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Abstract: An investigation using sedimentological characteristics of subsurface records documents the na-
ture and changes of the rivers Kupal and Jarrahi (SW Iran), and their associated alluvial plains during the
Holocene. Today, only traces of the Kupal river, located in between the rivers Karun and Jarrahi, are pres-
ent. The sedimentary data, however, demonstrate that the Kupal river did exist and was connected with the
Karun river. The relocation of the Karun river towards the west during the late Holocene had a significant
impact on the hydrological conditions of the Kupal’s alluvial plain, initially transforming it into a poorly
drained area. After 2700 - 2350 yr cal BP (ca. 750 - 400 BCE) drainage conditions improved, probably by
a second avulsion of the Karun river towards the south whereby a new outlet was created for the Kupal
river. An alternative hypothesis is that a change in water management practice in the distal part of the
Khuzestan plain may have improved the drainage conditions in the proximal part. The Jarrahi river also
bears a history of changes. Until at least around 2010 - 1870 yr cal BP (ca. 60 BCE - 80 AD) the river flowed
south to discharge into the Persian Gulf. The river’s alluvial plain was isolated from the western part of
the Lower Khuzestan plain because of the presence of a ridge forming an interfluve between the alluvial
plains of the Jarrahi river in the east and those of the rivers Kupal and Karun in the west. An avulsion led
to the abandonment of the southern connection with the Persian Gulf and was the start of the switch to its
present position. This new course is marked by abrupt changes in flow direction; first to the NW and then
to the SW. These changes were facilitated by the disappearance of the interfluve that became buried by ag-
gradation in the late Holocene, and the lower position of the alluvial plain of the Kupal river in relation to
the altitude of the plain of the Jarrahi river. The characteristics and interpretation of the sediment records
suggest that the current ideas about the late Holocene geomorphological evolution of the study area from
former publications require revision.
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1. INTRODUCTION

The Iraqi part of Mesopotamia has been intensively studied by archaeologists. The
Lower Khuzestan plain in SW Iran on the contrary has received limited attention, although
it forms the borderland of Mesopotamia in the southeast (Fig. 1). Its history is poorly known,
based on a few historical texts and archaeological expeditions, the latter restricted to field
walking which revealed artefacts as old as the Parthian times (ca. 160 BCE - 221 AD) (GASHE
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& PAYMANI 2005; VERKINDEREN 2009). The geological and geographical history of the
Lower Khuzestan plain was largely unknown until recently aside from a limited number of
surface observations. To address this data deficiency, a project combining geo-environmental
reconstructions and archaeological data was launched about 15 years ago, jointly with the
Iranian Cultural Heritage & Tourism Organization. The outcome of this study was the subject
of two major publications that appeared in Akkadica (BAETEMAN et al. 2004/2005 ; GASHE
& PAYMANI 2005). However, it became obvious that the results of this work, notably the
geological aspects had to be reconsidered since the data initially collected was from too large
an area with only a modest amount of data. Therefore, a new project’ was launched in 2013
together with the Geological Survey of Iran. This paper presents an overview of the results
of the fieldwork campaigns carried out in 2013, 2014 and 2015.

The Lower Khuzestan plain would have been attractive to ancient people because the
presence of water from the rivers Karun, Kupal and Jarrahi met the basic need for living,
agriculture and transport during at least the past 10.000 years (BOGEMANS et al. 2017b).

The dependency of human activity on water from these rivers means that the slightest
change in fluvial behaviour would have profound impacts. The focus in this paper is therefore
on the investigation of the sediment record to establish the nature and changes of the under-
studied rivers in the Lower Khuzestan plain; the Jarrahi and the Kupal river, and to assess
the evolution of their associated landscapes during the Holocene. This paper also examines
the value of remote sensing by using the geological record.

2. THE STUDY AREA

The study area is situated in the southern part of the Lower Khuzestan plain adjacent
to the Persian Gulf in the south and Iraq in the west (Fig. 1). The Lower Khuzestan plain
is part of a large foreland basin in front of the Zagros Mountains (SHARLAND et al. 2001;
KONYUHOV & MALEKI 2006). A series of anticlines located northeast of the study area form
the boundary between the plain and the Zagros Mountains.

The study area lies east of Chamran town; the Shadegan marshes form the western
margin and the northern border and coincides with the meridian 31°0°00”N (Fig. 2). The
study area has a flat topography, mainly at an altitude between +3 m and +9 m msl (mean
sea level). On the whole, the topography rises towards the north and east, reaching +13 m
msl in the east.
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and History). The authors are very grateful to the Geological Survey of Iran, Research Institute for Earth
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campaigns would not have been possible without the help of Javad Darvishi Khatoonabad and Reza Shahbazi.
We are grateful to the anonymous reviewers for helpful comments and suggestions and to A.J. Long for im-
proving the English language.
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The present landscape in the study area is characterized by the Jarrahi river, whose
source area lies in the Zagros Mountains. The Jarrahi river originates from the confluence
of the rivers Marun and Abi Ala (Fig. 1). The two rivers confluence before cutting through
the Agha Jari anticline where after the Jarrahi river enters the Khuzestan plain. The Jarrahi
river flows from Rumeyleh till Chamran town and from Medina till the Shadegan marshes
in a NE — SW direction. Between Chamran town and Medina, however, it flows towards
the northwest, almost perpendicular to previously mentioned sections, forming remarkable
bends at Chamran town and Medina (Fig. 2). The Jarrahi river debouches into the Shadegan
marshes. The study area is out of tidal reach and is only connected to the Persian Gulf via a

small tidal channel at the southern margin.
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Fig. 1: General location of the study area in relation to the Persian Gulf and neighbouring countries show-
ing the cities, rivers and morphological entities cited in the text. The delineation of the fans is drawn after
WALSTRA et al. 2010a.
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The Kupal river also originates in the Zagros Mountains but northwest of the Marun
and Abi Ala rivers. The river is presently reduced to a few ephemeral branches and touch-
es the northern boundary of the study area only exceptionally during extreme wet seasons.
The water of the Kupal river is artificially diverted into irrigation canals once it enters the
Khuzestan plain.

The western margin of the study area is controlled by the Karun river, the most im-
portant river of Iran today. The Karun river ends in the Arvand (Shatt al-Arab) which also
receives water from the rivers Tigris and Euphrates (Iraq). The annual average inflow of the
Karun river is more than the inflow of the Tigris and Euphrates rivers combined (REYNOLDS
1993). Moreover, most sediment input into the Arvand is provided by the Karun (ADIB 2010;
ADIB et al. 2010).

49°0"E

o 31°0"N

30°30'N

Fig. 2: Map with the location of the boreholes, the section shown on Figure 4 and the two regions referred to in
the text. The radiocarbon sampling sites are indicated by an asterisk. The approximate extension of the two
sand ridges forming the divides between the alluvial plains of the rivers Karun, Kupal and Jarrahi,
is shown by means of dotted lines.

3. PREVIOUS RESEARCH CONCERNING THE RIVERS JARRAHI AND KUPAL IN THE LOWER
KHUZESTAN PLAIN

The results of the geo-archaeological project on the Persian Gulf Shorelines and the
Karkheh, Karun, and Jarrahi rivers (BAETEMAN et al. 2004/2005), which reported the first
detailed geological investigation in the Iranian part of Mesopotamia, will not be repeated
here since it concerns a much larger area than our study area. Moreover, BOGEMANS et al.
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(2017b) already discussed the interpretations and the subsequent palacogeographical recon-
structions presented in that paper, concluding that they require revision.

3.1 DEPOSITIONAL ENVIRONMENTS OF EARLY- AND MID-HOLOCENE AGE

The geological investigation of the sediment record spanning over this early and mid-
Holocene concentrated on reconstructing changing depositional processes supported with a
timeframe of the subsequent changes in the landscape. BOGEMANS et al. (2017a, b) showed
in the same area as our study area that shortly after 12.400 - 12.040 yr cal BP (ca. 10.450 -
10.090 BCE) an erosional phase caused the incision of depressions. Each depression supported
a river, today known as the Karun, the Kupal and the Jarrahi. The interfluves were left as
ridges, which later on acted as divides. At least from 11.150 - 10.740 yr cal BP (ca. 9200 -
8790 BCE) mud-dominated streams were active within the incised depressions. In these poorly
drained fluvial environments, pools and vegetation growth were common. Between 7900 -
7700 yr cal BP (ca. 5950 - 5750 BCE) tidal conditions invaded these river systems. This age
is coincident with the timing of the initial inundation by the Gulf, which was very restricted
in space. At that time, the Jarrahi had a direct connection with the Persian Gulf, running in a
southerly direction. The estuarine environment in the valley prevailed for about 2000 - 2500
years after which terrestrial sedimentation returned again with a progradation of the plain.

3.2 THE GEOMORPHOLOGY OF THE LATE HOLOCENE LANDSCAPES

The Jarrahi river has been subject to geomorphological investigations using remote-
sensing and GIS techniques (WALSTRA et al. 2010a; DUPIN 2011; HEYVAERT et al. 2013).
Indeed, imaging has become a common tool in geoarchaeology, especially since the relative
easy accessibility to data and the improvement of remote-sensing and GIS techniques. The
key finding from this work was the identification of three fan-shaped entities in the plain
along the Jarrahi river (Fan I, Fan II and Fan III) on basis of the layout of the river channels
and irrigation patterns.

Although Fan I lays at the foot of the Agha Jari anticline, an area that is beyond our
study area, its history is briefly described now for the sake of completeness. WALSTRA et al.
(2010a) stated that this fan dates from the time before the common era on the basis of the
presence of palaeochannels near the archaeological site Tell Tendy (see Fig. 1) and the dis-
covered archaeological findings. The authors interpreted the palaecochannels as relicts of the
ancient Jarrahi river that in a period around 540 BCE ran via Tell Tendy towards the south to
debouche into the Khor Musa embayment. According to HEYVAERT et al. (2013) the Jarrahi
river avulsed and took its present position by ca. 100 AD in the area between the foot of the
Agha Jari anticline and Medina (see Fig. 2). The authors also state that the river continued a
western course west of Medina and ran into the area, which is today part of the alluvial plain
of the Karun river.

HEYVAERT et al. (2013) linked the origin of Fan II to the transition from a single chan-
nelled river into a distributary river. The authors associated the transformation of this river
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type with an obstruction of the Jarrahi river streamflow caused by the formation of a large
marsh in its alluvial plain. They placed the changes in the Islamic period, around 710 - 950
AD and stated that the existence of a large marsh was proven by texts dating from the 9%
and 10" century. Those texts mention that it was easier to travel from Khuzestan to Arrajan
(the latter city is located at the border of the Fars and Khuzestan provinces) by boat rather
than by horse. In a critical review of in particular Arabic texts of the 9" and 10" century,
VERKINDEREN (2009) highlighted that these texts are inconclusive regarding the nature of the
water body that was used as a transport medium. Indeed, today large but shallow waterbodies
exist in the region during winter and spring due to the combined effect of an increase in pre-
cipitation, a reduction of the evaporation and the impermeable clayey nature of the deposits.
CoLE and GASCHE (2007) identified and located the rivers in the Khuzestan plain for the pe-
riod between ca. 1200 BCE to 200 AD on the basis of archaeological data and historical texts.
The authors refer to the texts of Nearchus journey, more particularly to the work “Indica”
quoted in Arrian II, to suggest that in the first millennium BCE the Jarrahi river debouched
into a lake named “Cataderbis” which they locate near the modern town of Shadegan. The
description by Nearchus about the nature of the channels that were used to navigate once they
sailed away from the lake, is worth noting: “From there (Lake Cataderbis) they sailed... there
is mud on both side of the channel...” (COLE & GASCHE 2007, 40).

Fan III has an identical origin as Fan II according to HEYVAERT et al. (2013). At ca.
1850 AD a delta was formed by a distributary river system in the still existing (but reduced)
marsh. WALSTRA et al. (2010a) place the start of the development of Fan III in the last four
centuries; ‘a period across the last millennia’. The age of 430 - 350 yr cal BP (ca. 1520 - 1600
AD), which is a radiocarbon date from previous work (core 04/51, table 1), was suggested as
terminus post quem.

DuUPIN (2011) related the formation of Fan II and also Fan I with an enlargement of
the accommodation space created due to the seaward migration of the coastline. The author
stated that the development of Fan II started between ca. 600 - 700 AD. A blockage of the
Jarrahi river by the Karun river around the 12" and 14" century AD is considered to be the
initial trigger for the formation of Fan III.

Contrary to the publications by WALSTRA et al. (2010a), DUPIN (2011) and HEYVAERT
et al. (2013) in which the construction of irrigation canals post-date the formation of the fans,
VERKINDEREN (2009) associated the development of Fan II and III with irrigation farming
and interpreted the fans as depositional products of sediments that were transported in the
irrigation water.

The recent investigations by BOGEMANS et al. (2017a, 2017b) showed that the Jarrahi
river had a direct connection with the Persian Gulf during the Holocene time predating the
last millennia. The river ran in a southern direction and not to the northwest as today. It
was transformed into an estuary sometime after 7900 - 7700 yr cal BP (ca. 5950 - 5750
BCE). Tidal processes controlled the hydrodynamics until Istah-e Marghaz (Fig. 2). However,
shortly before 5450 - 5200 yr cal BP (ca. 3500 - 3250 BCE) the tidal limit migrated to the
south as fluvial processes took over.
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Core Laboratory Material Depth below | Depthmsl (m) | Age BP | Calibrated age
Number Code surface (m) BP
Southeastern region
13/21 RICH-20355 | Organic matter 5.60 +2.40 2034+32 |2070-1890
(condensed
amorphic)
13/22 RICH-20356 | Organic matter 7.30 +2.60/+2.70 2062431 | 2130-1940
(condensed
amorphic)
15/3 RICH-22082 | Organic matter 5.56-5.62 +0.38/+0.44 1991+31 | 2010-1870
(condensed
amorphic)
14/10 RICH-21186 | Organic matter 4.85-4.95 +3.05/43.15 4567+40 | 5450-5200
Shadegan region
15/17 RICH-22085 | Organic mud 3.49-3.55 +3.45/43.51 5393+37 | 6290-6020
(gyttja)
15/10 RICH-22033 | Molluscs (in situ) | 1.90-2.10 +2.943.1 2428+30 |[2700-2350
15/9 RICH-22083 | Peaty mud 1.13-1.15 +1.85/+1.87 586+30 | 660-530
14/13 RICH-21187 | Organic matter 0.80 +5.20 588+32 | 660-530
04/51* KIA-26480 Organic matter 225 +2:78 280+20 | 430-350
14/15 RICH-21190 | Organic matter 1.37-1.40 +1.60/+1.63 879+32 | 920-720
(condensed
amorphic)

Table 1: Radiocarbon dates relevant in this study are mainly obtained from organic matter of plant origin. Only
one mollusc sample is used. The samples are subdivided according to the Southeastern region and the Shadegan
region. The samples of plant origin are calibrated using Oxcal 3.1 and the INTCAL13 calibration curve (BRONK
RAMSEY 1995, 2001 ; REIMER et al. 2013). The aquatic mollusc sample is calibrated using Calib 7.1 and using
the MARINEI3 calibration curve with a reservoir age correction AR of 190 + 25 (BOGEMANS et al. 2017a).
Ages are given with a 2-sigma error range in calendar years BP and calendar years BCE or AD. 04/51*: data from
BAETEMAN et al. 2004/2005.

4. METHODS

The data used to investigate the Holocene deposits come from 42 hand-operated gouge
cores collected between 2013 and 2015 and complemented with 7 cores from an earlier study
in the area (BAETEMAN et al. 2004/2005) (Fig. 2). A handheld Dakota-20 Garmin GPS with a
horizontal precision of maximum 15 m was used for the location of the 42 cores. The altitude
of the cores is inferred from NASA SRTM (NASA JPL, 2013). In Iran the ordnance datum
equals mean sea level (msl) (http:/www.trigtools.co.uk/datums.cgi ?rows=1&cols=1).

The sediment characteristics and post-depositional properties of the upper part of the
cores were logged until 5 to 8 m below surface (the latter in the north and southeast) have
been investigated in detail with respect to texture, sedimentary structures, bounding sur-
face characteristics, as well as additional information like colour, biogenetic and pedogenetic
structures, the occurrence of fossils and evaporites. First, the sedimentary environments were
defined per core, after which the stratigraphic position and distribution of the depositional
units were determined by means of a series of integrated transects along both a N — S and
W — E trend. One of the N-S transects is presented here, though simplified. The combination
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of sedimentary and post-depositional properties, the morphological entities present in the sub-
soil, the stratigraphic position and age of the depositional units provide the key to reconstruct
the evolution of the Kupal and Jarrahi rivers during the mid and late Holocene.

Only nine samples were found suitable for radiocarbon dating. Eight samples consist of
organic matter of plant origin and the other one is a gastropod (Melanoides sp.). Because of
the scarcity of datable material, no ages can be provided for the lower and/or upper bounda-
ries of the depositional units. The radiocarbon analyses were carried out by Accelerator Mass
Spectrometry (AMS) at the Royal Institute for Cultural Heritage (Brussels). The calibration
method used varies depending the nature of the dated sample (BOGEMANS et al. 2017a). Except
the gastropod all other dated samples were calibrated using Oxcal 3.1 and the INTCALI3
calibration curve (BRONCK RAMSEY 1995, 2001 ; REIMER et al. 2013). The aquatic mollusc is
calibrated using Calib 7.1 and using the MARINEI3 calibration curve with a reservoir age
correction AR of 190 + 25. This calibration curve has been used because geochemical analy-
ses of the Karun river water have shown dissolved minerals (in large concentration) from the
Tertiary Formations, thus introducing old carbon into the river water. Consequently, aquatic
mollusks living in those rivers will have older carbon within their shells. Because their res-
ervoir age is yet not known for the Lower Khuzestan plain, the regional reservoir age cor-
rection AR of 190 + 25 has been used in this study (BOGEMANS et al. 2017a). Ages are given
with a 2-sigma error range in calendar year (Table 1).

5. STRATIGRAPHICAL ARCHITECTURE OF THE MID AND LATE HOLOCENE DEPOSITS

5.1 SEDIMENT CHARACTERISTICS

The mid and late Holocene sediment record consists mainly of mud-dominated depos-
its. Previous work showed that they either form the upper part of a major mud-dominated
fluvial sequence or, but less common, overly sand-dominated fluvial or estuarine deposits
(BOGEMANS et al. 2017b). The mud-dominated fluvial deposits, hereafter called the overly-
ing mud unit, consists for the greatest part of a succession of homogeneous clay or silty
clay sediments, sometimes perturbed with silt or fine sand particles deposited along lami-
nae, very thin beds, lenses, or distributed together with the clay and silt particles. However,
in the southeastern and northern areas, sand layers are part of the overlying mud unit. In
general, the sand layers are less than 1 m thick, their lower boundaries are erosive or depo-
sitional. The sand layers have either a random position in the sequence or are part of fining
up successions. Most of the sediments of the overlying mud unit are well drained, except
those levels that contain a concentration of vegetation remains. The common presence of
reduction spots, however, is indicative of fluctuating water levels. The overlying mud unit
differs from the lower part of a major mud-dominated fluvial sequence by the scarcity or
even absence of organic matter of plant origin, the presence of evaporites and an increase
of ripening features. Vegetation remains, if present, are concentrated in few laminae or very
thin beds.

The overlying mud unit is essentially the product of natural watercourses. However, the
very top part of it is also the result of irrigation practices by which sediments are transported
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via irrigation water. This is in particular the case in the Shadegan area. In some locations it
is not possible to make a distinction between natural and anthropogenic water-laid deposits
as a result of the human disturbance of the soil. Therefore, irrigation products are also incor-
porated in this unit.

5.2 REGIONAL SETTING

The subsoil is characterized by the presence of sandy ridges and depressions, which are
the result of an erosional event that happened during the final phase of the Late Pleistocene
(BOGEMANS et al. 2017b). Two of these ridges occur in the study area, both roughly north-
south oriented. In between and both east and west of these ridges a depression exists (Fig. 2).
The western ridge is restricted to the northern part of the study area. The top of it slightly
descends to the south (from +3.5 m to +1 m msl). The eastern ridge on the contrary, ex-
tends from the northern to the southern border of the study area and is slightly sinuous.
The crest of this ridge lies at +1 m in the north (cores 15/16 and 13/25), while in the vi-
cinity of core 14/12 the crest attains an altitude of +4.5 m, which is the highest level ob-
served in the area. South of core 14/12 the crest gets lower again and reaches 0 m msl in
core 15/2.

Two regions are distinguished according to their position relative to the eastern
sand ridge: the region east of the ridge and south of the Jarrahi river, hereafter called the
Southeastern region, and the region west of the ridge hereafter called the Shadegan region.

5.2.1 The Southeastern region

Most of the cores in this region contain sand layers in the upper half of the overlying
mud unit. The sand layers are often concentrated in the lower part of the upper half. The
sand layers have a thickness of no more than 0.5 m; in the very south they are limited to 10
centimetres. Mottling features, evaporites and remains of root penetrations, although not so
frequent, are also observed in this part of the overlying mud unit. The lower half of the over-
lying mud unit contains organic-rich laminae or very thin beds embedded in grey or brown-
grey clay and/or silty clay. In the cores 13/21 and 13/22 the organic material is concentrated
at levels between about +5.5 and +2.0 m msl. The basal level was dated to 2070 - 1890 yr
cal BP (ca. 120 BCE - 60 AD) in core 13/21 (+2.4 m) and to 2130 - 1940 yr cal BP (ca. 180
BCE - 10 AD) in core 13/22 (+2.6/2.7 m) (Fig. 3, Table 1). In the most southern located core
15/3, the lower half of the overlying mud unit consists of channel fill deposits composed of
two lithofacies (Fig. 3). The first lithofacies forms the basal part of the channel fill deposits
(5.5 to 6.2 m below surface; -0.5 to +0.5 m msl) and consists of a lag deposit characterized
by a fining up trend sequence that passes from fine sand to silty clay. In the clayey top part
reworked fragments of gyttja are embedded. They are dated to 2010 - 1870 yr cal BP (ca. 60
BCE - 80 AD); an age that is almost identical to the organic material in the cores 13/21 and
13/22 although they occur about 2 m deeper. The second lithofacies (4 to 5.5 m below sur-
face; +0.5 to +2 m msl) has a comparable sequence as present in the cores 13/21 and 13/22;
grey or brown-grey clay and/or silty clay though with less organic matter. Characteristics of
poor drainage conditions are ubiquitous. The channel-fill deposit in core 15/3 documents that
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at this location a river existed until at least around 2010 - 1870 yr cal BP (ca. 60 BCE - 80
AD), and even beyond that period, because the dated gyttja has been eroded and reworked.

The sand layers in the upper half of the overlying mud unit at a depth above +2 m
msl in the very south (core 15/3) and above +5 m msl elsewhere, are indicative of temporary
increases of the stream power, powerful enough to transport sand particles. The presence
of both mud and sand layers are indicative of successive phases of flooding and waning.
However, a thinning of the sand layers towards the south may suggest that the increase of
stream power was limited. During this depositional phase, which is to be situated in the
beginning of the common era, the alluvial plain was well drained, bearing even temporarily
deficits in the water budget as documented by the ripening features.

5.2.2 The Shadegan region

The sediment succession of core 15/17 located in the very north of this region seems
superficially quite similar to the one observed in the upper part of the overlying mud depos-
its in the Southeastern region. However, a detailed sedimentological analysis reveals a much
more complex sequence. Four subunits in a repetitive arrangement are recognized. The basal
and third subunits are composed of a series of mud and sand layers. In the latter the size of
the sand particles decreases upwards. The second and fourth subunit consists of silty clay,
sporadically interlayered with clay or silt laminae or very small beds (Fig. 3). This sedimen-
tary succession attests to important shifts within the fluvial environment. Alluviating flood-
plains were abruptly occupied by active channels and vice versa. Avulsions are most probably
the cause because of the abrupt nature of the changes. The basal part of the second subunit is
dated to 6290 - 6020 yr cal BP (ca. 4340 - 4070 BCE) (core 15/17, +3.45/+3.51 m msl) (Table 1,
Figs 3 and 4). This is a much older age for the fluvial deposits than those in the cores 13/21
and 13/22 situated in the Southeastern region.

The sediment record of the area around Shadegan typically has a brown clay and silty
clay texture, less frequently silt, and contains in some areas molluscs, concentrated on sev-
eral levels. By contrast, between +2.0 m and +3.0 m msl a grey clay layer is present, rich
in organic matter and containing molluscs (Fig. 4). The molluscs belong to the gastropod
class, the ones that are also observed at the present-day surfaces that are intermitted inun-
dated, naturally or induced by humans. The characteristics of this layer are indicative of a
poorly drained alluvial plain, probably including ponds, whether or not temporary. A gastro-
pod (Melanoides) collected at the top of the layer was dated to 2700 - 2350 yr cal BP (ca.
750 - 400 BCE) in core 15/10 (Table 1). Furthermore, in the upper half of the overlying mud
unit (between an altitude of +4 m and +6 m msl, depending the location) one or two sand
layers occur, of which the thickness decreases towards the SW and eventually the sand unit
disappears. Still further to the SW lake deposits are observed in between -1 m and +1 m msl
(cores 15/5 and 15/8).
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Fig. 3: Lithologs representative of the northern part of the Shadegan region and the Southeastern region. Both the sedimentological characteristics and the
radiocarbon ages are indicated. See text for further explanation.
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