1. DRY AND DUSTY PERIODS IN THE MESOPOTAMIA REGION FROM 2560-2450 BC AND

2310-2020 BC, INFERRED FROM STALAGMITE CHEMISTRY

Stacy A. Carolin
Department of Earth Sciences, University of Cambridge, UK

stacy.carolin@earth.ox.ac.uk

ABSTRACT

Human-timescale palaeo-climate records are a critical tool for exploring the relationship between past societies and
their environment. | present here a stalagmite from the southern side of the Alborz mountains in northern Iran, a
region directly impacted by dust events originating in the Mesopotamia region. The stalagmite formed continuously
through the 3rd mill. BC, producing a 1500-y climate and environmental record able to be sampled up to annual
resolution. The stalagmite record suggests a significant increase in Mesopotamia-sourced dust events from 2560-
2450 BC (110y) and 2310-2020 BC (290 y), relative to the rest of the 3rd mill. BC. The events demonstrate threshold
behaviour in dustiness of the Mesopotamia region, due to either enhanced aridity, stronger winds, or change in soil
properties or vegetation cover. Additional information on regional rainfall amount proceeding and during the dusty
periods is found in the same Iranian stalagmite and in other East Mediterranean speleothem records, which indicate
regional and local dry conditions coincident with the dust events.

Keywords: Speleothem; Mg/Ca ratio; stable isotopes; Aeolian dust; Palaeo-climate records; Mesopotamian
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INTRODUCTION

Stalagmites, calcium carbonate structures formed in caves, contain multiple geochemical proxies which record past
changes to the environment on local and regional scales. In this chapter | review the fundamental features of the
stalagmite archive which can be used in climate and environment reconstructions. | then discuss our current
understanding of the climate and environmental conditions of the 3rd millennium BC in interior Mesopotamia based
on a precisely-dated multi-proxy north Iran stalagmite record, as well as other palaeo-climate records in the region.
The north Iran stalagmite was collected from an area which is directly impacted by both the region’s westerly winter
storm fronts as well as the summer Shamal dust storms, an ideal location for recording past rainfall and dust events
which originated in the interior Mesopotamia region.

SPELEOTHEM ARCHIVES

Speleothems are mineral deposits formed within caves. Stalagmites, a type of speleothem, are dripstones formed
from dripping water, which grow vertically from the cave floor. Stalagmites are the most common speleothem used
to investigate past climatic and environmental change and are found in most regions of the world.

The drip waters which grow the stalagmite layers originate as meteoric water. As meteoric water flows through the
soil above the cave, and then into the limestone, it acquires various elements, such as calcium, carbon, and
magnesium. Some elements contain chemical signatures related to surface environment changes, such as rainfall or
dust events. These elements are captured within the growing stalagmite layers, thus forming a proxy record of past
environment and climate change which is preserved for thousands of years.



A variety of microanalytical techniques developed over the past two decades now allow for high-resolution sampling
of stalagmite layers for reconstructing past climate. Annual or even sub-annual stalagmite climate records are now
possible when stalagmite vertical growth rate is ~100 um/yr or greater, which is common in warm environments.
Sampling techniques include micromilling (up to ~50 um spatial resolution), laser ablation (up to ~10 um spatial
resolution), and secondary ionization mass spectrometry (up to ~10 um spatial resolution) (see Baldini et al. 2021
and citations within). In a global synthesis of annually laminated stalagmites from twenty-three caves across six
continents, the average stalagmite vertical growth is 93 um/yr (Baker et al. 2021).

STALAGMITE CLIMATE AND ENVIRONMENTAL PROXIES

Several geochemical features in the stalagmite layers are used to construct proxy records, which are used to infer
past rainfall, temperature, and/or environmental events. In this section | review common interpretations of four of
the more frequently used proxies measured in sequential stalagmite layers: oxygen isotope ratios, carbon isotope
ratios, alkaline element-to-calcium ratios, and trace element concentrations.

Oxygen isotope ratios

Stable oxygen isotopes ¥0 and 'O fractionate during phase changes (e.g., water vapor to liquid water), and
hydrologic processes associated with these phase changes correlate with climate variables, such as temperature or
rainfall. The ratio of 20 to %0 in samples is used to infer past fractionation processes. Oxygen isotope ratios are
expressed in delta-notation, relative to a standard, following the equation,
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Processes associated with oxygen isotope fractionation in the hydrologic cycle are discussed in detail in Lachniet
(2009) and are briefly summarized here.

The first control on 80 in the hydrologic cycle is the isotopic composition of the source water from which
atmospheric vapor originates. Seawater 5§20 of the seas surrounding the Middle East region varies both spatially
(e.g., LeGrande et al. 2006) and temporally. Processes that affect seawater 60 include precipitation and
evaporation, river runoff, ocean and sea circulation patterns, and land ice expansion or melt over longer timescales.
Planktonic foraminifera calcite §'80 in some cases can be used to estimate surface water 6180 variations in the past
(e.g., Almogi-Labin et al. 2009).

Oxygen isotopes are fractionated during evaporation from the source water, and again during raindrop formation
from the atmospheric vapor. 120 is preferentially incorporated into the liquid phase during rainout, lowering the
580 value of the remaining vapor in the atmosphere. Hence through ongoing rainout from a vapor source, the
rainwater and remaining vapor 80 progressively lower as the fraction of vapor remaining decreases (Dansgaard
1964). This process is known as Rayleigh distillation, and is temperature dependent, as vapor condensation requires
air mass cooling (Dansgaard 1964). Processes that can cool the air source include orographic uplift, advection,
convection, convergence, or frontal lifting. High 680 moisture may also be recycled back to the atmosphere from
evaporation of soil, lakes, and rivers. Air parcels on multiple trajectory paths all with unique rainout histories may



converge and mix prior to arrival over a cave site. Variable air parcel trajectories through the year can cause seasonal
580 signatures in rainfall.

The local, at-site 6®0rin ‘amount effect’ is the observed lowering of §'80r.in values with increased rainfall amount
over an averaged timespan (Dansgaard 1964; Rozanski et al. 1993; Risi et al. 2008). The ‘amount effect’ is
documented most strongly at tropical island sites but has also been observed in the extratropics (Bar-Matthews et
al. 2003). The ‘amount effect’ is explained by two processes: re-evaporation of falling rain and the diffusive
exchanges with the surrounding vapor, and recycling of subcloud layer vapor feeding the convective system by
convective fluxes (Risi et al. 2008).

Meteoric water slowly travels through the surface soil and carbonate bedrock in the vadose zone (above the water
table), where some of the water may evaporate (raising the 8'0water value), and/or mix with existing waters in the
karst system (diluting the §0rain sighal amplitude). Notably, evaporative fractionation of 8'®Owater in the soil zone,
as well as ‘selective recharge’ — allowance of only high intensity, lower §®0rin storm event waters to progress
through the karst to the cave chamber — are highly likely in water-limited environments (Pape et al. 2010; Cuthbert
et al. 2014; Markowska et al. 2016).

Calcium carbonate oxygen forms from aqueous dissolved inorganic carbonate (DIC) oxygen. The amount of exchange
time needed for dripwater 68020 to equilibrate with §'80pic is on the order of several 10,000 s (Dreybrodt & Scholz,
2011). As such, a sufficiently long time (hours) is needed for the 5§80 of the rainwater to be reflected in the drip
water carbonate species. The residence time of a drip water varies from site to site, and drip to drip, but waters
forming stalagmites are from seepage flow or fissure flow, not fast conduit flow, and thus almost all stalagmite-
forming drips have karst residence times longer than several hours.

Given the multitude of fractionation processes that affect rainwater/dripwater/stalagmite §'¥0, a modern empirical
relationship between recorded climate parameters (such as rainfall amount and temperature) and measured
collected rainwater 880, or modern grown calcite in the cave, is often relied upon to determine a climate-proxy
relationship. Multiple records from the same cave or from regional caves which demonstrate reproducible
stalagmite 880 signals add confidence to the regional nature of the records and the interpretation as a climate
signal.

Carbon isotope ratios

The ratio of stable carbon isotopes 3C to 2C within the surface environment and within the karst system is
dependent on several local processes. Carbon isotopes are also expressed in delta-notation, relative to a standard,
following the equation,

(13C/12C)sample_(13C/12C)standard

s13¢C = X 1000

(13C/12C)standard

A discussion of the main controls on stalagmite 6C is provided in Fohlmeister et al. (2020) and discussed briefly
here.



Carbon isotopes in stalagmites are originally derived from carbon dioxide gas in the soil and upper karst air, and from
carbonate bedrock which is dissolved by seeping waters. The §3C value in COz is dependent on the vegetation type
- C3 plants produce lower 8'3C values (6'3Cco2 ~ -27 to -24%o) than C4 plants (83Ccoz~ -14 to -12%o) (Cerling 1984)
— and reflects the amount of vegetation and amount of biologic and microbial activity in the surface environment.
More biologic and microbial activity leads to a greater proportion of carbon derived from plants and microbes, which
has a lower 8'3C value than atmospheric CO, (Holocene 6%3Cco2 ~ -6.4%o, Elsig et al. 2009). Thus, relatively low
stalagmite 6'3C may be reflective of surface environmental conditions which are more favourable to biologic and
microbial activity, such as warm and wet. Relatively low stalagmite 5§3C may also be interpreted as a hypothesized
shift to more C3 surface vegetation which is not water stressed, and/or a smaller proportion of C4 vegetation.

As CO: degasses from the drip water, temperature-dependent fractionation processes occur, in which the lighter 12C
isotope is preferentially incorporated into gaseous CO.. The degassing process progressively raises 83Cpic and
8%3Ccaco3 through ongoing carbonate precipitation, which can occur along any drip path open to the low-pCO. cave
atmosphere. Carbonate precipitation prior to the drip water reaching a stalagmite is known as prior calcite
precipitation or prior aragonite precipitation (PCP/PAP). The degree of PCP/PAP and the magnitude of progressive
813Cincrease along the drip path is dependent on i) the pCO: gradient between the water phase and gaseous phase,
and ii) the length of the period the water is in contact with low pCO: air before reaching the stalagmite tip. Generally,
greater PCP/PAP, and consequently higher 613C values, are interpreted as drier environmental conditions (slower
and less water flow allows for more PCP). Other proxies, such as alkaline elements (see below), are also affected by
PCP/PAP and are used together with stalagmite 8'3C records to form a stalagmite multi-proxy climate or
environmental interpretation.

Ratio of alkaline elements to Ca (Mg/Ca, Sr/Ca, Ba/Ca)

PCP has a progressive impact on drip water X/Ca ratios and subsequent calcite X/Ca ratios, where X is magnesium
(Mg), strontium (Sr), or barium (Ba) (e.g., Tremaine et al. 2013). Mg, Sr, and Ba are soluble minor elements found in
bedrock, and are added to cave drip water solution as cations alongside calcium (Ca) during bedrock dissolution.
When the drip water enters an open environment and carbonate begins to precipitate, the Ca cation is preferentially
incorporated into the crystal structure relative to Sr and Ba, and to an even larger extent relative to Mg (e.g., Day et
al. 2013; Wassenburg et al. 2020). Similar to the Rayleigh distillation process in which remaining vapor and
subsequent rainwater 830 values progressively decrease due to the preferential rainout of 180 relative to °0, the
PCP process progressively increases the X/Ca ratio of drip water cations and subsequent calcite formation due to the
preferential incorporation of Ca relative to Mg, Sr, and Ba in the carbonate structure. As greater PCP leads to higher
X/Ca ratios, and greater PCP is interpreted as reflective of drier environmental conditions (slower and less water
flow allows for more PCP), higher X/Ca ratios in the stalagmite are interpreted to reflect drier environmental
conditions.

Aeolian deposition on karst surface

The leaching of isotopes or elements from aerosol deposits by meteoric water or complete dissolution of aerosol
deposits can transport chemical evidence of aerosol activity above the cave to the stalagmite. Elemental or isotopic
ratios of aerosol particulates must be distinctive from the background carbonate bedrock chemistry in order for
these signals to be recognizable in a stalagmite record. A small number of records of dust events (e.g., Goede et al.
1998; Frumkin et al. 2004; Unal-Imer et al. 2016; Carolin et al. 2019) and volcanic ash deposits (e.g., Sikldsy et al.
2009; Braun-Badertscher et al. 2014; Jamieson et al. 2015) constructed from stalagmite proxies are found in the
literature.



STALAGMITE GEOCHRONOLOGY

Stalagmite layers are dated using the U-Th disequilibrium method, which is briefly described here. Stalagmite layers
precipitate with a trace amount of the radioactive uranium nuclide 2*U (~10! to 10° g/g) acquired from the
dissolved carbonate bedrock. 23U is soluble and is transported in the drip water to the top of the stalagmite. The
karst rock dissolution and subsequent stalagmite precipitation process fractionates 234U and 23°Th, members of the
238-26ph decay chain, resulting in non-steady-state radiogenic conditions. Over thousands of years post this drip
water dissolution fractionation process and stalagmite layer formation, all members within the 232U-2°Pb decay
chain return to equilibrium state, as 23*U decays to 23°Th (23U half-life 245,600 years, Cheng et al. 2013), which
decays to 22°Ra (23°Th half-life 75,580 years, Cheng et al. 2013), followed by the remaining decay chain members’
decay to stable 2°°Pb. The U-Th age equation is the solution to the set of differential equations which model the
multi-member return to steady-state equilibrium through growth and decay following the drip water dissolution
fractionation process (Bateman 1910; see also Ivanovich et al. 1992). By measuring 23*U/238U and 23°Th/238U activity
ratios in a stalagmite carbonate sample using a multi-collector inductively-coupled plasma mass spectrometer (e.g.,
Hellstrom 2003; Hoffmann et al. 2007; Cheng et al. 2013), the age of the initial bedrock dissolution and subsequent
precipitation of a particular stalagmite layer can be derived iteratively using the U-Th age equation.

Approximately 20-200 mg calcite is usually required for each age analysis, depending on the uranium concentration
in a particular stalagmite and the sensitivity of the mass spectrometer. Aragonite stalagmites typically have much
higher U concentration, and therefore require less sample, ~5-20 mg. Age precision on stalagmite subsamples using
the U-Th method can be achieved in the per mil range, provided there is a significant concentration of radionuclides
for measurement (generally at least 100 ppb U in the stalagmite).

Age accuracy in stalagmite U-Th dating is dependent on the level of external contaminants which are captured within
the stalagmite crystal structure during precipitation. Detrital and organic matter particulates contain trace amounts
of U and Th nuclides, with thorium contaminants largely hindering U-Th age measurements. It is difficult to separate
detrital or organic matter contaminants physically or chemically from the stalagmite during U-Th age sampling,
which involves milling or slicing ~20-200 mg of sample along a growth layer. Estimated contaminant radiogenic 2*°Th
values are therefore subtracted from the total measured radiogenic 2°Th values post-analysis using an estimated
ratio of 23°Th to 232Th at age zero (Cheng et al. 2000). 232Th is the stable, abundant isotope of thorium, whose
presence in the stalagmite is from original contamination only, not radiogenic growth, and is therefore used as a
contaminant tracer.

The average 22°Th/?32Th atomic ratio of bulk earth surface silicates, commonly used as a best estimate to correct for
detrital Th contamination in stalagmite age samples, is ~4 ppm. Studies have suggested local detrital 22°Th/?*’Th
ratios within various cave sites to more likely range from 4 to 160 ppm, with some measurements and calculations
suggesting that the ratio in the detrital matter deposited within the stalagmite may have changed over time (e.g.,
Hellstrom 2006; Ridley et al. 2015; Carolin et al. 2016). Overestimating the detrital 23°Th/%?Th ratio results in
calculated U-Th ages too young, while underestimating the detrital 22°Th/232Th ratio results in calculated ages too
old. Age inaccuracies due to an incorrect detrital 22°Th/?*?Th ratio estimate may range from tens to thousands of
years, depending on the amount of detrital contaminant in the stalagmite. High confidence in U-Th age accuracy
should therefore only be associated with stalagmites with low contamination reflected by low 232Th, and relatively
high radiogenic 23°Th for measuring.



CLIMATE RECONSTRUCTIONS IN THE MESOPOTAMIA REGION, 3f° MILLENNIUM

Westerlies storm fronts and Shamal dust events

Precipitation in the Mesopotamia region, as well as the Taurus to Zagros Mountain ranges surrounding it to the north
and east, occurs predominantly in the winter and spring seasons (Evans et al. 2004; 2006; Raziei et al. 2012; 2013).
Moisture is transported largely from the Eastern Mediterranean, but may also be sourced from the Red Sea, Gulf,
and the Arabian Sea, with mid-tropospheric troughs forming over the Eastern Mediterranean, Syria, Jordan, and Iraq
(Evans et al. 2004; 2006; Raziei et al. 2012; 2013). Orographic uplift over the Zagros and Taurus mountains leads to
heavy precipitation, some of which crosses over the Zagros mountains into northwestern Iran (-). The winter
rains provide important water resources to northern and southern Mesopotamia, both in rain fed regions and
through transport by the Tigris and Euphrates rivers.

Dust storms in the region originate in the Tigris-Euphrates alluvial plains (Cao et al. 2015), and occur in both the
summer and winter seasons (Hamidi et al. 2013). The summer Shamal winds, strong northwesterlies near the
surface, transport dust across Mesopotamia and the Persian Gulf, as well as parts of the Arabian Peninsula (e.g.,
Middleton 1986; Notaro et al. 2015; Yu et al. 2016), and west and central Iran (Givehchi et al. 2013; Hamidi et al.
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Figure 1.1: Annual precipitation in Mesopotamia and the surrounding region and dust export from the Tigris-Euphrates alluvial plains. (a)
Shading indicates long-term average annual precipitation 1979-2021 (Hersbach et al. 2019). Note coloring increments are nonlinear above 600
mm annual rainfall. Contours show 1500 masl elevation. Major mountain ranges, seas, and rivers (modern location) are labeled. Location of
paleoclimate records discussed in the text are indicated by numbers in markers, 1: Soreq (Bar-Matthews et al. 2011), 2: Jeita (Cheng et al.
2015), 3: KT-3 (Andrews et al. 2020), 4: Lake Neor peat bog (Sharifi et al., 2015), 5: GZ14-1 (Carolin et al. 2019), 6: Gulf of Oman marine sediment
core (Cullen et al. 2000) and coral (Watanabe et al., 2019). (b) Arrows indicating direction of summer Shamal winds and dust storm export to
neighboring regions. Numbered markers are the same as (a). Image by author

Stalagmite GZ14-1: An archive of precisely-dated Mesopotamia dust events

Gol-e zard cave (35.84°N, 52.00°E) is located on the southern side of the Alborz mountains, ~50 km East-North-East
of Tehran (_). The cave entrance is at 2,535 masl, ~1,400-1,700 m above the surrounding Iranian
plateau to the south. A thick blanket of breccia covers the region, which is Tertiary in age. There is no exposure of
bedrock (geological formation) at the site. Vegetation above the cave consists of sparse alpine brushes. Inside the
cave there are active drips, and many damaged stalagmites. The cave site is today visited by tourists and locals.



Stalagmite sample GZ14-1 was collected at the back of the cave, ~5 m above the river level, in May 2014. There were
active drips in the area when the stalagmite sample was collected. Humidity appeared near 100% in the back of cave
where GZ14-1 was collected during the field site visit.

Limestone rock samples chipped from areas above the cave, as well as one fast-drip water sample (<2 secs between
drips), were analysed for trace elements and stable isotopes at the University of Oxford. The rock samples are
predominantly calcite. Some bedrock samples contained a percentage of quartz and some contained trace amounts
of gypsum.

Stalagmite GZ14-1 was sliced in half vertically using a tile saw and slabbed. A high-resolution scan of Sample GZ14-1
with U-Th age sampling and proxy record sampling marks is shown in Fig. 9.2. XRD analysis confirms the sample is
calcite.

Calcite samples of 80 to 230 mg were drilled using a hand-held dental drill at various distances from the top of the
stalagmite for U-Th age analysis. Sample drill depth into the stalagmite slab was ~2 mm to 3 mm. U and Th isotopes
were measured using a Nu Plasma multi-collector inductively coupled plasma mass spectrometer (MC-ICP-MS) at
the University of Oxford (detailed procedures in Carolin et al. 2019). Individual ages and 95% confidence intervals
were calculated using an in-house Monte Carlo script that incorporates chemical blank errors, analytical
uncertainties, and an estimated initial 22°Th/232Th ratio range of 2-10 ppm (uniform distribution). The age model with
68% and 95% confidence ranges was produced using the OxCal Version 4.3 Poisson process deposition model [ko= 1
cm?, logio(k/ko) = U(-2,2)], with interpolation (Bronk Ramsey 2008; Bronk Ramsey et al. 2013).

The working half of GZ14-1 was mounted to a NewWave micromill for proxy powder sample milling. Samples were
milled in a trench along the stalagmite growth axis at 500 and 250 um step intervals for initial low-resolution
sampling, followed by 100- and 50-um step intervals for high-resolution sampling. Powders ~500 to 1,000 ug were
collected individually using aluminium spatulas and stored in compressed air-cleaned plastic 2 mL centrifuge tubes.



Figure 1.2: High-resolution scanned image of Stalagmite GZ14-1. Milled
trench-style combined stable isotope and trace element powder
sampling along growth axis shown. There is a gap near the top of the
stalagmite in milled samples as the stalagmite became too porous for
sampling. Individual U-series age trenches alongside growth axis shown
with labeled sample number. From Carolin et al. 2019, Figure S7.
Reproduced with permission

Between 80- to 100-ug of calcite was removed from the
storage tubes and analysed for a suite of elements using
a Thermo Scientific Element 2 ICP-MS at the University
of Oxford. Calibration standards bracketed every 20
samples to correct for instrument drift. Trace element-
to-Ca ratios were determined using the ‘ratio’ method
(Rosenthal et al. 1999). A secondary standard was
measured every 10 samples to calculate precision and
accuracy (average relative accuracy error 5%, average
relative precision error 2%, 10). Between 30- to 60-ug
of calcite was removed from the storage tubes and
analysed for 60 and 6%3C using a Thermo Scientific
Delta Visotope ratio mass spectrometer (IRMS) coupled
to a Kiel V carbonate device at the University of Oxford.
Each batch of samples was measured with calibration
standards and evenly scattered secondary standards.
Precision and accuracy were calculated using the
secondary standards’ long-term average and standard
deviation (8680 = +0.07%o, 6'3C = £0.05%, 10). All GZ14-
1 measured data are available at
https://www.ncdc.noaa.gov/paleo/study/28710.

The U-Th age model and thin section analysis indicate
that stalagmite GZ14-1 grew with no recognizable
vertical growth hiatuses between 3210-1730 BC
(Carolin et al. 2019) (Fig. 9.3). The age model has an
average age error of 31 y (10) (Table 9.1), with larger
errors during slower vertical growth periods. GZ14-1
grew relatively quickly throughout the majority of the
record (>130 um/y). However, in two periods, the
vertical growth rate drops below 100 um/y, to ~15-20
um/y: 2620-2430 BC and 2370-1960 BC (start to end
dates) (Carolin et al. 2019) (Fig. 9.4). The decreased
growth rate is suggestive of drier local conditions;
however, other factors not directly related to rainfall,
such as temperature, interval between drips, and drip
water chemistry, can also affect stalagmite vertical
growth rate (see text above).


https://www.ncei.noaa.gov/access/paleo-search/study/28710

Distance Corrected  Age error, Detrital Th

Sample from top U B0 22T age 1s correction
ID (mm) (Ppb) (ppm) (BCE) ) applied (y)
ac19 6.5 98 680 1730 40 -32
ai09 23.8 144 4500 1890 20 -5
aj05 29.9 140 6100 1890 40 -4
ab09 34.5 158 1440 1940 50 -15
aol1 36.0 88 5000 2080 90 -5
ao08 37.4 99 3800 2240 110 -6
aj02 38.9 98 30000 2210 50 -1
acl14 40.2 95 15000 2200 90 2
e 4345 456 3 2486 68 355
ao10 426 130 6600 2430 40 4
ai01 43.8 140 8200 2370 20 -3
aj03 487 165 2700 2410 30 -9
ag09 52.0 155 2410 2420 40 -10
ao16 53.8 120 1190 2530 40 -21
ak19 55.5 115 1690 2640 80 -15
aol7 57.2 114 16000 2560 60 -2
ajo4 58.9 139 28000 2630 30 -1
ai02 67.0 111 6500 2680 30 -4
af19 77.0 103 5900 2780 50 -4
ai03 94.8 102 1850 2830 30 15
a4 109.0 114 4200 2930 30 -7
af20 121.0 122 1180 3020 40 -23
ai05 134.0 96 8800 3020 30 -3
ai06 1447 98 9200 3010 30 -3
ac01 161.1 122 810 3130 50 -35
ai08 183.3 92 4500 3210 40 -6

Table 1.1: Stalagmite GZ14-1 measured U/Th isotope activity ratios and calculated ages. Distance is
distance from the top of the stalagmite, with smaller distance corresponding with younger age. U
(ppb) is uranium concentration in calcite. 230Th/232Th in the sample provides a metric for judging
the magnitude of detrital contamination — small values indicate relatively large detrital
contamination. The detrital 230Th/232Th estimate (at age 0, the time of deposition) used for the age
correction is a range of 1-10 ppm, uniform distribution. Corrected ages were calculated using the
radiogenic isotope half-lives found in Cheng et al. 2013. Age errors are calculated using an internally
developed Monte Carlo simulation. One sample (sample ajol) had exceptionally large detrital
contamination and the corrected age was out of chronological order with the neighboring; hence this
sample has been discarded from the final age model. Data provided in Carolin et al. 2019
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The ratio of Mg/Ca in GZ14-1 exhibits sudden changes
coincident with the periods of slow vertical growth.
Mg/Ca abruptly increases at the start of two periods,
lasting from 2560-2450 BC and 2310-2020 BC (Carolin
et al. 2019) (Fig. 9.4). The age error on the start and
end of these periods ranges between 40 y and 70 y
(10), which is relatively large in comparison to most
individual U-Th ages in GZ14-1. This is due to the very
slow growth rate of this interval, and difficulty in U-Th
sample extraction with limited sample size. The
abrupt increases in GZ14-1 Mg/Ca are interpreted as
increases in Mesopotamia-sourced dust events (see
section 1.1.4). Modern dust events which reach
Tehran are sourced from the deserts of Syria and Iraq
(Givehchi et al. 2013). Mineralogical studies show that
dust sourced from the Mesopotamia region contains
dolomite (Hojati et al. 2012; Ahmady-Birgani 2015),
which has a large Mg/Ca ratio. Mg leached off the
dust by meteoric water above the cave would add
extra Mg cations to the drip waters, of which a portion
would precipitate in the stalagmite calcite. A greater

Figure 1.3: GZ14-1 age v. depth plot with OxCal Poisson process dust flux and deposition over the Gol-e zard cave site
deposition age model 68% (black) and 95% (dark gray) confidence
ranges. Individual un-modeled U-Th ages are plotted as black ‘x’
shapes. Individual modeled age distributions are shown in dark
gray (68%) and light gray (95%). Adapted from Carolin et al. 2019. 2019).
Reproduced with permission

is thus suggested to have resulted in shifts to larger
Mg/Ca values in the stalagmite record (Carolin et al.

During the two periods of heightened Mg/Ca, GZ14-1
580 exhibits a gradual increase up to 1%e. higher followed by a decrease back to baseline values (Carolin et al. 2019)
(Fig. 9.4). Collected Tehran rainwater (50 km SW of the cave site) between 1962 and 1972 (International Atomic
Energy Agency’s Global Network of Isotopes in Precipitation (GNIP) database) demonstrates a negative correlation
between 8¥0rin and annual average precipitation amount (51% of the variance in 6¥Oprecip is predictable from
precipitation amount) (Carolin et al. 2019). The increased stalagmite 620 values are therefore interpreted as periods
of drier conditions in the area. GZ14-1 §'3C does not show significant changes coincident with either the abrupt shifts
in Mg/Ca or the more gradual 6280 increases. This suggests that the karst environment, such as surface vegetation
type or amount of microbial activity in the soil, of this high elevation (>2500 masl) cave did not change significantly
as a result of the drier conditions at lower elevations.
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Figure 1.4: GZ14-1 (a) Mg/Ca (millimoles per mole), (b) 6180, and (c) 613C (%o) plotted
above the (d) mean vertical growth rate. The vertical growth rate is plotted as a 20 y
moving average of the annually interpolated OxCal-modeled mean vertical growth rate.
Mg/Ca is interpreted as a record of Mesopotamia region dust activity, with higher values
indicating greater dust deposits due to strength of dust storm and/or frequency of dust
events. 6180 is interpreted as local and/or upstream trajectory rainfall amount, with
higher 6180 values related to drier conditions. Sampling frequency is 2-5 yrs in the faster
growth section, and 12-17 yrs in the slower growth section. Data used in this figure was
originally published in Carolin et al. 2019. Image by author
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Paleoclimate evidence of third
millennium BC dry events on a
regional scale

The two periods of increased Mg/Ca in
the GZ14-1 record demonstrate
threshold behaviour in dustiness of the
Mesopotamia region, due to either
enhanced aridity, stronger winds, or
change in soil properties or vegetation
cover. Several factors suggest a drier
regional climate coincident with the
heightened dusty periods. First, within
the same stalagmite, 5'%0 gradually
increases within the two increased
Mg/Ca  periods. Under modern
conditions, rainwater monitoring in
Tehran (50 km from the cave site) has
demonstrated an  anti-correlation
between interannual precipitation
amount and 8%Oprecip (Carolin et al.
2019). Thus, the &0 increase is
interpreted as a local and likely also
upstream trajectory decrease in rainfall
amount, supportive of a dry
environment suggested by the Mg/Ca
dust interpretation. Second, on a
regional scale, southern Levant Soreq
cave speleothem &3C (Bar-Matthews et
al. 2011) shows small increases in 63C
coincident with the GZ14-1 Mg/Ca and
580 increases (Fig. 9.5). The authors
interpret §'3C changes to reflect changes
in soil-organic carbon, with higher values
indicating drier conditions (Bar-Matthews
et al. 2011). The Soreq centennial §'3C
variations overlay a more gradual trend in

5'3C and 60 toward higher values beginning around 2800 BC and ending around 2000 BC (Bar-Matthews et al.
2011), which is interpreted as indicating a long-term trend toward drier conditions in the southern Levant through

the third millennium BC. In the northern Levant, the Jeita cave 860 record also shifts to higher values by ~ 0.5%o

between 2500-2000 BC, with the pattern similar to the GZ14-1 Mg/Ca abrupt increases, though not aligned in age

(Cheng et al. 2015) (Fig. 9.5). The offset in age could be due to combined age error in both age models. Finally, in the

northern Red Sea, a sediment record shows a clear, anomalous +2%o increase in planktonic §'20, interpreted as drier

conditions and enhanced evaporation in the region, from 2250 to 2050 BC (+100 y; 1c), with perhaps an earlier
period of less extreme aridity (indicated by a 0.3%o 60 increase) from 2550 to 2450 BC (+100y; 10) (Arz et al. 2006).
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Figure 1.5: Environmental and climate changes in the Middle East region
over the third millennium BC. Site locations are shown on Figure 1. (a) Neor
peat core Ti intensity interpreted as measure of aeolian input (Sharifi et al.
2015). (b) Iran stalagmite GZ14-1 Mg/Ca interpreted as a dust proxy, with
greater Mg/Ca values indicating increased dust deposition on karst surface
(Carolin et al. 2019). (c) Iran stalagmite GZ14-1 6180 plotted on top of Iran
stalagmite KT-3 §180, same y-axis (Carolin et al. 2019; Andrews et al. 2020).
Higher 6180 values interpreted as local and/or upstream relatively drier
conditions. (d) Jeita cave stalagmite 6180, with higher values interpreted
as relatively drier climate (Cheng et al. 2015). (e) Soreq speleothem 613C,
with higher values interpreted as drier surface conditions (Bar-Matthews et
al. 2011). Image by author

12

The two GZ14-1 centennial are not

reproduced in climate and environmental proxies of

events

Holocene stalagmite KT-3 from Katalekhor Cave
(Fig. 9.5; Andrews et al. 2020), ~300 km west of
Tehran on the eastern side of the Zagros
topographic highs (Fig. 9.1, marker 3). A broad
increase in 8'3C begins around 2350 BC in KT-3, an
extension of KT-3’s long, gradual increase in §0
through the mid-to-late Holocene, both suggesting
a general trend toward drier conditions from the
third to the 1%t millennium BC (Andrews et al. 2020).
The lack of abrupt 60 events in KT-3 may be
because Katalekhor Cave is situated in the core of
the winter precipitation zone. Under modern
conditions, there is less interannual variability in
rainfall than is modelled at the Gol-e zard cave site
area, thus making it less prone to severe climate
events. The longer-term trend in KT-3 &%0 is
mirrored in GZ14-1 §0. Abrupt dust events are
also not evident in KT-3 elemental records. Element
ratio signatures in a stalagmite, however, are
dependent on the overlying bedrock chemistry and
the drip water seeping path of a particular drip to a
that

stalagmites from different cave sites do not

stalagmite tip. Thus, it is not unusual

replicate each other’s X/Ca records.

Several paleo-dust records exist in the region which
support a shift to dry and dusty conditions at the
end of the third millennium BC, in agreement with
the GZ14-1 stalagmite record. A dust record
interpreted from an XRF scan of lithogenic elements
such as titanium (Ti) abundance in a Neor peat mire
core indicates relatively enhanced dust activity
within the 2500-2000 BC period (Sharifi et al. 2015).
A sediment core record from the Gulf of Oman
shows an abrupt increase in Mesopotamia-sourced
dust deposition around 2150 BC (+ 100 y, 10)
(Cullen et al. 2000), and fossil corals also collected

in the Gulf of Oman indicate a significant and anomalous increase in seasonality around the same time, suggesting

an uncharacteristic increase in the number of winter shamal days (dry dust events in the Mesopotamia region)
(Watanabe et al. 2019). Winter shamal transports cold and dry air to western Asia, and cold and wet conditions to
the Gulf of Oman (Watanabe et al. 2019). Notably, the two Gulf of Oman archives (sediment core and coral) record
one period of dustiness centred around at 2150 BC (* 100 y, 10), with no earlier event at ~2500 BC (Watanabe et al.
2019; Cullen et al. 2000). Taken with the GZ14-1 stalagmite results, the collection of paleoclimate records
demonstrates the presence of two arid periods, but indicate that the later of these — centred around 2150 BC — is of
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larger amplitude and has a greater spatial extent, apparently influencing the broad Middle East region. The precise
chronology of the GZ14-1 record allows the duration of these two centennial-scale events to be quantified and
demonstrates the 2150 BC-centred event was of longer duration, as well as larger extent, than the earlier 2500 BC
event (~290 vy versus ~110 y).

Implications of heightened Mesopotamia dust events during the latter 3¢ Mill. BCE

Lawrence et al. 2021 analyse trends in population and settlement organization across Northern Mesopotamia and
the Northern Levant from 4000 to 1000 BC, using Summed Probability Distributions (SPD) of radiocarbon dates. The
authors find a surge in urbanization beginning around 3000 BC, increasing significantly from 2850 BC before a decline
beginning around 2250 BC. The greatest amount of growth in both urban site area and rural site counts occurred in
the drier landscapes of the region (Lawrence et al. 2021). The expanded use of marginal, drier landscapes may have
been driven by the population’s new focus on textile production, as sheep and goat are able to be pastured in more
marginal environments (Wilkinson et al. 2014; Lawrence et al. 2015). Subsequent ecological degradation and
desertification may have resulted from overgrazing and agricultural intensification (de Gruchy et al. 2016; Lawrence
et al. 2021). Heightened dusty periods are inferred from the Iranian stalagmite record, 2560-2450 BC and 2310-2020
BC (x 30-70 v, 10). The latter period is thought to have the largest regional extent and climatological impact based
on agreement between the collection of paleoclimate records around the Middle East. One hypothesis is that the
first period of enhanced dustiness was predominantly an artifact of human-induced landscape change in the
Mesopotamia region, while the second longer period of dustiness was a combination of landscape change and
anomalously drier climate. On a longer broader scale, stalagmite data from the Eastern Mediterranean and western
Iran both indicate a gradual trend toward drier conditions from the beginning to the end of the third millennium BC.

Increasing aridity from the beginning to the end of the 3" mill. BC increased the need for quality irrigation and
landscape management in Southern Mesopotamia, and increased the population size within suitable environments
as marshland environments shrunk (Kennett & Kennett, 2006; Altaweel, 2019; Engel & Briickner, 2021; Lawrence et
al., 2021). The deltas and irrigation network in the region thus became increasingly important to survival of the
Sumerian city-states due to the drying environment through the 3™ mill. BCE.



14

REFERENCES

ADAMS, ROBERT MCc.

1965 Land Behind Baghdad: A History of Settlement on the Diyala Plains. University of Chicago Press, Chicago.
1966  The Evolution of Urban Society: Early Mesopotamia and Prehispanic Mexico. Aldine, Chicago.

1981  Heartland of Cities: Surveys of Ancient Settlement and Land Use on the Central Flood Plain of the Euphrates.
University of Chicago Press, Chicago.

2002 ‘Steps Toward a Regional Understanding of the Mesopotamian Plain’, in Arnulf Hausleiter, Susanne Kerner
& Bernd Miiller-Neuhof (eds), Material Culture and Mental Spheres: Rezeption archdologischer Denkrichtungen in
der vorderasiatischen Altertumskunde: Internationales Symposium fiir Hans J. Nissen (Alter Orient und Altes
Testament 293). Ugarit-Verlag, Minster: 33-48.

2004  ‘Reflections on the Early Southern Mesopotamian Economy’, in Gary Feinman & Linda M. Nicholas (eds),
Archaeological Perspectives on Political Economies. University of Utah Press, Salt Lake City: 41-59.

ADAMS, ROBERT M. & NISSEN, HANS J.

1972  The Uruk Countryside: The Natural Setting of Urban Societies. University of Chicago Press, Chicago.

AHMADY-BIRGANI, HESAM; MIRNEJAD, HASSAN; FEIZNIA, SADAT & MCQUEEN, KEN G.

2015  ‘Mineralogy and Geochemistry of Atmospheric Particulates in Western Iran’, Atmospheric Environment 119:
262-72.

AITKEN, MARTIN J.

1974  Physics and Archaeology, 2™ edition. Clarendon Press, Oxford.

AL-AMERI, ISMAEL D.S. & BRIANT, REBECCA M.

2019 ‘A Late Holocene Molluscan-Based Palaeoenvironmental Reconstruction from Southern Mesopotamia:
Implications for the Palaeogeographic Evolution of the Arabo-Persian Gulf’, Journal of African Earth Sciences 152: 1-
9.

ALGAZE, GUILLERMO.

2007  ‘The Sumerian Takeoff’, in Elizabeth Stone (ed.), Settlement and Society: Essays Dedicated to Robert
McCormick Adams. Cotsen Institute of Archaeology, University of California, Los Angeles and The Oriental Institute
of Chicago, Chicago: 343-68.

2008  Ancient Mesopotamia at the Dawn of Civilization: The Evolution of an Urban Landscape. University of
Chicago Press, Chicago.

2018 ‘Entropic Cities: The Paradox of Urbanism in Ancient Mesopotamia’, Science 59: 23-54.

AL-HAMDANI, ABDULAMEER.
2011  Archaeological Survey of the Marshlands of Southern Iraq. Report UNEP-UNESCO.



15

2015  Shadow States: The Archaeology of Power in the Marshes of Southern Mesopotamia (unpublished doctoral
thesis, Stony Brook University, New York).

2020  ‘The Settlement and Canal Systems in Lower Southern Mesopotamia During the First Dynasty of the Sealand
(1721-1340BCE)’, in Susanne Paulus & Tim Clayden (eds), Babylonia under the Sealand and Kassite Dynasties (Studies
in Ancient Near Eastern Records 24). De Gruyter, Boston-Berlin: 28-57.

AL-HAMEEDAWI, MOHAMMED M.; THABIT, JASSIM M.; AL-MENSHED, FIRAS H. & CONYERS, LAWRENCE.

2021  ‘Integrating Electrical Resistivity Tomography and Ground-Penetrating Radar Methods to Map
Archaeological Walls Near Northern Ishtar Gate, Ancient Babylon City, Iraq’, Archaeological Prospection 29: 1-12.

AL-JANABI, K. Z.; ALI, A. J.; AL-TAIE, F. H. & JAck, F. J.

1988  ‘Origin and Nature of Sand Dunes in the Alluvial Plain of Southern Iraqg’, Journal of Arid Environments 14:
27-34.

AL-KHERSAN, EMAD H.; AL-ANI, JAsSIM M.T. & ABRAHEM, SALAH N.

2016 ‘Integrated GPR and ERT as Enhanced Detection for Subsurface Historical Structures Inside Babylonian
Houses Site, Uruk City, Southern Iraq’, Pure and Applied Geophysics 173: 963-82.

ALLEN, JOHN R. L.

1965 ‘A Review of the Origin and Characteristics of Recent Alluvial Sediments’, Sedimentology 5: 89-191.

1978  ‘Studies of Fluviatile Sedimentation: An Exploratory Quantitative Model for the Architecture of Avulsion-
Controlled Alluvial Sites’, Sedimentary Geology 21: 129-47.

ALLEN, MARK B.; SAVILLE, CHRISTOPHER; BLANC, ERIC J.-P., TALEBIAN, MORTEZA & NISSEN, EDWIN.

2013 ‘Orogenic Plateau Growth: Expansion of the Turkish-Iranian Plateau Across the Zagros Fold-and-Thrust Belt’,
Tectonics 32: 171-90.

AL-MAHDI, AYAD A.; ABDULLAH, SADIQ S. & HUSSAIN, NAJAH A.

2009  ‘Some Features of the Physical Oceanography in Iragi Marine Waters’, Mesopotamian Journal of Marine
Science 24: 13-24.

AL-MAHMOOD, HAsSSAN K. & MAHMOOD, ALl B.

2019 ‘Effects of Karun River on the Salinity Status in the Shatt Al-Arab River, Basrah, Iraq’, Mesopotamian Journal
of Marine Science 34: 13-26.

AL-MARSOUMI, ABDUL-MUTALIB H.; AL-BAYATI, KAYIS M. & AL-MALLAH, ENAS A.

2006  ‘Hydrogeochemical Aspects of Tigris and Euphrates Rivers Within Iraq: A Comparative Study’, Rafidain
Journal of Science 17: 34-49.

ALMOGI-LABIN, AHUVA; BAR-MATTHEWS, MIRYAM; SHRIKI, DAN; KOLOSOVSKY, ELINA; PATERNE, MARTINE;
SCHILMAN, BETTINA; AYALON, AVNER; AIZENSHTAT, ZEEV & MATTHEWS, ALAN.

2009  ‘Climatic Variability During the Last ~90ka of the Southern and Northern Levantine Basin as Evident from
Marine Records and Speleothems’, Quaternary Science Reviews 28: 2882-96.

AL-NAaqiB, K. A.



16

1967  Geology of the Arabian Peninsula: Southwestern Iraq (United States Geological Survey Professional Paper
560-G). United States Government Printing Office, Washington.

AL-SHEIKHLY, SAAD S. J.; AL-JUMAILY, WAJIH; AL-KA'ABI, FOUAD S.; AL-SHEHMANY, ZAID KH. & OWEN, MUNIF
A.

2017  ‘Late Pleistocene-Holocene Paleoecology of Southern Mesopotamia, Iraq’, Iraqgi Journal of Science 58: 1856-
73.

ALTAWEEL, MARK.
2019 ‘Southern Mesopotamia: Water and the Rise of Urbanism’, WIREs Water 6: 1-6.

ALTAWEEL, MARK; MARSH, ANKE; JOTHERI, JAAFAR; HRITZ, CARRIE; FLEITMANN, DOMINIK; ROST, STEPHANIE;
LINTNER, STEPHEN F.; GIBSON, MCGUIRE; BOSOMWORTH, MATTHEW; JACOBSON, MATTHEW; GARZANTI,
EDUARDO; LIMONTA, MARA & RADEFF, GIUDITTA.

2019  ‘New Insights on the Role of Environmental Dynamics Shaping Southern Mesopotamia: From the Pre-Ubaid
to the Early Islamic Period’, Iraqg 81: 23-46.

ANDRAE, WALTER.

1902 ‘Die Umgebung von Fara und Abu Hatab (Fara, Bismaja, Abu Hatab, Hétime, Dschidr und Juba‘i)’,
Mitteilungen der deutschen Orient Gesellschaft 16: 24-30.

1935  Die deutschen Ausgrabungen in Warka (Uruk). Deutsche Forschungsgemeinschaft, Berlin.

ANDREWS, JULIAN E.; CAROLIN, STACY A.; PECKOVER, EMILY N.; MARCA, ALINA; AL-OMARI, SALEM & ROWE,
PETER J.

2020  ‘Holocene Stable Isotope Record of Insolation and Rapid Climate Change in a Stalagmite from the Zagros of
Iran’, Quaternary Science Reviews 241: 106433.

AQRAWI, ADNAN A. M.

1993a Recent Sediments of the Tigris-Euphrates Delta: The Southern Marshlands (Ahwar) (unpublished doctoral
thesis, University of London).

1993b ‘Palygoskite in the Recent Fluvio-Lacustrine and Deltaic Sediments of Southern Mesopotamia’, Clay
Minerals 28: 153-59.

1995a ‘Correction of Holocene Sedimentation Rates for Mechanical Compaction: The Tigris-Euphrates Delta,
Lower Mesopotamia’, Marine and Petroleum Geology 12: 409-16.

1995b  ‘Brackish-Water and Evaporitic Ca-Mg Carbonates in the Holocene Lacustrine/Deltaic Deposits of Southern
Mesopotamia’, Journal of the Geological Society 152: 259-68.

2001  ‘Stratigraphic Signatures of Climatic Change During the Holocene Evolution of the Tigris-Euphrates Delta,
Lower Mesopotamia’, Global and Planetary Change 28: 267-83.

ARz, HELGE W.; LAMY, FRANK & PATzOLD, JURGEN.

2006 ‘A Pronounced Dry Event Recorded Around 4.2 ka in Brine Sediments from the Northern Red Sea’,
Quaternary Research 66: 432-41.



17

ASSELMAN, NATHALIE E. M. & MIDDELKOOP, HANS.

1995 ‘Floodplain Sedimentation: Quantities, Patterns and Processes’, Earth Surface Processes and Landforms 20:
481-99.

ASLAN, ANDRES; AUTIN, WHITNEY J. & BLUM. MICHAEL D.

2005  ‘Causes of River Avulsion: Insights from the Late Holocene Avulsion History of the Mississippi River, USA’,
Journal of Sedimentary Research 75: 650-64.

ASLAN, ANDRES & BLUM, MICHAEL D.

1999 ‘Contrasting Styles of Holocene Avulsion, Texas Gulf Coastal Plain, U.S.A.’, in Norman D. Smith & John Rogers
(eds), Fluvial Sedimentology VI: International Association of Sedimentologists Special Publication 28: 193-209.

ASPINALL, ARNOLD; GAFFNEY, CHRIS F. & SCHMIDT, ARMIN.

2008  Magnetometry for Archaeologists. Altamira Press, Lanham, Maryland.

ASSINE, MARIO L.

2005 ‘River Avulsions on the Taquari Megafan, Pantanal Wetland, Brazil’, Geomorphology 70: 357-71.

AUZINA, DITA; DI MICHELE, ANGELO; GIOTTO, ELISA; EGBERTS, ELLA & RAY, SEBASTIEN.

In prep. Preliminary Results of Systematic Survey at Tello/Girsu, Area 1.

BAKER, ANDY; MARIETHOZ, GREGOIRE; COMAS-BRU, LAIA; HARTMANN, ANDREAS; FRISIA, SILVIA; BORSATO,
ANDREA; TREBLE, PAULINE C. & ASFAWOSSEN ASRAT.

2021  ‘The Properties of Annually Laminated Stalagmites-A Global Synthesis’, Reviews of Geophysics 59:
€2020RG000722.

BALDINI, JAMES U. L.; LECHLEITNER, FRANZISKA A.; BREITENBACH, SEBASTIAN F. M.; VAN HUNEN, JEROEN;
BALDINI, LISA M.; WYNN, PETER M.; JAMIESON, ROBERT A.; RIDLEY, HARRIET E.; BAKER, ALEXANDER J.;
WALczAK, 1ZABELA W. & FOHLMEISTER, JENS.

2021 ‘Detecting and Quantifying Palaeoseasonality in Stalagmites Using Geochemical and Modelling
Approaches’, Quaternary Science Reviews 254: 106784.

BALKOV, EVGENY V.; DYADKOV, PETER G.; POZDNYAKOVA, O. A.; KuLEsSHOV, D. A.; EVMENOV, N. D.; KARIN,
Yu. G. & GOGLEV, D. A.

2019  ‘High-Precision Magnetic Survey with UAV for the Archaeological Barrows at Novaya Kurya Monument in
Western Siberia’, Information Technologies 17: 4-12.

BALTZER, FREDERIC & PURSER, BRUCE H.

1990 ‘Modern Alluvial Fan and Deltaic Sedimentation in a Foreland Tectonic Setting: The Lower Mesopotamian
Plains and the Arabian Gulf’, Sedimentary Geology 67: 175-97.

BAR-MATTHEWS, MIRYAM & AYALON, AVNER.

2011 ‘Mid-Holocene Climate Variations Revealed by High-Resolution Speleothem Records from Soreq Cave, Israel
and Their Correlation with Cultural Changes’, The Holocene 21: 163-71.

BAR-MATTHEWS, MIRYAM; AYALON, AVNER; GILMOUR, MABS; MATTHEWS, ALAN & HAWKESWORTH, CHRIS J.



18

2003  ‘Sea-Land Oxygen Isotopic Relationships from Planktonic Foraminifera and Speleothems in the Eastern
Mediterranean Region and their Implication for Paleorainfall During Interglacial Intervals’, Geochimica et
Cosmochimica Acta 67: 3181-99.

BATEMAN, HARRY.

1910  ‘The Solution of a System of Differential Equations Occurring in the Theory of Radioactive Transformations’,
Mathematical Proceedings of the Cambridge Philosophical Society 15: 423-27.

BECKER, HELMUT.

1991 ‘Zur magnetischen Prospektion in Assur. Testmessung 1989’, Mitteilungen der Deutschen Orient
Gesellschaft 123: 123-31.

1995  ‘From Nanotesla to Picotesla - A New Window for Magnetic Prospecting in Archaeology’, Archaeological
Prospection 2:217-28.

BECKER, HELMUT & FASSBINDER, JORG W. E.

1999 ‘In Search for Piramesses - The Lost Capital of Ramesses Il in the Nile Delta (Egypt) by Caesium
Magnetometry’, in Jérg Fassbinder, Walter E. Irlinger (eds), Arbeitshefte des Bayerisches Landesamtes fiir
Denkmalpflege 108. Bayerisches Landesamt flir Denkmalpflege, Miinchen: 146-50.

2001  ‘Uruk - City of Gilgamesh (Iraq) First Tests in 2001 for Magnetic Prospection’, in Karlheinz Hemmeter, J6rg
W.E. Fassbinder, Walter E. Irlinger, Michael Petzet & John Ziesemer (eds), Magnetic Prospecting in Archaeological
Sites, Monuments and Sites, vol. 6. ICOMOS, Miinchen: 93-97.

BECKER, HELMUT; LEIDORF, KLAUS; FASSBINDER, JORG W. E. & IRLINGER, WALTER E.

1996  Archdologische Prospektion, Luftbild und Geophysik, vol. 59. Lipp Verlag, Miinchen.

BECKER, HELMUT; VAN ESS, MARGARETE & FASSBINDER, JORG W. E.

2019 ‘Uruk: Urban Structures in Magnetic and Satellite Images’, in Nicola Crlisemann, Margarete van Ess, Markus
Hilgert, Beate Salje & Timothy Potts (eds), Uruk - First City of the Ancient World. Paul Getty Museum, Los Angeles:
335-41.

BEECH M. J. & GLOVER E.
2005, "The Environment and Economy of an Ubaid-Related Settlement on Dalma Island, United Arab Emirates",

Paléorient 31/1, p. 97-107.

BELSHE, JOHN C.

1957  ‘Recent Magnetic Investigations at Cambridge University’, Advances in Physics 6: 192-93.

BENCO, NANCY L.
1992 ‘Manufacture and Use of Clay Sickles from the Uruk Mound, Abu Salabikh, Iraq’, Paléorient 18: 119-34.

BERGHAUSEN, KARIN & FASSBINDER, JORG W. E.

2009  ‘Magnetometry and Soil Magnetism on Celtic Square Enclosures in Bavaria, Southern Germany’, Archeo
Sciences 33: 27-29.

BLACK, JEREMY A.



19

2002  ‘The Sumerians in Their Landscape’, in Tzvi Abusch (eds), Riches Hidden in Secret Places: Ancient Near
Eastern Studies in Memory of Thorkild Jacobsen. Eisenbrauns, Winona Lake: 41-61.

BLACK, EVE & SAMUEL, DAVID.
1991 ‘What Were Sails Made of’, The Mariner’s Mirror 77: 217-26.

BORRELLI, NOEMI.

2019 ‘Invisible People and Elite Customers. Fowlers and Bird Breeders in the Social Network of the Ur Ill Province
of Girsu/Laga¥’, Mesopotamia 54: 105-19.

2020 ‘Water Environments in Ur lll Girsu/Laga$: From Natural Setting to Economic Resource’, Water History 12:
39-55.

2021 ‘Fisheries in Ur lll Southern Mesopotamia’, Annali dell’Istituto Orientale di Napoli 81: 3-38.

BOURRIAU, JANINE & OATES, JOAN.

1997  ‘Spinning or Sailing?: The Boat Models from Eridu’, Antiquity 71: 719-21.

BRAUN-BADERTSCHER, SERAINA; BORSATO, ANDREA; FRISIA, SILVIA; CHENG, HAI; EDWARDS, R. LAWRENCE;
TUYsUz, OKAN & FLEITMANN, DOMINIK.

2014  ‘Speleothems as Sensitive Recorders of Volcanic Eruptions - The Bronze Age Minoan Eruption Recorded in
a Stalagmite from Turkey’, Earth and Planetary Science Letters 392: 58-66.

BRIGHT, JOHN.
1942  ‘Has Archaeology Found Evidence of the Flood?’, The Biblical Archaeologist 41: 55-63.

BRONK RAMSEY, CHRISTOPHER.

2008  ‘Deposition Models for Chronological Records’, Quaternary Science Reviews 27: 42-60.

BRONK RAMSEY, CHRISTOPHER & LEE, SHAREN.
2013  ‘Recent and Planned Developments of the Program OxCal’, Radiocarbon 55: 720-30.

BRUCKNER, HELMUT.
2003  ‘Uruk - A Geographic and Palaeo-Ecologic Perspective on a Famous Ancient City in Mesopotamia’, Geodko
24:229-48.

2013 ‘WasserstralRen im Wistensand: Uruk aus geoarchdologischer Perspektive’, Antike Welt 3: 18-24.

BRUCKNER, HELMUT & ENGEL, MAX.

2020  ‘Noah’s Flood - Probing an Ancient Narrative Using Geoscience’, in Jirgen Herget & Alessandro Fontana
(eds), Palaeohydrology, Geography of the Physical Environment. Springer-Verlag, Cham: 135-51.

BURINGH, PIETER.

1960  Soils and Soil Conditions in Iraq. Ministry of Agriculture Directorate General of Research and Projects,
Baghdad.

CAJIGAS, RACHEL; QUADE, JAY & RITTENOUR, TAMMY.



20

2020  ‘Multitechnique Dating of Earthen Irrigation Canals at the La Playa Site, Sonora, Mexico’, Geoarchaeology
35: 834-55.

CANFIELD, DONALD E. & BERNER, ROBERT A.

1987 ‘Dissolution and Pyritization of Magnetite in Anoxic Marine Sediments’, Geochimica et Cosmochimica Acta
51: 645-59.

Cao, Hui; AMIRASLANI, FARSHAD; Liu, JIAN & ZHOU, NA.

2015  ‘Identification of Dust Storm Source Areas in West Asia Using Multiple Environmental Datasets’, Science of
The Total Environment 502: 224-35.

CAROLIN, STACY A.; CoBB, Kim M.; LYNCH-STIEGLITZ, JEAN; MOERMAN, JESSICA W.; PARTIN, JUDSON W.;
LEJAU, SYRIA; MALANG, JENNY; CLARK, BRIAN; TUEN, ANDREW A. & ADKINS, JESS F.

2016 ‘Northern Borneo Stalagmite Records Reveal West Pacific Hydroclimate Across MIS 5 and 6’, Earth and
Planetary Science Letters 439: 182-93.

CAROLIN, STACY A.; WALKER, RICHARD T.; DAY, CHRISTOPHER C.; ERSEK, VASILE; SLOAN, R. ALASTAIR; DEE,
MICHAEL W.; TALEBIAN, MORTEZA & HENDERSON, GIDEON M.

2019 ‘Precise Timing of Abrupt Increase in Dust Activity in the Middle East Coincident with 4.2 ka Social Change’,
Proceedings of the National Academy of Sciences 116: 67-72.

CARROUE, FRANCOIS.

1983 ‘Les villes de I'Etat de Lagash au 3¢ millénaire’, in Frangois Brusch-Weiler, Yves Christe, Robert Martin-
Achard, Bruno Urio & Jacques Vicari (eds), La Ville dans le Proche-Orient Ancien: Actes du Colloque de Cartigny, 1979,
Centre d’Etude du Proche-Orient Ancien (CEPOA), Université de Genéve (Les Cahiers du CEPOA 1). Editions Peeters,
Leuven: 97-112.

1986 ‘Le Cours-d’Eau-Allant-a-NINAki’, Acta Sumerologica 8: 13-58.

CARTER, ELIZABETH.
1985  ‘Lagash (Tell al-Hiba)’, Iraq 47: 222.

1989-90 ‘A Surface Survey of Lagash, Al-Hiba, 1984’, Sumer 46: 60-63.

CARTER, ROBERT.

2006 ‘Boat Remains and Maritime Trade in the Persian Gulf During the Sixth and Fifth Millennia BC’, Antiquity 80:
52-63.

2008 ‘Excavations and Ubaid-Period Boat Remains at H3, As-Sabiyah (Kuwait)’, in Eric Olijdam & Richard H. Spoor
(eds), Intercultural Relations Between South and Southwest Asia. Studies in Commemoration of E. C. L. During Caspers
(1934-1996) (Society for Arabian Studies Monographs 7; British Archaeological Reports, International Series 1826).
BAR Publishing, Oxford: 92-102.

2012 ‘Chapter Nineteen. Watercraft’, in Daniel T. Potts (ed.), A Companion to the Archaeology of the Ancient
Near East. Volume |. John Wiley & Sons, Malden — Oxford — Chichester: 347-72.



21

2018 ‘Globalising Interactions in the Arabian Neolithic and the ‘Ubaid”, in Nicole Boivin & Michael D. Frachetti
(eds), Globalization in Prehistory: Contact, Exchange, and the ‘People Without History’. Cambridge University Press,
Cambridge: 43-79.

CARTER, ROBERT & CRAWFORD, HARRIET.

2010 Maritime Interactions in the Arabian Neolithic, The Evidence from H3, As-Sabiyah, an Ubaid-Related Site in
Kuwait (American School of Prehistoric Research Monograph Series 8). Brill, Leiden.

CASSON, LIONEL.

1959 The Ancient Mariners. Seafarers and Sea Fighters of the Mediterranean in Ancient Times. Princeton
University Press, Princeton.

1971  Ships and Seamanship in the Ancient World. Princeton University Press, Princeton.

CAZANACLI, DAN & SMITH, NORMAN D.

1998 ‘A Study of Morphology and Texture of Natural Levees-Cumberland Marshes, Saskatchewan, Canada’,
Geomorphology 25: 43-55.

CEREDA, SUSANNA & ROMANO, LICIA.

2018 ‘Peering into the Dusty Corners. Micro-Debris Analysis and Use of Space at the Site of Abu Tbeirah
(Nasiriyah, Iraq)’, Iraqg 80: 79-111.

CERLING, THURE E.

1984  ‘The Stable Isotopic Composition of Modern Soil Carbonate and its Relationship to Climate’, Earth and
Planetary Science Letters 71: 229-40.

CHEN, Y1 S.

2014  The Primeval Flood Catastrophe: Origins and Early Development in Mesopotamian Traditions. Oxford
University Press, Oxford.

CHENG, HAI; ADKINS, JESS; EDWARDS, R. LAWRENCE & BOYLE, EDWARD. A.
2000  ‘U-Th Dating of Deep-Sea Corals’, Geochimica et Cosmochimica Acta 64: 2401-16.

CHENG, HAI; EDWARDS, R. LAWRENCE; SHEN, CHUAN-CHOU; POLYAK, VICTOR J.; ASMEROM, YEMANE;

WOODHEAD, JON; HELLSTROM, JOHN; WANG, YONGJIN; KONG, XINGGONG; SPOTL, CHRISTOPH; WANG,

XIANFENG & ALEXANDER, E. CALVIN.

2013  ‘Improvements in 230Th Dating, 230Th and 234U Half-Life Values, and U-Th Isotopic Measurements by
Multi-Collector Inductively Coupled Plasma Mass Spectrometry’, Earth and Planetary Science Letters 371-
372:82-91.

CHENG, HAI; SINHA, ASHISH; VERHEYDEN, SOPHIE; NADER, FADI H.; LI, XIANGLEI L.; ZHANG, PINGZHONG; YIN,
JIAN-JUN; Y1, LIN; PENG, YOUBING; RAO, ZHIGUO; NING, YOUFENG & EDWARDS, R. LAWRENCE.

2015  ‘The Climate Variability in Northern Levant over the Past 20,000 Years’, Geophysical Research Letters 42:
8641-50.

CiviL, MIGUEL.



22

1994  The Farmer's Instructions. A Sumerian Agricultural Manual (Aula Orientalis Supplementum 5). Editorial
Ausa, Barcelona.

COLE, STEVEN W. & GASCHE, HERMANN.

1998  Second- and First-Millennium BC Rivers in Northern Babylonia, in Hermann Gasche & Michel Tanret (eds),
Changing Watercourses in Babylonia. Towards a Reconstruction of the Ancient Environment in Lower Mesopotamia.
University of Chicago Press, Chicago: 1-158.

CONNAN, JACQUES; CARTER, ROBERT; CRAWFORD, HARRIET; TOBEY, MARK; CHARRIE-DUHAUT, ARMELLE; JARVIE,
DAN; ALBRECHT, PIERRE & NORMAN, KIRSTY.

2005 ‘A Comparative Geochemical Study of Bituminous Boat Remains from H3, As-Sabiyah (Kuwait), and R-J 2,
Ra’s al-Jinz (Oman)’, Arabian Archaeology and Epigraphy 16: 21-66.

CONYERS, LAWRENCE B. & GOODMAN, DEAN.

1997  Ground-Penetrating Radar. An Introduction for Archaeologists. Altamira Press, Walnut Creek — London —
New Delhi.

COOKE, GARY A.

1987  ‘Reconstruction of the Holocene Coastline of Mesopotamia’, Geoarchaeology 2: 15-28.

CRESSEY, GEORGE B.
1958 ‘The Shatt al-Arab Basin’, The Middle East Journal 12: 448-60.

CULLEN, HEIDI M., DEMENOCAL, PETER B.; HEMMING, SIDNEY; HEMMING, GARY; BROWN, FRANCIS H.;
GUILDERSON, THOMAS P. & SIROCKO, FRANK.

2000 ‘Climate Change and the Collapse of the Akkadian Empire: Evidence from the Deep Sea’, Geology 28: 379-
82.

CUTHBERT, MARK O., BAKER, ANDY; JEX, CATHERINE N.; GRAHAM, PETER W.; TREBLE, PAULINE C.; ANDERSEN,
MARTIN S. & ACWORTH, R. IAN.

2014  ‘Drip Water Isotopes in Semi-Arid Karst: Implications for Speleothem Paleoclimatology’, Earth and Planetary
Science Letters 395: 194-204.

D’AGOSTINO, FRANCO; QUENET, PHILIPPE & RENDU LOISEL, ANNE-CAROLINE.
2020a ‘The First Campaign at Eridu, April 2019 (Project AMEr)’, Rivista degli Studi Orientali Nuova Serie 43: 65-90.

D’AGOSTINO, FRANCO; QUENET, PHILIPPE & RENDU LOISEL, ANNE-CAROLINE.

2023  ‘Tell Abu Shahrayn — Eridu : Les nouvelles recherches de I'équipe AMEr (2018-2021)’, in Nicolo Marchetti,
Michael Campeggi, Francesca Cavaliere, Claudia D’Orazio, Gabriele Giacosa & Eleonora Mariani (eds), Proceedings
of the 12" International Congress on the Archaeology of the Ancient Near East (06-09 April 2021, Bologna). Volume
1. Environmental Archaeology, Hammering the Material World, Cognitive Archaeology, Modeling the Past,
Networked Archaeology, Endangered Cultural Heritage. Harrassowitz, Wiesbaden: 161-175.

D’AGOSTINO, FRANCO & ROMANO, LICIA.



23

2020b  ‘Two New Inscribed Bricks from Abu Tbeirah (Southern Iraqg)’, in llya Arkhipov, Leonid Kogan & Natalia
Koslova (eds), The Third Millennium. Studies in Early Mesopotamia and Syria in Honor of Walter Sommerfeld and
Manfred Krebernik (Cuneiform Monographs 50). Brill, Leiden: 259-69.

DALONGEVILLE, REMI & SANLAVILLE, PAUL.

1987  ‘Confrontations des datations isotopiques aux données géomorphologique et archéologiques a propos des
variations relatives du niveau marin sur la rive arabe du Golfe Persique’, in Olivier Aurenche, Jacques Evin & Francis
Hours (eds), Chronologies in the Near East, Relative Chronologies and Absolute Chronology 16000-4000 BP. Colloque
international du CNRS (BAR International Series 379; Archaeological series 3). Archeopress, Oxford-Lyon: 567-84.

DANSGAARD, WILLI.
1964  ‘Stable Isotopes in Precipitation’, Tellus 16(4): 436-68.

DARRAS, LIONEL & VALLET, REGIS.

2021 ‘Magnetic Signatures of Urban Structures: Case Study from Larsa (lraqg, 6™-1% Millennium BC),
ArcheoSciences 45: 51-54.

DAY, CHRISTOPHER C. & HENDERSON, GIDEON M.

2013 ‘Controls on Trace-Element Partitioning in Cave-Analogue Calcite’, Geochimica et Cosmochimica Acta 120:
612-27.

DE GRUCHY, MICHELLE; DECKERS, KATLEEN & RIEHL, SIMONE.

2016 ‘A Diachronic Reconstruction of the Northern Mesopotamian Landscape (4" to 2" Millennia BCE) from
Three Separate Sources of Evidence. Journal of Archaeological Science: Reports 8: 250-67.

DELOUGAZ, PINHAS.

1940  The Temple Oval at Khafajah (Oriental Institute Publications 53). The University of Chicago Press, Chicago.

DEMIR, TUNCER; WESTAWAY, ROB; BRIDGLAND, DAVID & SEYREK, ALI.

2007  ‘Terrace Staircases of the River Euphrates in Southeast Turkey, Northern Syria and Western Iraq: Evidence
for Regional Surface Uplift’, Quaternary Science Reviews 26: 2844-63.

D1 GiIAcomo, GIACOMO & SCARDOZZI, GIUSEPPE.

2012 ‘Multitemporal High-Resolution Satellite Images for the Study and Monitoring of an Ancient Mesopotamian
City and its Surrounding Landscape: The Case of Ur’, International Journal of Geophysics 2012: 716296.

D1 RITA, FEDERICO & MAGRI, DONATELLA.
2019 ‘The 4.2ka Event in the Vegetation Record of the Central Mediterranean’, Climate of the Past 15: 237-51.

D@sSING, ARNE; LIMA SIMOES DA SILVA, EDUARDO; MARTELET, GUILLAUME; MAACK RASMUSSEN, THORKILD;
GLOAGUEN, ERIC; THEJLL PETERSEN, JACOB & LINDE, JOHANNES.

2021 ‘High-Speed, Light-Weight Scalar Magnetometer Bird for km Scale UAV Magnetic Surveying: On Sensor
Choice, Bird Design, and Quality of Output Data’, Remote Sensing 13: 649.

DOUKA, KATERINA.



24

2017  ‘Radiocarbon Dating of Marine and Terrestrial Shell’, in Michael J. Allen (ed.), Molluscs in Archaeology:
Methods, Approaches and Applications 3. Oxbow Books, Oxford: 381-99.

DREYBRODT, WOLFGANG & SCHOLZ, DENIS.

2011 ‘Climatic Dependence of Stable Carbon and Oxygen Isotope Signals Recorded in Speleothems: From Soil
Water to Speleothem Calcite’, Geochimica et Cosmochimica Acta 75: 734-52.

EDzARD, DIETZ O.

1993  ‘Meer. Mesopotamien’, in Dietz Otto Edzard (ed.), Reallexikon der Assyriologie, VIll/1-2. Walter De Gruyter,
Berlin - New York: 1-3.

EDzARD, DIETZ O. & FARBER, GERTRUD.

1974  Répertoire Géographique des Textes Cunéiformes 2. Die Orts- und Gewassernamen der Zeit der 3. Dynastie
von Ur (Tlbinger Atlas des Vorderen Orients, Reihe B). Dr Ludwig Reichert-Verlag, Wiesbaden.

EGBERTS, ELLA; JOTHERI, JAAFAR; DI MICHELE, ANGELO; AUZINA, DITA & REY, SEBASTIEN.

Forth. a ‘The Hydraulic Landscape of Girsu in its Environmental and Socio-Political Context’.

Forth. b ‘Shell Radiocarbon Dates from the City Channel System of Girsu and the Potential Impact of the Freshwater
Reservoir Effect’, Radiocarbon.

ELSIG, JOACHIM; SCHMITT, JOCHEN; LEUENBERGER, DAIANA; SCHNEIDER, ROBERT; EYER, MARC; LEUENBERGER,

MARKUS; JOOS, FORTUNAT; FISCHER, HUBERTUS & STOCKER, THOMAS F.

2009 ‘Stable Isotope Constraints on Holocene Carbon Cycle Changes from an Antarctic Ice Core’, Nature 461:
507-10.

ENGEL, M. & BRUCKNER, H.

2021 ‘Holocene climate variability of Mesopotamia and its impact on the history of civilisation’, In E. Ehlers & K.
Amirpur (Eds.), Middle East and North Africa: Climate, culture, and conflicts. Brill.

EVANS, GRAHAM.

1979 ‘The Development of the Mesopotamian Delta, Comments’, Geographical Journal 145: 529-31.

EVANS, JASON P. & SMITH, RONALD B.

2006  ‘Water Vapor Transport and the Production of Precipitation in the Eastern Fertile Crescent’, Journal of
Hydrometeorology 7: 1295-307.

EVANS, JASON P.; SMITH, RONALD B. & OGLESBY, ROBERT J.

2004  ‘Middle East Climate Simulation and Dominant Precipitation Processes’, International Journal of
Climatology 24: 1671-94.

FASSBINDER, JORG W. E.

2015  ‘Seeing Beneath the Farmland, Steppe and Desert Soil: Magnetic Prospecting and Soil Magnetism’, Journal
of Archaeological Science 56: 85-95.



25

2017  ‘Magnetometry for Archaeology’, Encyclopedia of Geoarchaeology, Encyclopedia of Earth Sciences Series:
499-514.

2020 ‘Beneath the Euphrates Sediments: Magnetic Traces of the Mesopotamian Megacity Uruk-Warka’, The
Ancient Near East Today 8: 1-11.

FASSBINDER, JORG W. E.; BECKER, HELMUT & VON Ess, MARGARETE.

2005  ‘Prospections magnétiques a Uruk (Warka). La cité, du roi Gilgamesh (Irak)’, Dossiers Archeologie 308: 20-
25.

FASSBINDER, JORG W. E. & GORKA, TOMASzZ H.

2009 ‘Beneath the Desert Soil - Archaeological Prospecting with a Caesium Magnetometer’, in Markus Reindel &
Glnther A. Wagner (eds), New Technologies for Archaeology: Multidisciplinary Investigations in Palpa and Nasca,
Peru. Springer, Berlin: 49-69.

FASSBINDER, JORG W. E.; HAHN, SANDRA E.; PARSI, MANDANA; BECKER, FLORINA; WOLF, MARCO; GAGOSIDZE,
IuLON & KANIUTH, KAlI.

2021  ‘Persian Residences in the Southern Caucasus: Latest Discoveries in the Periphery of the Achaemenid
Empire’, ArcheoSciences, Revue d'archéométrie 45: 117-27.

FASSBINDER, JORG W. E. & STANJEK, HELGE.

1993  ‘Occurrence of Bacterial Magnetite in Soils from Archaeological Sites’, Archeologia Polona 31: 117-28.

FASSBINDER, JORG W. E.; STANJEK, HELGE & VALI, HOJATOLLAH.
1990  ‘Occurrence of Magnetic Bacteria in Soil’, Nature 343: 161-63.

FASSBINDER, JORG W. E.; OSTNER, SANDRA; SCHEIBLECKER, MARION & PARSI, MANDANA.

2019a Geophysical Prospection Campaign 2019: Magnetometry and Earth Resistance Tomography (ERT) at the
Archaeological Site of Ur, Iraq (Unpublished report, Iraqgi State Board of Antiquities and Heritage, Iraq).

FASSBINDER, JORG W. E.; OSTNER, SANDRA; SCHEIBLECKER, MARION; PARSl, MANDANA & VAN Ess,
MARGARETE.

2019b ‘Venice in the Desert: Archaeological Geophysics on the World’s Oldest Metropolis Uruk-Warka, the City of
King Gilgamesh (lrag)’, in James Bonsall (ed.), New Global Perspectives on Archaeological Prospection. 13t
International Conference on Archaeological Prospection, 28 August - 1 September 2019, Sligo - Ireland. Archaeopress
Publishing, Oxford: 197-200.

FINSTER, BARBARA & SCHMIDT, JURGEN.

1976  Sasanidische und Friihislamische Ruinen im Iraq (Baghdader Mitteillungen 8). Gebruder Mann Verlag, Berlin.

FISCHER, RICHARD D.

2008 Historical Genesis: From Adam to Abraham. Rowman & Littlefield Publishers, Lanham.

FOHLMEISTER, JENS; VOARINTSOA, NY RIAVO G.; LECHLEITNER, FRANZzISKA A.; BoYD, MEIGHAN;
BRANDTSTATTER, SUSANNE; JACOBSON, MATTHEW J. & OSTER, JESSICA L.

2020  ‘Main Controls on the Stable Carbon Isotope Composition of Speleothems’, Geochimica et Cosmochimica
Acta 279: 67-87.



26

FORTI, LucA; ROMANO, LiciA; CELANT, ALESSANDRA; D’ AGOSTINO, FRANCO; DI RITA, FEDERICO; JOTHERI, JAFAR;
MAGRI, DONATELLA; MAZzINI, ILARIA; TENTORI, DANIEL & MILLI, SALVATORE.

2022 ‘The Paleoenvironment and Depositional Context of the Sumerian Site of Abu Tbeirah (Nasiriyah, Southern
Mesopotamia, Iraq)’, Quaternary Research 110: 165-83.

FRAME, GRANT.

2021  The Royal Inscriptions of Sargon Il, King of Assyria (721-705 BC) (Royal Inscriptions of the Neo-Assyrian
Period 2). Penn State University Press, Philadelphia.

FRAYNE, DOUGLAS R.

1997  Ur lll Period (2112-2004 BC) (The Royal Inscriptions of Mesopotamia: Early Periods 3/2). University of
Toronto Press, Toronto.

FRUMKIN, AMOS & STEIN, MORDECHAI.

2004  ‘The Sahara-East Mediterranean Dust and Climate Connection Revealed by Strontium and Uranium Isotopes
in a Jerusalem Speleothem’, Earth and Planetary Science Letters 217: 451-64.

GAFFNEY, CHIRS; GAFFNEY, VINCE; NEUBAUER, WOLFGANG; BALDWIN, EAMONN; CHAPMAN, HENRY P.;
GARWOOD, PAUL J.; MOULDEN, HELEN; SPARROW, TOM; BATES, C. RICHARD; LOCKER, KLAUS; HINTERLEITNER,
ALols; TRINKS, IMMO; NAU, ERICH; ZITZ, THOMAS; FLOERY, SEBASTIAN; VERHOEVEN, GEERT J. & DONEUS,
MICHAEL.

2012  ‘The Stonehenge Hidden Landscapes Project’, Archaeological Prospection 19: 147-55.

GARBRECHT, GUNTER.

1987  Hydraulics and Hydraulic Research: A Historical Overview. A.A. Balkema, Rotterdam.

GARZANTI, EDUARDO; AL-JUBOURY, ALI ISMAIL; ZOLEIKHAEI, YOUSEF; VERMEESCH, PIETER; JOTHERI, JAAFAR; BAL
AKKOCA, DIcLE; OBAID, AHMED KADHIM; ALLEN, MARK B.; ANDO, SERGIO; LIMONTA, MARA; PADOAN, MARTA;
RESENTINI, ALBERTO; RITTNER, MARTIN & VEzzOLI, GIOVANNI.

2016  ‘The Euphrates-Tigris-Karun River System: Provenance, Recycling and Dispersal of Quartz-Poor Foreland-
Basin Sediments in Arid Climate’, Earth-Science Reviews 162: 107-28.

GASCHE, HERMANN.

2004  ‘The Persian Gulf Shorelines and the Karkheh, Karun, and Jarrahi Rivers: A Geo-Archaeological Approach. A
Joint Belgo-Iranian Project. First Progress Report’, Akkadica 125: 141-215.

2005  ‘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’, Akkadica 126: 1-44.

2007  ‘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’, Akkadica 128: 1-72.

GASCHE, HERMANN & TANRET, MICHEL.

1998  Changing Watercourses in Babylonia. Towards a Reconstruction of the Ancient Environment in Lower
Mesopotamia (Mesopotamian History and Environment Series 2, Memoirs 5). University of Ghent and Oriental
Institute, Ghent - Chicago.



27

GEYER, BERNARD & SANLAVILLE, PAUL.

1996  ‘Nouvelle Contribution a I'étude géomorphologique de la région de Larsa (Iraq)’, in Jean-Louis Huot (ed.),
Oueili: Travaux de 1987 et 1989. Editions Recherche sur les Civilisations, Paris: 392-412.

GIBSON, MCGUIRE.

1972 The City and Area of Kish. Field Research Projects. Coconut Grove, Miami.

1974  ‘Violation of Fallow and Engineered Disaster in Mesopotamian Civilization’, in Thomas E. Downing &
McGuire Gibson (eds), Irrigation Impact on Society. The University of Arizona Press, Tucson: 7-20.

1995  ‘The Origin and Development of Sumerian Civilization and its Relation to Environment’, in Ito Shuntaro &
Yasuda Yoshinori (eds), Nature and Humankind in the Age of Environmental Crisis. International Research Center for
Japanese Studies, Kyoto: 1-27.

GILLETT, JAN B.

1981  ‘Botanical Samples’, in Fuad Safar, Mohammad Ali Mustafa & Seton Lloyd, Eridu. Republic of Irag Ministry
of Culture and Information State Organization of Antiquities and Heritage, Baghdad: 317-18.

GI0SAN, Liviu; CLIFT, PETER D.; MACKLIN, MARK G.; FULLER, DORIAN Q.; CONSTANTINESCU, STEFAN; DURCAN,
JULIE A.; STEVENS, THOMAS; DULLER, GEOFF A. T.; TABREZ, ALl R.; GANGAL, KAVITA; ADHIKARI, RONOJOY;
ALizAl, ANWAR; FILIP, FLORIN; VANLANINGHAM, SAM & SYVITSKI, JAMES P. M.

2012  ‘Fluvial Landscapes of the Harappan Civilization’, Proceedings of the National Academy of Sciences 109:
€1688-e1694.

GI0SAN, Liviu; CONSTANTINESCU, STEFAN; FILIP, FLORIN & DENG, BING.

2013 ‘Maintenance of Large Deltas Through Channelization: Nature vs. Humans in the Danube Delta’,
Anthropocene 1: 35-45.

GI0SAN, Liviu; NAING, THET; MIN TuN, MYoO; CLIFT, PETER D.; FiLiP, FLORIN; CONSTANTINESCU, STEFAN;
KHONDE, NITESH; BLUSZTAJN, JERZY; BUYLAERT, JAN-PIETER; STEVENS, THOMAS & THWIN, SWE.

2018  ‘On the Holocene Evolution of the Ayeyawady Megadelta’, Earth Surface Dynamics 6: 451-66.

GIVEHCHI, RAHELEH; ARHAMI, MOHAMMAD & TAJRISHY, MASSOUD.

2013  ‘Contribution of the Middle Eastern Dust Source Areas to PM10 Levels in Urban Receptors: Case Study of
Tehran, Iran’, Atmospheric Environment 75: 287-95.

GOEDE, ALBERT; McCuLLOCH, MALcOLM; MCDERMOTT, FRANK & HAWKESWORTH, CHRIS.

1998  ‘Aeolian Contribution to Strontium and Strontium Isotope Variations in a Tasmanian Speleothem’, Chemical
Geology 149: 37-50.

GOODMAN, REED; RENETTE, STEVE & CARTER, ELIZABETH.

in press ‘Combining Heritage Data with Digital Technologies: the al-Hiba Survey Reconsidered’, in Davide Nadali,
Holly Pittman & Andrea Polcaro (eds), Ancient Lagash: Current Research and Future Trajectories. Proceedings of
theWorkshop held at 10" ICAANE. Austrian Academy of Sciences Press, Vienna.

GRECO, ANGELA.



28

2015  Garden Administration in the Girsu Province during the Neo-Sumerian Period (Biblioteca del Préximo Oriente
Antiguo 12). Consejo Superior de Investigaciones Cientificas, Madrid.

2020 ‘The Taming of the Wilderness: Marshes as an Economic Resource in 3™ Millennium BC Southern
Mesopotamia’, Water History 12(1): 23-38.

2021a ‘Whips and Boats. On Hunters and Fishermen in Third Millennium Southern Mesopotamia’, Archiv
Orientdlni 89(3): 483-512.

2021b ‘Neglected Source of Prosperity: Marsh Resources and the Role of the enku in Third Millennium BC
Mesopotamia’, in Palmiro Notizia, Annunziata Rositani & Lorenzo Verderame (eds), Nisaba zas-miz: Ancient Near
Eastern Studies in Honor of Francesco Pomponio (DUBSAR 19). Zaphon, Muinster: 95-115.

GUNATILAKA, ANANDA.
1986 ‘Kuwait and the Northern Arabian Gulf: A Study in Quaternary Sedimentation’, Episodes 9: 223-31.

HAHN, SANDRA E.; FASSBINDER, JORG W. E.; OTTO, ADELHEID; EINWAG, BERTHOLD & AL-HUSSAINY, ABBAS ALI.

2022  ‘Revisiting Fara - Comparison of Magnetometer Survey Results with Earliest Excavations in Ancient
Suruppak from 120 Years Ago’, Archaeological Prospection 29, 623-35.

HALL, HENRY R.

1923 ‘Ur and Eridu: The British Museum Excavations of 1919’, Journal of Egyptian Archaeology 9: 177-95.
1924  ‘Notes on the Excavations of 1919 at Mugayyar, el- ‘Obeid, and Abu Shahrein’, Journal of the Royal Asiatic
Society of Great Britain and Ireland 56, Centenary Supplement: 103-15.

1930 A Season’s Work at Ur, al-Ubaid, Abu Shahrain (Eridu) and Elsewhere. Routledge, London.

1950 Ancient History of the Near East from the Earliest Times to the Battle of Salamis (with thirty-three plates
and fourteen maps; originally published 1913; revised 1920, 1924, and 1927; revised by Cyril John Gadd 1932; 11t
edition). Routledge, London.

HALL, HENRY R. & WOOLLEY, CHARLES L.

1927 Ur Excavations 1. Al- ‘Ubaid. Museum of the University of Pennsylvania / Oxford University Press, Oxford.

HALLO, WiLLIAM W.
1971 ‘Antediluvian Cities’, Journal of Cuneiform Studies 23: 57-67.

HAMIDI, MEHDI; KAVIANPOUR, MOHAMMAD R. & SHAO, YAPING.

2013 ‘Synoptic Analysis of Dust Storms in the Middle East’, Asia-Pacific Journal of Atmospheric Sciences 49: 279-
86.

HAMMER, EMILY.

2019 ‘The City and Landscape of Ur: An Aerial, Satellite, and Ground Reassessment’, Irag 81: 173-206.

HANSMAN, JOHN F.
1978  ‘The Mesopotamian Delta in the First Millennium BC’, The Geographical Journal 144: 49-61.



29

HEIMPEL, WOLFGANG.
1987a ‘Das Untere Meer’, Zeitschrift fiir Assyriologie 77: 22-91.

1987b  ‘The Natural History of the Tigris According to the Sumerian Literary Composition Lugal’, Journal of Near
Eastern Studies 46: 309-17.

1990 ‘Ein zweiter Schritt zur Rehabilitierung der Rolle des Tigris in Sumer’, Zeitschrif fiir Assyriologie und
Vorderasiatische Archéologie 80: 204-13.

HEINRICH, ERNST & ANDRAE, WALTER.

1931  Fara. Ergebnisse der Ausgrabungen der Deutschen Orient-Gesellschaft in Fara und Abu Hatab 1902/03,
Staatliche Museen zu Berlin, Berlin.

HELLSTROM, JOHN.

2003 ‘Rapid and Accurate U/Th Dating Using Parallel lon-Counting Multi-Collector ICP-MS’, Journal of Analytical
Atomic Spectrometry 18: 1346.

2006  ‘U-Th Dating of Speleothems with High Initial 230Th Using Stratigraphical Constraint’, Quaternary
Geochronology 1: 289-95.

HERSBACH, HANS; BELL, BRIAN; BERRISFORD, PAUL; BIAVATI, GIANPIERO; HORANYI, ATTILA; MUNOZ SABATER,
JoAQuUiN; NicoLAS, JARLATH; PEUBEY, CEDRIC; RADU, RALUCA; RozuMm, IVAN; SCHEPERS, DIDIER; SIMMONS,
ADRIAN; Socl, CORNEL; DEE, DicK; THEPAUT, JEAN-NOEL.

2019  ERA5 Monthly Averaged Data on Single Levels from 1959 to Present. Copernicus Climate Change Service
(C3S) Climate Data Store (CDS). (Accessed on 30-08-2022), 10.24381/cds.f17050d7.

HESSE, ALBERT.

1965  Prospections géophysiques a faible profondeur applications a I'archéologie. CNRS-publication, Dunaud,
Paris.

HEYVAERT, VANESSA M. A. & BAETEMAN, CECILE.

2008 ‘A Middle to Late Holocene Avulsion History of the Euphrates River: A Case Study from Tell ed-Dér, Iraq,
Lower Mesopotamia’, Quaternary Science Reviews 27: 2401-10.

HEYVAERT, VANESSA M.A.; WALSTRA, JAN; VERKINDEREN, PETER; WEERTS, HENK J.T. & OOGHE, BART.

2012 ‘The Role of Human Interference on the Channel Shifting of the Karkheh River in the Lower Khuzestan Plain
(Mesopotamia, SW Iran)’, Quaternary International 251: 52-63.

HOFFMANN, DIRK L.; PRYTULAK, JULIE; RICHARDS, DAVID A.; ELLIOTT, TiM; COATH, CHRISTOPHER D.; SMART,
PETER L. & ScHOLz, DENIS.

2007 ‘Procedures for Accurate U and Th Isotope Measurements by High Precision MC-ICPMS’, International
Journal of Mass Spectrometry 264: 97-109.

HoiATI, SAEID; KHADEMI, HOSSEIN; CANO, ANGEL FAZ & LANDI, AHMAD.

2012  ‘Characteristics of Dust Deposited Along a Transect Between Central Iran and the Zagros Mountains’,
CATENA 88: 27-36.



30

HOMMEL, FRITZ.

1926  Ethnologie und Geographie des alten Orients (Handbuch der Altertumswissenschaft 3, Abteilung 1, Teil 1
Band). C. H. Beck'sche Verlagsbuchhandlung, Miinchen.

HRITZ, CARRIE.

2005  Landscape and Settlement in Southern Mesopotamia: A Geo-Archaeological analysis (unpublished Doctoral
Thesis, University of Chicago).

2010  ‘Tracing Settlement Patterns and Channel Systems in Southern Mesopotamia Using Remote Sensing’,
Journal of Field Archaeology 35: 184-203.

HRITZ, CARRIE & POURNELLE, JENNIFER R.

2016  ‘Feeding History: Deltaic Resilience, Inherited Practice, and Millennial-Scale Sustainability in an Urbanized
Landscape’, in H. Thomas Foster Il, Lisa M. Paciulli & David J. Goldstein (eds), Viewing the Future in the Past: Historical
Ecology Applications to Environmental Issues. University of South Carolina Press, Columbia: 59-85.

HRITZ, CARRIE; POURNELLE, JENNIFER R.; ALBADRAN, BADIR; IsSA, BUSHRA MAJEED & AL-HANDAL, ADIL.

2012a ‘Mid-Holocene Dates for Organic-Rich Sediment, Palustrine Shell, and Charcoal from Southern Iraq’,
Radiocarbon 54: 65-79.

HRITZ, CARRIE; POURNELLE, JENNIFER & SMITH, JENNIFER.

2012b  ‘Revisiting the Sealands: Report of Preliminary Ground Reconnaissance in the Hammar District, Dhi Qar and
Basra Governorates, Iraq’, Iraq 74: 37-49.

HRUSKA, BLAHOSLAV.

1988 ‘Die Bewadsserungsanlagen in den altsumerischen Konigsinschriften von Laga$’, Bullettin of Sumerian
Agriculture 4 (Irrigation and Cultivation in Mesopotamia 1): 61-72.

HuUH, Su KYUNG.

2008  Studien zur Region Lagas: Von der Zeit der ubaid-bis zur altbabyloniaschen Zeit. Ugarit Verlag, Minster.

HULIN, GUILLAME; MANEUVRIER, CHRISTOPHE; VINCENT, JEAN-BAPTISTE. & TABBAGH, ALAIN.

2015 ‘What Exists Beneath the Place Where Conrad Schlumberger Achieved the First (1912) Electrical
Prospection Experiment’, Near Surface Geoscience 2015 - 21st European Meeting of Environmental and Engineering
Geophysics, Sep 2015: 1-5.

HUNEBURG, LAURA; HOELZMANN, PHILIPP; KNITTER, DANIEL; TEICHERT, BERND; RICHTER, CHRISTIANE;

LOTHGENS, CHRISTOPHER; ALSAUD, ABDULLAH S. & LUCIANI, MARTA.

2019 ‘Living at the Wadi - Integrating Geomorphology and Archaeology at the Oasis of Qurayyah (NW Arabia)’,
Journal of Maps 15: 215-26.

HUNG, NGUYEN N.; DELGADO, JOSE M.; TRI, VO KHAC; HUNG, LE MANH; MERZ, BRUNO; BARDOSSY, ANDRAS &
APEL, HEIKO.

2012  ‘Floodplain Hydrology of the Mekong Delta, Vietnam’, Hydrological Processes 26: 674-86.

HuoT, JEAN-LOUIS.



31

1992 ‘The First Farmers at Oueilli’, The Biblical Archaeologist 55: 188-95.

HussAIN, NAJAH A. & TAHER, MOSTAFA A.

2007 ‘Effects of Daily Variations, Diurnal Fluctuations, and Tidal Stage on Water Parameters of East Hammar
Marshland, Sothern Iraq’, Marsh Bulletin 2: 32-42.

ISAEV, VITALII A. & MIKHAILOVA, MARIA V.

2009 ‘The Hydrography, Evolution, and Hydrological Regime of the Mouth Area of the Shatt al-Arab River’, Water
Resources 36: 380.

IVANOVICH, MiLOSH, & HARMON, RUSSEL S. (EDS).

1992 Uranium-Series Disequilibrium: Applications to Earth, Marine, and Environmental Sciences, 2™ ed.
Clarendon Press, Oxford.

IVANOVICH, MILOSH; VITA-FINZzI, CLAUDIO & HENNIG, GERD J.

1983 ‘Uranium-Series Dating of Mollusks from Uplifted Holocene Beaches in the Persian Gulf’, Nature 302: 408-
10.

JACOBSEN, THORKILD.

1958  ‘La géographie et les voies de communication du pays de Sumer’, Revue d’assyriologie et d’archéologie
orientale 52: 127-29.

1960 ‘The Waters of Ur’, Iraq 22: 174-85.
1969 ‘A Survey of the Girsu (Telloh) Region’, Sumer 25: 103-09.

JAMIESON, ROBERT A.; BALDINI, JAMES U.L.; FRAPPIER, AMY B. & WOLFGANG, MULLER.

2015  ‘Volcanic Ash Fall Events Identified Using Principal Component Analysis of a High-Resolution Speleothem
Trace Element Dataset’, Earth and Planetary Science Letters 426: 36-45.

JANKOWSKI-DIAKONOFF, ALEXEI |.; CALDERBANK, DANIEL; JOTHERI, JAAFAR & NAVIKOV, VASILIY V.

2020  ‘Pe3synbTaTbl NPO6GHOro ce30Ha POCCUIMCKO-UPAKCKOM aKcneauumm Ha Tenne Oexaiina-1’ [Results of the Test
Season of the Iraqgi-Russian Expedition at Tell Dehaila-1], Bocmok (Oriens) 2020: 9-21.

JASsIM, RAFA'A Z.

2009  ‘Mineral Resources and Occurrences’, Iraqgi Bulletin of Geology and Mining Special Issue 2: 93-106.

JASSIM, SAAD Z. S. & GOFF, JEREMY.

2006  Geology of Irag. Dolin, Prague - Brno.

JEROLMACK, DOUGLAS J.

2009  ‘Conceptual Framework for Assessing the Response of Delta Channel Networks to Holocene Sea Level Rise’,
Quaternary Science Reviews 28: 1786-800.

JONES, ALISON P.; TUCKER, MAURICE E. & HART, JANE (EDS).

1999 The Description and Analysis of Quaternary Stratigraphic Field Sections (Technical Guide 7). Quaternary
Research Association, London.



32

JONES, JAMES F.

1857  Memoirs. Steam-Trip to the North of Baghdad, in April, 1846, with Notes on Various Objects of Interest en
Route. Journey for the Purpose of Determining the Tract of the Ancient Nahrwan Canal, Undertaken in April 1848,
with a Glance at the Past History of the Territory of the Nahrwan. Journey to the Frontier of Turkey and Persia,
through a Part of Kurdistan. Researches in the Vicinity of the Median Wall of Xenophon, and Along the Old Course of
the River Tigris, and Discovery of the Site of the Ancient Opis. Memoir on the Province of Baghdad. Notes on the
Topography of Ninevah, and the Other Cities of Assyria, and on the General Geography of the Country Between the
Tigris and the Upper Zab, Founded upon a Trigonometrical Survey Made in the Year 1852, Compiled and Edited by R.
Hughes Thomas (Selections from the Records of the Bombay Government, New Series 43). Bombay Education
Society's Press, Bombay.

JONES, HAZEL L. & HAJEK, ELIZABETH A.

2007 ‘Characterizing Avulsion Stratigraphy in Ancient Alluvial Deposits’, Sedimentary Geology 202: 124-37.

JORDANOVA, NELI.

2016  Soil Magnetism. Applications in Pedology, Environmental Science and Agriculture. Academic Press,
Amsterdam.

JOTHERI, JAAFAR.

2016  Holocene Avulsion History of the Euphrates and Tigris Rivers in the Mesopotamian Floodplain (unpublished
Doctoral thesis, Durham University).

2019  ‘The Environment and Landscape Archaeology of the Abu Tbeirah Region’, in Licia Romano, Franco
D’Agostino (eds), Abu Tbeirah Excavations |. Area 1. Last Phase and Building A - Phase 1. Sapienza Universita Editrice,
Roma: 49-58.

JOTHERI, JAAFAR & ALLEN, MARK B.

2020  ‘Recognition of Ancient Channels and Archaeological Sites in the Mesopotamian Floodplain Using Satellite
Imagery and Digital Topography’, in Daniel Lawrence, Mark Altaweel & Graham Philip (eds), New Agendas in Remote
Sensing and Landscape Archaeology in the Near East: Studies in Honor of Tony J. Wilkinson. Archaeopress, Oxford:
283-305.

JOTHERI, JAAFAR; ALLEN, MARC B. & WILKINSON, TONY. J.

2016 ‘Holocene Avulsions of the Euphrates River in the Najaf Area of Western Mesopotamia: Impacts on Human
Settlement Patterns’, Geoarchaeology 31: 175-93.

JOTHERI, JAAFAR; ALTAWEEL, MARK; TuJI, AKIHIRO; ANMA, RYO; PENNINGTON, BENJAMIN; ROST, STEPHANIE &
WATANABE, CHIKAKO.

2018  ‘Holocene Fluvial and Anthropogenic Processes in the Region of Uruk in Southern Mesopotamia’,
Quaternary International 483: 57-69.

JOTHERI, JAAFAR; DE GRUCHY, MICHELLE W.; ALMALIKI, ROLA & FEADHA, MALATH.

2019  ‘Remote Sensing the Archaeological Traces of Boat Movement in the Marshes of Southern Mesopotamia’,
Remote Sensing 11: 2474.

KASSLER, PETER.



33

1973  ‘The Structural and Geomorphic Evolution of the Persian Gulf’, in Bruce H. Purser (ed.), The Persian Gulf.
Springer-Verlag, New York: 11-32.

KATTENBERG, ALETTE E. & AALBERSBERG, GERARD.

2004  ‘Archaeological Prospection of the Dutch Perimarine Landscape by Means of Magnetic Methods’,
Archaeological Prospection 11: 227-35.

KAuUB, LEON; KELLER, GORDON; BOULIGAND, CLAIRE & GLEN, JONATHAN M. G.

2021  Magnetic Surveys with Unmanned Aerial Systems: Software for Assessing and Comparing the Accuracy of
Different Sensor Systems, Suspension Designs and Compensation Methods, Geochemistry, Geophysics, Geosystems
22:e2021GC0O09745.

KENNETT, DOUGLAS J. & KENNETT, JAMES P.

2006 ‘Early State Formation in Southern Mesopotamia: Sea Levels, Shorelines, and Climate Change’, The Journal
of Island and Coastal Archaeology 1: 67-99.

KENOYER, JONATHAN M.
1989-90 ‘Shell Artifacts from Lagash’, Sumer 46: 62-67.

KLEINHANS, MAARTEN G.; WEERTS, HENK J. T. & COHEN, Kim M.

2010  ‘Avulsion in Action: Reconstruction and Modelling Sedimentation Pace and Upstream Floodwater Levels
Fllowing a Medieval Tidal-River Diversion Catastrophe (Biesbosch, The Netherlands, 1421-1750 AD)’,
Geomorphology 118: 65-79.

KoucHouKos, NICHOLAS.

1999 Landscape and Social Change in Late Prehistoric Mesopotamia (unpublished Doctoral thesis, Yale
University).

KRAUS, MARY J. & WELLS, TINA M.

1999  ‘Recognizing of Avulsion Deposits in the Ancient Stratigraphic Record’, in Norman D. Smith & John Rogers
(eds), Fluvial Sedimentology VI: International Association of Sedimentologists Special Publication 28: 251-70.

KReiBICH, HEIDI; PIROTH, KIRSTEN; SEIFERT, IRIS; MAIWALD, HAUKE; KUNERT, UWE; SCHWARZ, JURGEN; MERZ,
BRUNO & THIEKEN, ANNEGRET H.

2009 ‘Is Flow Velocity a Significant Parameter in Flood Damage Modelling?’, Natural Hazards and Earth System
Sciences 9: 1679-92.

LACHNIET, MATTHEW S.

2009 ‘Climatic and Environmental Controls on Speleothem Oxygen-Isotope Values’, Quaternary Science Reviews
28:412-32.

LAMBECK, KURT.

1996 ‘Shoreline Reconstructions for the Persian Gulf Since the Last Glacial Maximum’, Earth and Planetary
Science Letters 142: 43-57.

LANGDON, STEPHEN.



34

1930  ‘Excavations at Kish, 1928-9’, The Journal of the Royal Asiatic Society of Great Britain and Ireland 3: 601-10.

LARKIN, ZACCHARY T.; TOOTH, STEPHEN; RALPH, TIMOTHY J.; DULLER GEOFF A. T.; MCCARTHY, TERENCE; KEEN-
ZEBERT, AMANDA & HUMPHRIESE, MARK S.

2017 ‘Timescales, Mechanisms, and Controls of Incisional Avulsions in Floodplain Wetlands: Insights from the
Tshwane River, Semiarid South Africa’, Geomorphology 283: 158-72.

LARSEN, CURTIS E.

1975  ‘The Mesopotamian Delta Region: A Reconsideration Lees and Falcon’, Journal of the American Oriental
Society 95: 43-57.

LARSEN, CURTIS E. & EVANS, GRAHAM.

1978 ‘The Holocene Geological History of the Tigris-Euphrates-Karun Delta’, in William C. Brice (ed.), The
Environmental History of the Near and Middle East Since the Last Ice Age. Academic Press, London: 227-44.

LAURSEN, STEFFEN & STEINKELLER, P1OTR.

2017  Babylonia, the Gulf Region, and the Indus: Archaeological and Textual Evidence for Contact in the Third and
Early Second Millennium BC. Eisenbrauns, Winona Lake.

LAWRENCE, DAN; PALMISANO, ALESSIO & DE GRUCHY, MICHELLE W.

2021 ‘Collapse and Continuity: A Multi-Proxy Reconstruction of Settlement Organization and Population
Trajectories in the Northern Fertile Crescent During the 4.2kya Rapid Climate Change Event’, PLOS ONE 16:
€0244871.

LAWRENCE, DAN.

2021 ‘Climate change and early urbanism in Southwest Asia’, Wiley Interdisciplinary Reviews: Climate Change, 13(1):
e741.

LAWRENCE, DAN & WILKINSON, TONY J.

2015 ‘Hubs and Upstarts: Pathways to Urbanism in the Northern Fertile Crescent’, Antiquity 89: 328-44.

LE BORGNE, EUGENE.

1955 ‘Susceptibilité magnétique anormale du sol superficiel’, Annales de Geophysique 11: 399-419.

LECOMPTE, CAMILLE & SAUVAGE, MARTIN.

2021  ‘La Mésopotamie méridionale a I'époque de Fara’, in Martin Sauvage (ed.), Atlas historique du Proche-
Orient Ancien, Institut Frangais du Proche-Orient and Les Belles Lettres, Beirut - Paris: Pl. 65.

LEES, GEORGE M. & NORMAN L. FALCON.

1952  ‘The Geographical History of the Mesopotamian Plains’, The Geographical Journal 118: 24-39.

LEGRANDE, ALLEGRA N. & SCHMIDT, GAVIN A.

2006  ‘Global Gridded Data Set of the Oxygen Isotopic Composition in Seawater’, Geophysical Research Letters
33:1L12604.



35

LENORMANT, FRANCOIS.

1874  La Magie chez les Chaldéens et les origines accadiennes: Les Science Occultes en Asie. Maisonneuve, Paris.

LEWIN, JOHN & ASHWORTH, PHILIP J.

2014  ‘The Negative Relief of Large River Floodplains’, Earth-Science Reviews 129: 1-23.

LINFORD, NEIL; LINFORD, PAUL; MARTIN, LOCKHEED & PAYNE, ANDREW.

2007  ‘Recent Results from the English Heritage Caesium Magnetometer System in Comparison with Recent
Fluxgate Gradiometers’, Archaeological Prospection 14: 151-66.

LISMAN, JAN J. W.
2013  Cosmogony, Theogony and Anthropogeny in Sumerian Texts (Alter Orient und Altes Testament 409). Ugarit-

Verlag, Minster.

LLoYD, SETON.

1947 ‘The Oldest City: A Pre-Sumerian Temple Discovered at Prehistoric Eridu’, lllustrated London News May 31:
581-83.
1948 ‘The Oldest City of Sumeria: Establishing the Origins of Eridu’, lllustrated London News Sept. 11: 303-05.

1960  ‘Ur-al 'Ubaid, 'Ugair and Eridu. An Interpretation of Some Evidence from the Flood-Pit’, Iraq 22: 23-31.
1963  Mounds of the Near East. Edinburgh University Press, Edinburgh.
1974 ‘Abu Shahrein: A Memorandum’, Iraq 36: 129-38.

1984  The Archaeology of Mesopotamia, from the Old Stone Age to the Persian Conquest (revised edition, first
published 1978). Thames and Hudson, London.

LLOoYD, SETON & SAFAR, FUAD.

1948a VLA N AEY A ansall g )l (8 Aalall dapadl) SBY) 4 pae <y 4 [Excavations of the Directorate General of
Archaeological Antiquities in Eridu. Second Season, 1947-1948], Sumer 4: 276-83.

1948b ‘Eridu. A Preliminary Communications [sic] on the Second Season’s Excavations, 1947-48’, Sumer 4: 115-
27.

LoFTuSs. WiLLIAM K.

1857 Travels and Researches in Chaldaea and Susiana. Robert Carter & Brothers, New York.

MACFAYDEN, WiLLIAM A. & VITA-FINzI, CLAUDIO.

1978 ‘Mesopotamia: The Tigris-Euphrates Delta and its Holocene Hammar Fauna’, Geological Magazine 115: 277-
300.

MAKASKE, BART.

1998  Anastomosing Rivers; Forms, Processes and Sediments (Nederlandse Geografische Studies 249). Koninklijk
Nederlands Aardrijkskundig Genootschap/Faculteit Ruimtelijke Wetenschappen, Universiteit Utrecht, Utrecht.



36

2001  ‘Anastomosing Rivers: A Review of Their Classification, Origin and Sedimentary Products’, Earth Science
Reviews 53: 149-96.

MALLOWAN, MAX E.
1964 ‘Noah's Flood Reconsidered’, Iraq 26: 62-83.

MANN, JAMES S.

1921  An Administrator in the Making, James Saumarez Mann, 1893-1920. Longmans, Green and Co., London-
New York.

MARKOWSKA, MONIKA; BAKER, ANDY; ANDERSEN, MARTIN S.; JEX, CATHERINE N.; CUTHBERT, MARK O.; RAU,
GABRIEL C.; GRAHAM, PETER W.; RUTLIDGE, HELEN; MARIETHOZ, GREGOIRE; MARJO, CHRISTOPHER E.; TREBLE,
PAULINE C. & EDWARDS, NERILEE.

2016 ‘Semi-Arid Zone Caves: Evaporation and Hydrological Controls on 6180 Drip Water Composition and
Implications for Speleothem Paleoclimate Reconstructions’, Quaternary Science Reviews 131: 285-301.

MARTIN, HARRIET P.
1983  ‘Settlement patterns at Shuruppak’, Iraq 45: 24-31.

1988  Fara: A Reconstruction of the Ancient Mesopotamian City of Shuruppak. Chris Martin, Birmingham.

MATHE, VIVIEN; LEVEQUE, FRANCOIS & DRUEZ, MARION.

2009 ‘What Interest to Use Caesium Magnetometer Instead of Fluxgate Gradiometer?’, ArcheoSciences, revue
d’archéométrie (suppl.) 33: 325-27.

McMAHON, AUGUSTA.

2020  ‘Early Urbanism in Northern Mesopotamia’, Journal of Archaeological Research 28: 1-49.

MiALL, ANDREW D.

1996  The Geology of Fluvial Deposits. Sedimentary Facies, Basin Analysis, and Petroleum Geology. Springer,
Berlin.

MIDDLETON, NIcK J.

1986 The Geography of Dust Storms (unpublished Doctoral thesis, University of Oxford).

MiLLI, SALVATORE & FORTI, LUCA.

2019 ‘Geology and Palaeoenvironment of Nasiriyah Area/Southern Mesopotamia’, in Licia Romano & Franco
D’Agostino (eds), Abu Tbeirah Excavations I. Area 1: Last Phase and Building A - Phase 1. Sapienza Universita Editrice,
Rome: 19-38.

MOHRIG, DAVID; HELLER, PAUL L.; PAOLA, CHRIS & LYONS, WILLIAM J.

2000  ‘Interpreting Avulsion Process from Ancient Alluvial Sequences: Guadalope-Matarranya System (Northern
Spain) and Wasatch Formation (Western Colorado)’, GSA Bulletin 112: 1787-803.

MOOREY, PETER ROGER S.
1966 ‘A Re-Consideration of the Excavations on Tell Ingharra (East Kish), 1923-33’, Iraq 28: 18-51.



37

1982 Ur ‘of the Chaldees’. Cornell University Press, New York.

MORI, LUCIA.

2020  ‘“Water and Power”: What is Left? An Introduction to the Workshop “Waterscapes: New Perspectives on
Hydrocultural Landscapes in the Ancient Near East”’, Water History 12: 11-22.

MOROzZOVA, GALINA S.

2005 ‘A Review of Holocene Avulsions of the Tigris and Euphrates Rivers and Possible Effects on the Evolution of
Civilizations in Lower Mesopotamia’, Geoarchaeology 20: 401-23.

2022  ‘Autocyclic (Avulsion-Induced) Base-Level Change, its Upstream and Downstream Controls, and Effects on
Floodbasin Sedimentation: The 1870s Avulsion of the Saskatchewan River, Cumberland Marshes, Canada’, Earth
Surface Processes and Landforms 47: 308-27.

MUDAR, KAREN.

1982  ‘Early Dynastic lll Animal Utilization in Lagash: A Report on the Fauna of Tell Al-Hiba’, Journal of Near Eastern
Studies 41: 23-34.

MULLINS, CHRISTOPHER E.

1977 ‘Magnetic Susceptibility of Soils and its Significance in Soil Science - A Review’, Journal of Soil Science 28:
223-46.

MUTHUKUMARAN, SURESHKUMAR.

2016  An Ecology of Trade: Tropical Asian Cultivars in the Ancient Middle East and the Eastern Mediterranean
(unpublished Doctoral thesis, University College London).

NANSON, GERALD C.& KNIGHTON, DAVID.

1996 ‘Anabranching Rivers, Their Cause, Character and Classification’, Earth Surface Processes and Landforms 21.:
217-39.

NOTARO, MICHAEL; YU, YAN & KALASHNIKOVA, OLGA V.

2015  ‘Regime Shift in Arabian Dust Activity, Triggered by Persistent Fertile Crescent Drought’, Journal of
Geophysical Research: Atmospheres 120: 10,229-49.

NOUTZEL, WERNER.
1980  ‘Lag Ur einst am Meer?’, Mitteilungen der Deutschen Orient-Gesellschaft 112: 95-102.

OATES, JOAN.
1960  ‘Ur and Eridu, the Prehistory’, Irag 22: 32-50.

OPPERT, JULES.

1863  Expédition scientifique en Mésopotamie, exécutée par ordre du gouvernement de 1851 a 1854 par MM.
Fulgence Fresnel, Félix Thomas et Jules Oppert publiée sous les auspices de S.E.M. le Ministre d’Etat et de la Maison
de I'Empereur. Tome I: relation du voyage et résultats de I’expédition. Impr. Impériale, Paris.

1870 Les Inscriptions de Dour-Sarkayan (Khorsabad) provenant des fouilles de M. Place, déchiffrées et
interprétées. Impr. impériale, Paris.



38

OTTO, ADELHEID & EINWAG, BERTHOLD.

2020  ‘The Survey at Fara - Suruppak 2016-2018’, in Adelheid Otto, Michael Herles & Kai Kaniuth (eds),
Proceedings of the 11%" International Congress on the Archaeology of the Ancient Near East, Volume 2. Harrassowitz
Verlag, Wiesbaden: 293-306.

OTTO, ADELHEID; EINWAG, BERTHOLD; AL-HUSSAINY, ABBAS; JAWDAT, JACOB A. H.; FINK, CHRISTOPH & MAAR,
HARDY.

2018  ‘Destruction and Looting of Archaeological Sites between Fara / Suruppak and I18an Bahriyat / Isin: Damage
Assessment During the Fara Regional Survey Project FARSUP’, Sumer 64: 35-48.

PAPE, JAMES R.; BANNER, JAY L.; MACK, LAWRENCE E.; MUSGROVE, MARYLYNN & GUILFOYLE, AMBER.

2010  ‘Controls on Oxygen Isotope Variability in Precipitation and Cave Drip Waters, Central Texas, USA’, Journal
of Hydrology 385: 203-15.

PARSI, MANDANA; FASSBINDER, JORG W. E.; PAPADOPOULOS, NIKOS; SCHEIBLECKER, MARION & OSTNER,
SANDRA.

2019  ‘Revealing the Hidden Structure of the Ancient City Ur (Iraq) with Electrical Resistivity Tomography, New
Global Perspectives on Archaeological Prospection’, in James Bonsall (ed.), 13" International Conference on
Archaeological Prospection, 28 August - 1 September 2019, Sligo, Ireland. Archaeopress Publishing Ltd, Oxford: 206-
8.

PEDERSEN, OLOF.
2021  Babylon. The Great City, Miinster.

PELLAT, CHARLES & LONGRIGG, STEPHEN H.

1960 ‘al-Basra’, in Encyclopédie de [Ilslam 1 (2" edition) Brill. Consulted online on 16 July 2020,
http://dx.doi.org.acces-distant.bnu.fr/10.1163/1573-3912_islam_COM_0103.

PENNINGTON, BENJAMIN T.; BUNBURY, JUDITH & HovIus, NIELS.

2016 ‘Emergence of Civilization, Changes in Fluvio-Deltaic Style, and Nutrient Redistribution Forced by Holocene
Sea-Level Rise’, Geoarchaeology 31: 194-210.

PENNINGTON, BENJAMIN T.; STURT, FRASER; WILSON, PENELOPE; ROWLAND, JOANNE & BROWN, TONY G.

2017 ‘The Fluvial Evolution of the Holocene Nile Delta’, Quaternary Science Reviews 170: 212-31.

PHILIPPSEN, BENTE.

2013  ‘The Freshwater Reservoir Effect in Radiocarbon Dating’, Heritage Science 1: 24.

PHILIPPSEN, BENTE & HEINEMEIER, JAN.

2013 ‘Freshwater Reservoir Effect Variability in Northern Germany’, Radiocarbon 55: 1085-101.

PIGATI, JEFFREY S.; MCGEEHIN, JOHN P.; MuHs, DANIEL R. & BETTIS, E. ARTHUR Il

2013 ‘Radiocarbon Dating Late Quaternary Loess Deposits Using Small Terrestrial Gastropod Shells’, Quaternary
Science Reviews 76: 114-28.

PLAZIAT, JEAN-CLAUDE & YOUNIS, WOUJDAN R.



39

2005  ‘The Modern Environments of Molluscs in Southern Mesopotamia, Irag: A Guide to Paleogeographical
Reconstructions of Quaternary Fluvial, Palustrine and Marine Deposits’, Carnets de Géologie / Notebooks on Geology
1:1-18.

POSTGATE, J. NICHOLAS.

1994  Early Mesopotamia: Society and Economy at the Dawn of History. Routledge, London.

PoT1Ts, DANIEL T.

1997  Mesopotamian Civilization: The Material Foundations. Cornell University Press, Ithaca, NY.

POURNELLE, JENNIFER.

2003a Marshland of Cities: Deltaic Landscapes and the Evolution of Early Mesopotamian Civilization (unpublished
doctoral thesis, University of California).

2003b  ‘The Littoral Foundations of the Uruk State: Using Satellite Photography Toward a New Understanding of
the 5™/4t Millennium BCE Landscapes in the Warka Survey Area, Iraq’, in Dragos Gheorghiu (ed.), Chalcolithic and
Bronze Age Hydrostrategies (BAR International Series 1123). Archeopress, Oxford: 5-23.

2007  ‘From KLM to Corona: Using Satellite Photography Toward a New Understanding of >"/4®" Millennium BC
Landscapes in Southern Mesopotamia’, in Elizabeth Stone (ed.), Settlement and Society: Essays Dedicated to Robert
McCormick Adams. Cotsen Institute at UCLA and Oriental Institute, Los Angeles — Chicago: 29-62.

2012  Traces on the ‘Ubaidian Shore: Mid-Holocene Eustasis and Marine Transgression (poster presented at the
7th International Conference on the Archaeology of the Ancient Near East, 12-16 April 2010, the British Museum and
UCL).

2013 ‘Physical Geography’, in Harriet E.W. Crawford (ed.), The Sumerian World. Routledge, London: 13-32.

POURNELLE, JENNIFER R. & ALGAZE, GUILLERMO.

2014  ‘Travels in Edin: Deltaic Resilience and Early Urbanism in Greater Mesopotamia’, in Augusta McMahon &
Harriet Crawford (eds), Preludes to Urbanism: Studies in the Late Chalcolithic of Mesopotamia in Honour of Joan
Oates. McDonald Institute for Archaeological Research, Cambridge: 7-37.

PURSER, BRUCE H. & SEIBOLD, EUGENE.

1973  The Principal Environmental Factors Influencing Holocene Sedimentation and Diagenesis in the Persian Gulf,
in Bruce H. Purser (ed.), The Persian Gulf: Holocene Carbonate Sedimentation and Diagenesis in a Shallow
Epicontinental Sea. Springer-Verlag, New York: 1-9.

QUALLS, CORETHIA.

1981  Boats of Mesopotamia Before 2000 BC (unpublished Doctoral thesis, Columbia University, New York).

RAIKES, ROBERT L.

1966 ‘The Physical Evidence for Hoah's Flood’, Iraq 28: 52-63.

RAZIEI, TAYEB; BORDI, ISABELLA; SANTOS, JOAO A. & MOFIDI, ABBAS.

2013  ‘Atmospheric Circulation Types and Winter Daily Precipitation in Iran: Circulation Types and Winter
Precipitation in Iran’, International Journal of Climatology 33: 2232-46.



40

RAzIEl, TAYEB; MOFIDI, ABBAS; SANTOS, JOAO A. & BORDI, ISABELLA.

2012 ‘Spatial Patterns and Regimes of Daily Precipitation in Iran in Relation to Large-Scale Atmospheric
Circulation’, International Journal of Climatology 32: 1226-37.

REIMER, PAULA J.; AUSTIN, WILLIAM E. N.; BARD, EDOUARD; BAYLISS, ALEX; BLACKWELL, PAUL G.; BRONK
RAMSEY, CHRISTOPHER; BUTzZIN, MARTIN; CHENG, HAI; EDWARDS, R. LAWRENCE; FRIEDRICH, MICHAEL;
GROOTES, PIETER M.; GUILDERSON, THOMAS P.; HAIDAS, IRKA; HEATON, TIMOTHY J.; HOGG, ALAN G.; HUGHEN,
KONRAD A.; KROMER, BERND; MANNING, STURT W.; MUSCHELER, RAIMUND; PALMER, JONATHAN G.; PEARSON,
CHARLOTTE; VAN DER PLICHT, JOHANNES; REIMER, RON W.; RICHARDS, DAVID A.; SCOTT, E. MARIAN; SOUTHON,
JOHN R.; TURNEY, CHRISTIAN S. M.; WACKER, LUKAS; ADOLPHI, FLORIAN; BUNTGEN, ULF; CAPANO, MANUELA;
FAHRNI, SIMON M.; FOGTMANN-SCHULZ, ALEXANDRA; FRIEDRICH, RONNY; KOHLER, PETER; KUDSK, SABRINA;
MIYAKE, FUSA; OLSEN, JESPER; REINIG, FREDERICK; SAKAMOTO, MINORU; SOOKDEO, ADAM & TALAMO, SAHRA.

2020 The IntCal20 Northern Hemisphere Radiocarbon Age Calibration Curve (0-55 cal kBP). Radiocarbon 62: 725-
57.

REY, SEBASTIEN; HUSAIN, F. Y.; TORUN, E.; TAYLOR, JONATHAN; DI MICHELE, ANGELO; EGBERTS, ELLA; JOTHERI,
JAAFAR; AUZINA, DITA; POOLEY, A.; GINNS, A.; BAXTER, A.; FAIERS, C.; GIROTTO, E.; VARDY, F.; TAGEN, D.;
SKWIERCZ, J.; ATKINS, E.; SAHEB, A.; KHALAF, M. A. & SABAH, H.

2021 ‘Tello/Girsu: First Results of the Autumn 2019 Archaeological Season’, Sumer 66: 81-108.

REY, SEBASTIEN.

2016  For the Gods of Girsu: City-State Formation in Ancient Sumer. Archaeopress, Oxford.
in prep The Temple of Ningirsu. A History of its Origins, Development and Legacy.

RICHARDSON, CURTIS J. & HUSSAIN, NAJAH A.

2006  ‘Restoring the Garden on Eden: An Ecological Assessment of the Marshes of Iraq’, Bioscience 56: 477-89.

RICHARDSON, SETH.

2015 ‘Re-Digging Hammurabi’s Canal’, Notes Assyriologiques Bréves et Utilitaires 2015: n. 94 157-58.

RIDLEY, HARRIET E.; ASMEROM, YEMANE; BALDINI, JAMES U. L.; BREITENBACH, SEBASTIAN F. M.; AQUINO,
VALORIE V.; PRUFER, KEITH M.; CULLETON, BRENDAN J.; POLYAK, VICTOR; LECHLEITNER, FRANZISKA A.;
KENNETT, DOUGLAS J.; ZHANG, MINGHUA; MARWAN, NORBERT; MACPHERSON, COLIN G.; BALDINI, LISA M.;
XIAO, TINGYIN; PETERKIN, JOANNE L.; AWE, JAIME & HAUG, GERALD H.

2015 ‘Aerosol Forcing of the Position of the Intertropical Convergence Zone Since ad 1550°, Nature Geoscience
8:195-200.

Risl, CAMILLE, SANDRINE BONY & FRANCOISE VIMEUX.

2008  ‘Influence of Convective Processes on the Isotopic Composition §180 and 8D of Precipitation and Water
Vapor in the Tropics: 2. Physical Interpretation of the Amount Effect’, Journal of Geophysical Research 113: D19306.

RODRIGUEZ, MILITZA; STEIGER, JOHANNES; ROSALES, JUDITH; LARAQUE, ALAIN; LOPEZ, JOSE LUIS; CASTELLANOS,
BARTOLO & GUERRERO, OMAR ANTONIO.

2019  ‘Multi-Annual Contemporary Flood Event Overbank Sedimentation Within the Vegetated Lower Orinoco
Floodplain, Venezuela’, River Research and Applications 35: 1241-56.



41

ROMANO, LICIA.

2019 ‘Abu Tbeirah and Area 1 in the Second Half of the 3™ Mill. BC’, in Licia Romano & Franco D’Agostino (eds),
Abu Theirah Excavations |. Area 1 Last Phase and Building A - Phase 1. Sapienza Universita Editrice, Roma: 59-92.

ROMANO, LiCIA; CELANT, ALESSANDRA & MONTORFANI, MARIA VIRGINIA.

2021  ‘Reed-Swamps in the Sumerian Material Culture. Archaeological, Archaeobotanical and Experimental
Insights from the Abu Tbeirah Excavations’, in Laith A. Jawad (ed.), Southern Iraq’s Marshes. Their Environment and
Conservation. Springer Nature, Cham: 33-54.

RoMANO, LiciA & D’AGOsSTINO, FRANCO.

2018 ‘The Harbor of Abu Tbeirah and the Southern Mesopotamian Landscape in the 3" Mill. BC: Preliminary
Considerations’, Rivista degli Studi Orientali 91: 33-45.

ROSENTHAL, YAIR; FIELD, M. PAUL & SHERRELL, ROBERT M.

1999  ‘Precise Determination of Element/Calcium Ratios in Calcareous Samples Using Sector Field Inductively
Coupled Plasma Mass Spectrometry’, Analytical Chemistry 71: 3248-53.

ROST, STEPHANIE.

2017  ‘Water Management in Mesopotamia from the Sixth till the First Millennium BC’, WIREs Water 4: 1-23.

2019 ‘Navigating the Ancient Tigris - Insights into Water Management in an Early State’, Journal of
Anthropological Archaeology 54: 31-47.

2020  ‘Insights into the Administration of Ancient Irrigation Systems in 3™ Millennium BCE Mesopotamia’, in
Karine Chemla, Agathe Keller & Christine Proust (eds), Cultures of Computation and Quantification in the Ancient
World (Why the Sciences of the Ancient World Matter 5). Springer, New York: 159-200.

ROST, STEPHANIE; HAMDANI, ABDULAMEER & GEORGE, STEVEN.

2011 ‘Traditional Dam Construction in Modern Iraq: A Possible Analogy for Ancient Mesopotamian Irrigation
Practices’, Iraq 73: 201-20.

ROTHMAN, MITCHELL S.

2004  ‘Studying the Development of Complex Society: Mesopotamia in the Late Fifth and Fourth Millennia BC’,
Journal of Archaeological Research 12: 75-119.

RouXx, GEORGES.

1960 ‘Recently Discovered Ancient Sites in the Hammar Lake District’, Sumer 16: 20-31.

RozANsKI, KAZIMIERZ; ARAGUAS-ARAGUAS, LUIS & GONFIANTINI, ROBERTO.

1993  ‘Isotopic Patterns in Modern Global Precipitation’, in Peter K. Swart, Kyger C. Lohmann, Jeffrey Mckenzie
and Samuel Savin (eds), Climate Change in Continental Isotopic Records (Geophysical Monograph Series). American
Geophysical Union, Washington: 1-36.

SAFAR, FUAD.

1950 ‘Eridu. A Preliminary Report on the Third Season’s Excavations, 1948-1949’, Sumer 6: 27-33.

SAFAR, FUAD; MUSTAFA, MOHAMMAD ALI & LLOYD, SETON.



42

1981  Eridu. Republic of Iraq Ministry of Culture and Information State Organization of Antiquities and Heritage,
Baghdad.

SALLES, JEAN-FRANCGOIS.

2012 ‘Le golfe Persique dans le Périple de la mer Erythrée: connaissances fondées et ignorances réelles?’, Topoi.
Berlin Studies of the Ancient World 11: 293-328.

SANLAVILLE, PAUL.
1989 ‘Considérations sur I'evolution de la Basse Mésopotamie au cours des derniers millénaires’, Paléorient 15:

5-27.

2003 ‘The Deltaic Complex of the Lower Mesopotamian Plain and its Evolution Through Millennia’, in Emma
Nicholson & Peter Clark (eds), The Iraqgi Marshlands. A Human and Environmental Study. Politico’s Publishing,
London: 133-50.

SANLAVILLE, PAUL & DALONGEVILLE, REMI.

2005 ‘L'évolution des espaces littoraux du Golfe Persique et du Golfe d'Oman depuis la Phase finale de la
transgression post-glaciaire’, Paléorient 31: 9-26.

SCHEIL, VINCENT.

1900 Textes élamites - sémitiques. Premiere série (Mémoires de la Délégation en Perse 2). E. Leroux, Paris.

SCHMIDT, ARMIN.

2013  Earth Resistance for Archaeologists (Geophysical Methods for Archaeology 3). AltaMira Press, Lanham.

SCHRAKAMP, INGO.

2018  ‘Irrigation in 3" Millennium Southern Mesopotamia: Cuneiform Evidence from the Early Dynastic b City-
State of Lagash (2475-2315 BC)’, in Jonas Berking (ed.), Water Management in Ancient Civilizations. Edition Topoi,
Berlin: 117-95.

SCHUMANN, R. RANDALL.

1989  ‘Morphology of Red Creek, Wyoming, an Arid-Region Anastomosing Channel System’, Earth Surface
Processes and Landforms 14: 277-88.

SCHUMM, STANLEY A.

1977  The Fluvial System. Wiley-Interscience, New York.

SCHUMM, STANLEY A.; ERSKINE, WAYNE D. & TILLEARD, JOHN W.

1996  ‘Morphology, Hydrology, and Evolution of the Anastomosing Ovens and King Rivers, Victoria, Australia’,
Geological Society of America Bulletin 108: 1212-24.

SCOLLAR, IRWIN; TABBAGH, ALAIN; HESSE, ALBERT & HERZOG, IRMELA.

1990 Archaeological Prospecting and Remote Sensing (Topics in Remote Sensing). Cambridge University Press,
Cambridge.

SEIBOLD, EUGENE & ULRICH, JOHANNES.



43

1970  ‘Zur Bodengestalt des nordwestlichen Golfs von Oman’, in Eugene Seibold & Hans Closs (eds), Meteor
Forschungsergebnisse: Herausgegeben von der Deutschen Forschungsgesellschaft. Gebriider Borntraeger, Berlin: 1-
14.

SEIBOLD, EUGENE & VOLLBRECHT, KURT.

1969 ‘Die Bodengestalt des Persischen Golfs’, in Eugene Seibold & Henry Closs (eds), Meteor
Forschungsergebnisse: Herausgegeben von der Deutschen Forschungsgesellschaft. Gebriider Borntraeger, Berlin: 31-
56.

SEIBOLD, EUGENE; DIESTER, LIESELOTTE; FUTTERER, DIETER; LANGE, HEINZ; MULLER, SIEMON & FRIEDRICH
WERNER.

1973 ‘Holocene Sediments and Sedimentary Processes in the Iranian Part of the Persian Gulf’, in Bruce H. Purser
(ed.), The Persian Gulf. Springer-Verlag, New York: 57-80.

SELZ, GEBHARD.

2013 ‘Trade Posts and Encampments as Corner Stones of Exchange’, in Thomas R. Kimmerer & Sabine Rogge
(eds), Patterns of Urban Societies. Volume 2 of Acta antiqua mediterranea et Orientalia (Alter Orient und Altes
Testament 390). Ugarit-Verlag, Minster: 215-32.

SHOWSTACK, RANDY.
2001  ‘Mesopotamian Fertile Crescent Nearly Gone, New Study Indicates’, Eos Trans. AGU 82: 262-67.

SHARIFI, ARASH; POURMAND, ALI; CANUEL, ELIZABETH A.; FERER-TYLER, ERIN; PETERSON, LARRY C.; AICHNER,
BERNHARD; FEAKINS, SARAH J.; DARYAEE, TOURAJ; DJAMALI, MORTEZA; NADERI BENI, ABDOLMAIJID; LAHIJANI,
HAMID A. K. & SWART, PETER K.

2015 ‘Abrupt Climate Variability Since the Last Deglaciation Based on a High-Resolution, Multi-Proxy Peat Record
from NW Iran: The Hand that Rocked the Cradle of Civilization?’, Quaternary Science Reviews 123: 215-30.

SIKLOSY, ZOLTAN; DEMENY, ATTILA; VENNEMANN, TORSTEN W.; PILET, SEBASTIEN; KRAMERS, JAN; LEEL-Ossy,
SzABOLCS; BONDAR, MARIA; SHEN, CHUAN-CHOU & HEGNER, ERNST.

2009  ‘Bronze Age Volcanic Event Recorded in Stalagmites by Combined Isotope and Trace Element Studies’, Rapid
Communications in Mass Spectrometry 23: 801-08.

SISSAKIAN, VAROUJAN K.; AL-ANSARI, NADIR; ADAMO, NASRAT; ABDULLAH, MUKALAD & LAUE, JAN.
2020  ‘Stratigraphy of the Mesopotamian Plain: A Critical Review’, Journal of Earth Science and Geotechnical

Engineering 10: 27-56.

SLINGERLAND, RUDY & SMITH, NORMAN D.

2004  River Avulsions and Their Deposits, Annual Review of Earth and Planetary Sciences 32: 257-85.

SMITH, GEORGE.

1872 ‘The Early History of Babylonia’, Transactions of the Society of Biblical Archaeology 1: 28-92.

1875  Assyrian Discoveries. An Account of Explorations and Discoveries on the Site of Nineveh, During 1873 and
1874 (with illustrations). Scribner, Armstrong & co, New York.

1877  The History of Babylonia (edited by Rev. A. H. Sayce) (Ancient History from the Monuments). Society for
promoting Christian knowledge; E. & J. B. Young & Co., London — New York.



44

SMITH, NORMAN D.; CROSS, TIMOTHY A.; DUFFICY, JOSEPH P. & CLOUGH, STEPHEN R.

1989  Anatomy of an Avulsion, Sedimentology 36: 1-23.

SMITH, NORMAN D.; SLINGERLAND, RUDY; PEREZ-ARLUCEA, MARTA & MOROZOVA, GALINA S.
1998 The 1870s Avulsion of the Saskatchewan River, Canadian Journal of Earth Sciences 35: 453-66.

STANLEY, DANIEL J. & WARNE, ANDREW G.

1993 ‘Sea Level and Initation of Predynastic Culture in the Nile Delta’, Science 363: 435-38.
1994  ‘Worldwide Initiation of Holocene Marine Deltas by Deceleration of Sea-Level Rise’, Science 265: 228-31.

STEINKELLER, PIOTR.

1988  ‘Notes on the Irrigation System in Third Millennium Southern Babylonia’, Bulletin of Sumerian Agriculture 4
(Irrigation and Cultivation in Mesopotamia I): 73-92.

STEINKELLER, PIOTR & LAURSEN, STEFFEN.

2017  Babylonia, the Gulf Region and the Indus - Archaeological and Textual Evidence for Contact in the Third and
Early Second Millennia BC (Mesopotamian Civilizations 20). Eisenbrauns, Winona Lake.

STELE, ANDREAS; LINCK, ROLAND; SCHIKORRA, MARKUS; FASSBINDER, JORG W..E.

2022 ‘Large-Scale UAV Magnetometer Survey on a Former 2" World War Il Airfield at Ganacker (Lower Bavaria,
Germany)’, Archaeological Prospection 29: 645-50.

STONE, ELIZABETH C.; OTTO, ADELHEID; CHARPIN, DOMINIQUE; EINWAG, BERTHOLD & ZIMANSKY, PAUL.
2021 ‘Two Great Households of Old Babylonian Ur’, Near Eastern Archaeology 84: 182-91.

STONE, ELIZABETH C. & ZIMANSKY, PAUL.
2016  ‘Archaeology Returns to Ur. A New Dialog with Old Houses’, Near Eastern Archaeology 79: 246-59.

STOUTHAMER, ESTHER; KOHEN, KiM M. & Gouw, MARK J. P.

2011  ‘Avulsion and its Implications for Fluvial=Deltaic Architecture: Insights from the Holocene = Rhine-Meuse
Delta’, SEPM Special Publication 97: 215-31.

STRASSER, THOMAS F.

1996  ‘The Boat Models from Eridu: Sailing or Spinning during the ‘Ubaid Period?’, Antiquity 70: 920-25.

STRONACH, DAVID.

1961 ‘Excavations at Ras al 'Amiya’, Iraq 23: 95-137.

STUCKELBERGER, ALFRED; & GRARHOFF, GERD.

2006  Klaudios Ptolemaios Handbuch der Geographie. Schwabe, Basel.

STUIVER, MINZE & REIMER, PAULA J.
1993  ‘Extended 14C Data Base and Revised CALIB 3.0 14C Age Calibration Program’, Radiocarbon 35: 215-30.

SyYVITSKI, JAMES P.M. & BRACKENRIDGE, G. ROBERT.



45

2013 ‘Causation and Avoidance of Catastrophic Flooding Along the Indus River, Pakistan’, GSA Today 23: 4-10.

TAHA, Z. PATRICK & ANDERSON, JOHN B.

2008  ‘The Influence of Valley Aggradation and Listric Normal Faulting on Styles of River Avulsion: A Case Study of
the Brazos River, Texas, USA’, Geomorphology 95: 429-48.

TAYLOR, JOHN E.

1855a ‘Notes on Abu Shahrein and Tel el Lahm’, Journal of the Royal Asiatic Society of Great Britain and Ireland
15: 404-15.

1855b ‘Notes on the Ruins of Mugeyer’, Journal of the Royal Asiatic Society of Great Britain and Ireland 15: 260-
76.

THESIGER, WILFRED.

1979 Desert, Marsh and Mountain. The World of a Nomad. Motivate, London.

THOMAS, RICHARD G.; SMITH, DERALD G.; WooD, JAMES M.; VISSER, JOHN; CALVERLEY-RANGE, E. ANNE &
KOSTER, EMLYN H.

1987 ‘Inclined Heterolithic Stratification - Terminology, Description, Interpretation and Significance’,
Sedimentary Geology 53: 123-79.

THOMPSON, REGINALD C.
1920  ‘The British Museum Excavations at Abu Shahrain in Mesopotamia in 1918’, Archaeologia 70: 101-44.

TINNEY, STEVE.

2001  ‘Appendix 1: The Text of the ‘Ur-Namma’ Stela’, in Jeanny V. Canby (ed.), The ‘Ur-Nammu’ Stela (University
Museum Monograph 110). University of Pennsylvania, Philadelphia: 49-51.

TREMAINE, DARREL M. & FROELICH, PHILIP N.

2013  ‘Speleothem Trace Element Signatures: A Hydrologic Geochemical Study of Modern Cave Dripwaters and
Farmed Calcite’, Geochimica et Cosmochimica Acta 121: 522-45.

TYE, ROBERT C. & COLEMAN, JAMES M.

1989 ‘Evolution of the Atchafalaya Lacustrine Deltas, South-Central Louisiana’, Sedimentary Geology 65: 95-112.

UivARI, GABOR; MOLNAR, MIHALY; NOVOTHNY, AGNES; PALL-GERGELY, BARNA; KOVAcsS, JANOS & VARHEGYI,
ANDRAS.

2014  ‘AMS 14C and OSL/IRSL Dating of the Dunaszekcso Loess Sequence (Hungary): Chronology for 20 to 150 ka
and Implications for Establishing Reliable Age-Depth Models for the Last 40 ka’, Quaternary Science Reviews 106:
140-54.

UNAL-iMER, EzGI; SHULMEISTER, JAMES; ZHAO, JIAN-XIN; UYSAL, |. TONGUC & FENG, YUE-XING.

2016  ‘High-Resolution Trace Element and Stable/Radiogenic Isotope Profiles of Late Pleistocene to Holocene
Speleothems from Dim Cave, SW Turkey’, Palaeogeography, Palaeoclimatology, Palaeoecology 452: 68-79.

VALLET, REGIS; DOUCHE, CAROLYNE & OBREJA, SIDONIA.
2020  ‘Preliminary Report on the XIVth and XVth Campaigns at Larsa (2019)’, Sumer 66: 133-75.



46

VAN Ess, MARGARETE.

2019 ‘The History of Research on Uruk’, in Nicola Criisemann, Margarete van Ess, Markus Hilgert, Beate Salje &
Timothy Potts (eds), Uruk - First City of the Ancient World. Paul Getty Museum, Los Angeles: 335-41.

VERDERAME, LORENZO.

2020  ‘The Sea in Sumerian Literature’, Water History 12: 75-91.

2022 ‘Engendered Cosmic Spaces in Ancient Mesopotamian Myths’, in Katrien De Graef, Agnés Garcia-Ventura,
Anne Goddeeris & Beth Alpert Nakhai (eds), The Mummy Under the Bed. Essays on Gender and Methodology in the
Ancient Near East (wEdge 1). Zaphon, Miinster: 153-68.

VERHOEVEN, KRISTIAAN.

1998 ‘Geomorphological Research in the Mesopotamian Floodplains. Changing Watercourses in Babylonia’, in
Hermann Gasche & Michel Tanret (eds), Changing Watercourses in Babylonia. Towards a Reconstruction of the
Ancient Environment in Lower Mesopotamia. University of Chicago Press, Chicago: 159-245.

VERVUST, SOETKIN; KINNAIRD, TIM; HERRING, PETER & TURNER, SAM.

2020  ‘Optically Stimulated Luminescence Profiling and Dating of Earthworks: The Creation and Development of
Prehistoric Field Boundaries at Bosigran, Cornwall’, Antiquity 94: 420-36.

VIERO, DANIELE P.; LOPEZ DUBON, SERGIO & LANZONI, STEFANO.

2018  ‘Chute Cutoffs in Meandering Rivers: Formative Mechanisms and Hydrodynamic Forcing’, in Massimiliano
Ghinassi, Luca Colombera, Nigel P. Mountney, Arnold Jan H. Reesink & Mark Bateman (eds), Fluvial Meanders and
Their Sedimentary Products in the Rock Record. Wiley & Sons, Oxford: 201-29.

WANG, Sulll; CHEN, ZHONGYUAN & SMITH, DERALD G.

2005  ‘Anastomosing River System Along the Subsiding Middle Yangtze River Basin, Southern China’, Catena 60:
147-63.

WASSENBURG, JASPER A.; RIECHELMANN, SYLVIA; SCHRODER-RITZRAU, ANDREA; RIECHELMANN, DANA F.C.;
RICHTER, DETLEV K.; IMMENHAUSER, ADRIAN; TERENTE, MIHAI; CONSTANTIN, SILVIU; HACHENBERG, ANDREA;
HANSEN, MAXIMILIAN & ScHOLzZ, DENIS.

2020  ‘Calcite Mg and Sr Partition Coefficients in Cave Environments: Implications for Interpreting Prior Calcite
Precipitation in Speleothems’, Geochimica et Cosmochimica Acta 269: 581-96.

WATANABE, TAKAAKI K.; WATANABE, TSUYOSHI; YAMAZAKI, ATSUKO & PFEIFFER, MIRIAM.

2019 ‘Oman Corals Suggest that a Stronger Winter Shamal Season Caused the Akkadian Empire (Mesopotamia)
collapse’, Geology 47: 1141-45.

WEIss, HARVEY; COURTY, MARIE-AGNES; WETTERSTROM, WILMA; GUICHARD, FRANCOIS; SENIOR, L.; MEADOW,

RICHARD & CURNOW, A.
1993  ‘The Genesis and Collapse of Third Millennium North Mesopotamian Civilization’, Science 261: 995-1004.

WEISSBACH, FRANZ H.

1907 ‘Euphrates’, Paulys Real-Encyclopddie der classischen Altertumswissenschaft. Neue Bearchbeitung 6/1:
1195-215.



47

WILKINSON, TONY J.

1990  ‘Early Channels and Landscape Development Around Abu Salabikh. A Preliminary Report’, Iraq 52: 75-83.
2003  Archaeological Landscapes of the Near East. University of Arizona Press, Tucson.

2013  ‘Hydraulic Landscapes and Irrigation Systems of Sumer’, in Harriet Crawford (ed.), The Sumerian World.
Routledge, London — New York: 33-54.

WILKINSON, TONY. J.; PHILIP, GRAHAM; BRADBURY, JENNY; DUNFORD, ROB; DONOGHUE, DANIEL; GALIATSATOS,
NiIKOLAOS; LAWRENCE, DAN; RicCl, ANDREA & SMITH, STEFAN L.

2014  ‘Contextualizing Early Urbanization: Settlement Cores, Early States and Agro-Pastoral Strategies in the
Fertile Crescent During the Fourth and Third Millennia BC’, Journal of World Prehistory 27: 43-109.

WILKINSON, TONY. J.; RAYNE, LOUISE & JOTHERI, JAAFAR.

2015  ‘Hydraulic Landscapes in Mesopotamia: The Role of Human Niche Construction’, Water History 7: 397-418.

WiLLIAMS, ALUN H. & WALKDEN GORDON M.

2002  ‘Late Quaternary Highstand Deposits of the Southern Arabian Gulf: A Record of Sea-Level and Climate
Change’, in Peter D. Clift, Dick Kroon, Christoph Gaedicke & Jonathan Craig (eds), The Tectonic and Climatic Evolution
of the Arabian Sea Region (Special Publications 195). Geological Society, London: 371-86.

WiLLiIAMS, W. REES.

1981 ‘Geological Notes on Rocks, Fossils and Objects of Antiquarian Interest Excavated from the Ruins of Eridu’,
in Fuad Safar, Mohammad Ali Mustafa & Seton Lloyd, Eridu. Republic of Iraq Ministry of Culture and Information
State Organization of Antiquities and Heritage, Baghdad: 311-16.

WINTER, IRENE.

2007 ‘Representing Abundance: The Visual Dimension of the Agrarian State’, in Elizabeth Stone (ed.), Settlement
and Society: Essays Dedicated to Robert McCormick Adams. Cotsen Institute of Archaeology, University of California,
Los Angeles and The Oriental Institute of the University of Chicago, Chicago: 117-38.

WITTFOGEL, KARL AUGUST.

1957  Oriental Despotism: A Comparative Study of Total Power. Yale University Press, New Haven.

WRIGHT, HENRY T.

1981 ‘Appendix: The Southern Margins of Sumer. Archaeological Survey of the Area of Eridu and Ur’, in Robert
M. Adams (ed.), The Heartland of Cities. Survey of Ancient Settlement and Land Use on the Central Flood Plain of the
Euphrates. The University of Chicago Press, Chicago: 295-345.

WOOLLEY, LEONARD.

1955 Ur Excavations \V: The Early Periods. Oxford University Press, London.
1963  Excavations at Ur: A Record of Twelve Years' Work. Ernest Benn Limited, London.

YACOUB, SABAH Y.

2011  ‘Geomorphology of the Mesopotamia floodplain’, Iraqi Bulletin of Geology and Mining 4: 7-32.



48

YAMAZAKI, TOSHITSUGU.

2020  ‘Reductive Dissolution of Biogenic Magnetite’, Earth Planets Space 72: 150.

Yu, YAN; NOTARO, MICHAEL; KALASHNIKOVA, OLGA V. & GARAY, MICHAEL J.

2016 ‘Climatology of Summer Shamal Wind in the Middle East: Summer Shamal Climatology’, Journal of
Geophysical Research: Atmospheres 121: 289-305.

ZEHNPFUND, RUDOLF.

1909 ‘Die Lage der Stadt Eridu’, in Hilprecht Anniversary Volume. Studies in Assyriology and Archaeology
Dedicated to Hermann V. Hilprecht upon the Twenty-Fifth Anniversary of his Doctorate and his Fiftieth Birthday (July
28) by his Colleagues, Friends and Admirers. J.C. Hinrichs, Leipzig: 291-98.

ZERBONI, ANDREA; PEREGO, ALESSANDRO & CREMASCHI, MAURO.

2015 ‘Geomorphological Map of the Tadrart Acacus Massif and the Erg Uan Kasa (Libyan Central Sahara)’, Journal
of Maps 11: 772-87.



	1. Dry and dusty periods in the Mesopotamia region from 2560-2450 BC and 2310-2020 BC, inferred from stalagmite chemistry
	Abstract
	Introduction
	Speleothem archives
	Stalagmite climate and environmental proxies
	Oxygen isotope ratios
	Carbon isotope ratios
	Ratio of alkaline elements to Ca (Mg/Ca, Sr/Ca, Ba/Ca)
	Aeolian deposition on karst surface

	Stalagmite geochronology
	Climate reconstructions in the Mesopotamia region, 3rd millennium
	Westerlies storm fronts and Shamal dust events
	Stalagmite GZ14-1: An archive of precisely-dated Mesopotamia dust events
	Paleoclimate evidence of third millennium BC dry events on a regional scale
	Implications of heightened Mesopotamia dust events during the latter 3rd Mill. BCE


	References

