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Urmia Lake in NW Iran was the world's second largest hypersaline lake until three decades ago, when it began to lose ~ 90% of its surface area due to dwindling water input and enhanced evaporation. To help discern the role of natural vs anthropogenic factors in the rapid demise of Urmia Lake, we present a high-resolution, multi-proxy reconstruction of climate, and hydrological variability from the lake's sediments. We identify several episodes of wet and dry conditions over the past 11,300 years, and an atmospheric teleconnection between the climate of the interior of West Asia and the North Atlantic region. Estimates of mean annual precipitation based on chemical weathering indices range between 174 and 401 mm year -1 during the Holocene. A combination of geochemical proxies, pollen reconstruction, and the absence of any evaporite horizons throughout the Holocene period point to the prevailing role of human impact on the current vanishing of Urmia Lake.

Introduction

Urmia Lake (NW Iran, 37°29′49″N, 46°00′34″E, 1275 m.a.s.l.) has long been considered the second largest hypersaline lake in the world and, until three decades ago, the largest land-locked body of water in Iran. The lake and its unique associated habitats were incorporated in the Ramsar Convention on Wetlands of International Importance in 1975. In the early 1990s, the government of Iran established a water management program within the Urmia Lake watershed, which decreased the flux of water to lower than the average flow measured over 60 years (Sharifi et al. 2018b). Although evidence is mounting that human impact on the Urmia Lake has led to the drastic present water imbalance [START_REF] Hassanzadeh | Determining the main factors in declining the Urmia Lake level by using system dynamics modeling[END_REF][START_REF] Aghakouchak | Aral Sea Syndrome Desiccates Lake Urmia: Call for Action[END_REF][START_REF] Khazaei | Climatic or regionally induced by humans? Tracing hydro-climatic and land-use changes to better understand the Lake Urmia tragedy[END_REF][START_REF] Sharifi | Hydroclimate of the Lake Urmia catchment area: A brief overview[END_REF], natural climate variability and drought have also been invoked as the driving forces behind its rapid decline, a narrative that is particularly favored by the government [START_REF] Farsnews | Ahmadinejad: "current condition at Urmia Lake appears every 500 years[END_REF]Khabaronline News Agencey 2011).

One of the challenges in understanding the optimum water input/output requirements for the natural sustainability of Urmia Lake's unique and intricate ecosystem today is the scarcity of long-term (multidecadal to millennial) climate and hydrological baseline data (Sharifi et al. 2018b). Terminal lakes with high salinity levels such as Urmia are sensitive to climate forcing mechanisms and thanks to inhibited bioturbation; their sediments can preserve high-resolution records of abrupt climate variability and environmental change [START_REF] Fritz | Paleolimnological records of climatic change in North America[END_REF]. Nevertheless, inorganic precipitation of calcium carbonate in Urmia Lake and carbon contribution from older geological formations in its watershed can complicate the development of a robust age model [START_REF] Stevens | Hydroclimatic variations over the last two glacial/interglacial cycles at Lake Urmia, Iran[END_REF][START_REF] Talebi | The Late-Holocene climate change, vegetation dynamics, lake-level changes and anthropogenic impacts in the Lake Urmia region, NW Iran[END_REF].

The first published paleoclimate records from Urmia Lake covered the past 13,200 years and were based on sedimentological [START_REF] Kelts | Holocene sedimentology of, Hypersaline Lake Urmia, Northwestern Iran[END_REF]) and pollen [START_REF] Bottema | A late quaternary pollen diagram from Lake Urmia (Northwestern Iran)[END_REF]) data from a 4.5-m-long sediment core. This record's chronology was based on extrapolations from two un-calibrated radiocarbon dates derived from Artemia fecal pellets. Data from these studies were interpreted to indicate low lake levels from the beginning of the record till about 9000 year BP, high lake levels from 9000 to 7300 year BP, and the predominance of "modern conditions" after 7300 year BP. However, these early attempts to reconstruct Holocene paleoenvironmental conditions at the lake disagreed with lake records from Turkey [START_REF] Degens | A geological study of lake van, Eastern Turkey[END_REF] and North Africa [START_REF] Street-Perrott | Fluctuations in closed basin lakes as an indicator of past atmospheric circulation patterns[END_REF], due to the uncertainties in the chronology of the sediment core as noted by the authors [START_REF] Kelts | Holocene sedimentology of, Hypersaline Lake Urmia, Northwestern Iran[END_REF].

The longest paleoclimate record for Urmia Lake is from a 200,000-year climate reconstruction based on pollen and δ 18 O values from a 100-m sediment core (Djamali et al. 2008a;[START_REF] Stevens | Hydroclimatic variations over the last two glacial/interglacial cycles at Lake Urmia, Iran[END_REF]) collected from the middle part of the lake. The core chronology, which is missing the Holocene period, was established by temporal correlation of the Urmia sediments with other available records from the region and by extrapolation of two calibrated radiocarbon dates on bulk samples. This age model was later improved by six additional U/Th dates on Artemia fecal pellets, providing an upper lower limit of 180,000 years [START_REF] Stevens | Hydroclimatic variations over the last two glacial/interglacial cycles at Lake Urmia, Iran[END_REF]. Based on this record, the authors concluded that warm and moist climate conditions prevailed during the last penultimate deglacial transition, while the transition from the last glacial to the Holocene was relatively cooler and drier (Djamali et al. 2008a;[START_REF] Stevens | Hydroclimatic variations over the last two glacial/interglacial cycles at Lake Urmia, Iran[END_REF]). Nevertheless, the authors were not able to infer the Marine Isotope Stage (MIS) 5-MIS4 transition and climate variability during the Holocene due to sediment loss during coring and imprecise dates.

Recently, [START_REF] Tudryn | Late Quaternary environmental changes of Lake Urmia basin (NW Iran) inferred from sedimentological and magnetic records Late Quaternary environmental changes of Lake Urmia basin (NW Iran) inferred from sedimentological and magnetic records[END_REF] attempted to reconstruct climate conditions and the environmental evolution of the lake during the past 30,000 years based on a composite record of magnetic susceptibility, electrical conductivity, and mineralogy obtained from seven cores collected in the vicinity of Shahr Chay river mouth at the western fringe of the lake. The authors identified two major drought events which occurred at ~ 30 and at 5.5-4.9 cal kyr BP and concluded that Urmia Lake experienced several episodes of low stands since the Last Glacial Maximum (LGM). Six radiocarbon dates were used to establish the chronology, though an age model was not provided since the radiocarbon control points were dispersed between three cores with missing intervals resulting from poor sediment recovery.

To address the question of natural versus anthropogenic causes of the abrupt changes in the Urmia Lake's hydrochemical imbalance over the past three decades, a high-resolution record of past hydroclimate variability with a robust chronology is needed. Here, we present a new multi-proxy reconstruction of paleohydrologic changes in Urmia Lake for the past 11,300 years from a 5-m-long sediment core taken from the eastern fringe of the lake in 2012 (Fig. 1). We interpret the geochemical proxies and pollen variability in the context of a well-calibrated chronology with a novel approach to resolving the influence of reservoir carbon ages on radiocarbon dates in bulk sediments, brine shrimp (Artemia) cysts, and fecal pellets. We further examine potential atmospheric teleconnections during the Holocene by comparing our results with existing records from the eastern Mediterranean Sea and the North Atlantic.

Study area

The Urmia Lake basin is part of the complicated tectonic zone between the colliding Arabian and Eurasian plates [START_REF] Mckenzie | Active tectonics of the Mediterranean region[END_REF][START_REF] Mckenzie | The East Anatolian Fault: a major structure in Eastern Turkey[END_REF] and presents a diverse geological setting with a variety of rock formations of different ages, ranging from Precambrian metamorphic complexes to Quaternary mud deposits [START_REF] Shahrabi | Seas and Lakes of Iran. Geological Survey of Iran[END_REF]Sharifi et al. 2018b). The lacustrine sediments are comprised of a mixture of chemically precipitated aragonite, shrimp fecal pellet sands, detrital clays, thin aragonite crusts, oolites, and evaporites (gypsum and traces of dolomite around the lake margins) [START_REF] Shahrabi | Seas and Lakes of Iran. Geological Survey of Iran[END_REF]Sharifi et al. 2018b).

The climate of the Urmia region is classified as Mediterranean pluviseasonal continental [START_REF] Rivas-Martinez | North American boreal and western temperate forest vegetation (syntaxonomical synopsis of the potential natural plant communities of North America II)[END_REF] with most of the precipitation falling from March to May. Mean annual precipitation for the last 55 years at the Urmia meteorological station (west of Urmia Lake at 1313 m.a.s.l.) is 340 mm. Mean annual temperature recorded at Urmia meteorological station is 11.2 °C, ranging from an average of -2.5 °C for the coldest month in January to 23.9 °C in the warmest month of July. The average direction of the prevailing winds over the Urmia Lake watershed at stations spanning the last 25 to 50 years is westerly and southwesterly (Fig. 1).

Lake level is controlled by the balance between riverine input and precipitation over the watershed area (52,000 km 2 ), and evaporation estimated to average about 1 m yea -1 [START_REF] Sima | Mapping surface temperature in a hyper-saline lake and investigating the effect of temperature distribution on the lake evaporation[END_REF], but can increase to 1.5 m year -1 driven by strong NW-SE seasonal winds [START_REF] Kelts | Holocene sedimentology of, Hypersaline Lake Urmia, Northwestern Iran[END_REF]. Most of the water that flows into the lake is from the Zarrineh Rud and Simineh Rud rivers, both of which discharge to the lake from the south (Fig. 1). The lake is presently divided into two sub-basins separated by a causeway and bridge completed in 2008. The causeway allows for a 1.5-km exchange gap between the northern basin with an average depth of 10 m, and the southern basin with an average depth of 2 m (Sharifi et al. 2018b). Since 1977, the salinity of the lake has varied from 140 to more than 220 g L -1 on an annual basis, while the average surface area of the lake has ranged between 4750 to 6100 km 2 [START_REF] Eimanifar | Urmia Lake (Northwest Iran): a brief review[END_REF]Sharifi et al. 2018b). Salinity values exceeding 300 g L -1 have been reported during the latest phase of lake level decline [START_REF] Rezvantalab | Investigation of recent changes in Urmia Salt Lake[END_REF]Sharifi et al. 2018b).

Materials and methods

Sampling

In the summer of 2012, we recovered a 5-m core from the east coast of the Urmia Lake (Fig. 1). A duplicate core (5.4 m) was also obtained 50-cm away from the first core. The coring site has experienced a sever change in water depth due to the rapid desiccation of the lake since 1995. In 2000, the coring site was covered by 2 to 3 m of water. However, Fig. 1 Location of the Urmia Lake watershed area and major perennial and seasonal tributaries. Climate and rose-wind diagrams denote the long-term average annual maximum temperature, precipitation, and prevailed wind speed recorded at major meteorological stations (data from the Iran Meteorological Organization, www. imo. ir). Red star denotes the location of the core in 2012, the lakebed was fully exposed at the coring location and covered by a 10-cm thick evaporite layer. Half-barrel cores were collected in 1-m increments of 7-cm diameter using a Russian Split Corer. All cores were photographed on site and transferred into pre-cleaned PVC core liners, sealed in non-reactive plastic sheets, and stored at 4 °C. Individual core segments were transferred into an especially-designed polymethyl methacrylate core holder and PVC liner with scale bars. The cores were subsequently imaged using a Geotek Multi-Sensor Core Logger (GeotekMSCL) at the Department of Marine Geosciences (MGS), at the Rosenstiel School of Marine and Atmospheric Science (RSMAS), the University of Miami. Calibration for white balance, light intensity and cross-core resolution was conducted prior to imaging. Down-core XRF elemental intensities and core images were used to determine the position of each sample taken for discrete geochemical analyses. To minimize the effect of aliasing and to capture the entire range of variability, samples were taken from areas of high and low XRF intensities as well as midpoints. Sub-samples were taken using a pre-cleaned ceramic knife and the samples were dried at 45 °C over 5 days.

Age model

To construct a robust radiocarbon age model that accounts for the C-14 reservoir effect of Urmia Lake on bulk samples, we compared the bulk sediment ages from two intervals from the duplicate 5.5-m-long core (Fig. 2 and Table 1) with ages measured on brine shrimp (Artemia) fecal pellets and reproductive cysts. Approximately 20 mg of intact fecal pallets and shrimp cyst were collected from two 15-cm intervals at 0.65 and 5.4 m of the sediment core. Shrimp cysts were rinsed in 1 mL of 0.01 M HCl solution followed by 5 mL of MilliQ water (18 mΩ) to remove potential carbonate contamination and were dried in the oven at 40 °C for 4 h. Homogenized bulk samples were also collected from the same intervals. These samples along with 8 other bulk sub-samples were submitted for 14 C dating to Beta Analytic Inc., Miami. Bulk samples were pretreated using acid-only protocol prior to graphitization. No further treatment was conducted on shrimp cysts and fecal pellets. Ages were based on 14 C analysis and associated errors were calibrated using Calib8.2 online platform [START_REF] Stuiver | [END_REF]) by utilizing IntCal20 calibration dataset (Reimer et al. 2020). Since the shrimp cysts contained the most pristine organic content in the Urmia Lake sediment (Djamali et al. 2010b;[START_REF] Manaffar | Sediment cores from Lake Urmia (Iran) suggest the inhabitation by parthenogenetic Artemia around 5,000 years ago[END_REF], the age difference between the radiocarbon dates driven from shrimp cyst and the ones from the bulk or fecal pellet samples collected from the same interval are the best representation of the "reservoir effect." Subsequently, all radiocarbon dates were corrected for the reservoir effect prior to calibration and reported as calibrated year before present (cal. yr BP).

Comparative calibrated radiocarbon ages from bulk sediment, shrimp fecal pellet, and shrimp cyst extracted from 0.65-and 5.4-m intervals of the long core from the NE margin of the lake are shown in Fig. 2 and the data are presented in Table 1. Among the collected samples, shrimp cyst was of the youngest age. By averaging the age difference between shrimp cyst calibrated radiocarbon dates and the ones from bulk sediment and fecal pellet samples at 0.65-and 5.4-m intervals, we considered a 560and 719-year correction on bulk sediment and fecal pellets radiocarbon dates, respectively to account for the Urmia Lake's reservoir effect. Age-depth model was constructed based on a Bayesian approach in "Bchron" package [START_REF] Haslett | A simple monotone process with application to radiocarbon-dated depth chronologies[END_REF][START_REF] Parnell | A flexible approach to assessing synchroneity of past events using Bayesian reconstructions of sedimentation history[END_REF]) (Fig. 3). The Fig. 2 Comparative calibrated AMS radiocarbon ages measured on bulk sediment, shrimp fecal pellets, and Artemia cyst at two different depths form Urmia Lake. The average age offset between bulk sample and cyst is considered the reservoir effect correction factor (see text for details) code was run using R version 3.5.3 (Team Rs 2015). We used the "sedimentation rate" output field in "Bchron" to create sedimentation rates for the sediment core (Fig. 3) (see Table 1 for the data).

Major and trace element analysis by XRF scanning

High-resolution measurements of the relative abundances of trace and major elements were performed on an AVAAT-ECH XRF-core scanner in the Palaeoclimatology Lab at RSMAS-MGS. All core sections were scanned twice (10 kV, 1000 μA, no filter; 30 kV, 1000 μA, Pd filter) to acquire the range of elements reported here. For all measurements, the surface area was irradiated for 20 s of integration time at 1-mm intervals (an average sampling resolution of 2.3 years) using a window 1 mm high by 12 mm wide for the lake sediment cores. The raw XRF spectra were then processed using the Canberra WinAxil software with standard software settings and spectrum-fit models, and abundances are reported as the intensity of each element in counts per second (cps). The JR-1 standard (Geological Survey of Japan) was used for calibration, and calibrated data were compared with previous measurements to check for discrepancies. The down-core XRF elemental abundances are interpreted as a qualitative proxy for changes in sediment load to the lake throughout the core (see Dataset S1 for XRF data).

Elemental analysis

To quantify the XRF results and to calculate variation in weathering indices over the last 11,300 years, 68 samples (average sampling resolution of ~ 165 years) were collected for analysis of major oxides. Approximately 1 g of dried and homogenized sample was transferred Fig. 3 The Bayesian age model for the Urmia Lake sediment core based on 8 calibrated AMS radiocarbon dates is shown (see Table 1 for details). The gray area between tie points refers to the 2σ uncertainty. Bayesian sedimentation rates (SR) between paired tie points are shown on the right axis. Dashed black line denotes the overall SR trend since the beginning of the record at 11,620 cal. y BP. All ages are corrected for reservoir effect. Simplified stratigraphy of the core is shown on the right to 50-mL centrifuge tube and rinsed with MilliQ water (18 mΩ) following sequential stages of 30-min agitation, 30-s sonication, and 20-min centrifuging at 3500 rpm.

The dried sample was transferred to capped, high-purity quartz crucibles, and ashed in a muffle furnace at 750 °C for 1 h to remove organic materials. A 20-mL solution of 1 M NaAc in 25% HAc (final pH = 4) was added to the organic-free sample in a 50-mL centrifuge vial and continuously agitated for 2 h at room temperature to remove the carbonate content. Samples were centrifuged at 5000 rpm for 15 min and the supernatant solution was discarded. This stage was repeated until no fizzing/bubbling was visible. The sample was rinsed with MilliQ water (18 mΩ) twice and oven dried at 60 °C overnight. Approximately 0.01-0.02 g of organic and carbonate free sample was transferred to a pre-cleaned 6-mL PFA Savillex vial and dissolved in 5 mL of concentrated HNO 3 -HCl-HF mixture (2:2:1, volumetric ratios) following the method described by [START_REF] Sharifi | 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?[END_REF]. After complete digestion was achieved, about 0.1 g of the solution was diluted in 40 g of 0.45 mol L -1 HNO3 and elemental concentrations was measured against a multi-elemental standard solution (Spex CertiPrep) of known concentration (± 5‰) by sample-standard-sample bracketing technique on the multi-collector inductively coupled plasma mass spectrometer (MC-ICP-MS) at the Neptune Isotope Laboratory (NIL), RSMAS. Elemental concentrations were reported as percentage of oxides. The accuracy and precision of measurements were evaluated by comparing analyses of USGS certified reference material BHVO-2 with literature compilations (GEOREM, http:// georem. mpchmainz. gwdg. de/). Results for reference materials agreed well with literature values within analytical uncertainties (Fig. S-1). Contributions from the procedural blank were negligible (smaller than 0.1%).

Paleo-precipitation reconstruction

Variations in weathering indices as proxies for the supply of weathered material to marine and lacustrine environments have been employed to study changes in the hydrologic regime of depositional basins [START_REF] Sheldon | Geochemical climofunctions from North American soils and application to Paleosols across the Eocene-Oligocene boundary in Oregon[END_REF][START_REF] Myers | Multiproxy approach reveals evidence of highly variable paleoprecipitation in the Upper Jurassic Morrison Formation (western United States)[END_REF][START_REF] Harmon | Linking silicate weathering to riverine geochemistry -A case study from a mountainous tropical setting in west-central Panama[END_REF]. A widely utilized weathering index to estimate rainfall is CIA-K, which is similar to the chemical index of alteration (CIA) (Nesbitt andYoung 1982, 1989) minus potassium to account for the potential effect of illite formation which leads to potassium enrichment in sediment (K-metasomatism) [START_REF] Meunier | The weathering intensity scale (WIS): An alternative approach of the chemical index of alteration (CIA)[END_REF][START_REF] Myers | Multiproxy approach reveals evidence of highly variable paleoprecipitation in the Upper Jurassic Morrison Formation (western United States)[END_REF]). The CIA-K is calculated based on molar values of oxides and expressed as follows:

(1)

CIA = 100 × [Al 2 O 3 ∕(Al 2 O 3 + CaO * + Na 2 O)]
where CaO* is CaO associated with the silicate fraction of the sample. Results of elemental analysis conducted on 68 samples were converted to molar values of oxides and used to calculate the downcore variation of CIA-K.

Several studies have shown a correlation between the amount of rainfall and degree of weathering [START_REF] Sheldon | Geochemical climofunctions from North American soils and application to Paleosols across the Eocene-Oligocene boundary in Oregon[END_REF][START_REF] Nordt | New weathering index improves paleorainfall estimates from Vertisols[END_REF][START_REF] Myers | Multiproxy approach reveals evidence of highly variable paleoprecipitation in the Upper Jurassic Morrison Formation (western United States)[END_REF], making it possible to empirically estimate mean annual precipitation (MAP) with the use of weathering indices. Specifically, the MAP estimates based on a CIA-K weathering index are used to discriminate soil types with various clay contents (vertic and non-vertic soils) as shown in Eqs. ( 2 

Wavelet analysis

To identify the major periodicities within the time series used in this study, wavelet power spectrum analyses were performed on downcore variations of Al abundances, North Atlantic Holocene Ice Rafted Debris (IRD) events [START_REF] Bond | Persistent solar influence on North Atlantic climate during the Holocene[END_REF][START_REF] Beug | A pervasive millennial-scale cycle in north Atlantic holocene and glacial climates[END_REF], and 11 ka reconstruction of sunspot numbers based on 10 Be [START_REF] Solanki | Unusual activity of the Sun during recent decades compared to the previous 11,000 years[END_REF]) time series using the Morlet wave [START_REF] Torrence | A practical guide to wavelet analysis[END_REF] and a modified MATLAB script. Prior to the analysis, each time series was detrended and linearly interpolated to create an equally spaced time series. To detrend the time series, the leastsquare best-fit line was subtracted from the original data by using the built-in MATLAB command.

Pollen extraction, identification, and illustration Pollen analysis

Pollen samples were taken with 5-cm sampling intervals (average sampling resolution of ~ 245 year) along the core. The samples, each with 2 cm 3 volume, were then weighed and treated following a modified version of [START_REF] Moore | Pollen analysis[END_REF]. Highly soluble salts were first removed by rinsing with distilled water followed by centrifuging at 2500 rpm for 7 min. One lycopodium tablet (Batch No. 1031) was then added to each sample to calculate pollen concentrations [START_REF] Stockmarr | Tablets with spores used in absolute pollen analysis[END_REF]). Successive treatment with 10% HCl, 48% HF, and 37% HCl were then applied to remove carbonates and evaporites. In some cases, many microcrystals formed after the HCl/HF treatment and a second treatment with 48% HF and 37% HCl was needed to completely remove this secondary byproduct. After the acetolysis, the samples were ( 2) MAP(mmy -1 ) = (14.3 × CIA -K) -37.6, R 2 = 0.73

(3) MAP(mmy -1 ) = (18.64 × CIA -K) -350.4, R 2 = 0.81 filtered between 160 μm and 10 μm and mounted on slides for microscopic identifications under × 500 magnification. Pollen identifications were assisted by using the Mediterranean and SW Asian pollen reference collection hosted in Institut Méditerranéen de Biodiversité et d'Ecologie but also printed pollen atlases of [START_REF] Reille | Pollen et spores d'Europe et d'Afrique du Nord. Laboratoire de botanique historique et de palynologie-Supplément 2[END_REF][START_REF] Reille | Pollen et spores d'Europe et d'Afrique du Nord. Laboratoire de botanique historique et de palynologie-Supplément 2[END_REF][START_REF] Reille | Pollen et spores d'Europe et d'Afrique du Nord. Laboratoire de botanique historique et de palynologie-Supplément 2[END_REF], [START_REF] Beug | A pervasive millennial-scale cycle in north Atlantic holocene and glacial climates[END_REF][START_REF] Van Zeist | Palynological investigations in western Iran[END_REF][START_REF] Van Zeist | Palynological investigations in western Iran[END_REF]. Pollen morphological "types" are defined based on [START_REF] Beug | A pervasive millennial-scale cycle in north Atlantic holocene and glacial climates[END_REF] for most of the taxa and on van Zeist and [START_REF] Van Zeist | Palynological investigations in western Iran[END_REF] for some specific pollen taxa of the Irano-Turanian region (e.g., Atraphaxis and Cousinia).

Pollen percentages were calculated using TILIA and the pollen diagrams were created in TGView software [START_REF] Grimm | Tilia 2.0 and Tilia × graph 1.18[END_REF]. Amaranthaceae and aquatic pollen (e.g., Cyperaceae and Sparganium-type) were excluded to calculate the pollen sum of terrestrial plants. Amaranthaceae were excluded because this family is dominating the saline soils and salt flats around the lake with a huge pollen production masking the visibility of the variations of terrestrial pollen (Djamali et al. 2008b).

Results

The results from visual inspection of the sedimentary sequences deposited in the area of the lake the cores were taken from are shown in Fig. 3. The detailed description of the sedimentary sequence was also presented in the supplementary materials (Core logs). The core was mainly composed of silt, sand, and silt with intermittent sand intervals. The thickness of sand layers varied from 20 cm at the top to 5 mm throughout the rest of the sequence. These sand intervals were more frequent at the top half of the sequence (Fig. 3) and can be easily traced between the collected cores. Artemia fecal pellet appears the main component of the silt and sandy silt layers. Most significantly, there were no visible evaporative horizons anywhere along the entirety of the core.

To construct a robust radiocarbon age model that accounts for the C-14 reservoir effect of Urmia Lake on bulk samples, we compared the bulk sediment ages from two intervals along the 5.4-m-long core (Fig. 2 and Table 1) with ages measured on brine shrimp (Artemia) fecal pellets and reproductive cysts. Among the analyzed samples, Artemia cysts were of youngest. The average age difference between Artemia cyst calibrated radiocarbon dates and the dates from bulk sediment and fecal pellet samples through the record suggest a 560-and 719-year offset between bulk sediments and fecal pellets, respectively. The resulting Bayesian age model based on 8 calibrated radiocarbon dates is shown in Fig. 3 (see Table 1 for the data). The minimum and maximum sedimentation rates (SR) calculated based on the Bayesian age-depth model were 0.07 and 1 mm year -1 respectively, with the overall decreasing trend from the Early Holocene to the Late Holocene.

To investigate processes that provide insight into the dominant climate regime of the record, down-core abundances of conservative lithogenic, redox sensitive, and mobile elements were measured by XRF scanning at 1-mm intervals (an average resolution of 2.3 years). This was accompanied by discrete elemental analyses on 68 samples (average resolution of ~ 165 years) by MC-ICP-MS. These data are shown in Figs. 4 and6 (see Datasets S1 for data). Aluminum and Si intensities show at least 10 periods that contributed elevated levels of aluminosilicate minerals since 11,300 years BP (Fig. 4a andb). From the beginning of the records, these episodes can be constrained between the following periods: 11,100-10,500, 10,450-9700, 9650-9100, 8400-7100, 6500-5850, 4100-3200, 3050-2600, 2550-1850, 1450-500, and 300-50 years BP. The Al-normalized ratios of conservative lithogenic elements (Si/Al, Ti/Al, and Zr/Al) are interpreted as proxies for aeolian input [START_REF] Calvert | Elemental proxies for palaeoclimatic and palaeoceanographic variability in marine sediments: interpretation and application[END_REF][START_REF] Nieto-Moreno | Tracking climate variability in the western Mediterranean during the Late Holocene: a multiproxy approach[END_REF][START_REF] Govin | Distribution of major elements in Atlantic surface sediments (36°N-49°S): Imprint of terrigenous input and continental weathering[END_REF][START_REF] Jiménez-Espejo | Saharan aeolian input and effective humidity variations over western Europe during the Holocene from a high altitude record[END_REF]. As shown in Fig. 4d-f, these ratios covary throughout the entire record, with increased variability and abundances towards the Late Holocene. At least 13 episodes with high Si/Al, Ti/Al, and Zr/Al ratios were identified since the beginning of the record which ranged from 11,200 to 11,000 BP, 10,700 to 10,300 BP, 9900 to 9600 BP, 9150 to 8950 BP, 7700 to 7400 BP, 7000 to 6500 BP, 6000 to 5500 BP, 4400 to 3950 BP, 3200 to 2900 BP, 2700 to 2300 BP, 2100 to 1500 BP, and 200 BP to present.

Considering that K is more readily mobilized than Rb during chemical weathering [START_REF] Muhs | Impact of climate and parent material on chemical weathering in Loess-derived soils of the Mississippi River Valley[END_REF][START_REF] Brown | Lake Malawi's response to "megadrought" terminations: sedimentary records of fl ooding, weathering and erosion[END_REF], we assess the intensity of chemical weathering and river input to the lake using the variations in Rb/K ratios in the sediment (Fig. 4g). The Mn/Al ratio is used as a proxy to track changes in the redox state of the sediment horizon. Variations in Fe (Fig. 4 h andi) are used to demonstrate fluctuations in bottom water oxygen levels at the time of sediment deposition [START_REF] Calvert | Elemental proxies for palaeoclimatic and palaeoceanographic variability in marine sediments: interpretation and application[END_REF][START_REF] Martínez-Ruiz | Millennialto centennialscale climate periodicities and forcing mechanisms in the westernmost Mediterranean for the past 20,000 yr[END_REF][START_REF] Martinez-Ruiz | Paleoclimate and paleoceanography over the past 20,000yr in the Mediterranean Sea Basins as indicated by sediment elemental proxies[END_REF]. In comparison, high Rb/K ratios can be observed to coincide with the episodes of higher Mn/Al ratios and lower abundances of Fe (Fig. 4g-i). Lake-level fluctuation inferred from Si/Al, Ti/ Al, Zr/Al, Rb/K, and Mn/Al ratios as well as from downcore abundances of Fe is presented as high and low intervals in Fig. 4h (see Discussion for details). The episodes of low lake level are more frequent during the Mid-to Late-Holocene and ranging from 11,150 to 11,000 BP, 10,600 to 10,350 BP, 9800 to 9600 BP, 9150 to 8350 BP, 7000 to 6450 BP, 5950 to 5450 BP, 5300 to 4750 BP, 4400 to 4000 BP, 3850 to 3600 BP, 3200 to 3000 BP, 2700 to 2550 BP, 2400 to 2300 BP, 2100 to 1400 BP, 1350 to 1250 BP, 900 to 300, and 200 BP to present. Paleorainfall (MAP paleo ) reconstructions 2), (3), and (4) revealed four major low precipitation events centered at 8400 BP, 3100 BP, 1500 BP, and 800 BP. These episodes are well correlated with the episodes of low lake levels inferred from geochemical proxies (Fig. 6a andb) (see Discussion for details).

Pollen percentages were calculated based on the total pollen sum (aquatic + terrestrial pollen) for wetland pollen types, and on pollen sum (terrestrial pollen excluding aquatic pollen) for upland plants including anthropogenic pollen indicators. Pollen types were assigned into four ecological groups: Irano-Anatolian upland types (deciduous trees + junipers), wetland types (Cyperaceae, Sparganiumtype, and Riella), agro-pastoral indicators (Cerealia-type pollen, Plantago lanceolata-type, and Rumex), and indicators of well-established sedentism and urban development (cultivated trees) (Fig. 4j). Tree pollen percentage variations suggest that the expansion of forests (upland trees in Fig. 4j) following deglaciation occurred slowly. Indeed, the Zagros-Anti Taurus deciduous woodlands were established between 7000 and 6000 years BP (Djamali et al. 2010a). Agro-pastoral pollen indicators have been present since the beginning of the Holocene. However, their abundances start increasing after roughly 5000 years BP, a trend that continues until the end of the record. The pollen indicators of true sedentism and urbanism and true sedentism (e.g., cultivated trees) also start increasing after about 4200 years BP, with maximum values during time intervals centered between 1700 and 1400 years BP, and a final peak at 700 years BP.

Discussion

Major and trace element proxies

Distinctive hydrological shifts in Urmia Lake basin, especially during the Last Glacial Maximum, resulted in deposition of distinctive evaporite-rich layers [START_REF] Shah-Hosseini | Sedimentology of hypersaline Lake Urmia in central part of Shahid Kalantari highway with special reference to their origin[END_REF][START_REF] Stevens | Hydroclimatic variations over the last two glacial/interglacial cycles at Lake Urmia, Iran[END_REF]. However, without visible evaporite horizons in our 5-m-long sediment core, we instead use down-core elemental abundances to identify periods of potential hydrological imbalance during the past 11,300 years.

It has been shown that the supply of aeolian input into marine and lake environments increases during dry periods [START_REF] Harrison | The role of dust in climate changes today, at the last glacial maximum and in the future[END_REF]. Studies of dust emission and transport in West Asia during both the Holocene [START_REF] Sharifi | 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?[END_REF](Sharifi et al. , 2018a) ) and the modern era [START_REF] Middleton | A geography of dust storms in South-West Asia[END_REF][START_REF] Prospero | Environmental characterization of global sources of atmospheric soil dust identified with the NIMBUS 7 Total Ozone Mapping Spectrometer (TOMS) absorbing aerosol product[END_REF] further confirm higher dust transport and deposition to the region and to where the lake is located during dry periods. Higher concentration of aeolian particles in lake sediment can increase the concentrations of Si, Ti, and Zr, leading to an increase in the Al-normalized values (Si/Al, Ti/Al, and Zr/Al) [START_REF] Calvert | Elemental proxies for palaeoclimatic and palaeoceanographic variability in marine sediments: interpretation and application[END_REF][START_REF] Nieto-Moreno | Tracking climate variability in the western Mediterranean during the Late Holocene: a multiproxy approach[END_REF][START_REF] Govin | Distribution of major elements in Atlantic surface sediments (36°N-49°S): Imprint of terrigenous input and continental weathering[END_REF][START_REF] Jiménez-Espejo | Saharan aeolian input and effective humidity variations over western Europe during the Holocene from a high altitude record[END_REF]. It worth mentioning that the elements transported to the Urmia Lake by the rivers represent the elemental input averaged over 52,000 km 2 watershed area with less fluctuated elemental ratios. Therefore, Si/Al, Ti/Al, and Zr/Al variability must be considered as the relative contribution of aeolian versus fluvial input [START_REF] Lourens | Geological constraints on tidal dissipation and dynamical ellipticity of the Earth over the past three million years[END_REF].

As such, it can be argued that changes in the supply of wind-blown dust can be interpreted as episodes of dry climatic condition [START_REF] Martinez-Ruiz | Paleoclimate and paleoceanography over the past 20,000yr in the Mediterranean Sea Basins as indicated by sediment elemental proxies[END_REF]. The most compelling evidence that high Si/Al, Ti/Al, and Zr/Al ratios in the Urmia Lake core represent dry periods of erosion and enhanced aeolian input is the observation that these periods coincide with intervals of low abundances in Al intensities (compare panels d, e, and f to a in Fig. 4).

Considering the behavior of mobile elements such as Rb and K in riverine systems during dry conditions (transportlimited denudation) versus humid periods (weathering-limited denudation), sediments with high Rb/K ratios are indicative of dry periods during which low riverine fluxes are expected [START_REF] Stallard | River chemistry, geology, geomorphology and soils in the Amazon and Orinoco Basins[END_REF][START_REF] Brown | Lake Malawi's response to "megadrought" terminations: sedimentary records of fl ooding, weathering and erosion[END_REF]. Several episodes of high Rb/K ratios in the Urmia Lake core coincide with intervals of high Si/Al, Ti/Al, and Zr/Al ratios (Fig. 4 d-g), indicating higher aeolian input during times of low riverine fluxes that likely were accompanied by dry spells over the catchment basin.

Under oxygenated conditions, Mn forms highly insoluble Mn (III) or Mn (IV) oxi-hydroxides that are rapidly deposited in particulate form. Conversely, under anoxic conditions, Mn is reduced to Mn (II) and forms soluble Mn 2+ or MnCl + cations that diffuse out of the sediment, or from the sediment-water interface into the water column [START_REF] Calvert | Geochemistry of recent oxic and anoxic marine sediments: Implications for the geological record[END_REF][START_REF] Algeo | Trace-element behavior and redox facies in core shales of Upper Pennsylvanian Kansas-type cyclothems[END_REF]. This behavior of Mn is expected to result in high (low) Mn/Al ratios during oxic (suboxic-anoxic) condition [START_REF] Martínez-Ruiz | Millennialto centennialscale climate periodicities and forcing mechanisms in the westernmost Mediterranean for the past 20,000 yr[END_REF][START_REF] Martinez-Ruiz | Paleoclimate and paleoceanography over the past 20,000yr in the Mediterranean Sea Basins as indicated by sediment elemental proxies[END_REF].

Down-core variations of Mn/Al ratios in the sediment core (Fig. 4h) indicate several intervals of elevated ratios, indicative of higher oxygen conditions at the sediment-water interface. These periods are associated with low Fe abundances along the core (Fig. 4i). The relationship between sediment Mn and Fe contents and oxic-anoxic conditions is not always straightforward and factors such as water column sulfur content, total organic content, biomineralization of Mn-and Fe-bearing minerals, and the stratification of the water column with respect to oxygen and circulation of lake bottom water can play a major role in the final concentration of these redox sensitive elements in the sediment [START_REF] Miot | Mineralogical Diversity in Lake Pavin: Connections with Water Column Chemistry and Biomineralization Processes[END_REF]). In the absence of such information for the Urmia Lake environment, we speculate that the high Fe abundances associated with low ratios of Mn/Al (suboxic-anoxic condition) and Rb/K (high riverine supply) may represent higher lake levels (Fig. 4h).

The lake-level fluctuations inferred from geochemical proxies revealed that during the Early-Mid-Holocene, when solar insolation was higher relative to the Late Holocene (Fig. 4c), high lake levels were sustained for longer periods (Fig. 4h). However, the periods of high lake level became shorter, and the frequency of dry periods increased as solar insulation was reduced from the Mid-to Late Holocene (Fig. 4c andh). This observation correlates well with multiproxy records from Lake Van [START_REF] Wick | Evidence of Lateglacial and Holocene climatic change and human impact in eastern Anatolia: high-resolution pollen, charcoal, isotopic and geochemical records from the laminated sediments of Lake Van, Turkey[END_REF] and Neor Lake [START_REF] Sharifi | 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?[END_REF], ~ 230 km west and ~ 290 km east of Urmia Lake, respectively. Both lake records suggest higher moisture availability during the Early and Mid-Holocene, with dry conditions more prevalent during the Late Holocene. In the Urmia Lake record, the Late Holocene is marked by increases in aeolian input (high Ti/Al, Si/Al, and Zr/Al ratios), attributed to low lake levels (high Mn/ Al ratio), which is also in good agreement with episodes of enhanced aeolian input to Neor Lake and increased aridity at Lake Van [START_REF] Wick | Evidence of Lateglacial and Holocene climatic change and human impact in eastern Anatolia: high-resolution pollen, charcoal, isotopic and geochemical records from the laminated sediments of Lake Van, Turkey[END_REF][START_REF] Sharifi | 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?[END_REF].

Paleo-precipitation

The empirical equations for MAP (Eq. ( 2) and Eq. ( 3)) are subject to local environmental conditions such as sediment clay content, the MAP range, vegetation coverage, and the topography of the study area. Therefore, a new empirical equation tailored for the Urmia Lake watershed area and its precipitation range had to be established. By extrapolating the age model, we compared the mean annual precipitation data recorded at Urmia station with the four elemental discrete analyses from the top 20 mm of the core (Fig. 5). A CIA-K-MAP correlation of R 2 = 0.99 was established for the Urmia Lake region (Fig. 5) and Eqs. ( 2) and (3) were modified as follows:

It should be noted that our approach to providing this calibration is based on a small dataset and is subject to improvement as more data from the lake becomes available in future studies. Nevertheless, this is the first attempt to provide an estimate of this kind for past precipitation in the Urmia Lake watershed area. While a more representative calibration model will improve the absolute values of estimated precipitation, the pattern of change in precipitation rate through time should remain valid regardless of what calibration is used.

The CIA-K index was calculated based on 68 discrete samples measured by MC-ICP-MS (average resolution of ~ 165 years) and was used to reconstruct the paleorainfall (MAP paleo ) for the Urmia Lake basin (solid dark blue line in Fig. 6b). As it can be seen in Fig. 6b, regardless of the offset in reconstructed absolute MAP paleo values using Eq. ( 4) MAP(mmy -1 ) = (4.5092 × CIA -K) + 132.4, R 2 = 0.98 (2) (upper limit) and Eq. ( 3) (lower limit), there is good agreement between the mean precipitation patterns throughout the record. Equation ( 4) returned minimum and maximum MAP paleo estimates of 174 mm year -1 and 401 mm yea -1 , respectively. The MAP paleo estimates for the Holocene reveals multiple episodes of low precipitation since the beginning of the record, where the major drops in precipitation are centered at 8400 BP, 3100 BP, 1500 BP, and 800 BP. The average precipitation for the Early Holocene is estimated around 339 mm year -1 while this average reduced to 305 mm yea -1 and 287 mm yea -1 for the Mid-and Early Holocene, respectively. Considering the difference between the resolution of the MAP paleo reconstruction and that of the elemental ratios, the paleo-precipitation reconstruction and lake-level fluctuations inferred from geochemical proxies are in good agreement (Fig. 6 a andb).

The average estimated rainfall for the Holocene shows a decreasing trend from Early to Late Holocene (Fig. 6b), following the decline in summer solar insolation (Fig. 4c), which is in good agreement with down-core abundances of Al (Fig. 4a) and other proxies for redox, aeolian input, and riverine supply (Fig. 4) as discussed above. A correlation between solar insolation and precipitation in the Middle East was previously reported in a cave record from central-west Iran [START_REF] Mehterian | Speleothem records of glacial/interglacial climate from Iran forewarn of future Water Availability in the interior of the Middle East[END_REF]. The observed trend in rainfall estimates is also in good agreement with the multi-proxy record from Neor Lake, where [START_REF] Sharifi | 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?[END_REF] reconstructed the Holocene moisture availability based on variations in a precipitation (Paq) biomarker (Fig. 6c) and δD values of C 28 n-alkanoic acid. The paleorainfall (MAP paleo ) reconstruction for the Urmia Lake is also in good agreement with the episodes of wet/dry condition in Neor Lake based Fig. 5 Relationship between mean annual precipitation (MAP) and CIA-K in samples from Urmia Lake on downcore variations of Ti (Fig. 6a). This reduction in precipitation from the Early to Late Holocene is also observed in the Holocene record from Lake Van [START_REF] Wick | Evidence of Lateglacial and Holocene climatic change and human impact in eastern Anatolia: high-resolution pollen, charcoal, isotopic and geochemical records from the laminated sediments of Lake Van, Turkey[END_REF] as well as in records from the eastern Mediterranean Sea [START_REF] Schilman | Global climate instability reflected by Eastern Mediterranean marine records during the late Holocene[END_REF][START_REF] Migowski | Holocene climate variability and cultural evolution in the Near East from the Dead Sea sedimentary record[END_REF][START_REF] Kaniewski | Late second-early first millennium BC abrupt climate changes in coastal Syria and their possible significance for the history of the Eastern Mediterranean[END_REF]. The paleorainfall (MAP paleo ) estimates for Urmia Lake suggest multiple major drops in precipitation during 8.2 and 4.2 events, at 3.1 ka and 1.5 ka, as well as during the Medieval Warm Period and little Ice Age (Fig. 6b). These drops in precipitation over the Urmia watershed area are in good agreement with the global records of Holocene Rapid Climate Change events (HRCC) [START_REF] Mayewski | Holocene climate variability[END_REF]), the Crisis Years Cooling Event (CYCE) in east Mediterranean [START_REF] Kaniewski | Cold and dry outbreaks in the eastern Mediterranean 3200years ago[END_REF], the dry periods in Lake Neor in NW Iran [START_REF] Sharifi | 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?[END_REF], and dry periods in Lake Tecer, Turkey [START_REF] Kuzucuoglu | Mid-to Late-Holocene climate change in central Turkey: the Tecer Lake record[END_REF]) (Fig. 6a). High paleorainfall (MAP paleo ) estimates are also in good agreement with the wet periods recorded at Neor Lake in NW Iran, Lake Tecer in Turkey, and the Organic Rich Sediment event (ORS) [START_REF] Schilman | Global climate instability reflected by Eastern Mediterranean marine records during the late Holocene[END_REF]) in southeast Mediterranean (Fig. 6a). [START_REF] Schilman | Global climate instability reflected by Eastern Mediterranean marine records during the late Holocene[END_REF]; Lake Tecer in Turkey [START_REF] Kuzucuoglu | Mid-to Late-Holocene climate change in central Turkey: the Tecer Lake record[END_REF]; and Neor Lake in northwest Iran [START_REF] Sharifi | 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?[END_REF]. Bars in magenta denote Holocene rapid climate change events (HRCC) [START_REF] Mayewski | Holocene climate variability[END_REF]. The Urmia Lake level fluctuation (this study) is the same as in [START_REF] Bond | Persistent solar influence on North Atlantic climate during the Holocene[END_REF][START_REF] Beug | A pervasive millennial-scale cycle in north Atlantic holocene and glacial climates[END_REF]. (f) 11 ka reconstruction of sunspot numbers based on 10 Be, note the vertical axis is in reverse order [START_REF] Solanki | Unusual activity of the Sun during recent decades compared to the previous 11,000 years[END_REF] 

Paleo-vegetation

Pollen investigations from Urmia Lake have proven informative in reconstructing (i) regional vegetation changes related to climatic changes [START_REF] Bottema | A late quaternary pollen diagram from Lake Urmia (Northwestern Iran)[END_REF]Djamali et al. 2008a) and (ii) wetland extension related to lake-level changes (Djamali et al. 2008b;[START_REF] Talebi | The Late-Holocene climate change, vegetation dynamics, lake-level changes and anthropogenic impacts in the Lake Urmia region, NW Iran[END_REF]. Furthermore, anthropogenic pollen indicators have provided insight into the intensity of agropastoral activities, lifestyle changes, and urban development in the Irano-Anatolian plateau including the Urmia Lake region [START_REF] Bottema | A late quaternary pollen diagram from Lake Urmia (Northwestern Iran)[END_REF][START_REF] Bottema | Anthropogenic indicators in the pollen diagrams of the Eastern Mediterranean[END_REF][START_REF] Guibal | Notes on arboricultural and agricultural practices in ancient Iran based on new pollen evidence[END_REF][START_REF] Djamali | Olive cultivation in the heart of the Persian Achaemenid Empire: new insights into agricultural practices and environmental changes reflected in a late Holocene pollen record from Lake Parishan, SW Iran[END_REF]. A comparison of temporal variations of the pollen indicators of upland vegetation, anthropogenic activities, and lake-level changes with geochemical signals provide additional support for the hydrological transition in the lake basin during the current interglacial period.

The Early to Mid-Holocene was characterized by relatively constant lake levels. This observation from the geochemical data is further corroborated by relatively constant values of aquatic pollen during this period (Fig. 6j). The inferred dry phases from 3100 to 1500 years BP marked by frequent episodes of dust input are also characterized by significant fluctuations of pollen abundances of different upland and wetland plants. An important implication of these fluctuations is that they mostly support variations in Ti/Al, Zr/Al, and Mn/Al as a record of hydroclimate changes, and cannot be explained, at least exclusively, by erosion-related events rising from intensified agro-pastoral activities as they may also be indicative of aeolian input. More data will be required to establish each mechanism's contribution to the elemental input to the lake. These wetland pollen types (Cyperaceae, Sparganium-type, and Riella) show the extension of the wetland areas surrounding the lake especially at the fluvio-deltaic environments at the entrance of the incoming river systems (Djamali et al. 2008b). Their increase is thus independent of human activities and provides a direct ecological proxy for lake-level variations. We note that peaks in the abundances of these pollens are out of phase with those of the aeolian intensity peaks, further suggesting that the 3100-to 1500-year BP period was characterized by higher-frequency hydroclimate fluctuations. The lower resolution of pollen record (average sampling resolution of ~ 245 year), however, impedes a direct peak-to-peak comparison with geochemical records.

Another noteworthy observation is that the intensification of sedentary life and development of urbanism as reflected in the pollen curve of cultivated trees shows a continuously increasing trend since the Iron Age with peaks that correspond to the short intervals of higher moisture availability within the 3100-to 1500-year BP time period. The Iron Age in northwestern Iran (9th to 3rd centuries BC) is characterized by the development of several significant urban centers around Lake Urmia related to the Manaean kingdom and Median and Persian Empires (e.g., Daryaee 2011; Fahimi 2019; Maziar 2019). The most important pollen evidence to the established sedentism and urban development is provided by the peaks of cultivated trees [START_REF] Bottema | Anthropogenic indicators in the pollen diagrams of the Eastern Mediterranean[END_REF][START_REF] Djamali | An update on the history of arboriculture in Ancient Iran[END_REF]). This period is also correlated to successive peaks of wetland pollen types and higher precipitations (Figs. 4j and6b). The main peak of arboriculture centered around 1700-1500 years BP corresponds well with the early and middle part of the Sasanian Empire (224-651 AD), while the decline of arboriculture that began around 1300 years BP corresponds to the Arab invasion of Iran and the fall of the Sasanian Empire [START_REF] Djamali | An update on the history of arboriculture in Ancient Iran[END_REF]. Sasanian period is characterized by socio-economic prosperity of Persia and expansion of agriculture and urbanism all over the Iranian plateau [START_REF] Djamali | Olive cultivation in the heart of the Persian Achaemenid Empire: new insights into agricultural practices and environmental changes reflected in a late Holocene pollen record from Lake Parishan, SW Iran[END_REF][START_REF] Shumilovskikh | Palaeoecological insights into agri-horti-cultural and pastoral practices before, during and after the Sasanian Empire[END_REF].

Atmospheric teleconnection to the climate of the North Atlantic

Down-core abundances of Al (Fig. 6d) in the sediment core appear to co-vary with the Holocene record of ice rafted debris (IRD) events from North Atlantic sediments (Fig. 6e) [START_REF] Beug | A pervasive millennial-scale cycle in north Atlantic holocene and glacial climates[END_REF]) and intervals of reduced solar irradiance (Fig. 6f) [START_REF] Bond | Persistent solar influence on North Atlantic climate during the Holocene[END_REF][START_REF] Solanki | Unusual activity of the Sun during recent decades compared to the previous 11,000 years[END_REF]). Since these time series are based on different age models, have different resolutions, and represent various aspects of the climate system, the peak-to-peak correlation between them is not straightforward. However, wavelet analyses of these time series revealed similar periodicities (Fig. SI-2) suggesting noticeable co-variability between them.

This suggests the existence of an atmospheric teleconnection between North Atlantic climate and the interior of West Asia throughout the Holocene. A similar teleconnection on millennial timescales during the last glacial period has previously been observed between the North Atlantic, the interior of West Asia and the northern Indian Ocean [START_REF] Schulz | Correlation between Arabian Sea and Greenland climate oscillations of the past 110,000 years[END_REF][START_REF] Altabet | The effect of millennial-scale changes in Arabian Sea denitrification on atmospheric CO2[END_REF][START_REF] Pourmand | Radionuclide and biomarker proxies of past ocean circulation and productivity in the Arabian Sea[END_REF][START_REF] Pourmand | A 28-ka history of sea surface temperature, primary productivity and planktonic community variability in the western Arabian Sea[END_REF][START_REF] Sharifi | 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?[END_REF]. Further support for teleconnections between Urmia climate and that of the North Atlantic also comes from the time series study of modern climate data from NW Iran [START_REF] Jalili | Assessing the effect of SOI and NAO indices on Lake Urmia water level variations, application of spectral analysis[END_REF][START_REF] Zoljoodi | Water-level fluctuations of Urmia Lake: relationship with the long-term changes of meteorological variables (solutions for water-crisis management in Urmia Lake Basin)[END_REF][START_REF] Alizadeh-Choobari | Climate change and anthropogenic impacts on the rapid shrinkage of Lake Urmia[END_REF][START_REF] Sharifi | Hydroclimate of the Lake Urmia catchment area: A brief overview[END_REF].

We interpret the absence of any major evaporite horizons during the Holocene to represent the "natural" evolution of the sedimentary regime within the lake's catchment and depositional basins. It has been previously demonstrated that the lake's hydrological regime has been significantly altered by humans over the last half century [START_REF] Aghakouchak | Aral Sea Syndrome Desiccates Lake Urmia: Call for Action[END_REF]Sharifi et al. 2018b[START_REF] Sharifi | Hydroclimate of the Lake Urmia catchment area: A brief overview[END_REF][START_REF] Khazaei | Climatic or regionally induced by humans? Tracing hydro-climatic and land-use changes to better understand the Lake Urmia tragedy[END_REF]. The combination of modern and paleoclimate reconstruction now emphasizes the outsized role human activities have played in the demise of the lake in modern times.

Conclusions

A high-resolution multi-proxy reconstruction of climate and hydrologic conditions over Urmia Lake indicates several lake-level fluctuations since the Early Holocene. More frequent times of low lake levels during the Mid-and Late Holocene coincide with episodes of enhanced aeolian input and low riverine input to the lake. The expansion and contraction of wetland vegetation in the lake basin inferred from pollen data confirms the geochemical interpretation of lake hydrologic variations during the Holocene. In addition, there is general agreement between proxy interpretation from Urmia Lake with other regional records from high-altitude peat deposits from NW Iran and from the eastern Mediterranean Sea. Furthermore, the correlation between the Urmia Lake record and variations in North Atlantic climate and changes in solar irradiance suggest the sensitivity of Urmia Lake hydrology to internal and external forcing that controls the climate of the northern hemisphere, as well as an atmospheric teleconnection between the North Atlantic and the interior of West Asia during the last deglaciation. Although the general increasing trends in agro-pastoralism and urban development have continued since the Iron Age in the Urmia Lake region, there is a notable correlation between periods of more moisture availability and higher agricultural and urban development, strongly suggesting a hydroclimatic impact on civilizations in the Urmia Lake basin.

Although the moisture availability has changed since the beginning of the Holocene, our paleorainfall reconstruction for the Urmia Lake watershed has fluctuated within the range comparable to modern times. Taken together with the geochemical and pollen reconstructions, the absence of evaporative horizons from the entirety of this core that spans the Holocene strongly suggest that the contribution of natural climate cycles may have less influence on water availability to the lake today than the well documented impacts of extensive anthropogenic activities over the last few decades.
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 4 Fig. 4 Multi-proxy sediment record in Urmia Lake from NW Iran. (a and b) 50-year smoothed scanning XRF intensity profile for Al (× 10 2 cps) and Si (× 10 3 cps) respectively, original data are shown in grey and pale blue, 8 radiocarbon dates (filled diamonds), and their associated uncertainties (2σ) are plotted along the age axis. (c) Summer solar insolation (Wm -2 ) at 30°N. (d-f) Down-core profiles of the Al-normalized abundances of lithogenic (Ti, Si, Zr) elements used as
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 6 Fig. 6 Paleorainfall reconstruction over Urmia Lake's region. (a) Compilation of paleoclimate records from east Mediterranean (Kaniewski et al. 2019); southeast Mediterranean[START_REF] Schilman | Global climate instability reflected by Eastern Mediterranean marine records during the late Holocene[END_REF]; Lake Tecer in Turkey[START_REF] Kuzucuoglu | Mid-to Late-Holocene climate change in central Turkey: the Tecer Lake record[END_REF]; and Neor Lake in northwest Iran[START_REF] Sharifi | 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?[END_REF]. Bars in magenta denote Holocene rapid climate change events (HRCC)[START_REF] Mayewski | Holocene climate variability[END_REF]. The Urmia Lake level fluctuation (this study) is the same as in Fig. 4. The grey bars are corresponding to 8.2 and 4.2 events, Medieval Warm Period (MWP) and Little Ice Age (LIA). (b) Mean annual precipitation (MAP, mm y -1 ) estimates based on CIA-K weathering index. Solid dark blue line shows MAP paleo reconstruction based on 1951-2005 mean annual precipitation data recorded at Urmia syn-
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Table 1

 1 Radiocarbon dates and calibrated ages corrected for reservoir effect Calibrated ages were corrected for the reservoir effect by 560 years prior to calibration. The 560-year correction is based on the age difference between comparative bulk sediment and shrimp cyst. All corrected ages recalculated for present time being 2012

	Sample no. Depth ± 5 mm* Sample type	Conventional age	Midpoint calibrated	Median calibrated age	Calibrated 2σ
				(RCYBP) ± reported	age (year BP) ± 2σ	(BP) corrected for reser-	age range (BP)
				uncertainty**	error	voir effect***	
	U7-2B	640	Bulk sediment 2820 ± 30	2926 ± 77	-	-
	U7-2C	640	Cyst	2330 ± 50	2395 ± 96	-	-
	U7-2f	5400	Fecal pellets	9850 ± 40	11,262 ± 63	-	-
	U7-2c	5400	Cyst	9330 ± 50	10,543 ± 151	-	-
	U7-2b	5400	Bulk sediment 9660 ± 40	11,133 ± 67	-	-
	U6-1-3	35	Bulk sediment	680 ± 30	-	113	9-151
	U6-1-2BK 111	Bulk sediment 1860 ± 30	-	1228	1176-1289
	U6-1-1BK 487	Bulk sediment 2690 ± 30	-	2098	1199-2153
	U6-2-3	1005	Bulk sediment 4890 ± 30	-	4893	4841-4967
	U6-2-2BK 1390	Bulk sediment 5130 ± 40	-	5248	5051-5193
	U6-3-3BK 2328	Bulk sediment 7610 ± 40	-	7883	7790-7963
	U6-4-4BK 3312	Bulk sediment 9580 ± 50	-	10,200	1011-10,252
	U6-5-5BK 4571	Bulk sediment 10270 ± 40	-	11,155	11,072-11,234

* Indicates the error on depth measurement ** RCYP, radiocarbon year before present, for error calculation please refer to the information provided by Beta Analytic Co. on radiocarbon data and calculation protocol at http:// www. radio carbon. com ***
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