattern is suggestive of a planned agricultural expansion project, the site density in this zone seems

to have remained unaffected by such developments.

IV. Even though proximity to the river entails higher flood risk, the reassessed settlement
map further underscores the high density of sites along the Karun. A comprehensive study of the
history of water management on the Miyanab plain must consider the potential advantages of this

proximity versus flood risk.
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4.6. Hydro-Spatial Analysis

The methodological assumption of this dissertation is that if canal systems are mapped
instead of individual canal segments, various hydro-spatial analyses can be undertaken and more
lines of evidence about the long term evolution of the systems can be obtained. In the following
pages, I will test various aspects of the mapped canal systems in order to understand the hydraulic
and spatial attributes of the canal systems of the Miyanab plain. Depending on complexity,
prerequisites and data availability, the analyses proceeded differently, and some remain untested
at this stage. Nonetheless, I hope to demonstrate the great potential of relict canal systems as
distinct lines of archaeological inquiry while obtaining information that could shed light on the

irrigation history of the Miyanab plain.

4.6.1. Survey of the Mapped Irrigation System

The Miyanab Archaeological Survey 2014, pursued the two following goals with regard to

the ground-truthing of remotely studied relict canals.

First, to better understand the morphology of the mapped canal features on the ground, and
improve the validity of the imagery-assisted reconstructions. The primary target was the group
classified under certainty level 2, features that can be interpreted as a canal because of their
alignment and relation to more certain canals, but which lack clear canal morphology such as
flanking heaps or linear depressions. In most cases, there is confusion between identification of
the feature as a road or a canal. In several cases, the uncertainty relates to the antiquity of the canal
feature: water was running in some canals that were not clearly fed by one of the main branches

of the ancient irrigation systems. It was unclear if these features were indeed part of the ancient
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canal system and were redirected toward a supplementary water source, or if they are modern

features, for example, drainage channels.

Second, to estimate the average dimensions of the mapped canals more accurately. A small
sample of canals of varying dimensions was measured, and observations across the entire
landscape were recorded. The resolution of the 1975 imagery used as the primary data source for
mapping is approximately 1.5 m/pix. Therefore, a slight error in manual measurement can result
in several meters variance from the actual width on the ground. Furthermore, canal erosion has in
most cases blurred section morphology, thereby making photo-based measurement far less

reliable. More importantly, canal depth cannot be measured on the imagery at all.

All the locations where relict canals were measured are shown on Map 4.3. Map 4.4
presents the revised canal map. Comparison with the pre-survey canal map demonstrates that
several features have been omitted. In addition, the certainty level for some canal features has been

modified. The purging of the canal map is based on the following criteria:
I. If a mapped feature proved unlikely to have ever been a canal.

These omitted features were generally re-classified either as roads or run-off drains. In
some cases, however, field observations strengthened the interpretation that several local roads are
built over former canals. In addition to the pattern of features on the historic imagery- which was
the reason why they were mapped in the first place - this transformation could be discerned by the
unnecessary meanders of these roads as well as their height above the plain, compared to other

local roads.

II. If a canal feature was re-classified as too small to fit the mapping criteria.
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Photo-based measurements of sampled canals proved to be overestimates, especially for
the smaller ones. Canal dimension is most variable in the category of very large canals. Beside the
few monumental relict canal segments with varying dimensions in excess of 20 m, the average
width of the biggest canals on the plain ranges between 7 to 14 m (between the heap centers); canal
depth often varies from 3 to 5 m. In the category of average-sized canals, width ranges from 5 to
8 m, and depth is approximately 2 m. The smaller canals are usually 3 to 5 meters wide. Their
depth ranges between less than 1 m and 2 m. Field canals that are excluded from mapping (either
before or after ground control) are approximately 2 m wide and less than 1 m deep. These
measurements reflect the present preserved condition of the relict canals and it is possible that
original widths might have been somewhat larger. Nonetheless, this study suggests that for

schematic hydraulic modeling, the estimated minimum canal ranges are more reliable.
1. If a canal feature proved to be a more recent extension for access to pumped water.

Pumping from wells and rivers (the Karun and the Gargar) is used as a complementary
source of irrigation water across the plain. This practice caused some confusion in differentiating
between the ancient and modern canal segments in the course of remote sensing. Several
abandoned relict canals are now connected to rivers and wells and reused to direct the pumped
water. This practice was confirmed in the field and was most common in the south-central parts of
the plain®®. The revised map excludes all canal segments that could have functioned only using
pumped water or were added only so that a relict canal could reach a pumping station and thus be

reused. In sum, I removed some linear features from the canal map of Miyanab in the expectation

289 The MIDP has not reached these lower areas yet, and will not be integrating the whole plain in a single gravity
system. Based on my correspondence with authorities at KWPA, in these lower areas of the plain the idea is to rely
mostly on pumping river water.
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that a purged map would better represent the structure of the ancient gravity canal systems of the

plain.

While the canals that may have been fed only by pumped water were disregarded in this
research, it is important to note that the supplementary use of water lifting devices has a long
history in the region. Mechanical lifting devices were used when the water level in the main
channel dropped below the off-branching canal. Remains of a few of these structures are preserved
on the plain. Unfortunately, we will not be able to reliably estimate the significance of lifting
devices in the irrigation history of the plain and we have to continue under the flawed assumption

that the system under study functioned only on the basis of gravity.

The survey highlighted the disparity between agricultural productivity in the upper and
lower parts of the plain. In the north, upstream of both the ancient and modern Dariun canal system,
irrigation water is abundant, soil is well-drained, and wheat and barley are cultivated along with
vegetables. In the south, except for some areas where large-scale agricultural projects are being
implemented, dry farming of barley predominates. Field observations and interviews with local
farmers indicate that farming in these areas is undertaken despite a high risk of crop failure and
very poor productivity. In the absence of better options, farmers continue to cultivate their land
and try to complement their income by herding and other activities. Very often, the crop is so
meager that they graze their animals on the land. Interestingly, well water is widely used in the
north to supplement the water delivered through the canal system, whereas in the south, the river
water is pumped very frugally, usually not more than once in a season; the cost of the fuel

compared with the negligible agricultural income makes pumped water an expensive supplement.
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The MIDP is not the only cause of the destruction of the archacological landscape on the
plain. Even though it altered much of the landscape, a second, follow-up project for leveling and
re-plotting of farmlands is erasing any remaining traces of the ancient landscape (Fig. 4.7).2° The
unregulated explosion of private fish-farming along the edge of the Gargar River is further
eradicating the historical landscape at an unprecedented rate (see chapter 5, survey along the edge
of the Gargar). In addition to site destruction, the environmental impact of many square kilometers
of stagnant water in the fish farms as well as large modern drainage canals in the semi-arid climate

of Miyanab should not be underestimated.

4.6.2. Topographic Data: Data Acquisition

Topography plays a crucial role in the distribution and flux of water within the landscape.
The design of a new canal system, as well as the analysis of an old one, is predicated on the
availability and accuracy of topographic data. Free DEMs have low resolution and cannot reliably
be used for topographic study of low-relief landscapes. The best commercially available
topographic maps for Khuzistan are similarly low-resolution, 1:25000 at best. On the other hand,
the cost of high-resolution topographic data, whether obtained through air-borne technologies
(e.g., LIDAR) or traditional manual surveys, is high. In addition to the problem of scale, modern
topographic data relate to the modern conditions of places and therefore are not as useful for the
study of ancient landscape features destroyed by development processes. In this section, I will
present the results of my attempt to obtain high-resolution and historic topographic data within the

financial and temporal constraints of this dissertation. The data could potentially be used for

290 Ministry of Agriculture, Contractor: Jihad-e Nasr Agricultural Company.
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different lines of analysis, at varying degrees of complexity. Some of these research lines that I

followed and the results that contribute to my final discussion will be presented below.

e Traditional Land Survey Data

I utilized the Land Survey Data collected for the MIDP. ?*' The data, however, did not
provide full coverage of the plain. In order to obtain a DEM, AutoCAD files of the surveyed areas
were cleaned and prepared in AutoCAD Software, contour lines were exported to ArcGIS, and

used to create a Digital Terrain Model (Fig. 4.8).

e Automated Generation of a Digital Terrain Model of the Miyanab plain

Since the second half of the twentieth century, air and space-borne stereo imaging has been
systematically used to create the topographic maps. The mechanism for inferring topography from
overlapping stereo photos is analogous to the way human eyes perceive three dimensional space.
The overlapping areas of the terrain are photographed from two different angles. When the
adjacent photos are viewed through a stereoscope, the difference in perspective allows the
specialized viewer to see the image in three dimensions and draw contour lines. Originally, stereo
images were processed by people who manually drafted/drew/created maps. Nowadays, modern
photogrammetric software imitates this process and creates high resolution 3D models of the

terrain.

Photogrammetric software may also be used to create 3D models from historic stereo
images. The result is called a historic DEM, meaning that the terrain model corresponds to the

landscape at the time of the imaging. Historic imagery is particularly useful because it preserves

291 The data seem to have been collected at a scale of 1:5000 and then triangulated to create 1:2000 maps.

172



evidence of a landscape that, in most cases, is destroyed or dramatically altered. A historic DEM,
adds one more dimension to the analytical and representational power of the unprocessed historic
imagery by presenting a 3D model of the landscape prior to modern destruction. It was conceivable
that a historic DEM corresponding to the topography of the mapped irrigated landscape would
significantly enhance my ability to generate and test hypotheses about the function of several
hydraulic features, as well as the evolution of the canal systems on the plain. Below, I have
summarized the process and result of my attempt at creating historic DEM of the Miyanab plain

from aerial photos.

Casana and Cothren explored the use of CORONA satellite imagery to create historic
DEMs. 22 Despite promising results, the resolution of historic DEMs is still low. The true value
of this innovative technique may become clear after more studies employ this method in different
regions and with different datasets. These scholars have demonstrated that the use of CORONA
images for DEM generation is most relevant for sub-images where the distortion of the imagery is
minimal. For the three following reasons, I decided to test historic aerial photos for DEM
generation. First, It was possible that higher resolution historic air photos, compared to CORONA
images, would yield better results. Second, since aerial photos cover significantly smaller areas of
the Earth, I expected there to be image distortion. Third, given the lack of systematic access to air
photo datasets almost anywhere in Middle East, the potential of these datasets in Near Eastern
archaeology could not be easily tested; carefully curated and digitized datasets of historic imagery

from the United States have been utilized to create historic DEMs of astonishing resolution and

292 Casana and Cothren, “Stereo Analysis, DEM Extraction and Orthorectification of CORONA Satellite Imagery:
Archaeological Applications from the Near East.”
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accuracy. As will be explained below, it became clear that a lack of corresponding metadata is the
major disadvantage of my dataset of air photographs. Another problem for my project was the lack

of accurate Ground Control Points (GCP).

Through a SPARC Data and Analytics Award, I was able to assess the possibility of
creating historic DEMs from aerial imagery at the Center for Advanced Spatial Technology
(CAST) of the University of Arkansas. Both sets of historic imagery, 1956 and 1975 aerial photos,
were tested. The small dataset of 1956 resulted in a historic DEM of great accuracy (Figs. 4.9,
4.11), while the larger 1975 dataset failed to yield any result despite many attempts. The following

section provides a technical summary of the project.

4.6.3. Photogrammetric modeling of the historical landscape of Miyanab

For the photogrammetric project, additional images had to be purchased. Aerial photos are
usually taken in such a way so that there is approximately 60% fore/aft overlap between photos in
each path of the airplane and 30% lateral overlap between paths. The NCC by default sells every
other photo in each path so that photo overlap is 30% in all directions. This is enough for visual
analysis. But, for a DEM, the 60% overlap is needed. The SPARC Award included funding to
obtain photo coverage to fill the gaps in the imagery purchased earlier. As a result, I used the
imagery that was digitized with regular flatbed scanners at high resolution (600 dpi), but at

different times (2010 and 2014) and with two different specifications.?*

293 Studies have shown that using photos digitized with photogrammetric scanners yields betters results compared to
those scanned with regular flatbed scanner (even at very high resolution). Personal Communication with Rachel Opiz
and Jack Cothern. This has to do with the higher rate of distortion of the image across the x & y axis when digitized
with flatbed scanners. Nonetheless, photogrammetric scanners have become very rare and most projects including
mine had to go with regular scanners.
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Photogrammetric modeling was undertaken at CAST using Agisoft PhotoScan 1.1.0.
Unlike the aerial photos that are provided by the USGS in digitized format, the metadata of aerial
photos of Miyanab are not completely available. Only the focal length of the camera was visible

2% were visible which helped with relatively

in the contact photo. For 1956, the fiducial marks
accurate cropping and transformation of the digitized imagery. Unfortunately, most photos in the

1975 dataset are missing some or all of the fiducial marks.

Photos were loaded in PhotoScan software. For camera calibration, ground resolution
(pix/m) and focal length were added manually.?®® Other cameral parameters were calculated by the
software. Testing with several parameters in the course of the process yielded the best results under
the following conditions. Any other combination either increased the noise in the model or

decreased the ground resolution and details in the final DEM.*%*®

1. Photo Alignment: High Accuracy; Generic Pairing; 100k Point Limit

No GCPs added at this point.

2. Build Dense Cloud: Ultra High Quality; Depth Filtering Aggressive

3. Build Mesh: High Face Count; Arbitrary Face Type

4. Built Texture: 8196 pnts, Count 1

5. Add GCPs: 12 GCPs. Coordinate System: WGS 1984 UTM_Zone 39N

6. Optimize Camera Alignment: XYZ extracted from Google Earth, Marker Accuracy 1m
In addition to DEM, an Orthophoto?®” was also exported. See Appendix B.

294 Fiducial marks show the exact corners of the original film on the developed contact. The films used to take photos
were 9 by 9 inches. The digitized copy of the contact transforms all pixels across this film to grid of known number
of pixels. Contact photos come with a black margin of varying size and are not ideal squares. Since, photogrammetric
modeling is based on the complicated mathematical calculation of millions of matching points, it is important to
accurately crop the digitized copy to the actual dimension and proportion of the original film. Therefore, knowing the
fiducial marks is crucial.

295 1 am grateful to Adam Wiewel at the University of Arkansas for providing me with the worksheet for calculation
of spatial resolution.

2% See Appendix B.

297 Orthophoto is a seamless georeferenced aerial photo that covers the entire model area. Orthophoto is created from
the individual photos after the model is created. Thus, it doesn’t have the problem of overlapping imagery, seams
across the image boundaries, or spatial distortion when hard copy or digitized versions of individual images are laid
next to each other. Compare Orthophoto in Appendix B and GIS database of Aerial Imagery (Map &).
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4.6.4. Canal Evolution on Miyanab: Topographic Study

DEMSs provide another efficient way to identify canals. In an elevation model of a fluvial
landscape, the main water channels (natural or manmade) can be identified by their levees, against
the flat background of the plain. Levees are formed as sediments are continuously deposited along
a water course during flood events. Canal maintenance activities further enhance levee patterns
through the periodic digging of sediments and deposition of them on the banks of the water ways.
Despite their low spatial resolution, SRTM DEM have exceptional potential for highlighting major
canal features, in a way that is complementary to historic photos.?®® While historic photos provide

much detail on canals of all sizes, DEMs demonstrate the largest and most long-lived features.

The alignment of archaeological sites along the mapped irrigation system on the Miyanab
suggests that some canals are larger and more long-lived than others. However, this distinction
cannot be confirmed based only on the information preserved in the historic photographs owing to
uneven patterns of canal preservation and destruction. The palimpsest visible on the imagery
preserves only segments of very old canals at best; the abandoned channels are more likely to
reveal their original dimensions while attributes of those that stay in use for hundreds of years are

obscured.

Levee size on Digital Terrain Models is a reliable proxy for the longevity of water courses,
on the condition that DEMs of appropriate resolution to the research question are available. Given
the relatively small size and low topographic variation of the study area compared to the spatial

resolution of SRTM DEM (90m), the elevation model does not provide the ultimate clue to the

298 Gasche and Tanret, Changing Watercourses in Babylonia; Hritz and Wilkinson, “Using Shuttle Radar Topography
to Map Ancient Water Channels in Mesopotamia.”
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topography of the canal systems of Miyanab. Nonetheless, even at this resolution some major
topographic features begin to emerge (Fig. 4.12). The DEM demonstrates that the northernmost
part of the plain, between Shushtar and Dastowa, is in fact a continuation of the mountain ridges,
and the only area where topographic variation across the landscape is noticeable. The town of
Shushtar is built on the major outcrop to the north while the site of Dastowa occupies the smaller
and less distinct southern outcrop. Beside this northern zone, some topographical variation is
observed at the very southern part of the plain where the western end of the Kupal anticline has
protruded through the plain. Much of the rest of the plain is technically a flat land, with no more

than 3 m of elevation variation over the southern half of the plain, (ca. 20 km).

With regard to canal analysis, the DEM begins to illuminate certain major water channels
below Dastowa. At least one of them is clearly highlighted by site association as well, and a few
more segments seem to stand out. However, the generally higher elevation of the northern part of
plain fuses with levee topography and blurs the structure of the irrigation system. It is important
to note that the area of possible levee features overlaps with the organically shaped canal system,
whereas the linear canal features spread over the flat area of the plain, where no levee feature is
identifiable. Also noteworthy is that the less distinct western extension of the Dastowa outcrop
defines an area of slightly higher elevation along the course of the Dariun canal system. Just below

this natural barrier is the fan shaped group of monumental canals.

The DEM generated from the land survey data clearly illuminates the levees and the
structure of the canal system across large areas of the plain (Fig. 4.8). Since this elevation model
presents the topography of the landscape prior to the implementation of the large scale canal

building project, it can be argued that the alignments highlighted on the land survey DEM represent

177



the major and most long-lived water channels on the plain. As discussed earlier, this conclusion
can be supported on the basis of canal morphology, site alignments and SRTM data. Despite the
incomplete coverage, the high resolution DEM again underlines the distinction between the
northern part of the plain where distinct levee patterns are observed and the flat southern area of

the plain with little elevation variation.

The land survey DEM further stresses the need for a better topographic understanding of
the strategic area west of Dastowa. For this area, the high resolution historic DEM (ca. 0.8 m)
highlights all the major relict canals around Shushtar, even the soil upcasts of the fan-shaped canals
(Fig. 4.11)

4.7. Discussion

At this point, it is possible to theorize about the evolution of the canal systems on the
Miyanab plain. Given the complex environmental and social factors involved in shaping the
hydraulic history of the fluvial plain, and given the dearth of reliable data, the aim is to put forward
the most likely scenario for the evolution of the irrigation system on the plain. At present, evidence
that supports this model mainly comes from remote sensing data; a comprehensive program of

geoarchaeological research is required before any scenario can be proved.

4.7.1. Previous models: summary and critique

Before presenting a model of canal evolution on the Miyanab, it will be useful to provide
a brief summary and critique of previous scholarship on the topic. **® Alizadeh et al. published the

first scientific research that focused on the question of canal evolution on Miyanab. Their study

299 For maps and detailed discussion, see chapter 2.
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provides a scholarly explanation of the narrative presented by the texts. The Gargar, which is more
or less the same watercourse as the Masruqan canal, began at Shushtar and ended at Ahwaz or
further south in the marshes. It was built by a Sasanian king, Ardashir I or Shapur 1. They
hypothesized that the plain was watered by natural wadis that flowed from the east and channeled
the run-off of the Zagros piedmont toward the Karun. The linear monumental Gargar canal was
built in order to irrigate the agricultural fields on Miyanab, and was transformed into a meandering
river through subsequent geomorphological processes (Fig 2.7). The Masrugan canal continued to
support a prosperous agricultural economy in the Early Islamic period, as described in tenth-
century geographical texts. In the course of the sociopolitical disturbances of the Middle Islamic
period, the system collapsed, sometime before the 14th century. The collapse could have been
related to the destruction of the hitherto unlocated weir of The Band-i Qir. They hypothesize that
the avulsion of the Karun to a previous segment of the Masrugan canal, between The Band-i Qir
and Weis, created a sudden change in the hydraulic base of the Masrugan which expedited the

downcutting of the Gargar as eastern wadis pour into it.3*

Several problems are associated with this model. First, these scholars have not presented
any evidence, on the ground or on the imagery, for the monumental linear canal that was once dug
between Shushtar and The Band-i Qir.*°" While it can be argued that erosion processes have
eradicated all traces of the linear canal, one has to be way of the lack of material evidence for the
hypothetical feature, south of Shushtar. Nor is any evidence for the east-west wadis, which

according to this model irrigated the plain for millennia before the Gargar was dug, found on the

300 Alizadeh et al., “Human-Environment Interactions on the Upper Khuzestan Plains, Southwest Iran. Recent
Investigations,” 80—82.

301 The linear course of the Karun between The Band-i Qir and Ahwaz remains no doubt that it was originally a
segment of the Masruqan.
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terrain models (Figs. 4.8, 4.12). Secondly, the significance of the present Gargar or its hypothetical
linear course for the irrigation of the fields on Miyanab is not supported by remote sensing
evidence. Based on my mapping of relict canals (Map 4.4), it is impossible to prove that any canal
irrigating the Miyanab took off from the Gargar. Thirdly, this model does not take into account the
evolution, history, or even the existence of the Dariun canal system and its relationship with the
history of the Gargar. Fourthly, a Sasanian date for the Gargar (or its linear predecessor) is
unproven. Besides textual sources, the only supporting evidence provided by the authors is that
“field scatters of late historic pottery” were found along the river. Aside from the fact that the
ceramic chronology of “late historic pottery” on Miyanab does not provide the resolution required
for this conclusion, fieldwork conducted by Moghaddam and supplemented by me proves that sites
of all periods are found along the course of the Gargar south of Shushtar. Fifthly, the authors do
not explain the socio-political conditions that presumably caused the breakdown of the system—
which survived the post-conquest turmoil, by the 14th century. Despite these problems, this
scenario attempts to understand the landscape dynamics, taking into account local environmental
processes and geoarchaeological data. Furthermore, the observation that an avulsion along the
lower segments of the Gargar should have resulted in significant erosion upstream from The Band-
1 Qir is a significant contribution. In addition, this model recognizes that the agricultural wealth of
the region in the Islamic period implies that the irrigation infrastructure of Shushtar lasted for

centuries after the Muslim conquest.

Moghaddam’s hypothesis, to the contrary, is built on evidence from remote-sensing and
settlement data (Fig. 4.3). He uses CORONA imagery and canal maps provided by KWPA and

attempts to present a holistic picture of the ancient canal network of Miyanab. He suggests that
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two different irrigation systems existed on Miyanab. The Dariun canal system predated the
Sasanian period. Given the increase in the number of sites datable to the Parthian period on the
northern part of the Miyanab plain, Moghaddam suggests that this system was mainly built during
the Parthian period. The monumental Gargar canal, he argues, was built in the Sasanian period, in
order to extend irrigation to fields in the southern areas of the plain. *** Moghaddam identifies a
linear feature on the CORONA imagery, which he argues is the trace of the linear monumental
canal of the Gargar. He dates the canal to the Sasanian period on the basis of archaeological sites
along the canal. In order to explain the transformation of the linear canal into the present
meandering Gargar river, he argues that lack of maintenance caused the collapse of the system
almost immediately after the Muslim conquest; the linear canal left its course and became a natural
channel after an avulsion event at Mahibazan. The reason this transformation has to be dated to
the 7th century is that when the Islamic town of ‘Askar Mukram was founded, in the 7th or 8th
century, the Gargar River certainly followed its present course, passing through the city (now in
ruins).®* This scenario, while providing important insight, faces certain problems. First, what
Moghaddam identifies as a monumental linear canal is in fact two parallel canals of average size,
nothing more substantial than the upstream segments of the Dariun canal system (Figs. 4.4-4.5).
He is correct, however, that these canals irrigated southern areas of the Miyanab plain. Second, the
area near Mahibazan is not a natural place for avulsion events. Sudden channel shifts happen in
relatively flat plains where water courses leave one channel for another easy course. At the

proposed location, the piedmont flanks the linear canal on the west. Suggesting an avulsion event

302 Moghaddam, Later Village Period Settlement Development in the Karun River Basin, Upper Khuzestan Plain,
Greater Susiana, Iran, 2829, 53-54.
303 Moghaddam, “A Note on the Gargar Irrigation System.”
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here in an eastern direction implies an unlikely situation whereby a canal left its course on the flat
plain in order to dig a new path, c. 20 km long, into the steep side of the piedmont. Third, the
topographic situation and remains at Mahibazan undermine the hypothesis that the structure
originally served as a weir; even more questionable is that a weir at this location could have fed
the linear canals under discussion. Fourth, based on Moghaddam’s own maps, all but one of the
settlements located along the linear canals were founded prior to the Sasanian period. *** Thus,

their alignment cannot per se suggest a Sasanian date for the canals.

4.7.2. Evolution of the Canal Systems on Miyanab: Toward a New Model

Main arteries of irrigation that were used over a long time are visible as a dendritic network
of levees in the northern half of the plain. On the aerial photos, several large canals are traced in
the northernmost area of the plain, in the vicinity of Shushtar and Dastowa (Map 4.4, Fig. 4.13).
These canals are distinct from the rest of the mapped network, not only for their size, but, also for
the level of preservation. It seems that most of these canal segments were abandoned at some point
and have escaped the frequent modifications which happen through reuse of canals over a long
time. Within this zone, a group of relatively large canals, c. 15-20 m wide, southwest of the
Dastowa outcrop merit particular attention (Figs. 4.5-4.6). These canals which spread out in the
direction of the Karun in a fan-shaped way have two peculiarities: on one hand, the capacity of
these canals does not correspond to the size of the channel they connect to at present (Fig. 4.11).

The source of water that was flowing in these canals and the canals’ function need to be

304 One of the main problems involved in the dating of sites on Miyanab is that not a single ceramic type can be
securely dated to the Sasanian period only. Most types in Moghaddam’s catalogue for this period are datable to the
Sasanian-Early Islamic; if they are dated to the Sasanian period, the comparison is not with any reliably excavated site
in the region. As a result, I doubt what has been the base for dating of this one site to the Sasanian period only.
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understood. On the other hand, none of these canals can be traced very far on the historic imagery.
It also needs to be understood where these canals drained. A comparison of the canal map with
SRTM DEM demonstrates an important aspect: the fan-shaped canals are all located south of the
extension of the Dastowa outcrop, i.e., the last major topographic barrier/feature on the plain. It is
noteworthy that these canals are located in the vicinity of the settlement of Dastowa, which seems
to have been more ancient than Shushtar. In contrast to the fan-shaped canal system, large canals
that are located north of this ridge can be all connected—on the imagery—to the main arteries of
irrigation on the plain. However, in this zone, numerous intersections of canals of similar width
seem to succeed each other (Fig. 4.13), and no archaeological sites have been recorded, either by
Moghaddam or by the author. The clue for understanding the source of the fan-shaped canals came
from the historic terrain model created from the 1956 aerial photographs; this group of canals also
flowed toward the main arteries of irrigation on the plain, highlighted by levee systems (Fig. 4.10).
The extensions of the northern canals of this fan are obliterated by other large canals that flow
from the west of Shushtar, but, the connection is still very clear for the feeders that are located
further south. In addition, it was noted earlier that the linear canals along the Gargar also divert

around the southwestern side of Dastowa toward this area.

A clue to the interpretation of the successive overlay of large canals in the north can be
found in Van Roggen’s observation that the inhabitants of Shushtar struggled to protect the Dariun
feeder canal from flood damage. They had even built a wall along its western side to protect it
from high waters. Despite their efforts, the canal gradually became useless as floods filled it with

rubble and sediments.®** Prior to modern damming projects, which have resulted in significant

305 Graadt Van Roggen, “Notice Sur Les Anciens Travaux Hydrauliques Susiane,” 179, Fig. 471.
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decrease of the river flow and seasonal fluctuation, the area west of Shushtar and north of the
Dastowa outcrop was frequently flooded and headworks had to be repaired (Fig. 4.16, Fig. 6.11).3%
While previous models of canal evolution on Miyanab have depended only on the assumption of
the need to increase the overall water quantity available in the system, I argue that the management
of irrigation and dynamics of canal evolution on Miyanab should be understood as an attempt to
satisfy two needs. First, the need to situate canal heads at a location where supply is guaranteed
during the low-water season (autumn), when it is needed for cultivation. Second, the need to
maintain sufficient capacity in the system so that the radical increase in the Karun’s flow during
high-water season (spring) could be discharged and the fields could be protected. Furthermore, I
argue that all the canals that irrigate the fields on the Miyanab plain are ultimately tapping the
same source, and are part of the same canal system: the Dariun. The canals that run parallel to the
present course of the Gargar and irrigate the fields south of the plain are simply an extension of
the older Dariun system. With these assumptions, it will be possible to propose four general phases

of the evolution of the canal systems of Miyanab, from the later historical periods until pre-modern

times.

1. The first significant investment in large-scale irrigation aimed at tapping the Karun,
somewhere near the present intake of the Dariun and distributing it south of the Dastowa outcrop
(Fig. 4.14 top). An important advantage of this strategy appears to be that below this ridge, no

topographic feature would pose an obstacle to flow in the canal system. The question of the feeder

306 The challenge that spring floods pose to cultivation and irrigation is a widely known problem in the region. The
historican Kasrawi, while describing the mission of Najm al-Mulk in Khuzistan, expresses surprise about the naiveté
of Nasir al-Din Shah in assuming that repairing the dam of Ahwaz could bring prosperity to the region. He adds that
no hydraulic structure, no matter how impressive, can stand the floods of the Karun; therefore, the Upper Khuzistan
needs a comprehensive program of irrigation whereby the flow of the Karun is controlled through distributed into
different numerous canals, checked by several dams and weirs. Kasrawi, Tarth-i Pansad sali-yi Huzistan, 93-95.
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of these canals is more difficult to answer: From canal remains on the imagery and the historic
DEM, it seems that one or two large canals, more or less along the northern segment of the Dariun
canal west of Shushtar, provided water for the fan-shaped canals systems. However, this segment
of the Dariun canal seems to be one of the most ancient parts of the system. It is difficult to make
a final statement about the role of this exceptionally long-lived segment in the earliest phase of the
canals systems on Miyanab. At this phase, the Gargar did not exist, at least as it does today. All
the canals drained toward the Karun. The larger canals located immediately west of Dastowa must
have functioned as quick by-passes against flooding as suggested by their size and density
compared to the irrigable land they serve. Large canals located further south formed the backbone
of the irrigation system of the plan and distributed water as far south as Arab Hasan. This canal
has continued to define the lowest limit of gravity irrigation on the plain until the present. That
this strategic hydraulic node is adjacent to Dastowa suggests that this configuration of the irrigation
system was in place prior to the Sasanian period. The upstream segments of some of the canals
that were later integrated into the Gargar canal system might have existed as branches of the Dariun
in this phase. The map presents a snapshot of this phase at its maximum extent. It is likely that
during this phase more canals were gradually added in the distribution zone near Dastowa in order

to cope with the spring high waters.

2. The major change in the configuration of the canal systems on Miyanab happened at this
stage (Fig. 4.14 bottom); by digging the Gargar canal, or at least the northern segment of it which
flanks Shushtar, a major drainage channel was created and a workable solution for flood control
was pursued. This hypothesis is supported by the radical change in the configuration of upstream

canals that are traceable north of the outcrop of Dastowa and are disconnected to the network of
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fan-shaped canals. At this point, it is possible to emphasize a fundamental finding and claim of
this research, i.e., that the primary purpose of the Gargar project was to serve as the main drainage
canal for the Karun. In this way, previously available agricultural lands north of Miyanab were
provided with better flood protection; furthermore, more agricultural land was made available
south of Miyanab. Main canals that diverted floodwater to both the Karun and the Gargar were
now situated immediately south of Shushtar. Particularly noteworthy are the canals that are
immediately east of the Karun and farthest from Shushtar: their size, compared to their short length
and the small area of the fields available near them, strongly suggests that they served primarily
as by-passes for the excess water in the Dariun canal head. The possibility of changes in the Dariun
canal head will be addressed in the next chapter, as will the construction of the Shadorwan weir,

which seems to be related to this major hydraulic project.

It seems reasonable to argue that the foundation of Shushtar as a major city was related to
this shift in water management strategy. From available textual and archaeological evidence, it
appears that Shushtar emerged as the urban center of the plain and one of the most important cities
in Khuzistan in the Sasanian period and gradually overshadowed the more ancient Dastowa. It
seems reasonable to argue that the shift in irrigation strategy described here happened sometime
in the early Sasanian period; as a result, the population center of the plain moved further north to
Shushtar. How much of the course of the Gargar was built at this stage will be discussed in next

chapter.

The newly cultivable lands on the Miyanab were irrigated by means of a major canal
expansion project. Additional canals were added to the Dariun system that ran parallel to the

Gargar and formed the network of linear canals which watered the new fields south of the plain.
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At this point, it is possible to refine Moghaddam’s scenario and reconstruction of canals adjacent
to the Gargar: it is likely that this canal system, or at least major parts of it, was indeed established
in the Sasanian period: its distinct linear configuration compared to the rest of the system as well
as the regularly spaced outlets along the Gargar suggest that it was created in one phase, when
suddenly additional fields had become available. However, they were simply an expansion of the
Dariun canal system and not the former course of the Gargar River. The resolution of our data is
not enough to establish for how long these canals were used, or how much of the new system was
built in the Sasanian period. It is possible that these canals continued to serve the fields or were
even expanded after the Conquest. The southern end of this canal system, which spread out to the
plain east of Arab Hasan in a fan-shaped way, suggests that new canals were added during a later
expansion phase. Nevertheless, it seems that the impact of this canal system in general was
relatively short-lived: new canals left little topographic impact on the landscape, and settlements

(at least permanent ones) never expanded into this zone. 3’

3. Despite the construction of the Gargar as a major drainage channel, it seems that large
canals near the Karun constantly fell victim to floods. Following the hydraulic shift toward the
north, canal heads had to be built in a very vulnerable zone in the flood plain. The relative sequence
of intersecting canals north of the Dastowa outcrop suggests that feeder canals had to be moved
further away from the Karun and toward the city. The map (Fig. 4.15 top) presents a snapshot of
this long process, which resulted in the gradual retreat of large canals toward the present northern

segment of the Dariun canal which flanks Shushtar (Fig. 4.13, a-c). This phase marks the end of a

307 Najm al-Mulk states that these canals were in use until a while ago. Mirza abdulif, makes similar claim, a century
before him. These statements, therefore, seem to reflect simply a notion of antiquity. Naj, 119; Tuh, 65.
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phase of expansion after which irrigation agriculture on the Miyanab plain gradually contracted.
It has yet to be determined how much the reduction of irrigation agriculture was due to natural
wear and tear of the system and how much was due to the reconfiguration of the canal heads.
Similar problems existed on the eastern side of the canal systems: rapid erosion along the banks of
the Gargar constantly washed away the upper segments of the feeder canals that ran parallel to it
(Fig. 5.19-5.21). Dramatic erosion in the area between Mahibazan and Shalili-i Kouchak
demonstrates that canal heads of the linear canal network were placed in a poor location. It is
conceivable that upstream canal segments quickly fell apart; therefore, the lower canal segments

had to be rearranged to be fed through the branches of the old network, farther from the Gargar.

4. The current situation, whereby a single canal of the Dariun feeds all the canals on
Miyanab is the very last phase of canal dynamics. In this phase, the Dariun feeder also served as
the only channel that diverted excess water to the Gargar during flood season (Fig. 4.15 bottom);
irrigation agriculture was practiced at minimal level. Modern travel accounts and data collected
for the MIDP show that flood sedimentation and lack of dredging continued to reduce the capacity
of the irrigation network. *®® The only major addition to the water available in the system prior to
the modern irrigation schemes happened when water pumps began to be widely used; several of
the old and abandoned canal segments near the Karun and the Gargar where reused to direct the
pumped water to the fields.

4.8. Conclusion

Although the Gargar canal has overshadowed the Dariun in all the narratives of irrigation

history on Miyanab, this study highlights the role of the Dariun canal system for the irrigation of

308 See the description of Dariun, in chapter 2.
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the plain. The pre-modern and modern canal system of Miyanab almost exclusively relied on the
water running in the Dariun feeder canal. As Moghaddam argued, the canal system fed by the
Dariun feeder canal seems to have existed at least since the Parthian period. The main purpose of
the Gargar project was to control floods and to reclaim additional fields to be cultivated. The
northernmost segment of the canal, which flanks Shushtar, must have been built in the Sasanian
period. It remains to be investigated how much of the rest of the course of the Gargar was built
during this large-scale project. What Moghaddam identifies as the trace of the monumental Gargar
canal is in fact an extension of the Dariun system through several parallel feeder canals. According
to the present study, it seems reasonable to assume that this expansion was part of investment
initiated in the Sasanian period. The emergence of Shushtar as the urban center of the plain appears

to be related to a shift in the strategy of water distribution in the Sasanian period.
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(Courtesy of the CORONA Atlas of the Middle East) overlaid by historic aerial imagery
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Map 4.2 All mapped canals. Symbology represents the certainty of identification
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Map 4.3 All the locations where ground control information about the mapped canals was collected.
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Map 4.4 The revised map of ancient canals after survey observations.
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Map 4.6 Distribution of settlements in relation to the patterns of canals.
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Figure 4.1 Snapshot of the mapped canal system-Symbology represents the certainty of identification.
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Figure 4.3 Moghaddam's reconstruction of a monumental Sasanian canal (After Moghaddam 2012b).
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Figure 4.4 Reconstruction of the relict canals in the vicinity of Mahibazan. (1) The two linear features represent
two Small canals. (2) The small canals turn NE around the outcrop of Dastowa. (3) The only canal segment
approaching Mahibazan drains to the Gargar downstream from the feature.




Figure 4.5 Fan-shaped canals southwest of Dastowa. Imagery aerial photos acquired in 1975. Close-up imagery, aerial

photo acquired 1956.




Figure 4.6 The only survived segment of the fan-shaped canals, surveyed in 2014.

Figure 4.7 Land-leveling has gradually destroyed the ancient irrigation system and is progressing toward the remaining segment,
documented in 2014.




Figure 4.8 DEM created from land survey data underlain by SRTM DEM
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Figure 4.9 Historic DEM of Shushtar and its environs.
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Figure 4.10 Overlay of land survey DEM on historic DEM demonstrates that the fan-shaped canals join the lower
segments of the Dariun canal system which have remained in use until the present. The underlain historic DEM in

the marked area is illustrated in Figure 11.
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Figure 4.11 Historic terrain model southwest of Dastowa. The linear canals along Gargar (1) make a sinuous path in the




Figure 4.12 Main canals on the Miyanab, which have been used for millennia, are visible on the SRTM DEM, in the central
part of the plain, as well as on the site-canal map. Their configuration is, however, less clear at the source in the north where
the concentration of large canals is high.
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Figure 4.13 (a)-(c) Concentration of relict large canals north of the plain. d) Subterranean channels may have supplied mills
downstream from the Mahibazan.

205



Figure 4.14 Evolution of canal systems on the Miyanab; first phase (top); second phase (bottom).
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Figure 4.15 Evolution of canal systems on the Miyanab; third phase (top); fourth phase (bottom).
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Figure 4.16 Modern agricultural land use and water supply in Khuzistan (After Kirkby 1977, Fig. 102). The map demonstrates
that the north of the Miyanab is primarily marked as an area of average productivity and extensive winter floods.
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Chapter 5
Results 1I: Miyanab Archaeological Projects (MAP), 2014

5.1. Survey Goals & Methodology

Before a thorough analysis of settlement and irrigation could be carried out on the Miyanab
plain (Map 5.1), fieldwork was required to test the validity of the data that is being used for
settlement pattern and canal study and to collect complementary data needed for analysis. I
directed an archaeological survey in February and March 2014 on the Miyanab plain (MAP),
which was funded by the Institute for the Study of the Ancient World of New York University.

The general questions that this field season assessed are listed below:

1. The representativeness of settlement data previously collected on the plain.

2. The nature of land use on the plain, as mirrored in the typology, distribution and
density of archaeological remains on the plain.

3. The validity of the remote-sensing reconstructions of ancient canal systems and the
approximate hydraulic capacity of preserved canal segments

4. The relevance of low-cost remote-sensing for cultural resource management.

Depending on the nature of the task, two survey methodologies were chosen: Systematic
purposive survey and intensive opportunistic survey. The first method is used primarily for site
survey on the plain, where satellite and aerial imagery are used to identify potential unrecorded
sites, as well as for survey of selected canal features. The second method is used along the edges
of the Gargar River and large natural outcrops where remote-sensing data is of little or no use

given the similarity of the signature of natural and anthropogenic soil heaps.
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5.2. Survey Objectives & Findings

5.2.1. Study of settlements on the plain

The study of historic aerial and satellite imagery via remote sensing suggested that the
density of archaeological sites in certain hydraulically and agriculturally advantageous locations
might actually be higher than previously suggested (Map 5.1). To test this hypothesis, several of
the densest concentrations of such potentially missing sites were ground-truthed by visiting the
locations identified through the imagery. . The goal was not a full coverage survey in order to map
all potentially missing sites; rather, the survey aimed to test the representativeness of existing
settlement data, particularly in the locations which were unusually low-density despite the
advantage of good soil and sufficient irrigation water. A major challenge for the survey was that
these agriculturally advantageous areas were among the first on the plain to be entirely levelled

and reorganized for agricultural activity, often at an industrial scale (Maps 5.9-5.19).

For this task, our systematic targeted survey method involved importing GIS coordinates
of potential sites identified from the imagery into a handheld Garmin 628, driving to the desired
location and, if possible, **° walking between several nearby test spots. In this way, time efficiency
was combined with a good degree of certainty that ceramics found in a location recorded as a new
site were not part of a larger field scatter and were more or less confined within that boundaries
that correspond to the imagery-based mapped feature. Sites KS1802-KS1824, KS1836-KS1843

(see the site catalog) were recorded in this way. Majority of confirmed sites are small habitations,

309 Large cement canals that have crisscrossed the landscape and are often full of water dramatically hinder and slow-
down vehicle and pedestrian movements across the survey area. Driving distance, that involves long detours to the
local canal crossings, has been a major criteria in deciding on visiting or dismissing locations identified from the

imagery.
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approximately one hectare or less. Unfortunately, landscape destruction has been so severe that
the only indication of the presence of these sites was pottery sherds and the occasional attestation
of local farmers about one or several small, levelled mounds (Fig 5.7-5.10, 5.17-5.18). Satellite
imagery and the extent of the remaining field scatters were used together to estimate the boundary
and area of the sites. The height frequently could not be determined. Sites KS1802-KS1824,
KS1836-KS1843 were recorded with this method (Maps 5.7, 5.9-5.10, 5.14-5.18, 5.20). The
results of this investigation supported the hypothesis that the apparently “empty” areas of the upper
Miyanab plain could have been intensively exploited. However, these small habitations, which are
likely to represent farms and agricultural activities cannot be easily captured in a tell-based and

non-imagery assisted archeological survey.

5.2.2. Study of the ceramic distribution and periodization across the site of Dastowa

Analysis of the satellite imagery along with the archaeological data collected by ‘Abbas
Moghaddam and Mehdi Rahbar suggested that the area identified as Dastowa may need to be
expanded to the entire large outcrop located to the west of the Band-i Mahibazan (Map 5.7).%'° In
such case, several individual sites that have been recorded on this outcrop, KS1503-KS1510,
KS1518-KS1520, might need to be incorporated as areas of a single mega-site in order to better
understand the nature of human occupation and settlement distribution at this geographically and
hydraulically strategic location. Sites recorded by Moghaddam in this area were often identified

as multi-period, datable to the Parthian, Sasanian, and Islamic periods. Given the hydraulic

3V1° Moghaddam, Barrast'ha-Yi Bastan'shinakhti-I Miyanab, Shiishtar; Rahbar, “Kawus-I Bastansinas Dar Gilalak-I
Ststar.”
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significance of this location, it was necessary to obtain information about the extent of the

occupation of the site for each of these periods.

To address these issues, twelve test areas on and adjacent to the Dastowa outcrop were
selected for pedestrian survey. The majority of the test areas were selected opportunistically so at
least one sample area was collected between each of the previously recorded sites. Some areas
adjacent to the outcrop that suggested anthropogenic features were also tested. The results
confirmed the assumption that the Dastowa outcrop represents a spatially continuous record of
human activity and occupation. Thus, a new site number, KS1801 was given to the larger site of
Dastowa. Formerly recorded sites within this area, and newly collected areas were defined as

collection sub-areas of KS1801. Refer to the site catalog for KS1801 and KS1520.

Another finding of the survey was that by Seleuco-Parthian period, most areas on the
Dastowa outcrop, specifically the highest grounds to the north, seems to have been inhabited (Map
5.8). Occupation seems to have continued into the Sasanian and Early Islamic period, as known
from historical sources. As such, the significance of Dastowa as a major Parthian site (more than
100 ha) seems to have been until now underrepresented. It is not unlikely that Dastowa represents
a case similar to Susa where Parthian period cemeteries, namely Gelalak, located on the eastern

side of the Dastowa outcrop, were situated on the fringe of important Parthian settlements.

5.2.3. Study of the settlements along the Gargar

The study of settlement patterns in relation to ancient canal systems raised the question as
to why no sites have been recorded along much of the upstream of the Gargar, below the site of
Dastowa. The survey aimed to test whether the lack of archaeological sites along this segment of

the river is real or an outcome of destruction caused by rapid development and natural processes.
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Remotely-sensed data was unable to provide an adequate answer to this question; given
that the signature of canal soil heaps is almost identical to anthropogenic soil, study of imagery by
itself cannot be reliably used to identify sites along river banks. Therefore, intensive opportunistic
survey was carried out along the western edge of the Gargar, wherever foot or car access was
possible within the time constraints. Satellite imagery was used for identification of sites that were
located in this zone, near the river in but not at its bank. Along the banKSof the Gargar, natural
and human factors, primarily surface water erosion and construction of villages and numerous fish
farms, have largely obliterated the archaeological landscape (Fig. 5.5-5.6, 5.20, 5.22-5.25).
Nevertheless, the survey recorded several new archaeological sites; see the site catalogue for
reference to KS1825-KS1835 (Map 5.12-5.14). In light of the extent of site destruction in this area,
satellite imagery along with the surviving field scatters have been used to estimate the boundary
of the remaining area of these sites. It is not unlikely that these sites were originally much larger

than what was left for us to record.

5.2.4. Landscape study of the site of ‘Askar Mukram

One of the goals of 2014 survey was to achieve a more comprehensive understanding of
the largest archaeological site on the plain, ‘Askar Mukram (Map 5.1, 5.21), and its landscape.
Despite textual resources and archaeological evidence demonstrating that the town expanded on
both sides of the river Gargar, only the remains on the western bank have been systematically
surveyed. Furthermore, it was reported that pottery scatters had been observed north of the area of

‘Askar Mukram®''. The area is characterized by a topography that consists of natural mounds,

3111 am grateful to Mr. Loghman Ahmadzadeh who shared with me the above observation.
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meaning historic imagery was less useful for identifying anthropogenic remains in this zone.
Therefore, the identification of a potential site, which may also be related to ‘ Askar Mukram, could
only be tested on the ground. Furthermore, certain prominent relict landscape features, including
a monumental canal segment as well as several hollow ways were mapped during remote sensing
study, which had to be examined in the field. Finally, the survey aimed at investigating whether
several small Islamic sites that were recorded in close proximity to each other and to ‘Askar

Mukram might in fact have been part of the urban landscape of the town (Map 5.23).

Given the huge size of the site and time constraints on fieldwork, possible preserved
landscape features and potential boundaries of archaeological remains were mapped and visited
during a vehicle survey. Walking survey was carried out only within areas where archaeological

remains were attested.

In general, it was confirmed that the area of ‘Askar Mukram and associated urban and
industrial activities extends beyond the main area on the western bank of the Gargar, which has
been previously surveyed. *'? The survey results suggest that ‘Askar Mukram was built on both
sides of the Gargar (Fig. 5.41-5.44). The remains of at least one bridge connecting the two parts
of the settlement are preserved (Fig. 5.45-5.46). It seems that two industrial zones were built to the
north and west of the town, with the former specializing in metal production and the latter
dedicated to the production of construction materials (Fig. 5.39-5.40, 5.55-5.60). In order to be
consistent with the numbering system used by Moghaddam for ‘Askar Mukram, KS1622, the

surveyed area was designated as KS1622A. The newly defined or redefined areas were registered

312 In addition to information recorded by Moghaddam in his 2001 survey, an archaeological mission was carried out
in 2011, directed by Mr. Mir-Eskandari, in order to delineate the boundaries of the site of Askar Mukram, still only
on the western bank of the Gargar.
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as KS1622B-D. Detailed description of survey methodology and results in each of these areas is

provided in the site catalog under KS1622 (Map 5.22-5.24).

5.2.5. Study of the settlements outside Miyanab, southwestern of the plain

Several features with the signature of archaeological sites appear to exist in close proximity
to the Karun and to be threatened by a new wave of development. This drove the survey to expand
beyond the boundaries of the Miyanab plain. Like several nearby sites on the eastern bank of the
river, these potential sites were located within the flood zone; thus, it was important to visit these
locations and understand the date of the sites if they proved to be archaeological. Although site
destruction was less severe than it was on the Miyanab, satellite imagery was critical for defining

site boundaries. See site catalog for KS1844-KS1851 (Map 5.16, 5.18-5.19).3"

5.2.6. Revisiting the site of Negini, its boundary and date

Moghaddam suggests that the mound clusters of the extensive site of Negini (Map 5.1,
5.21) were occupied primarily in the Parthian and particularly Sasanian period. Given that the
figures presenting the areas of the site and the extent of occupation in different periods in the 2005
report were problematic, that this location was not easily irrigable, and that the site is very close
to the concentration of Islamic sites to the south of the plain, I decided to revisit the site, in order
to define its boundaries more precisely and test the proposed dating. The results suggested that the

main period of occupation of the Negini area was later than suggested, falling in the Late Sasanian,

313 After the survey, I was provided with the most recent site register which included some of the sites I had mapped.
The information about these sites, however, is provided because they have not been mapped and because no record of
their ceramic assemblage has been published.
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Early Islamic and early Middle Islamic periods.®™ This conclusion seems to better fit the bigger
regional picture, namely, the expansion of Islamic sites in the lower part of the plain, which was

not easily irrigable. The 2014 survey suggests a smaller site, ca. 145 ha instead of ca. 400 ha. 3'°

5.2.7. Study of Relict Canals and Water Use on the plain

One of the objectives of the 2014 survey was to test the accuracy of the canal system
mapped through satellite imagery, in particular for the features that were grouped as uncertain. In
addition, the estimated capacity of the mapped canal systems needed to be checked on the ground.
From the very large dataset of mapped relict canal segments, a sample of canals of varying
dimensions, functions, and antiquity was surveyed and measured. Monumental canals were

intentionally visited (Map 4.3, Fig. 5.11-5.12, 5.14, 5.19-5.21).

For this purpose, the shapefile of mapped canals was uploaded on the handheld GPS device.
The features were checked as they intersected survey routes. This study was very informative in
understanding and documenting transformations of old canals in the modern landscape. In addition
to the study of old canals, modern water sources and modes of water extraction were observed
during the survey. Local farmers were occasionally interviewed, in order to collect information on
the state of agriculture and irrigation on various parts of the modern landscape as well as the

significance of various water resources in each area.

The data collected from the irrigation system is incorporated in the hydraulic analysis in

chapter 4. Nonetheless, some general observations made during this survey are outlined here.

314 Same observation, though less formally, was made about another large site, Herad, similarly located in a cluster
mound topography. Herad is about 1 km NW of Negini (See Map 5.20).

315 Originally recorded by Moghaddam as 1567E&1567 W. Area not provided in English publication (2003), total
area provided in 2005 Persian report (397 ha).
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During the 2014 survey, information was collected about the modes of preservation, destruction,
and transformation of ancient canals in the modern landscape. Obviously, it was impossible to test
all 2300 mapped canal segments. This sample did, however, provided a better understanding of
the signature of different features that were observed during mapping, as well as information
regarding the accuracy of reconstructions that were made in different geographical locations. For
example, it was observed that when canals are completely abandoned, they are often very well
preserved. Sometimes, they have been integrated into the modern landscape; in such cases, their
antiquity and original morphology and dimensions become very difficult to estimate. For example,
they may be deepened and transformed into drainage canals as part of a modern irrigation system,

or they might be levelled to be used as local access roads.

Furthermore, survey observation and interviews with local farmers provided an
understanding of the significance of various water sources on different parts of the plain. The water
that runs in the old and reconstructed parts of the Dariun canal system is in fact the primary source
of irrigated water for the upper parts of the plain, which are also most productive agriculturally. In
the middle regions of the plain, deep wells and water pumped from the river is a main source of
irrigation water, while in the south, dry-farming is dominant, even though the yields are
insignificant and unreliable. As the MIDP increasingly proceeds to the areas farther south, the
variation between different locations becomes less marked. However, some areas are too
peripheral to be covered by the new canals, and some areas have remained outside of the network
as a result of design errors in the modern system. In these localities, people still rely on pumping

water from the river or wells, especially if they are far from either the Karun or the Gargar.
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5.3. Settlement Data

In this section, all the sites that were visited, sampled, and dated in the 2014 field season
will be presented (Map 5.4-5.6). The general site catalogue will be followed by a brief account of
the survey of ‘Askar Mukram and its landscape, as well as the results of the sampling survey of
the site of Negini. The traditional numbering method for the sites surveyed in Khuzistan has been
used, starting with KS, followed by a four-digit number. *'® Moghaddam KS1500-1700 in his
surveys of the Miyanab and the plains east of the Gargar River. In this Survey, KS1800-KS1851

were assigned to the newly recorded sites.

A catalogue of ceramic wares and types was created as a guide for dating survey types,
which is presented in the Appendix A. Similar to the Miyanab 2005 catalogue, individual
assemblages have not been published for every site. Since the former catalogue does not provide
an overview of the assemblages, reassessment of dating of the sites based on revision of the
ceramic catalog is not possible. To avoid this problem, this site catalog provides an account of

ware/types recorded in each assemblage.

Summary of Results:

Total number of sites recorded: 51

Sites with Late Susiana material: 4
Sites with Old Elamite material: 3

Sites with Middle Elamite material: 5
Sites with Neo Elamite material: 8

Sites with Achaemenid material: 16
Sites with Seleuco-Parthian material: 13
Sites with Sasanian material: 19

Sites with Early Islamic material: 48

316 Initiated by Henry Wright
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Sites with Middle Islamic material: 13
Sites with Late Islamic material: 3
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5.4. General Site catalog

5.4.1. KS1801

KS1801 (39R 296279 m E 3542981 m N; 47 m asl; surveyed Feb 5, 8, 9) has been identified
as the extensive and complex site of Dastowa (Fig. 5.1-5.4). Total area ca. 130 ha. It includes
several sites recorded in the 2001 survey (KS1503-KS1510) as well as areas collected in the 2014
survey. Most of the newly collected areas on the Dastowa outcrop were selected opportunistically,
but CORONA imagery was used for selection and recording of the areas on the western edge of
the site. The fact that human habitation across this area is continuous is indirectly recognized in
the 2001 survey report by the fact that sites located on this outcrop are all called Dastowa, and
some of them have been given Dastowa numbers (1504, 1506-10 as Dastowa 1-5 respectively).
Nonetheless, for the purpose of understanding land use and concentration of human habitation and
activity across the Miyanab plain, it was deemed necessary to systematically check the continuity
of occupation and if demonstrated, register all collections under one site number. Occupation of
the mound started in the Achaemenid period, at the latest. Parthian (or Seleuco-Parthian) pottery
was retrieved from most subareas of the site. Occupation seems to have not been interrupted during

the Sasanian and Middle Islamic periods (Map 5.8, 5.9).

Date: Achaemenid, Seleuco-Parthian, Sasanian, Early Islamic, Middle Islamic, Late Islamic

e KS1801-01

Ca. 0.5 ha. Selected based on the imagery. Aerial and satellite imagery suggest a building

with a central courtyard, similar to that of a Khan. No architectural remains were found on the
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surface. Area entirely levelled for agriculture, half plowed, half planted (wheat and vegetables).
Moderate visibility.

Date: Parthian, Early and Middle Islamic.

Parthian: PCW.T2(2) ; PCW.T13(1); PBW.T1(1)
Parthian-Sasanian: PCW.T3(1)

Early Islamic: DBG(1)

Middle Islamic: ICW.T6(1); UGP(1)

Ul (2)

e KS1801-02

Ca. 0.4 ha. Selected based on imagery, located between the Gelalak burials and the
irrigation canal, which passes through KS1801. In the northeastern part of the area a brick kiln was
found. BricKSdimensions: 31x31x7 cm. Under wheat cultivation. Moderate to poor visibility (Fig
5.1).

Date: Achaemenid, Sasanian-Early Islamic.

Achaemenid: ACW.T1(1)
Sasanian-Early Islamic: CGW.T1(2); GCW.T2(1)

e KS1801-03

Ca. 5 ha. Selected based on imagery, west of the Gelalak burials. Dense cultivation of
wheat and vegetables. Poor visibility.

Date: Early and (early) Middle Islamic. (Sasanian not unlikely)

Sasanian?: MYG.T1(1)

Early Islamic: ICW.T2(1); GCW.T2(1)
Early and Middle Islamic: ICW.T3(1)
Middle Islamic: MGG2.YU(1)

e KS1801-04

Ca. 1.8 ha. Identified and collected in the field, while surveying between areas 3 and 5. It

is possible to match this area with an anthropogenic-looking feature on the imagery, which was
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left unnoticed in the remote sensing study. The area is entirely levelled, plowed and cultivated.
Moderate visibility (Fig. 5.1).

Date: Parthian, Late Sasanian-Early Islamic, Middle Islamic (Achaemenid not unlikely)

Achaemenid: BGW.T2(1)?

Parthian: BGW.T1(1)

Sasanian-Early Islamic: GCW.T1(2); GCW.T3(1)
Early Islamic:GCW.T2(1)

Middle Islamic: MGG1(1)

Islamic:ICW.T4(1)

e KS1801-05

Ca. 7 ha. Identified in the field. Following the survey of area 1, it was discerned that the
pottery scatter continues to the west of the canal that defines the western boundary of the area (Fig.
5.1). A new collection area was thus defined with the aid of imagery. Some parts of the area were

impossible to investigate due to dense cultivation. Poor visibility.

Date: Parthian, Sasanian, (mainly) Early Islamic and Middle Islamic

Parthian: PCW.T15(1)

Parthian-Sasanian: PCW.T13(2)

Sasanian: MGG.T1(1)

Early Islamic: MGB.T1(1)

Middle Islamic: IRW.T2(1)

Islamic: ICW.T5(1); IRW.T1(1); MGB.UI(1)

e KS1801-06

Collection area ca. 4.6 ha. Based on imagery, two neighboring mounded areas,
approximately 1 and 2 ha, were selected for field visits. The area was heavily disturbed; therefore,
a smaller collection area was defined based on the modern field boundaries and topography. Sherd
density was high on the surface, and in the sections created by human activity and running surface

water. Moderate visibility.

Date: (Primarily) Parthian, Sasanian, and Early Islamic
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Achaemenid: AFW.T1(1)

Seleucid: ASW.T11(1)

Parthian: PCW.UI(1); BGW.T1(1); PCW.T10 (1) PCW.T11; PCW.T15a (1); MBG1.T6

Parthian-Early Sasanian: PCW. T1 (1); PCW.T15(4); PCW.T13(2); PCW.T11(1); PCW.T10(1); MBG1(3);
BGW.TI(1).

Sasanian-Early Islamic: DBG(2); ICW.T5(1)

e KS1801-07

Collection area ca. 2 ha. Based on imagery, a mounded area of ca. 2 ha was selected for
field visit. The area was heavily disturbed; therefore, a smaller collection area was defined based
on the modern field boundaries and topography. Sherd density was high on the surface, and in the
sections created by human activity and running surface water. A large, deep pit flanKSthe western
edge of the selected areas where a good section of the mound becomes visible (Fig. 5.2). From
visual investigation, up to 2 m below the surface of the mound, evidence of human occupation,
including brick walls, soil and floor layers, and pits are visible in the stratigraphy. Moderate
visibility.

Date: (Primarily) Early Islamic, Late Islamic, (Middle Islamic not unlikely)

Early Islamic: MGB.T4(2); SPW(3); MBG.TU(3); DBG(2)
Early or Middle Islamic: MGG.T1(2)

Late Islamic: LIG.T1(2)

Islamic: ICW.T4(1); ICW.TU(2); VMG.T2(1)

e KS1801-08

Collection area ca. 4 ha. Based on imagery, a mounded area to the east of the Shushtar-
Ahwaz road was selected in order to check if the surface scatter that defines the site of Dastowa
continues on both sides of the road. The area was levelled and under wheat cultivation. But, a few
diagnostics were collected. Poor visibility.

Date: Parthian, Early Islamic

Parthian: PCW.TU(1); PCW.T2(1); BGW.T1(1)
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(Early?) Islamic: GCW.T2(1)

e KS1801-09

Collection area ca. 7.4 ha. Based on the imagery, two small mounded areas of about 1 ha
each were selected, in order to test the western extent of the Dastowa mound complex. The surface
was invisible given the dense cultivation. The clear mounded topography and surface pottery on

the edges of the mounds suggested that the area is part of KS1801 (Fig. 5.3).

Date: Parthian, Early Islamic

Parthian: PCW.T2(1); MYG1.T8(1)
Early Islamic: MBG2.T2(1)
Early or Middle Islamic: GCW2(3); MBG2.TU(1)

e KS1801-10

A large mounded area of ca. 7 ha was selected for investigation, based on imagery and field
investigation in adjacent areas. Google Earth imagery shows that a gas station has been built on
top of the mound. Upon field visit it was discerned that the whole area had been bulldozed and
levelled for various new constructions; hence, collection was impossible. Nevertheless, a
considerable amount of pottery was visible on the edges of the mound, however, mixed with

construction waste, where a complete cup, datable to the Parthian period, was found (Fig. 5.4).3"

Date: (possibly) Sasanian, (primarily) Early Islamic

Sasanian-Early Islamic: GCW1.T2(1); MBG2.T7(1); MBG1.TU(1)
Early Islamic: GCW1.T1(1); GCW2.T1(1); GCW1.T5(1); MBG2.TU(1)

317 See Appendix A, sherd photos, PCW.T1, sherd number 1801-18-1.
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e KS1801-11

A large mounded area of ca. 5.3 ha was selected for investigation, based on the imagery
and field investigations of the adjacent areas. A large ancient canal separates this area from area

10. The area is plowed and cultivated. Low density pottery scatter. Poor visibility

Date: Sasanian-Early Islamic

Sasanian-Early Islamic: GCW1.T1(3); GCW1.T2(2); MBG.TU(1)
Early Islamic: ICW.T5(1); ICW.T9(1)

e KS1801-12 (Moghaddam 2005: KS1503)

For the purpose of investigating the extent of occupation of the site complex of Dastowa
in various periods, sample assemblages were collected from two of the sites recorded by

Moghaddam, which are now included as areas of the site KS1801. Area ca. 2.4 ha.

Date: Seleucid, Parthian

Achaemenid or Seleucid or Parthian: ASW.T2(1)
Seleucid: ASW.T1(1)

Seleucid-Parthian: SPE.T1(1); PCW.T8(1); PCW.T14(1)
Parthian: BGW.T1(1); PCW.T13(1)

e KS1801-13 (Moghaddam 2005: KS1510)

Description same as KS1801-12. Area ca. 4.9 ha.

Date: (Primarily) Achaemenid and Seleucid, (possibly) Parthian

Achaemenid: ASWI1.T11; ASW1.T16(1); ASWI1.UI (1)
Achaemenid or Seleucid: ASW.T11(1)

Seleucid: ASC.T3(1); ASW2.T6(1); ASW2.T3(1)
Parthian: PCW.T10(1); BGW.T2? (1)

5.4.2. KS1520

As explained above, KS1520 (39 R 297510.5 m E 3541312.9 m N; 33 m asl; surveyed

2001), recorded by Moghaddam, was revisited to check if this site too could be considered part of
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the mound complex of Dastowa (Map 5.5). Unfortunately, large-scale levelling of land for
agricultural production combined with destruction caused by running surface water, have totally
obliterated the topography of the site. Given the extent of site destruction and disturbance, it was
impossible to define the original boundary of the site, as recorded by Moghaddam, or to check its
relationship to KS1801. Because the site was completely destroyed and the sherd density was very
high, surface ceramics were collected. The southern and eastern part of the site that were still
preserved were separately collected as Areas 2 and 3. Area 1 (not described here) stands for
Moghaddam’s collected assemblage. The long occupation history of the site was visible by judging
the depth of stratigraphy on the inaccessible edges of the Gargar valley. Moghaddam’s recorded

area is approximately 2 ha.

Date: Old Elamite, Middle Elamite, Neo-Elamite, Achaemenid, Sasanian, Early Islamic

e KS1520-2
Collected area ca. 1.7 ha. Moderate to poor surface visibility.

Date: (primarily) Late Early Islamic (10th-11th), Old to Neo-Elamite

(Old to New) Elamite: GEW3.T5(1); GEW.T3; GEW2.T3(1)
Early Islamic: MGG2.T2 (1); MGG2.T6(1); ICW.T1(2); ICW.T2(1); SPW.T2(1); SGW1(1)

e KS1520-3

Collected area ca. 1.5 ha. Except for a small disturbed area, the site is entirely washed away
by water erosion. Deep stratigraphy visible on the washed edges of the Gargar river bed, but

impossible to collect given the height of the gorge. Moderate to poor surface visibility.

Date: (Primarily) Old and Middle Elamite, Neo-Elamite

Old Elamite: GEW1.T1(2); GEW1.T6(7)
Middle Elamite: GEW2.T2(1); GEW2.T4(2); GEW2.T5(1); GEW2.T6(1)
Neo Elamite:GEW3.T1(2); GEW3.T3(2); GEW3.T4(1)
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5.4.3. KS1802

KS1802 (39R 295936 m E 3542570 m N; 41 m asl; surveyed Feb 9) consists of pottery
scatter in an area ca. 0.8 ha. Identified during the re-examination of the western boundaries of the
Dastowa (KS1801). On an outcrop approximately 1.5 m above the plain level. Under vegetable
cultivation. Given the site’s disturbance, it was not possible to securely define the extent and area
of the site. It is possible that the mound (and possibly the site) was originally larger, and has been
reduced in size over time by subsequent levelling and bulldozer activity on the northern edge of

the site (Map 5.7). Poor surface visibility

Date: Early Islamic

Early Islamic: DBG.TU(3); ALWIL.TU(1); OWG.TU(1); WIG.TU(2); MBG2.TU (2); ICW.T8(1);
ICW.T9(1)?

5.4.4. KS1803

KS1803 (39R 293443 m E 3541163 m N; 41 m asl; surveyed Feb 10) is a mounded area,
identified from the CORONA imagery. The modern village of Qal’eh Now, is built on top of the
site, obliterating much of the archaeological remains. The ruins of several historic buildings are
still visible on the edges of the site. Pottery is visible around these ruins and in the stratigraphy of
a large well cut in the middle of the site. Estimated area ca. of ca. 4.5 ha. Remaining height 1.5 m.
Poor visibility.

Date: Late Islamic

Late Islamic: MBG3.T2(1); MBG3.T5(2); MBG3.T9(1); MBG3.T10(1); MGG3.T2(1); MGG3.T6(1);
MGG3.T9(1)
Islamic: MBG2.T10(1); ICW.T2(1); ICW.T9(1)
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5.4.5. KS1804

KS1804 (39R 292029 m E 3539358 m E; 36 m asl; surveyed Feb 10) is one of several
small closely located mounded areas, visible on CORONA imagery, that suggest human
habitation. The area has been entirely levelled and is integrated into the farmlands that belong to
the agricultural company Hamzeh (Fig. 5.7-5.8). Sherd scatter attested within the imagery-based
estimated area, ca. 0.6 ha. Workers of the company confirmed that a group of small mounds that
correspond to the features on the imagery were levelled in approximately 2010 (Map 5.9). Poor

visibility because of levelling, plowing and flood irrigation.

Given the small size of the mounds and their proximity within a circumscribed area, it
appears that they might have been contemporary sites. All the assemblages suggest an Early

Islamic occupation.

Date: (Most likely) Early Islamic

(Early or Middle) Islamic: GCW2.TU (11)

5.4.6. KS1805

KS1805 (39R 292100 m E 3539215 m N; 35 m asl; surveyed Feb 10) is one of several
small, clustered, mounded areas, visible on CORONA imagery, that suggest human habitation
(Map 5.9). Collection area ca. 0.5 ha. The area is entirely levelled, partly to be integrated in the
fields that belong to the Hamzeh Company, and partly for canal construction (Fig. 5.7-5.8). Poor
visibility.

Date: Sasanian-Early Islamic

Parthian or Sasanian: PCW.T3 (1); PCWT13(1)
Sasanian-Early Islamic: GCW?2 (3)
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5.4.7. KS1806

KS1806 (39R 291447 m E 3538861 m N; 34 m asl; surveyed Feb 10) is one of several
small closely located mounded areas, visible on CORONA imagery, that suggest human habitation
(Map 5.9). The area is entirely levelled for agriculture. Few sherds visible from the walkway

through the field (Fig. 5.9-5.10). Poor visibility given the heavy cultivation.

Date: Early Islamic

Early Islamic: GCW2.T3(1); ICW.T2(1); DBG.TU(1)
Early Islamic-Middle Islamic: GCW2.T2(2)

5.4.8. KS1807

KS1807 (39R 291960 m E 3538536 m N; 34 m asl; surveyed Feb 10) is one of several
small mounded areas, visible on CORONA imagery, that suggest human habitation (Map 5.9). The
area is entirely levelled for agriculture. Sherd scatter visible within the mounded area, and around
it with lower density, apparently the result of levelling and moving the soil for agricultural purpose.

Poor visibility given the plowing and site levelling.

Date: Sasanian-Early Islamic

Achaemenid?: ASW1.T13(1)
Sasanian-Early Islamic: GCW1.TU(8)

5.4.9. KS1808

KS1808 (39R 291646 m E 3539455 m N; 38 m asl; Feb 10) is one of several small mounded
areas, visible on CORONA imagery, that suggest human habitation (Map 5.9). The area is entirely
levelled for agriculture. Sherd scatter visible within the estimated location of the mounded area.

Poor visibility given the plowing and site levelling.

Date: (most likely Early) Islamic
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(Early?) Islamic: GCW2.T1(2)?; GCWI1.T1(1); GCW1(1)

5.4.10. KS1809

KS1809 (39R 291370 m E 3539403 m N; 35 m asl; surveyed Feb 10) is one of several
small mounded areas, visible on CORONA imagery, that suggest human habitation (Map 5.9). The
area is entirely levelled for agriculture. Sherd scatter visible within the estimated location of the

mounded area. Poor visibility given the plowing and site levelling.

Date: (most likely) Early Islamic

(Early?) Islamic: GCW2.T3(1); GCW2.TU(8)?

5.4.11. KS1513

CORONA imagery suggests archaeological remains at this location. Upon field
investigation it was noted that archaeological features, including the remains of a building on top
of a small mound, were in fact recorded by Wright and Moghaddam, with the numbers KS224 and
KS1513 respectively. However, the GPS location recorded by Moghaddam for this site, known as
Toll-1 Gaci (Per. the gypsum mound), correspond to the village of Qal’eh Seyyed, 500 m to the
east of the site (archaeological remains at the village of Qal’eh Seyyed were later recorded as site
KS1824, see below). The mound was originally much larger and has been gradually destroyed and
the soil moved to nearby fields. What remains of the building includes three rooms roofed with a
barrel vaults. Almost 2 m of building ruins are preserved over approximately 2 m of archaeological

strata (Map 5.9).

Sherds suggested a Parthian and Islamic occupation (possibly early, middle and late).

Moghaddam had also suggested a Parthian date and a Middle Islamic occupation.

Date: (Primarily) Parthian, also early Islamic and late Islamic
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5.4.12. KS1810

Estimated area of KS1810 (39R 295357 m E 3541381 m N; 39 m asl; surveyed Feb 12) is

ca. 0.5 ha. Poor visibility.

Date: Achaemenid, (most likely Early) Islamic

Achaemenid: ASC2.T3(1); ASC2. TU(1); ASWI.T2(1); ASWI1.T11?(1)
Early Islamic?: ICW.T6(2); ICW.T3(3); ICW.T9(2)

5.4.13. KS1811

KS1811 (39R 292518 m E 3540017 m N; 37 m asl; surveyed Feb 10) is one of several
small mounded areas, visible on CORONA imagery, that suggest human habitation (Map 5.9). The
area has been entirely levelled for agriculture. Sherd scatter on the mounded area, ca. 0.5 ha. Poor

visibility given the plowing and site levelling.

Date: (Possibly) Sasanian, Early Islamic

Early Islamic: GCW1.T1; GCW.T4(1)
Late Sasanian-Early Islamic: BGW.T2(2); GCW1(5)

5.4.14. KS1812

KS1812 (39R 292839 m E 3540553 m N; 37 m asl; Feb 10) corresponds to two small
mounds with anthropogenic characteristic, identified on the imagery. The southern mound was
completely levelled and densely cultivated. The northern mound is also disturbed by a canal that
has cut into the eastern side, as well as by a deep well that has been dug at the center of the mound
(Fig. 5.13-5.14). Islamic pottery was found in the debris from the cut and inside the well (Map

5.9). Area 0.3 ha.Date: (possibly) Early Islamic, Middle Islamic
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5.4.15. KS1813

KS1813 (39R 295684 m E 3538990 m N; 35 m asl; surveyed Feb 12) is a large area
consisting of several mounds, identified Based on the CORONA imagery. Google imagery and
survey showed that development has completely obliterated the morphology of the area. Three
large irrigation canals and a drainage canal have been constructed in the northern, eastern and
southern parts of the area that was defined on the historic imagery (Fig. 5.15-5.16). The area that
is left between the canals has been levelled and plowed. Low to high density sherd scatters cover
the area. A local farmer confirmed that several mounds with material remains were levelled in
2003 or 2004. According to him, one of the larger mounds was known to locals as Tall-i Siseh- T
(Per. the glass mound) because of the glass slag that was found on and around it. Several pieces
of glass slag were found at the location where the glass mound stood (Fig. 5.17-5.18). Given the
disturbed nature of the area, it was not possible to record individual sites. Seven areas
corresponding to the identifiable concentration of material remains were marked and collected
within the general area of KS1813 (Map 5.10). The demarcated area is ca. 6.25 ha, but it seems

that not the entire area was actually occupied.

e KSI1813-1

CORONA imagery shows a small mound. At present completely levelled for canal

construction. Material remains scattered along the canal. Recorded area ca. 0.4 ha.

Date: Achaemenid, Early Islamic, (Parthian occupation not unlikely)

Achaemenid: ASWI1.T5(1); ASC2(1)

Parthian?: MYGI1.TU?(2)

Early Islamic: ICW.T3(2); GCW1.T1(2); MBG2(1)
Islamic: ICW.TU(1)
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e KS1813-2

CORONA imagery shows a small mound along an old canal. Mound has been levelled and

old canal is filled. Recorded area ca. 0.85 ha.

Date: Early Islamic

Late Sasanian-Early Islamic: MYG1(1); MBG2(1)
Early Islamic: MBG2 (3); MIW.T1(1); MYG2(1)

e KS1813-3

A large irrigation canal crosses through the center of the mounded area. Dense
concentration of material remains, including pottery, glass, and slag as well as anthropogenic soil

flanKSthe southern edge of the canal. Recorded area ca. 1.4 ha.

Date: Neo Elamite, Achaemenid, Early Islamic (possible Parthian and Middle Elamite habitation)

Neo Elamite: GEW3.T2 (4); GEW3.T3(3); GEW3.T5(2); MBG2.T10(1)
Middle Elamite: GEW2.T1(1)

Elamite (Middle or Neo): GEW. T5; GEW.TU(1)

Achaemenid:ASC2. T1(1); ASC1.T4(1); ASCIL.T13(2); ASWI1.T11(1)
Early Islamic: GCW1.T1(1); SPN(2); GCW1.TU(1); DBG(1)

Parthian (possibly): PCW.T14(1)?

e KS1813-4

A large irrigation canal crosses the center of the mounded area. Dense concentration of
material remains, including pottery, glass, and slag as well as anthropogenic soil flanking the

southern edge of the canal. Recorded area ca. 1 ha.

Date: (primarily) Neo-Elamite and Early Islamic, (possibly) Achaemenid, Seleucid, Late Sasanian

Neo-Elamite:GEW3.T3(2); GEW3.TU(4)

Achaemenid:ASW1.T13(1)

Neo Elamite or Achaemenid: GEW3.TU/ASC2.YU(4)

Seleucid: ASW2.T4(1); BGW.T4?(1); ASW2.TU(1)?

Late Sasanian-Early Islamic: GCW1.T1(1); GCW1.TU(4); MBG2.TU(1)
Early Islamic: ICW.T8(1); ICW.TU(1); MBG2.T2(1)
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e KS1813-5

A small mounded area, visible on imagery, has been completely levelled. Low density

sherd scatter covered the site. Recorded area ca. 0.3 ha.

Date: Early Islamic

Late Sasanian-Early Islamic: MBG2.TU(1)
Early Islamic: WIG? (1); DBG.TU (3)
(Early?) Islamic: ICW.T3(1); MGG2.TU(2)

e KS1813-6

A large mound of ca. 2 ha and a small mound of less than half a hectare next to it are visible
on CORONA imagery. Both have been completely levelled for agriculture. Large pieces of glass

slag were scattered here. Recorded area ca. 1.9 ha.

Date: Elamite, Achaemenid, Parthian, Early Islamic

(Neo?) Elamite: GEW.T6(1)

Middle Elamite: GEW2.T6(1)
Achaemenid: ASWI.T11(1)
Parthian-Sasanian: BGW.T2(2)
Sasanian-Early Islamic: MBG2.T8(1)
Early Islamic: IGP?(1); DBG(1)

e KSI1813-7

A small mounded area, visible on imagery, has been completely levelled. Pottery collected

within the estimated boundaries of the mounded feature. Recorded area ca. 0.4 ha.

Date: Neo Elamite, Seleucid, Parthian, Early Islamic, Middle Islamic

Neo Elamite: GEW3.T3(3)

Achaemenid: ASWI1.T16(1)

Seleucid: ASW2.T12/T167(1); ASW2.T8(1)

Parthian: PCW.TU(1)

Seleucid-Parthian: MYG.T1(1); MYG1.TU(3)

Early Islamic: GCW1.T1(1)

Late Early Islamic-Middle Islamic: MIW.T1(1); MGG2.T3(2)
Islamic: ICW.T5(1); MBG2.TU(2)
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5.4.16. KS1814

KS1814 (39R 296626 m E 3539266 m N; 37 m asl; surveyed Feb 12) was identified based
on CORONA imagery. Area reserved for beekeeping, and not accessible for collection. Pottery

visible at the edges of the mound. Area ca. 0.9 ha (Map 5.10).

Date: Early Islamic

Early Islamic: OWG(1); MBG2(1); GCW2(1)

5.4.17. KS1515-2

CORONA imagery suggests that KS1515 (39 R 296583 m E 3538278 m N; 36 m asl; re-
surveyed Feb 12) might extend beyond the large mound and its immediate periphery, as recorded
previously. 3'® All areas around the site were heavily cultivated and impossible to investigate.
Pottery and archaeological strata were visible, however, inside a drainage canal that was cut
through the larger area visible on the imagery. Pottery retrieved from the canal cut places the
beginning of the occupation in the Achaemenid period. Also suggested is an increase in the area

of the site from ca. 5.4 ha to 7 ha (Map 5.10).

Date: Achaemenid, (possibly) Parthian, Sasanian

Achaemenid: ASW1.T8(1); ASW1.T11(1); ASWI1.T13(1)
Parthian or Early Sasanian: PCW.T2(1); PCW.T13(1); MBG1(1)

5.4.18. KS1815

KS1815 (39R 294312 m E 3538037 m N; 35 m asl; surveyed Feb 12) is a small mounded
area, visible on the imagery, completely levelled. Pottery collected within the estimated boundaries

of the mounded feature, ca. 0.4 ha. Poor visibility due to dense cultivation.

318 A short stop was made by this site as it was on the survey route.
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Date: Neo Elamite, (possibly) Achaemenid

Neo Elamite: GEW.T2(3); GEW3.T7(1)
Achaemenid: ASW3.TU(3)

5.4.19. KS1816

KS1816 (39R 293079 m E 3538418 m N; 34 m asl; surveyed Feb 12) is a small mounded
area, visible on the imagery, completely levelled. Area estimated based on imagery and extent of

sherd scatter, ca. 1 ha. Poor visibility due to plowing and dense cultivation.

Date: Early Islamic (Sasanian and Middle Islamic habitation not unlikely)

Sasanian-Early Islamic: GCW1.T2(1); GCW1.TU(1)
Early Islamic: ICW.T3(1); DBG.T10(1) ; SPW(1); IGP(2)
(Early?) Islamic: GCW1.T5(1); YMG2(2); MBG2.TU(4); ICW.T9(1)

5.4.20. KS1817

KS1817 (39R 293247 m E 3538899 m N; 35 m asl; surveyed Feb 12) is a small mounded
area, visible on the imagery, entirely levelled. Area estimated based on the imagery and extent of

sherd scatter, ca. 0.6 ha (Map 5.9). Poor visibility due to plowing and greenhouse cultivation.

Date: Sasanian-Early Islamic

Sasanian-Early Islamic: ICW1.T1(2); ICW.TU(2); MBG2.T9(1); MBG2.TU(1); GCW1.TU(1)

5.4.21. KS1818

KS1818 (39R 297466 m E 3531292 m N; 29 m asl; surveyed Feb 13) corresponds to two
small neighboring mounds, selected based on imagery. The area was heavily disturbed following
canal construction and field levelling. Therefore, only part of the eastern mound was marked as
site KS1818, where lower vegetation density made it possible to see a low density field scatter on

the surface. Area ca. 0.5 ha (Map 5.11). Visibility was poor due to dense cultivation.

Date: Sasanian-Early Islamic
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Sasanian-Early Islamic: GCW1.TU(11)
Early Islamic: OWG(1); MYG2(1)

5.4.22. KS1819

KS1819 (39R 297406 m E 3530734 m N; 31 m asl; surveyed Feb 13) corresponds to several
small adjacent mounds with anthropogenic characteristics, on CORONA imagery. The area has
been levelled and transformed into agricultural land. Evaluation of the field scatters did, however,
suggest human habitation. The areas of pottery collection correspond with the mound boundaries
on the imagery. Sherd density suggests that the largest mound, located west of the demarcated

area, could be identified as the center of the site. Site area ca. 8.7 ha (Map 5.11).

Date: Seleuco-Parthian, Sasanian-Early Islamic

e KS1819-1

High density cultivation. Poor surface visibility.

Date: Sasanian-Early Islamic

Sasanian-Early Islamic: GCW1.TU(10)

e KSI819-2

Low density field scatter over an area larger than the mounded feature on the imagery, most

likely the result of levelling activities.

Date: Sasanian, (more likely) Early Islamic

Sasanian-Early Islamic: GCW1.T3(1); GCW.TU(1)
(Early?) Islamic: ICW.T2(2)

e KS1819-3

A small mound on the edge of the river. Heavily disturbed, particularly, because of several

abandoned water pumps that flank or are on top of the area.
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Date: Parthian, (Early Islamic not unlikely)

Parthian: MBG1.T5(1); MBG1.T6(1); MBG1.TU(3) I think it should be corroded Islamic blue glaze, check
photos, I think they should all be Islamic?
Early Islamic?: ICW.T6

e KS1819-4

The largest mound, most likely the center of the site. Completely levelled for agriculture.

Ceramic density within and immediately around this area higher than in other areas.

Date: Early Islamic

Seleucid-Parthian?: TJS.T2(1)
Early Islamic: OWG (2); GCW.T1(3); DBG(3); MBG2(2)?
(Early?) Islamic: GCW2.T1(1); MGG2.T9(1); ICW.T9(1); ICW.T9(3)?

5.4.23. KS1820

KS1820 (39R 297749 m E 3531123 m N; 3 m asl; surveyed Feb 13) corresponds to a small
mound, identified from imagery. The area is completely levelled for agriculture. Pottery collected
at the edges of the fields, within the imagery-based demarcated area, ca. 0.4 ha (Map 5.11). Poor

visibility because of flood irrigation.

Date: (Middle?) Islamic

Middle Islamic: SGW2.TU(1)
Islamic: GCW2.TU(7)

5.4.24. KS1821

KS1821 (39R 298679 m E 3530328 m N; 30 m asl; surveyed Feb 13) corresponds to two
small adjacent mounds of anthropogenic signature on imagery. Completely levelled for
agriculture. Pottery collected from the few visible areas within the estimated boundary, ca. 3.1 ha
(Map 5.11). Poor visibility because of plowing and cultivation.

Date: (possibly) Sasanian, (primarily) Early Islamic, Middle Islamic
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Sasanian-Early Islamic: GCW1.T1(1); GCW1.T2(1); MBG1.TU(1)
Early Islamic: DBG(4); MBG2.T10(1)

(Early?) Islamic: ICW.T5(1); MBG2.TU(1)

Middle Islamic: USP.T1(1); YMG2.TU(1)?

5.4.25. KS1822

KS1822 (39R 298942 m E 3529353 m N; 30 m asl; surveyed Feb 13) consists of few very
small adjacent mounds of anthropogenic signature on imagery. Area completely levelled for

agriculture. Area ca. 1.4 ha (Map 5.11). Poor visibility because of plowing and cultivation.

Date: Seleucid-Parthian, Early Islamic

Sasanian-Early Islamic : GCW2.T1(2); MGG2(1); MBG.TU(2)
Seleucid-Parthian: MYG1.T4(2); MYGI1.T15(1)?
Parthian: BGW.T1(1); PCW.TU(1)

5.4.26. KS1823

KS1823 (39R 299896 m E 3527511 m N; 30 m asl; surveyed Feb 13) consists of three
small mounds identified from imagery. Area has been entirely levelled for agriculture and the
original morphology is blurred. Pottery visible on the surface of two of the mounds. Collections
were made in two zones, given the different nature of the pottery and surface features. Total area

ca. 3 ha (Map 5.16).

Date: Achaemenid, Seleuco-Parthian, Early Islamic, Middle Islamic

e KS1823-1
Area adjacent to the road. A modern drainage canal has cut through this area, revealing
pottery and ash layers beneath the surface of the site.

Date: (primarily) Parthian, (possible) Middle Islamic, (possible) Achaemenid

Achaemenid: ASW1.TU(3)
Parthian: PCW.T2(1); PCW.TU(3); YMGI(1)

239



(Middle?) Islamic: ICW.T13

e KS1823-2

Completely levelled for agriculture. Surface visibility poor due to plowing, cultivation, and

salinization.

Date: Early Islamic (late Sasanian, and Middle Islamic not unlikely)

Early Islamic: GCW2.T1(1)?; GCW2.T2(1)?; MBG2.T8(2); MBG2.TU(1)
Early? Islamic: ICW.T2(1); MGG2(2)

6.1.27. KS1824

A visit to the village of Qal’eh Seyyed, which corresponds to GPS point of KS1513 (see
above) showed that the modern village is located on an archaeological site, recorded as KS1824
(39R 293069 m E 3539387 m N; 37 m asl; Feb 12). Surface is heavily disturbed and covered with
new buildings and construction debris. Estimated area ca. 2.8 ha. Remaining height ca. 1.5 m (Map

5.9). Poor surface visibility.

Date: Early Islamic, Late Islamic, (possibly) Middle Islamic

Early Islamic: GCW2.T1(2); GCW2.T2(1); DBG(1)
Middle? Islamic: MGG2(2); MYG2.TU(1)
Late Islamic: MGG2(2); MBG3.TU(5)

5.4.27. KS1825
KS1825 (39R 298190 m E 3539584 m N; 35 m asl; Feb 14) is completely levelled for
agricultural purposes. However, pottery on the soil heaps on the edge of the river as well as inside

the water wash cuts on the river bank demonstrates the existence of a site at this location.

Remaining area ca. 0.5 ha (Map 5.12). Poor visibility.

Date: Early Islamic
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Early Islamic: ICW.T2(1); MBG2.T5(1); MBG2.T6(1); GCW2.T1(1); GCW2.TU(1); MGG2.T2(1)?;
MBG2.TU(1)?
Islamic: MGG2.TU(2)

5.4.28. KS1826

KS1826 (39R 299606 m E 3538994 m N; 36 m; surveyed Feb 14) is heavily disturbed: A
chicken farm has been built on top of it. Also, a large pit has been dug within the area outside the
farm (Fig. 5.23). And, part of the site seems to have been levelled and integrated into the farm.

Remaining area ca. 0.4 ha (Map 5.12). Moderate visibility.

Date: (possibly) Achaemenid, Parthian, Early Islamic

Achaemenid: ASWI1.T13(1); ASW1.TU(6)?

Parthian: PCW.T2(4)?; PCW.T3(2); PCW.T8(1); PCW.T13(5)?; PCW.T15(1); BGW.T1(1); BGW.T2(2);
MBGI1.T7(1); MBG1.T8(1); MYG1.T8(1)

Early Islamic: GCW1.T1(1); ICW.T3(1)

Islamic: MGG2.TU(1)

5.4.29. KS1827

KS1827 (39R 300370 m E 3538698 m N; 32 m asl; surveyed Feb 14) is heavily disturbed,
and original boundaries are unclear. The area immediately next to the river was destroyed during
the construction of several fish farms (Fig. 5.22). The rest has been levelled and transformed into
agricultural land. As at other sites along the Gargar, surface water erosion has also significantly

contributed to the site’s destruction. Remaining area ca. 0.3 ha. Poor visibility.

Date: Parthian

Parthian: PCW.TU(4); PCW.T15(2)

5.4.30. KS1828

KS1828 (39R 301160 m E 3538161 m N; 36 m asl; surveyed Feb 14) is located at the

eastern fringes of the Shalili village. Extent of the site impossible to identify. Surface is obscured
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by construction debris, domestic and animal waste. The site was identified inside one of the fish
farms that flank the village. The fish farm was being filled the same day, and pottery was visible

in the cut of the pool and under the water (Fig. 5.25-5.26). Remaining area ca. 0.3 ha (Map 5.12).

Date: Neo Elamite

Neo Elamite: GEW3.T3(1); GEW3.T5(8); GEW3.T6(3); GEW3.TU(1)

5.4.31. KS1829

KS1829 (39R 301527 m E 3537870 m N; 35 m asl; surveyed Feb 14) is located south of
the village of Shalili-yi Koochak. Existence of site is confirmed by pottery scatter (Fig. 5.24).
However, fish farms and marshes have altered the archaeological landscape and have blurred site

boundaries. Remaining area ca. 0.3 ha (Map 5.12).

Date: Early Islamic

Early Islamic: MBG2.T2(1); MBG2.T7(2); MBG2.T9(1); MBG2.TU(5); ICW.T5(2)
Islamic: ICW.TU(3)

5.4.32. KS1830

KS1830 (39R 305276 m E 3535197 m N; 35 m asl; surveyed Feb 14) corresponds to a
large mound of anthropogenic signature on CORONA imagery, located between the river and the
Shalili road. The tomb of Nabi Shu’ayb is located on the mound. Recent development of the tomb
and the adjacent cemetery has completely altered all accessible parts of the mound. Pottery is,
however, found in the cuts and pits in the less developed areas around the tomb complex. It is not
possible to define the boundary of the site. Estimated area 1.9 ha (Map 5.13), but, the site may

have been larger.

Date: Seleucid-Parthian, (possibly) Sasanian-Early Islamic
Seleucid:ASW2.T2(1); ASW2.TU(2)
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Parthian: PCW.T15(2); PCW.T1(1); MYG1.TU(2)?
Parthian-Sasanian: PCW.T12(1); PCW.T2(2); BGW.T2(1)
Sasanian-Early Islamic: GCW.T2(2)

5.4.33. KS1831

KS1831 (39R 304618 m E 3534943 m N; 35 m asl; surveyed Feb 14) consists of several
features that resemble Islamic period buildings on CORONA imagery. The area has been
completely levelled for use as agricultural land. Additionally, the large canals that cross the area
do not permit access to all parts of the site. The farm owner did, however, confirm that several
historic buildings once stood in this area and have since been demolished. Although the pottery
collected suggests an Early Islamic date, later occupation is also possible given the well preserved
state of buildings on CORONA imagery. Area ca. 9.7 ha (Map 5.13). Surface visibility is poor due

to cultivation and trash deposits.

Date: Early Islamic, (Middle or Late Islamic not unlikely)

Early Islamic: GCW.T2(1); OWG.T9(1); MBG2.T8(1); MBG2.T10(1); MBG2.TU(5)
(Early?) Islamic: GCW2.T1(1); ICW.T2(1);ICW.T3(2); ICW.T5(1); ICW.T9(4)

5.4.34. KS1832

KS1832 (39R 305875 m E 3534858 m N; 32 m asl; surveyed Feb 15) is heavily disturbed
and its original boundaries are unclear. The area immediately next to the river has been destroyed
for the construction of several fish farms. The rest of the site has been levelled for use as
agricultural land. A local farmer confirmed that a mound under 1 m high existed in this location.

Remaining area ca. 0.7 ha, height 0.8 m (Map 5.13). Moderate to poor visibility.

Date: Neo Elamite, Middle Elamite, Achaemenid, (Old Elamite not unlikely)

Old Elamite: GEW3.T6(1)
Middle Elamite:GEW2.T3(1); GEW2.T5(3); GEW2.T6(2)
Neo Elamite:GEW3.T2(3); GEW3.T3(2); GEW3.T5(1); GEW3.T6(3)

243



Elamite: GEW.TU(8)
Achaemnid:ASWI1.T1(1); ASWI1.T11(2); ASWIL.T13(3); ASW1.T14(1)

5.4.35. KS1586-2

KS1586 (39R 308491 m E 3531881 m N; 27 m asl; resurveyed Feb 15) is a large multi-
period site, recorded by Moghaddam. It was re-surveyed and a random sample was selected in
order to check the density of occupation of different periods across the site. Natural erosion and

agriculture have destroyed much of the site. Remaining area ca. 5 ha (Map 5.14).

Date: Achaemenid, Parthian, (possibly) Sasanian

Achaemenid: ASWI1.T2(1); ASWIL.T13(1); ASW1.T14(1)
Parthian: PCW.T3(1); PCW.T13(1); PCW.T15(4); BGW.T1(1); BGW.T2(2)
Sasanian: PCW.T2(3)?

5.4.36. KS1834

KS1834 (39R 308426 m E 3530393 m N; 31 m asl; surveyed Feb 15) corresponds to two
adjacent mounds visible on imagery. The area has been completely levelled. The area
corresponding to the two identified mounds as well as the area of pottery scatter is marked as

KS1834. Area ca. 4.9 ha (Map 5.14). Poor visibility because of plowing and cultivation.

Date: Early Islamic

Early Islamic: SPW?(2); IGP.TU(5); IGP or SPW(3); DBG(4); MBG2(4); MIW.T1(1)
Islamic: ICW.T5(1); ICW.T9(11)

5.4.37. KS1835

KS1835 (39R A 309311 m E 3525477 m N; 29 m; surveyed Feb 15) is a mound identified
on imagery. Except for one strip of land, the entire area has been levelled for agriculture. Estimated
area ca. 1.5 ha. Surface visibility is good on the remainder of the mound, and poor within the

levelled areas.
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Date: Early Islamic, (possibly) Middle Islamic

Early Islamic: MBG2.T7(2); IGP.T3(1); BGW.T2(1); MBG2.T6(1); DBG(8);
Early/Middle Islamic: ICW.T3(1); SGW12(1); ICW.T6(2); MBG2(1); MYG2(3); MGG2(1)

5.4.38. KS1836

KS1836 (39R 301205 m E 3523049 m N; 30 m asl; surveyed Feb 16) is a large mound
south of the village of Arab Hasan, identified on imagery. Surface collection confirmed the
existence of a site that has been heavily disturbed by modern construction activities (Fig. 5.37).
Only the southern part of the mound, on which an abandoned cement block workshop and a kiosk
stand is partially preserved. In addition to pottery, metal slag has been found on the southern
mound. Remaining area ca. 4.2 ha. Remaining height 1.5 m (Map 5.17). Visibility is very poor on

other parts of the site.

Date: (possibly) Achaemenid & Sasanian, (primarily) Early Islamic

Achaemenid?: ASW1.TU(S)

Sasanian-Early Islamic: GCW1.T1(3); GCW1.T2(1); GCW1.T5(1)

Early Islamic: GCWI1.T1(2); GCWI1.T4(1); GCW2.T5(1); DBG(1); MBG2.T7(1); MBG2.T9(1);
MBG2.TU(3)

5.4.39. KS1837

On satellite imagery, several mound complexes are found in the lower part of the plain,
particularly near the Karun. The signature of natural and anthropogenic soil heaps in such locations
is very similar and no conclusions could be made prior to a site visit. KS1837 (39R 298186 m E
3522892 m N; 31 m asl; surveyed Feb 16) was one such location where survey confirmed evidence
of human occupation. The area is almost entirely levelled for agriculture. Nevertheless, pottery has
been found on some of the soil heaps on southern side of the farms. In addition, a pit was visible

in a bulldozer cut on the side of the only preserved mound, in the western part of the area (Fig.
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5.38). Pottery, (animal?) bone, and bitumen were visible inside the pit. Area ca. 2.5 ha, height 2.3
ha (Map 5.18). Poor visibility.

Date: (most likely) Early Islamic; (Sasanian and Middle Islamic not unlikely)

Early Islamic: MBG2.T3(1); MBG2.TU(2); IGP?(2); GCWI1.T1(1)
Early/Middle Islamic: ICW.T3(1); ICW.T9(1)

5.4.40. KS1838

KS1838 (39R 299605 m E 3521353 m N; 28 m asl; surveyed Feb 16) corresponds to a
small mound, identified based on imagery. The area was completely levelled for agriculture. Area

ca. 0.6 ha (Map 5.17). Poor surface visibility due to cultivation.

Date: Sasanian-Early Islamic

Sasanian-Early Islamic: ICW1.T1(1); ICW1.T3(1); ICW1.T6(1); MBG2.TU(2); MYG2.TU(1)

5.4.41. KS1839

KS1839 (39R 299316 m E 3521198 m N; 28 m; surveyed Feb 16) corresponds to a small
mound, identified based on imagery. The area was completely levelled for agriculture. Area ca.

0.6 ha (Map 5.17). Poor surface visibility due to cultivation.

Date: Early Islamic

Early Islamic: MBG2.T2(1); MBG2.T7(1); MBG2.T8(1); MBG2.TU(1); GCW2.TU(1); GCW2.T1/T2(2)

5.4.42. KS1840

KS1840 (39R 300089 m E 3521291 m N; 28 m; surveyed Feb 16) corresponds to a large
mound identified on imagery. The area was levelled for agriculture. Surface pottery confirmed
occupation, at least on the western part of the mound. Area ca. 3.7 ha (Map 5.17). Poor surface

visibility due to plowing and cultivation.

246



Date: (possibly) Achaemenid, Parthian-Sasanian

Achaemenid: ASW1.T13(1); ASWI1.TU(3)
Parthian: MYGI1.T6(2); MYG1.TU(3); BGW.T1(2)
Sasanian?: GCW1.T1(2)?

Parthian-Sasanian: PCW.T3(4); PCW.T13(1)

5.4.43. KS1841

KS1841 (39R 301146 m E 3520778 m N; 29 m; surveyed Feb 16) corresponds to two small
mounds identified on imagery. Survey showed that the mounded features and the majority of the
landscape around it were completely destroyed in the course of constructing several modern feeder
canals and a large-scale agricultural development. Low density surface pottery on the approximate
location of the selected features, and in the small soil heaps piled on the sides of the area was taken
as evidence for the existence of the site prior to recent landscape transformations. Area of the site
was estimated based on the sherd scatter, smaller than the area identified on the imagery, ca. 0.8

ha (Map 5.17). Very poor surface visibility.

Date: Early Islamic

Early Islamic:MBG2.T7(3); MBG2.T8(1); MBG2.TU(4)
Early? Islamic: BGW.T2(1); YMG2.T6(1)

5.4.44. KS1843%*"

KS1843 (39R 297685 m E 3513126 m N; 29 m asl; surveyed Feb 22) consists of a cluster
of mounded features southeast of Negini, selected on imagery based on the proximity of the mound
cluster to the river and to the Negini mounds. KS1843 was the only archaeological site recorded

in this area, and it was confirmed that the rest of the mounds located east and south of Negini were

319 There is no KS1842. This name was given to the KS1622B, before this area was defined as related to Askar
Mukram.
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devoid of archaeological material. The site is destroyed, partly as a result of levelling for
agriculture and partly as a result of canal construction. Low density pottery scatter on the farm.
More pottery in the soil heap that seems to have been formed as a result of levelling of the site.

Area ca. 1.4 ha, height 0.4 m. Moderate site visibility.

Date: Neo-Elamite

Neo-Elamite: GEW3.T6(2); GEW3.T7(3)
Elamite: GEW.TU(6)

5.4.45. KS1844

KS1844 (39R 297155 m E 3520737 m N; 30 m asl; surveyed Feb 23) is a small site north
of the village of Magernat 3, selected for survey based on imagery. Road construction has
completely destroyed the site. However, sherds appear in the soil heaps left from the levelling of

the site. Area ca. 1 ha (Map 5.18).

Date: (most likely) Early Islamic (late Sasanian not unlikely)

(Most likely) Early Islamic: ICW.T1(1); ICW.T2(3); DBG(1); BGW.T3(2); GCW.T2(2)
Islamic: ICW.T8(1); IRW(1)

5.4.46. KS1845

KS1845 (39R 296833 m E 3521437 m N; 29 m asl; surveyed Feb 23, 26) is an area
composed of several very small mounds with an anthropogenic signatures on imagery. All the
mounds have been destroyed, either for road construction or for agriculture. Surface pottery as
well as strips of soil left from some of the mounds did, however, confirm the existence of
archaeological deposits. Given the level of site destruction, satellite imagery was the primary guide
for marking the position and extent of the collection areas. Surface collection across the site

suggests an Early Islamic date. Total area ca. 5.8 ha (Map 5.18).
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Date: Sasanian-Early Islamic

e KS1845-1

This area corresponds to the mound that is adjacent to the large modern canal along the
road (Fig. 5.27). It has been nearly completely obliterated by the construction of the canal and the

road. Pottery is, however, found in the soil heaps between the road and the canal. Poor visibility.

Date: (most likely) Early Islamic

Early Islamic: GCW2.T3(1); IRW.T1(1)
Islamic: GCW2.TU(1); BGW.T3(1)

o KS1845-2

Originally composed of three small mounds, only one of which is preserved. The village
and a small morgue are located on this mound (Fig. 5.28). The eastern mound was destroyed for
canal construction and the western mound was levelled for agriculture. The pottery left from these
two are found around the central mound, and hence collected together. Moderate visibility on the

central mound, poor visibility elsewhere.

Date: (most likely) Early Islamic

(most likely) Early Islamic: GCW1.T1(3); GCW1.T6(2); GCW2.T6(1)
Early Islamic: MBG.T7(1)

e KS1845-3

A small mound visible on the imagery. Completely levelled.

Date: (most likely) Early Islamic

Early Islamic: GCW1.T1(1)
(Most likely) Early Islamic: MYG2.T6(1); GCW1.T2(1); GCW2.T

e KS1845-4

A small mound. Mainly levelled. Low density pottery scatter on the remaining part.
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Date: (most likely) Early Islamic

No diagnostic, body sherds of GCW1 collected.

e KS1845-5

One of the larger mounds of the cluster. The center of the mound has been levelled and
turned into agricultural land. Only two heaps are left to the north and south. High density

cultivation covers the cultivated area. Pottery collected from remaining heaps.

Date: Sasanian-(most likely) Early Islamic, (Achaemenid not unlikely)

Achaemenid:ASW1.TU(2)
(Most Likely) Early Islamic: GCW1.T1(1); GCW1.T5(1)
Sasanian-Early Islamic: GCW1.T3(1); GCW1.TU(1)

e KS1845-6

The center of the mound has been levelled and turned into agricultural land. Only two soil
heaps are left to the north and south (Fig. 5.30). High density cultivation. Pottery collected from

remaining heaps.

Date: Early Islamic, (Middle Islamic not unlikely)

Early Islamic: GCW1.T1(1); GCW1.T7(1); MBG2.T2(1); MBG2.T5(1); MBG2.T7(2); OWG.T7(1)
(Most likely Early) Islamic: GCW1.T2; MBG2.TU(1); ICW.T3(1)

e KS1845-7

A small mound that has been levelled. No visibility on the levelled and farmed part. Good

visibility on the small strip that is left of the mound to the east (Fig. 5.29).

Date: Islamic

(Early or Middle) Islamic: GCW2.T1; GCW1.TU(1); BGW.T3(1); ICW.T1(1); ICW.TU(1)
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5.4.47. KS1846

KS1846 (39R 298478 m E 3526627 m N; 31 m asl; surveyed Feb 23) is a large mound
cluster, north of the village of Sheykh ‘Abd al-Amir, selected for survey based on the imagery.
The site is known as Diban ‘Abd al-Amir, and is recorded in the inventory of the ICHHTO. Yet,
no signage was found at the site. Despite agricultural activity, morphology of the site on the ground
is comparable to that observable from the imagery. Major damage has been caused by the
construction of two fishery pools, which were never used. According to two of the villagers, the
fish farms were never exploited because of a complaint made by the villagers over unauthorized
use of the village land. Based on the spatial distribution of the mounds as well as modern features

and activities, ten collection areas were chosen. Total area ca. 32.6 ha (Map 5.16).

e KS1846-1

Area of the southern fishery pools. Moderate visibility.

Date: Early Islamic (Late Sasanian not unlikely)

Early Islamic: ICW.T3(2); ICW.T4(1); GCWIL.T1(1); GCW1.T2(2); GCWI1.T3(2); MBG2.T6(1);
OWG.T6(1); BGW.T3(1)
Islamic: ICW.T2(2); ICW.T9(2)

o KS1846-2

Area of the northern fishery pool. Moderate visibility.

Date: Early Islamic; Middle Islamic

Early Islamic: OWG.T6(1); OWG.T8(1); OWG.T9(1); OWG.TU(1); MBG2.TU(1)
Middle Islamic: MGG2.T5(1); MGG2.T8(1); MBG2.T5(1); UGP(2); UGP.T5?(1)
Islamic: ICW.T9(4)
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e KS1846-3

A relatively well-preserved mound, which is used as the village cemetery. A small morgue

has been built on the mound. Area is disturbed. Moderate surface visibility.

Date: Early Islamic; Middle Islamic
Early Islamic: GCW1.T3(1); MBG2.T7(2); OWG.T10?(1); OWG.T6?(1); IGP(1); ICW.T3(1); DBG(1)

Middle Islamic: UGP1(2); UGP2(2)
Islamic: ICW.T2(1); ICW.T9(6)

e KS1846-4

A large mound that is completely levelled and under cultivation. Pottery mainly selected

on the edges of the farm. Poor visibility.

Date: Achaemenid, (primarily) Early Islamic; (late Sasanian not unlikely)

Achaemenid: ASW1.T13(3); ASW1.TU(5)
Early Islamic: GCW1.T1(5)?; MBG2.T8(2); MBG2.TU(2); OWG.T5(1); OWG.TU(1); YMG2(1)
Sasanian-Early Islamic?: MBG1.TU(1)

e KS1846-5

Composed of three very small adjacent mounds. Vegetation and surface visibility

moderate.

Date: Early Islamic

Early Islamic: GCW2.T3(1); GCW2.TU(1); IGP(1); MBG2.T5(1); MBG2.T9(1); MBG2.TU(2)
Islamic: ICW.T2(1); ICW.T9(2)

e KS1846-6

Three small adjacent mounds within the borders of a farm. Dense cultivation. Poor

visibility.

Date: (possibly) Late Sasanian, Early Islamic

Sasanian-Early Islamic: GCW1.TU(3)
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Early Islamic: MBG2.TU(4)

e KS1846-7

A small mound within an elongated strip of farm. Dense cultivation. Poor visibility.

Date: (possibly) Achaemenid, Early Islamic

Achaemenid: ASWI1.TU(6)
Early Islamic: GCW1.T1(1); GCWI1.T6(1)?; GCW1.TU(1)?; ICW.T2(1); MBG2.TU(2); OWG.T9(1);
OWG.TU(1)

o KS1846-8

A mound visible on the imagery, levelled and transformed into a farm. Dense cultivation.

Poor to moderate surface visibility.

Date: Early Islamic

Early Islamic: GCW.T2(1); GCWI1.T3(1); GCWL.T5(1); MBG2.T7(1); MBG2.TU(3); DBG.TU(1);
OWG.T6(1); IGP.T6(1); IGP.TU(1);
Islamic: MYG2.TU(1); ICW.T9(1); IRW.T1(1)

e KS1846-9

A mound visible on the imagery, levelled and transformed into a farm. Dense cultivation.

Poor to moderate surface visibility.

Date: (possibly) Achaemenid, Early Islamic, (possibly) Late Sasanian

Achaemenid: ASWI1.TU(2)

Sasanian-Early Islamic:GCW1.T1(4); GCW1.T3(2)

Early Islamic: MBG2.T4(1); MBG2.T7(1); MBG2.T8(1); MBG2.TU(4); OWG.TU(1); ICW.T2(1)?;
ICW.T5(1)

e KS1846-10

Area composed of a mound within the borders of a farm. The eastern side of the mound
has been cut by bulldozers, but the rest is preserved. Visibility is moderate on the mound, poor in

the rest of the farm due to intensive cultivation.
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Date: Early Islamic, (Late Sasanian not unlikely)

Sasanian-Early Islamic: GCW1.T1(1); GCW2.T1(1)
Early Islamic: OWG.T9(2); ICW.T3(2); ICW.T9(1)

5.4.48. KS1847

KS1847 (39R 296291 m E 3522713 m N; 29 m asl; surveyed Feb 26) is a large mounded
area, selected for survey based on imagery. Field visits showed that two small sites, KS1847-
KS1848 are located to the east and west of a large, naturally raised area. KS1847 is part of farm,
and it is not clear how much of it has been destroyed by plowing and farming. Remaining area ca.

0.2 ha, height 0.4 m (Map 5.18). Surface visibility is good on the mound.

Date: Prehistoric

5.4.49. KS1848

KS1848 (39R 296145 m E 3522375 m N; 27 m asl; surveyed Feb 26) is a large mounded
area, selected for survey based on imagery. Field visit showed that two small sites, KS1847-
KS1848 are located to the east and west of a large, naturally raised area. KS1848 has been largely
destroyed and disturbed by human activity. In addition to levelling for agriculture, several cuts and
pits have been dug all over the mound. Surface-water wash has deepened the man-made cuts. The
pottery collected from the site, suggests possible sugar production. Area ca. 0.9 ha. Height 0.5 m

(Map 5.18). Poor surface visibility.

Date: Early Islamic, Middle Islamic

(Most likely Early) Islamic: BGW.T3(1); MBG2.TU(2)
Early-Middle Islamic*: GCWI1.T1(3); GCWI1.T2(1); GCWI1.T6(1); GCW2TI1(2); GCW2T2(1);
IRW.T1(1); ICW.T9(1)
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5.4.50. KS1849

Ks1849 (39R 293962 m E 3519188 m N; 28 m asl; Feb 27) is a mound cluster, south of
the village of ‘Abduli Beyt Khalaf, selected for survey based on imagery. The area is highly
disturbed. Several large and small canals have been built to the south, east and north of the site.
Illegal excavation has been carried out in several spots. Other areas are plowed, partially levelled,
and cultivated (Fig. 5.32). A complete vessel was found in a pit (Fig. 5.33, Appendix A, GCW.T1,
sherd 1849-107-1). Total area ca. 8.5 ha. Height 1 m (Map 5.19). Poor surface visibility due to

intensive cultivation, flood basin irrigation, and salinization of the surface soil.

Date: (possibly) Achaemenid, Early Islamic, (Middle Islamic not unlikely)

Achaemenid: ASWI1.T1(1); ASWI1.T13(1); ASC2.T1?(1)

Early Islamic: GCWI1.T4(1); GCWIL.T6(1); GCW2.T6(1); GCW2.T4(1); OWG.T5(1); OWG.T6(1);
MBG2.YU(3); MYG2.TU(1);

Early-Middle Islamic*: GCW1.T1(4); GCW2.T1(2)

*Several basin forms are comparable to the sugar molds illustrated in the Susa excavation
reports. The sugar refinery excavated at Susa dates to the early Middle Islamic period. Pottery
from the surface of KS1849 includes early Islamic types, suggesting that the basin form used for

sugar may pre-date the Middle Islamic period.

5.4.51. KS1850

KS1850 (39R 294330 m E 3519380 m N; 29 m asl; surveyed Feb 27) is in fact part of the
mound cluster recorded as KS1849. Given the very early date of the pottery and the height of the
mound, however, it was recorded as a separate site. Two large irrigation and drainage canals
intersect at this mound, which has resulted in the destruction of a majority of the site’s area and

disturbance of the rest (Fig. 5.31-5.32). On the better preserved part of the mound, several illegal
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excavation pits have been dug. Pottery density is high, especially inside the drainage canal that has
cut the southern part of the site. Area ca. 1.8 ha. Height 2.5 m (Map 5.19). Visibility is moderate

on the mound.

Date: Late Susiana, Uruk®2°

5.4.52. KS1851

KS1851 (39R 293036 m E 3517277 m N; 33 m asl; surveyed Feb 27) was identified in the
field, during the survey south of the village of ‘Abduli Beyt Khalaf. The site is composed of a
single high mound located southeast of a large cluster of small mounds. Therefore, two separated

collections were made. Total area ca. 26.8 ha. Height 0.5 m (Map 5.19).

Date: Prehistoric (LS); Old Elamite, Middle Elamite, Early Islamic

e KS1851-1

The highest and most distinctive mound of the area, adjacent to the road. The water
treatment plant of the village is built on top of it. Digging by bulldozers has destroyed much of the
eastern half of the mound (Fig. 5.34-5.36). We were informed that digging was carried out in the
course of the construction of natural gas line, but soil is constantly removed by villagers and used

for construction. Archaeological material, including brick, ceramics, ash and bone is visible in the

320 See assemblage. Bibliography: Moghaddam, Barrasi'ha-Yi Bastan'shinakhti-I Miyanab, Shiishtar; Moghaddam,
Later Village Period Settlement Development; Weiss, “Ceramics for Chronology Discriminant and Cluster Analyses
of Fifth Millennium Ceramic Assemblages from QABR Sheykheyn, Khuzistan.”; Delougaz and Kantor, Chogha
Mish: Final Report on the Last Six Seasons of Excavations, 1972-1978.
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deep section made by bulldozers, suggesting a long occupation as supported by the date of the

assemblage.

Date: Prehistoric (LS); Old Elamite, Middle Elamite

Prehistoric: 12, See fig ***.

Old Elamite: GEW.T5(1); GEW1.T3(1); GEW1.T6(4)
Middle Elamite: GEW2.T1(1); GEW2.T2(2); GEW2.T6(1)
Old-Middle Elamite: GEW.T3(2)

e KS1851-2

A cluster of low mounds surrounds area 1 to the north and west (Fig. 5.34). The mounds
are more numerous and better preserved north of the road. They are under cultivation but visibility
is still moderate. Pottery density is low. Several mounds that previously existed south of the road
have 