Romina Lucrecia López Steinmetz 
email: lucrecialopezsteinmetz@hotmail.com
  
Stefano Salvi 
email: stefano.salvi@get.omp.eu
  
Lucrecia Romina 
  
López Steinmetz 
  
François Risacher 
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The Lithium Triangle, a zone of the Central Andes characterized by the presence of lithium (Li)-rich salt pans within endorheic basins, has gained a worldwide reputation chiefly due to its exceptional Li brine-type deposits. We summarize scientific hydrochemical reports, totalizing a data set composed of 477 brine samples across the Lithium Triangle. Brine compositions are predominantly of the Cl --SO 4 2-/ Na + -Mg 2+ type, however, major brine chemistry and Li + grades vary across the Andean plateau. Brine compositions show some degree of geographic organization but no clear pattern was observed in the Li + distribution across the plateau. We highlight an interdependency between the areal surfaces of salt pans and endorheic basins, which, related to Li concentrations, show the following linear proportions: 1) a 1:5 to 1:10 proportionality between the surfaces of basin catchments and those of salt pans; 2) a 2:1 proportionality between maximum and mean Li values; the latter implies that the equation mean Li ≈ ½ max Li can be employed to predict indicative mean
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Journal Pre-proof grades during Li surveys in the Central Andes. In addition, the concentrations of Li can be addressed with respect to the area of salt pans and/or its basin catchments: it would be not only the largest, but also the oldest salars that are expected to hold the greatest Li concentrations. Finally, the area involving all salt pans in the Andean plateau is more than three times the size of what is known as the Lithium Triangle and has a curved crescent shape;

we thus propose referring to it in the future as the Lithium Crescent.

Introduction and historical background

The demand for lithium (Li) has recently known a great increase worldwide due to its application in the fabrication of rechargeable batteries (for mobile phones, personal computers, electric vehicles, etc.). Known global lithium resources involve about 31 Mt, which would represent ~1.50 times the global estimated demand up to the year 2100 [START_REF] Kesler | Global lithium resources: relative importance of pegmatites, brine and other deposits[END_REF]. Nowadays, lithium is mostly obtained from pegmatite-and brine-type deposits.

The former consist of conventional Li mining and represent ~4 Mt (~13%) of estimated resources. Apart from and additional 5 to 6 Mt potential production from hydrothermal solutions and oilfields [START_REF] Kesler | Global lithium resources: relative importance of pegmatites, brine and other deposits[END_REF], the remaining ~2/3 (~68%) of global lithium resources are contained in brine-type deposits. This makes them indispensable to meet the growing demand and has caused Li-rich salars to attain the status of an economically, technologically and geopolitically strategic resource [START_REF] Garrett | Handbook of lithium and natural calcium chloride: their deposits, processing, uses and properties[END_REF][START_REF] Gruber | Global lithium availability: a constraint for electric vehicles?[END_REF][START_REF] Mohr | Lithium Resources and Production: a critical global assessment[END_REF][START_REF] Houston | The evaluation of brine prospects and the requirement for modifications to filing standards[END_REF][START_REF] Kesler | Global lithium resources: relative importance of pegmatites, brine and other deposits[END_REF][START_REF] López Steinmetz | Water legislation in the context of lithium mining in Argentina[END_REF].

Li is a relatively abundant element on Earth with a concentration in the upper continental crust of about 35 ± 11 ppm [START_REF] Teng | Lithium isotopic composition and concentration of the upper continental J o u r n a l P r e -p r o o f Journal Pre-proof crust[END_REF]. As Li is a very reactive and J o u r n a l P r e -p r o o f geochemical incompatible element, it is commonly present in natural waters as a solute, in its ionic form, Li + . The mean Li concentration in sea water is 0.18 mg L -1 [START_REF] Riley | The lithium content of sea water[END_REF], whereas continental waters are characterized by highly variable Li values. Salt pans (salars or salt flats, desert areas where salts accumulate) in arid regions of the globe store brines that contain Li concentrations often averaging two to three orders of magnitude above those in sea water. Most brine-type deposits involve concentrations of more than 400 mg L -1 of Li.

The Andean plateau in South America, one of the most peculiar geological features on Earth, has gained a worldwide reputation due to its exceptional Li brine-type deposits [START_REF] Kesler | Global lithium resources: relative importance of pegmatites, brine and other deposits[END_REF]. The constraints imposed by environmental challenges and the need for strong technological developments to replace fossil fuels are global factors that have driven the Andean Li rush during now more than a decade. Under the effect of the lithium rush, the plateau region became known as "The Lithium Triangle". This was an informal appellation originally designating the area comprised between the Salar de Atacama in Chile (#12 in Fig. 1), the principal Li mine in the world [START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF][START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Kunasz | Lithium resources[END_REF], the Salar de Uyuni (#3) in Bolivia to the north [START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF][START_REF] Risacher | Quaternary geochemical evolution of the Salar of Uyuni and Coipasa, Central Altiplano, Bolivia[END_REF], and the Salar de Hombre Muerto (#43) in Argentina to the south [START_REF] Godfrey | The role of climate in the accumulation of lithium-rich brine in the Central Andes[END_REF] (Fig. 1). This delimitation of the Andean Lithium Triangle then became established based on the relevance of these three salars, which have been the most important Li spots during the last years. However, there are several more Li-bearing salt pans in this Andean region, many of which located outside of this triangle (Fig. 1). In addition, the nonscientific literature (i.e., diverse press articles, NI reports of mining prospects, etc.) commonly considers all the Andean salt flats as containing significant amounts of Li, although data on brine hydrochemistry, including Li grades, are still quite limited, to this date. Therefore, we consider it is important to delimit the area containing all known salt pans. As shown in Figure [START_REF] Allmendinger | The evolution of the Altiplano-Puna plateau of the Central Andes[END_REF], showing the location of the Puna, Puna de Atacama and Altiplano. Dashed black lines represent national borders. Salt pans are numbered in panel b as in Table 1.

The interest for Andean salt pans and their resources began almost a century ago. The first studies were conducted across the Puna de Atacama in northern Chile by geoscientists of the USGS (United States Geological Survey). To this early period of hydrological and geochemical surveys correspond the reports made by [START_REF] Clark | The data of geochemistry, fifth ed[END_REF], [START_REF] Ericksen | Rhyolite tuff, a source of the salts of northern Chile[END_REF][START_REF] Ericksen | Geology of the salt deposits and the salt industry of northern Chile[END_REF], and [START_REF] Dingman | Geology and ground-water resources of the northern part of the Salar de Atacama, Antofagasta Province, Chile[END_REF]. A few years later, during the 70's, lithium was already perceived as an important resource, as reveals the book "Lithium Resources and Requirement by the year J o u r n a l P r e -p r o o f Peralta [START_REF] Peralta Arnold | Fluid geochemistry of a deep-seated geothermal resource in the Puna plateau (Jujuy Province, Argentina)[END_REF][START_REF] García | Characterization of lithium cycling in the Salar de Olaroz, Central Andes, using a geochemical and isotopic approach[END_REF][START_REF] Meixner | Lithium concentrations and isotope signatures of Palaeozoic basement rocks and Cenozoic volcanic rocks from the Central Andean arc and back-arc[END_REF], our observations rule out a geographical control on the primary source of Li (and its concentration), and suggest that a combination of basin-scale processes and endorheic surface sizes control, at least in part, Li grades. It is likely that the lithological characteristics of each salar will have contributed to its geochemical composition. However, to our knowledge, no such study has been carried out yet. Figure 1c shows a synthetic view of lithologies underlying salt pans in the Andean plateau. Any given salar sits on several units, which influence the specific input of the lithology on a salar's chemical signature that are in also probably controlled by more large basin-scale processes like hydrothermalism.

In addition to the salar/basin size function, further objectives of the present contribution are: -to summarize the hydrochemical data sets of brines from salt pans at the Andean scale; -to identify regional patterns (i.e., spatial-geographical) for Li distribution and brine concentrations; -to recognize useful criteria (e.g., hydrochemical, geographical, geomorphological, etc.) for surveying of Li-brine type deposits; -to discuss in absolute and comparative terms the relevance and potential of Andean prospects. A better knowledge of the salars in this region of the Andes and of their Li endowment will necessarily prove beneficial for a better governance of natural resources, whether it be administrative exercise, private sector investment strategies, or simply contributing to the public knowledge.

Geology of the Andean Plateau

The Andes display along the western South America (Fig. 1). The Orogenic processes that conducted to the Andes mountain building started in the early Cenozoic after major reorganization of tectonic plates in the eastern Pacific, driving the convergence of the Nazca and South American plates [START_REF] Tassara | Interaction between the Nazca and South American plates and formation of the Altiplano-Puna plateau: Review of a flexural analysis along the Andean margin (15°-34°S)[END_REF], and references therein).
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The Andean plateau (Fig. 1 B) is a tectonic elevation area settled in the Central Andean zone. It occupies parts of northern Chile and Argentina, western Bolivia and southernmost Peru. The plateau involves the internally drained basins of the Central Andes [START_REF] Allmendinger | The evolution of the Altiplano-Puna plateau of the Central Andes[END_REF], which largely correspond to the areas settled above the 3 km elevation contour [START_REF] J O U R N A L P R E -P R O O F Isacks | Uplift of the Central Andean Plateau and bending of the Bolivian orocline[END_REF].

The plateau involves a >60-70 km-thick crust and thin lithosphere (without or with very thin lithospheric mantle, see [START_REF] Allmendinger | Paleogeography and Andean structural geometry, northwest Argentina[END_REF][START_REF] Coira | Upper Cenozoic magmatic evolution of the Argentine Puna -A model for changing subduction geometry[END_REF][START_REF] Allmendinger | Pure and simple shear plateau uplift, Altiplano-Puna, Argentina and Bolivia[END_REF][START_REF] Whitman | Lithospheric structure and along-strike segmentation of the Central Andean Plateau: seismic Q, magmatism, flexure, topography and tectonics[END_REF]. The plateau is flanked to east and west by morphotectonic units of the continental plate, the Eastern and Western Cordilleras (Fig. 1 C), whereas in the N-S direction the plateau extent coincides with abrupt dip changes along the subduction zone, from flat (<10°) to normal (~30°) subduction, and with the intersection of the Nazca and Juan Fernández oceanic ridges [START_REF] Tassara | Interaction between the Nazca and South American plates and formation of the Altiplano-Puna plateau: Review of a flexural analysis along the Andean margin (15°-34°S)[END_REF], and references therein). The Eastern Cordillera reaches 5-6 km elevation and it is a doubly-vergent deformation belt active until the middle-late Miocene [START_REF] Herail | Strike-slip faulting, thrusting and related basins in the Cenozoic evolution of the southern branch of the Bolivian Orocline[END_REF][START_REF] Mcquarrie | The kinematic history of the Central Andean fold-thrust belt, Bolivia: implications for building a high plateau[END_REF]. South of 27°S, the tectonic style of the Eastern Cordillera transitions to uplifted basement blocks made of crystalline Palaeozoic rocks and the Sierras Pampeanas [START_REF] Ramos | The Pampean flat-slab of the Central Andes[END_REF]. The Western Cordillera is an Eocene magmatic and tectonic belt [START_REF] Mpodozis | The Andes of Chile and Argentina[END_REF] that is related to a west-vergent thrust system (WTS, [START_REF] Muñoz | Uplift of the western border of the Altiplano on a west-vergent thrust system, northern Chile[END_REF]. The Western Cordillera has peaks that rise to ∼6 Km-in-high and involves stratovolcanoes of Miocene and younger age at the margin of the plateau [START_REF] Jordan | Uplift of the Altiplano-Puna plateau: A view from the west[END_REF].

The geological characteristics of the Andean plateau vary along-strike. Internal plateau changes on topography, volcanism, tectonic style and subduction conditions, among others relevant aspects, have led to identify major internal plateau subdivisions: the Altiplano (15°-22°S), the Puna (22°-27°S) and the Puna de Atacama (east of the volcanic arc) (Jordan et al. 1983, Mpodozis and[START_REF] Mpodozis | The Andes of Chile and Argentina[END_REF]; Fig. 1 C). The Puna -Altiplano transition occurs at ~22°S.
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The Altiplano is characterized by a broad, low-relief, with a mean elevation of ∼3.8 km. The Puna lies at an average elevation nearly a kilometer higher than the Altiplano, holds younger mafic magmatism [START_REF] Maro | Volcanismo monogenético máfico cenozoico de la Puna. 20th Congreso Geológico Argentino[END_REF], and its physiography involves several endorheic depressions bounded by basement-cored ranges [START_REF] Whitman | Lithospheric structure and along-strike segmentation of the Central Andean Plateau: seismic Q, magmatism, flexure, topography and tectonics[END_REF][START_REF] Allmendinger | The evolution of the Altiplano-Puna plateau of the Central Andes[END_REF][START_REF] Jordan | Uplift of the Altiplano-Puna plateau: A view from the west[END_REF]. The volcanic arc displays nearby N-S and separates the Altiplano-Puna on the eastern side of the plateau from the Puna de Atacama in the west. The volcanic arc (also known as the CVZ, the acronym for Central Volcanic Zone, 15°-28°S) is a chain of Miocene to Quaternary stratovolcanic complexes and andesitic-rhyodacitic domes of high-K calcalkaline affinities [START_REF] Allmendinger | The evolution of the Altiplano-Puna plateau of the Central Andes[END_REF]Kay et al., 1999[START_REF] Jordan | Uplift of the Altiplano-Puna plateau: A view from the west[END_REF]. The Puna de Atacama sets west of this volcanic arc and involves the Atacama basin, a major topographic and geologic anomaly that is one of several anomalous features occurring across the plateau margin at this latitude [START_REF] Schurr | Seismicity and average velocities beneath the argentine Puna plateau[END_REF][START_REF] Götze | The Central Andean gravity high, a relic of an old subduction complex?[END_REF][START_REF] Belmonte | Krustale Seismizit7t, Struktur und Rheologie der Oberplatte zwischen der Pr7kordillere und dem magmatischen Bogen in Nordchile[END_REF].

From a stratigraphic point of view, the plateau is filled with synorogenic deposits that record clastic, volcanic, and evaporative Cenozoic episodes [START_REF] Allmendinger | The evolution of the Altiplano-Puna plateau of the Central Andes[END_REF][START_REF] Baby | Neogene shortening contribution to crustal thickening in the back arc of the Central Andes[END_REF][START_REF] Mcquarrie | The kinematic history of the Central Andean fold-thrust belt, Bolivia: implications for building a high plateau[END_REF], Alonso et al., 2006). Most of compressive deformation and plateau uplift occurred in the Miocene and Pliocene all together with major felsic magmatism in the region. Large volumes of dacitic ignimbrites (over 104 km 3 erupted volume) erupted from caldera complexes located in and to the east of the arc conducted to Altiplano-Puna plateau to be the largest Neogene ignimbrite province in the world (Babeyko et al., 2002, and references therein).

The plateau basement largely consist of Ordovician, and, locally, older metasedimentary marine, plutonic and volcanic rocks. Basement rocks dominate the outcrop along uplifted ranges. The basement is unconformable overlain by sparse exposures of marine calcareous sequences that record the Cretaceous -Paleocene rift basins. These deposits J o u r n a l P r e -p r o o f correspond to the Salta Group [START_REF] Brackebusch | Estudios sobre la Formación Petrolífera de Jujuy[END_REF][START_REF] Brackebusch | Mapa geológico del interior de la República Argentina[END_REF]nom. transl. Turner, 1959) in the Puna and its northwards equivalent Supersequences Puca and Coro-Coro [START_REF] Sempere | Stratigraphy and chronology of Upper Cretaceous-lower Paleogene strata in Bolivia and northwest Argentina[END_REF] in the Plateau and Western Cordillera of the Bolivian Andes. Diachronic deformation [START_REF] Hongn | Middle Eocene deformation and sedimentation in the Puna-Eastern Cordillera transition (23°-26°S): control by preexisting heterogeneities on the pattern of initial Andean shortening[END_REF] drove Andean deposition in emergent continental basins. Cenozoic basin fill typically involves red beds, conglomerates and playa deposits containing interlayered evaporites and tuffs. Andean sequences resulted from sedimentation in interconnected and isolated basins during the evolving Andean foreland system (Lopez Steinmetz and Montero-Lopez, 2019, Montero-Lopez et al., 2020, Adad et al., 2020, and references therein). Regional isolation has strengthened once the plateau raised in the Mio-Pliocene. This period was characterized by a flare-up magmatism, regional uplift and the establishment of generalized endorheism [START_REF] J O U R N A L P R E -P R O O F Isacks | Uplift of the Central Andean Plateau and bending of the Bolivian orocline[END_REF][START_REF] Kay | Young mafic back arc volcanic rocks as indicators of continental lithospheric delamination beneath the Argentine Puna plateau, central Andes[END_REF][START_REF] Allmendinger | The evolution of the Altiplano-Puna plateau of the Central Andes[END_REF][START_REF] Garzione | Rise of the Andes[END_REF][START_REF] López Steinmetz | Lithium-and boron-bearing brines in the Central Andes: exploring hydrofacies on the eastern Puna plateau between 23° and 23°30[END_REF], Gianni et al., 2020). The plateau rise and the Andean basin formation remain subjects of ongoing debate, as some data seems indicate that the formation of the high plateau, endorheism and intermontane basins could have started together and as early as the Paleogene [START_REF] Canavan | Early Cenozoic uplift of the Puna Plateau, Central Andes, based on stable isotope paleoaltimetry of hydrated volcanic glass[END_REF][START_REF] Scott | Andean surface uplift constrained by radiogenic isotopes of arc lavas[END_REF], López Steinmetz et al., 2020c). Quaternary alluvium covers the low-laying planes between mountain ranges and volcanoes. Halite -dominated pans, locally known as salares and salinas, formed because of the extremely arid climatic conditions that prevail in these high-altitude endorheic basins since at least the Miocene [START_REF] Alonso | Tectonics, climate, and landscape evolution of the southern central Andes: the Argentine Puna Plateau and adjacent regions between 22 and 30º S[END_REF].

Material and Methods

The dataset in this article comprises two types of information: 1) major hydrochemistry including Li concentrations in brines from Andean salt pans, and 2) the areal surface (size) of these salt pans and of their basin catchments. The hydrochemical and Li data were obtained by compiling available information for 49 Andean salt pans published in the J o u r n a l P r e -p r o o f scientific literature. All the areal surfaces of salt pan and respective basin catchments were obtained from satellite imagery. These values consist of geomorphological considerations of areal surfaces for 55 salt pans and their basin catchments, which include the 49 salt pans for which Li data were obtained, plus 6 additional salt pans from which there is no available hydrochemical information (i.e., Salar Grande, Capur, Los Infieles, Salar de la Laguna, La Piedra Parada, and Wheelwright). Surface sizes are summarized in Table 1. Salt pan locations are shown in Figure 1 and detailed in Table A1 of the Electronic Supplementary Data.

As detailed in the historical context outlined in Section 1, it is important to realize that the survey of Andean Li has involved a long period of data acquisition and that the available brine chemistry dataset emerged from diachronic sampling campaigns conducted by various scientists during different periods: 1) in most cases, the brine dataset from a particular salt pan results from a unique sampling campaign (i.e., no longitudinal sampling variation data are available), and 2) from a regional point of view (i.e., Andean plateau scale), when comparing the brine chemistry of different salt pans, datasets are composed by diachronic sampling from one salt pan to the other. These aspects imply disparate frameworks for time-dependent conditions that can influence the sampling and analytical methodology. Examples include climate (which controls saline saturation of brines regulating Li concentrations), sampling techniques (which determine the quality and representativeness of sampled brines), advances in analytical methodologies (which define hydrochemical data quality), etc. Therefore, we made sure to be particularly careful when assessing the validity of each dataset included in our regional brine hydrochemistry compilation: we only considered peer-reviewed scientific articles to construct our dataset.

The hydrochemical data compiled in this review (Table 2) correspond exclusively to residual brines from salt pans. Care was taken to exclude values from springs, rivers or streams from the dataset. In most cases, samples correspond to shallow and sub-surface brines J o u r n a l P r e -p r o o f that were collected from hand-dug pits in the salt pans, i.e., at depths less than 1 m. In a few cases, samples were taken directly from brine pools (i.e., ponding brines) that had formed naturally in the salars (Risacher et al., 199;Lopez Steinmetz et al., 2018;2020). Data considered for the Uyuni and Coipasa salars, in addition to near-surface brines, consists also of a collection of samples obtained at depths of up to 10 m from 40 holes dug in the salt crust of these salars. In Table 2, the sampling depths (in centimeters) are indicated by numbers in names of the 176 samples from Uyuni and Coipasa (for more details see [START_REF] Risacher | Quaternary geochemical evolution of the Salar of Uyuni and Coipasa, Central Altiplano, Bolivia[END_REF]. Due to the regional scale of this review and, as just mentioned, the fact that most considered brines come from sampling within the salt pans, the specific location and depth of each of the 477 brines constituting our dataset (Table 2) are not reported here. In Table 2 all samples are grouped by salt pans which are located in Figure 1 and whose coordinates are provided in Table A1 of the Electronic Supplementary Data. In the following lines of this section, all references are provided to the scientific literature considered, as well as details on criteria for building the dataset. For further information on the sampling and analytical techniques deployed for specific data, or the specific location of each sample, the reader is referred to the original papers from where the datasets were taken.

In this review, salt pans are grouped into Altiplano, Puna de Atacama and Puna salars, which is roughly equivalent to say Bolivian, Chilean and Argentinian, respectively, given that national borders follow natural boundaries in the plateau (Fig. 1). Readers that are not familiar with Andean geography, can find more detailed discussion on Andean salt pans and brine chemistry in the references listed in the following paragraphs.

The hydrochemical data set (Table 2) involves 477 brines samples and is composed of:

-178 brine samples from the Altiplano salt pans that majorly correspond to data published by [START_REF] Risacher | Quaternary geochemical evolution of the Salar of Uyuni and Coipasa, Central Altiplano, Bolivia[END_REF], and to a minor extent by [START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF], J o u r n a l P r e -p r o o f mg L -1 as the representative mean and maximum Li concentrations of the Atacama brines, respectively, as listed in [START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF] see also [START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Kunasz | Lithium resources[END_REF].

Accordingly, the hydrochemical and Li + concentrations of the Atacama brines (i.e., mean and maximum of 562 and 1,570 mg L -1 , respectively) from [START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF], Ericksen and[START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF][START_REF] Risacher | Geoquímica de aguas en cuencas cerradas: I, II y III Regiones -Chile[END_REF] are used for general characterizations such as shown in Figures 2 to 6, however, we used the 1,400 and 6,400 mg L -1 mean and maximum Li concentrations when assessing this major salar in its regional context (Figs. 9 and 10). Li maximum (max) and mean concentrations of Li + and Mg 2+ in all salars (Table 4) are also considered and discussed. Saturation indexes (SI) at standard ambient temperature and pressure (SATP, 25°C, 1 atm) were computed using the Phreeqc 3.6.2 software, to address the saturation state of brines with respect to main salts. The most representative ranges of SI values are reported in the Results section.

Brine hydrochemistry across the Lithium Crescent

Altiplano salars

A few salt pans occur in the southern Bolivian Altiplano. Amongst these salars, the most prominent are Uyuni and Coipasa (#2): with an area of 10,000 km 2 , Uyuni is by far the largest salt pan on Earth, and with its 1,650 km 2 Coipasa is the fourth largest salar in the Andean plateau (Fig. 1, Table 1). Empexa (#4 in Fig. 1) and Pastos Grandes (#11) also are large salars with their 402 and 124 km 2 , respectively. These salt pans are located at altitudes >3.60 km asl, and their catchments involve endorheic basins having disparate surfaces that range between 600 and 45,200 km 2 (Table 1). None of these salt pans is yet being mined for lithium.

J o u r n a l P r e -p r o o f

The brine chemistry of Uyuni and Coipasa was thoroughly described by [START_REF] Risacher | Quaternary geochemical evolution of the Salar of Uyuni and Coipasa, Central Altiplano, Bolivia[END_REF], whereas only two isolated samples are available from Empexa and Pastos Grandes [START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF]; Table 2). The Altiplano salt pans contain highly saline brines with mean TDS (Total Dissolved Solids) values comprised between 123 and 321 g L -1 (Table 3), although in most cases TDS are in a range from 100 to ~220 g L -1 [START_REF] Risacher | Quaternary geochemical evolution of the Salar of Uyuni and Coipasa, Central Altiplano, Bolivia[END_REF]; Table 2). The maximum TDS values reported are of 351 g L -1 and 368 g L -1 , respectively from Uyuni and Coipasa [START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF].

Based on their major chemical compositions, brines in Uyuni are of the Mg 2+ -Na + / Cl --SO 4 2-type, with Mg 2+ ≥ Na + , whereas in Coipasa, Empexa and Pastos Grandes brines are of the Na + -Mg 2+ / Cl --SO 4 2-type, with Na + > Mg 2+ (Figs. 2 and 3 a). Main characteristics of brines from Altiplano salars are their high Mg 2+ concentrations and their relatively low K + and Ca 2+ . Stoichiometric ionic ratios between Na + and Cl -are consistent with the equilibrium solubility of halite for a certain number of the Uyuni brines (i.e., SI ≈ 0, e.g., samples RA130, RB180, RC120), however, a large number of them plot along an oblique line with respect to the 1:1 proportion (Fig. 3 b), suggesting that the brine reached saturation with respect to (and thus precipitated) halite (SI > 0 and up to 0.36, e.g., samples RX10, RZ1, CA150). Except for some samples from Coipasa (e.g., CB150 and CA250), the fact that the SO 4 2-: Mg 2+ ratio forms a trend Mg 2+ >SO 4 2-perpendicular to the 1:1 line, is in turn consistent with the saturation of the brines with respect to epsomite (MgSO 4 7H 2 O, SI > 0 and up to 0.73, e.g., samples RZ1, RT15, RX10), and/or other Mg-bearing sulfated salts (Fig. 3 c).

J o u r n a l P r e -p r o o f 2. Fields delimited by orange dashed line represent the hydrochemistry of brines from the Tibet Plateau (Li et al., 2019b).

J o u r n a l P r e -p r o o f 2-versus Mg 2+ in brines from Andean salars. Gray zones in panels a) and b) signal trends that are independent from the 1:1 ratio (dashed line) and that could correspond to brine saturation. Plotted values correspond to concentrations detailed in Table 2.
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The mean Li + concentrations in Empexa and Coipasa are 213 and 258 mg L -1 , respectively, whereas the only available sample from Pastos Grandes indicates Li values as high as 1,640 mg L -1 [START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF]. In Uyuni the maximum reported Li value is of 4,720 mg L -1 with a mean of 715 mg L -1 [START_REF] Risacher | Quaternary geochemical evolution of the Salar of Uyuni and Coipasa, Central Altiplano, Bolivia[END_REF]; Tables 2 and3). Two different tendencies are observed between the concentrations of Li + and Cl -in the Altiplano brines: an oblique trend, which only includes a part of the Uyuni's brines, suggests a positive correlation between Li + and Cl -, whereas a horizontal trend including samples at higher Li values, shows that the concentrations of Li + in most samples evolve independently from those of Cl -(Fig. 4 a). Two different tendencies are also observed between Li + and Na + (Fig. 4 b). A certain amount of data from Uyuni form a roughly positive Li + versus Na + correlation. This trend is consistent with the correlation observed between Li + and Cl -, and together suggest that the concentrations of Li + could be related to the equilibrium solubility of halite.

Furthermore, the Pearson's correlation coefficient (R) corresponding to the mean concentrations of Li + , Cl -and Na + across Andean salars ranges between 0.70 and 0.80 (Fig. 5). The second tendency depicted by the Li + versus Na + data trend includes most of the Altiplano brine samples, and forms an oblique line showing Li + increasing inversely to Na + , up to the concentrations of Uyuni samples RS15 and RZ1 (Figure 4 b). This pattern, which most likely corresponds to brine saturation with respect to halite, suggest that the Li + concentrations increase while halite precipitates.

J o u r n a l P r e -p r o o f 2.

J o u r n a l P r e -p r o o f 3. The plotted mean Li + concentration for Atacama results from considering values reported by [START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF], Ericksen and[START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF]Rischaer et al. (1999). It is important to note that this value differ from the globally accepted mean Li concentration in Atacama that is 1,400 mg L -1 (~202 meq L -1 ; [START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF][START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Kunasz | Lithium resources[END_REF]. R is the Pearson correlation coefficient, n is the total number of points in the data set (i.e., the number of salars).
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Journal Pre-proof An additional interesting feature of the Altiplano brines is that Li + also seems to correlate, in different proportions, with K + , B, and Mg 2+ (Fig. 6). The K + :Li + ratios in most Altiplano brines array along a 1:4 trending line, a pattern that could be consistent with the equilibrium solubility of 1:4 salts (complex K-, Li-, Na-Cl salts, yet undetermined). Samples plotting along an oblique trend to the 1:4 proportion suggest saturation of the brine with respect to these compound (Fig. 6 a). When comparing mean values, it can be observed that the correlation R between Li + and K + reaches 0.68, which confirms this pattern reflects a Li + -K + interdependency (Fig. 6 b).

The concentrations of Li + and B in the Altiplano brines plot along a line that defines a 3:1 proportion trend (Fig. 6 c), and mean values are highly correlated (R = 0.78; Fig. 6 d). The concentrations of Li + also increase consistently with those of Mg 2+ (Fig. 6 e), with the Mg 2+ :Li + ratios defining trends with correlations of about 1:50 in Coipasa, 1:13 in Empexa and Uyuni, and ~1:1 in Pastos Grandes (Fig. 6 e). The observed proportionalities between Li + , B and Mg 2+ have not been yet explained, and could correspond to the equilibrium solubility of complex borates and other salt or, alternatively, to the ionic influence of cations in exchangeable positions within clays. In any case, these proportionalities require further investigations. Interestingly, the Li + versus B pattern defined by the Altplano brines is close to that displayed by brines from saline lakes in the Tibet Plateau (Fig. 6 c), which contains the second most important Li-brine type deposits on Earth [START_REF] Zheng | Hydrochemistry of Salt Lakes of the Qinghai-Tibet Plateau, China[END_REF][START_REF] Kesler | Global lithium resources: relative importance of pegmatites, brine and other deposits[END_REF]Li et al., 2019b, and references therein).

Mean Mg:Li ratios are 22 in Uyuni, 40 and 47 in the Empexa and Coipasa, respectively, and as low as 2 in Pastos Grandes (Fig. 6 C, Table 4). With Mg 2+ means of >15,000 and >12,000 mg L -1 , the Uyuni and Coipasa brines contain amongst the highest magnesium concentrations in the Andean plateau (Figs. 2 and 5 e, Tables 3 and4). 
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Puna de Atacama Salars

Salt pans in the Puna de Atacama are located at altitudes between 2,300 (Atacama) and 4,500 (Pujsa, #15) m asl (Table 1, Fig. 1). The surfaces of these salars and their endorheic J o u r n a l P r e -p r o o f basins are highly variable. With its 3,000 km 2 , Atacama is the largest Chilean salt pan and, with a catchment area of 18,100 km 2 , also the largest endorheic basin in the Chilean portion of the plateau. The smallest salt pans, such as Salar de la Laguna (#35) and Ignorados (#27), are only of 1 km 2 (Table 1). In the Puna de Atacama, only the Salar de Atacama is presently being mined for Li.

The brine chemistry of salars in the Puna de Atacama was comprehensively addressed by [START_REF] Risacher | Geoquímica de aguas en cuencas cerradas: I, II y III Regiones -Chile[END_REF]. Brines have highly variable salinity, with TDS ranging up to 370 g L -1 . The highest salt concentrations are observed in brines from Surire (#1), Atacama, and La Azufrera (#25), where mean values grade between 178 and 287 g L -1 (Tables 2 and3). uniequivalent proportion trend, which implies the presence of other salts that are not in equilibrium with the brines (e.g., SI maxima for anhydrite and gypsum reach values of 1.07 and 1.10, respectively, in sample AGU-RT-001).

Li concentration in pan brines of the Puna de Atacama are very high. Indeed, the Puna de Atacama desert is known as having the richest Li brine-type deposits on Earth, and the salt pan of Atacama is the most important operating Li mine in world today, with mean Li grades of 1,400 mg L -1 and maximum measured concentrations reaching 6,400 mg L -1 [START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF][START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Kunasz | Lithium resources[END_REF]. Other than Atacama, high Li + concentrations were also measured, for instance, in La Isla (#30), Gorbea (#26), and Surire, where mean Li + grades are between 300 and 400 mg L -1 (Tables 2 and3).

Despite that the Li + versus Cl -and Na + concentrations distribute quite dispersedly, samples plot within the field defined by trends of the Altiplano brines (Fig. 4). Furthermore, mean Li + , Cl -and Na + concentrations from the Puna de Atacama salars match the correlation lines characterizing other Andean brines (Fig. 5). Positive correlations could also exist between the concentrations of Li Despite that nearly uniequivalent proportions of Mg and Li are found in El Tara (#13) and Imilac (#21), these ratios are most often ≠ 1. Mg 2+ :Li + ratios <10 are observed in Pujsa, Loyoques (#16), La Isla, Las Parinas (#32), Surire, Maricunga (#38), and Atacama, whereas brines with Mg 2+ concentrations about two orders of magnitude higher than those of Li + are found in Michincha (#7), Ignorados, and La Azufrera (Fig. 6 e, Table 4). This kind of brines, characterized by Mg 2+ >> Li + , are also observed in brines from saline lakes in the Tibet Plateau (Fig. 6 e; Li et al., 2019b).
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Puna Salars

The Puna plateau holds 17 major salars that are located at altitudes ranging between 3,269 (Incahuasi, #39) and 4,080 (Jama, #53) m asl (Table 1; Fig. 1). With the exception of giant Arizaro (1,708 km 2 , #42) and the three smallest salars sizing less than 10 km 2 (Centenario, Diablillos, #44, and Ratones), salt pans surfaces range from 30 to 650 km 2 (Table 1). These salars are settled in endorheic basins with surfaces that mostly vary from 1,000 to 9,000 km 2 . With 14,536 km 2 , Rio Grande (#41) holds the largest basin catchment area, whereas the smallest basins correspond to the smallest salt pans (Table 1). 

Amongst the
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Amongst Puna salars, maximum Li + values of 1,739 and 1,213 mg L -1 were found in Cauchari and Olaroz, respectively (Tables 2 and4). In addition to these salt pans, where mean

Li concentrations reach 860 and 841 mg L -1 , respectively, high Li-graded brines are stored in Hombre Muerto, Pastos Grandes (#49), Pozuelos (#48), Rio Grande, Salinas Grandes, and Rincon (#50), where mean Li + concentrations are between 280 and 570 mg L -1 (Table 3).

According to its geochemical behavior, Li variations in brines are expected to be consistent with those of other conservative solutes such as Cl -and Na + . Positive correlations can exist between the concentrations of Li + , Cl -and Na + in some cases (Figs. 4 and5).

Furthermore, Li also seems correlate positively with K + and B, and to a minor extent also with Mg 2+ (Fig. 6). Interestingly, the concentrations of Li + and K + in the Olaroz and Cauchari (#51)

brines display along the 1:1 ratio, whereas proportions in the remaining brines better fit the 4). These salars are characterized by brines having mean Mg:Li ratios ≤ 11, and some brines have exceptionally low ratios of 1 to 3, as the case of Ratones, Guayatayoc, Cauchari, and Olaroz (Table 4).

Discussion
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Lack of Li geographical distribution

Andean Li-brine type deposits are found both in mature and in immature salars [START_REF] Houston | The evaluation of brine prospects and the requirement for modifications to filing standards[END_REF]Fig. 7 a and b). Andean mature salars, such as Atacama, correspond to halite dominated pans, whereas immature salars, like Uyuni and Olaroz, are mostly filled by clastic saline muds [START_REF] Houston | The evaluation of brine prospects and the requirement for modifications to filing standards[END_REF]. Sometimes, mature and immature zones can be found in the same salt pan. For example, western Hombre Muerto corresponds to a mature pan, whereas its eastern side is an immature salar. An additional example is the Salar de Atacama. Here, the halite nucleus (i.e., mature salar) spreads for an area of 1,100 km 2 and ~1,000 m depth, in the southern part of the salar, whereas the northern part is clastic dominated and gypsum rich (Boutt et al. 2016;[START_REF] Corenthal | Regional groundwater flow and accumulation of a massive evaporate deposit at the margin of the Chilean Altiplano[END_REF]; and references therein).

However, the more often, Andean salt pans are complex combinations of crystalline salt layers, which are interbedded, in highly and variable proportions, with clastic fine -graded sequences (e.g., Salar del Rincon and Maricunga). In the practice, the predominant type tendency of a salt pan is revealed the more clearly during the brine extraction. Pumping in mature and immature pans implicates different responses of the water (i.e., brine) table due to the contrasting porosity (and permeability) of the substrate (i.e., porous salt pan and impermeable clay and muddy -rich deposits, respectively). During operations, pumping in a mature salar conduces to the development of a shallow depression cone of the water table around the pumping well, whereas in immature salars the cone deepens faster than it extends horizontally [START_REF] Houston | The evaluation of brine prospects and the requirement for modifications to filing standards[END_REF].

Three major noteworthy observations need to be addressed concerning mature and immature salars. Firstly, there is no strict rule and the areal extent of mature salars does not necessarily exceed that of immature salars (see Table 1). Secondly, brines in halite-dominated pans does not always contain higher Li concentrations than immature salars (Houston et Aridity is an important parameter controlling brine Li concentration along a vertical profile. By enhancing evaporation near the surface, it can cause shallower brines to have higher Li levels than those lying below. Clearly, a complex interplay of the above aspects to which add other factors such as the presence of hydrothermal springs and the role played by structures on Li-rich waters supply into the system, among many others listed by [START_REF] Godfrey | The role of climate in the accumulation of lithium-rich brine in the Central Andes[END_REF] cf. also discussion below, sections 5.4 and 5.5), drive the singularity of each Andean salar. This notwithstanding, it is remarkable to observe that the major hydrochemical composition of brines is relatively similar across the Andean plateau (Fig. 8).
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A typical feature of evolved (evaporated) and highly saline waters is a composition marked by the presence of Cl -and SO 4 2-

, and a depletion in CO 3 2-/HCO 3 - [START_REF] Langbein | Salinity and hydrology of closed lakes[END_REF][START_REF] Hardie | The evolution of closed-basin brines[END_REF][START_REF] Eugster | Geochemistry of evaporitic lacustrine deposits[END_REF]. Andean brines can be compared to those from Libearing saline lakes in the Tibetan Plateau (Li et al., 2019b, and Atacama, west of the modern Andean volcanic arc (Fig. 8).

The association between Li and B evidenced by our data (Figs. 6 c andd) confirms the existence of a link between these two chemical elements in Andean evaporitic systems, as was indicated by [START_REF] Catalano | Boro-Berilio-Litio (una nueva fuente natural de energía)[END_REF], [START_REF] Alonso | A new Tertiary borax deposit in the Andes[END_REF], [START_REF] Alonso | Tectonics, climate, and landscape evolution of the southern central Andes: the Argentine Puna Plateau and adjacent regions between 22 and 30º S[END_REF], Kistler and Helvaci (1994), and observed in other parts of the globe (e.g., Helvaci et al., 2004, and references therein). However, isotopic studies have shown that, in the Andes, Li and B share only a partial common origin [START_REF] Kaseman | Boron isotope composition of the geothermal fluids and borate minerals from salar deposits (central Andes/NW Argentina)[END_REF]. Two distinctive origins have been suggested as sources for boron: for the western plateau, isotopic values indicate a volcanic contribution, mostly Neogene meso-silicic pyroclastic rocks and related hydrothermal systems, whereas weathering of volcanoclastic sequences from the Paleozoic basement are the probable source of B in the eastern plateau [START_REF] Kaseman | Boron isotope composition of the geothermal fluids and borate minerals from salar deposits (central Andes/NW Argentina)[END_REF]. The Paleozoic basement is also considered to be the primary source of Li [START_REF] Egenhoff | Chemical and isotopic composition of lower to upper Ordovician sedimentary rocks (Central Andes /South Bolivia): implications for their source[END_REF][START_REF] Peralta Arnold | Fluid geochemistry of a deep-seated geothermal resource in the Puna plateau (Jujuy Province, Argentina)[END_REF][START_REF] García | Characterization of lithium cycling in the Salar de Olaroz, Central Andes, using a geochemical and isotopic approach[END_REF][START_REF] Meixner | Lithium concentrations and isotope signatures of Palaeozoic basement rocks and Cenozoic volcanic rocks from the Central Andean arc and back-arc[END_REF]. Such common origin is reflected by the strong association between Li and B (R = 0.78; Fig. 6 d). However, their concentration ratios grading Notice that the considered maximum Li + and Mg 2+ concentrations for Atacama are of 6,400 and 80,000 mg L -1 , respectively [START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF][START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Kunasz | Lithium resources[END_REF]. Plotted data correspond to values summarized in Table 4.

Link between salt pan and endorheic basin areas

The surfaces of the 55 salt pans studied across the Andean plateau ( The good correlation between salt pan and endorheic basin areas and the two proportional size ranges are very interesting patterns that undoubtedly deserve further specific investigation. Although this is beyond the purpose of this paper, it can be suggested that these relationships may arise from common trends in regional geological history, including lithology (i.e., substrate, tectonics, volcanism, etc.) and exogenous processes (e.g. climaterelated such as regional aridity and its effect on rock weathering and erosion), across the Andean plateau.

Li-bearing Andean salt pans occur exclusively within endorheic basins. The onset of endorheism requires the convergence of the following parameters: suitable basin configuration (topographic barriers surrounding low lying areas), aridity (low precipitation -Pand high evaporation -Erates, where P<E), hard substrate thus low erosion rates (in order for range-crossing rivers to fail incising deeply into the ranges and inhibit basin capture), and low aggradation rates (in order for sedimentation not to overfill the isolated area), amongst other variables [START_REF] Sobel | Formation of internally drained contractional basins by aridity-limited bedrock incision[END_REF][START_REF] Hilley | Processes of oscillatory basin filling and excavation in a tectonically active orogen: Quebrada del Toro basin, NW Argentina[END_REF][START_REF] García-Castellanos | Long-term evolution of tectonic lakes: Climatic controls on the development of internally drained basins[END_REF][START_REF] Tremblay | Erosion in southern Tibet shut down at ~10 Ma due to enhanced rock uplift within the Himalaya[END_REF]. Basement inherited heterogeneities [START_REF] Hongn | Middle Eocene deformation and sedimentation in the Puna-Eastern Cordillera transition (23°-26°S): control by preexisting heterogeneities on the pattern of initial Andean shortening[END_REF], Cenozoic Andean tectonics (actively uplifting ranges) and Neogene plateau rise were key factors for the formation of endorheic basins in the plateau, while the arid climate [START_REF] Garreaud | The Andes climate and weather[END_REF] has ensured their preservation [START_REF] Vandervoort | Chronology of internal drainage development and uplift, southern Puna plateau, Argentina Central Andes[END_REF]López Steinmetz et al., 2020b). Within an endorheic basin, weathering and erosion of the catchments supply the suspended and dissolved load that is transported by rivers towards the low-laying area, where sediments and other products accumulate. Under arid conditions, salt pans form on these lowlying and hydrologically isolated areas [START_REF] Melvin | Evaporites, Petroleum and Mineral Resources[END_REF][START_REF] Warren | Evaporites through time: Tectonic, climatic and eustatic controls in marine and non-marine deposits[END_REF]. Consequently, there is a clear link between the formation of internally drained areas and salt pans. However, as natural processes are typically heterogeneous and complex (Becker and Braun, 1999;[START_REF] Paola | The "unreasonable effectiveness" of stratigraphic and geomorphic experiments[END_REF], this link clearly does not imply that we can estimate or model the size of endorheic J o u r n a l P r e -p r o o f and saline units, let alone predict whether there might be proportionality between them. It could only be argued that if large catchments are more capable of generating a greater amount of suspended and dissolved load than smaller ones, then under similar conditions (i.e., geological history including lithology, deformation, volcanism and related hydrothermal processes, climate, etc.), large catchments would be required for the largest salt pans to form.

For this reason, the fact that the size of salt pans adjusts proportionally to the size of The poor salt pan-basin size association observed in the Guayatayoc and Coipasa salars appears to result from relatively late processes, i.e., younger than the basins. In the case of Guayatayoc, its basin is oversized with respect to the size of its salt pan (11,805 km 2 and 140 km 2 , respectively). However, nearly half of the current extent of this basin formed in the Pleistocene, through the capture of the western watershed areas [START_REF] López Steinmetz | Hydrological change during the Pleistocene-Holocene transition associated with the Last Glacial Maximum-Altithermal in the eastern border of northern Puna[END_REF]. This process resulted in the formation of a large (>500 km 2 ) distributive fluvial system (sensu [START_REF] Weissman | Fluvial geomorphic elements in modern J o u r n a l P r e -p r o o f Journal Pre-proof sedimentary basins and their potential preservation in the rock record: A review[END_REF], which lead to the subdivision of the precursor flats and the formation of two individual salars and respective basins, Salinas Grandes and Guayatayoc.
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This means that, before the Pleistocene, the unified surface area of the basins (Salinas Grandes + Guayatayoc; ~11,000 km 2 ?) would correlate with the area of the precursor salt pans (Grandes + Guayatayoc + megafan, ~920 km 2 ?). In the case of Coipasa and its oversized basin area, satellite imagery of geomorphological features suggests that the northern half of the basin's catchments (north of 18°50'S) is a remnant of an ancient independent drainage system that could have been incorporated into the Coipasa basin through the capture of the Lauca River.

Mean Li concentrations are half the maximum Li measured

Brines in Andean salt pans show a 2:1 proportionality between maximum Li values and mean concentrations (Fig. 10 c), with a correlation R = 0.90 for 46 salt pans. Atacama, Uyuni and the Bolivian Pastos Grandes do not fit this correlation, with maximum to mean Li proportions of 11:1, 7:1, and 1:1, respectively. The high degree of correlation together with the exceptional number of salt pans fitting the 2:1 proportion make this pattern a substantial feature across the Central Andes. It means that maximum and mean Li concentrations can be considered as mutual proxies in surveying Li brine-type deposits. Accordingly, an indicative value of the mean concentration of Li brines in a salt pan can be estimated as half the value of the maximum measured, and vice versa, a relationship that can be expressed as:

mean Li ≈ ½ max Li (1)
In the case where only few grade data were collected in one salt pan, the mean Li grade would be hard to determine. The difficulty in obtaining representative mean (and max)

Li values arises from the need to acquire a large dataset in order for the mean Li (and max)

grade to be confidently considered as representative of the real potentiality of the deposit in question (see [START_REF] Houston | The evaluation of brine prospects and the requirement for modifications to filing standards[END_REF]. However, despite the time elapsed since the beginning of the Andean Li rush, in general, the hydrochemistry of only a limited number of samples is J o u r n a l P r e -p r o o f available for each of Andean salt pans in the scientific literature, even today. In fact, a relatively restricted number of data is also a typical situation in the initial phases of most mining projects. This clearly represents a major drawback when estimating the mean Li grades (and max) of mining prospects. In this context, the formulation (1) proposed for predicting average Li values can provide a useful approach. It is important to note that the mean Li value obtained through equation ( 1) is valid from a statistic and regional perspective.

Obviously, it does not replace the specific average value of a deposit obtained from a large

dataset, but provides a useful order-of-magnitude indication which that can be quite valuable (see for example the case of Salar de Olaroz in Fig. 10 c and in Table 4, where max Li measured is of 1,213 mg L -1 whereas the average Li value that result from mining operations is of 841 mg L -1 ; Garcia et al., 2019).

The usefulness of the formulation proposed above lies in the fact that at any point in the exploration of a Li brine-type deposit, the maximum measured Li concentration can be used to predict an indicative average value of its grade. The formulation (1) thus defines a dynamic approach to mean Li values, which implies that the predicted mean Li will change and evolve as the dataset increases during prospection.

Li grade as function of salt pan / basin geomorphology

As seen in previous sections, a regional assessment has made it possible to define a relationship between mean and maximum Li concentrations for Andean salars, and to identify a proportionality between the surfaces of the salt pans and basins. In order to test these proportionalities, the concentrations of Li, mean and maximum, have been addressed with respect to the area of the salt pan or its basin catchments (Fig. 11). Despite the fact that the link between Li concentrations and surfaces does not follow a definite proportionality, there is some degree of relationship between Li grade and salt pan size. Larger salt pans do host, by J o u r n a l P r e -p r o o f and large, higher Li-grade brines than smaller pans (Fig. 11 a). This proportionality seems to change according to grade-size scales: i) a relationship of increasing Li with salt pan size is evident for the larger salt pans, i.e., more than 300 km 2 (R = 0.83, n = 7; Fig. 11 andc) salt pans from the Puna. Insets offer detailed views of the data displayed in the yellow boxes of panels a) and c). Gray areas group salt pans where there is some degree of proportionality between the mean Li values and the salt pans surfaces. In panel b, the purple thick line contours the 13 salt pans lacking a relationship between Li grade and salt pans surface. R is the correlation coefficient (continuous lines), n is the number of salt pans.
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Arguably, the dependence of Li concentration on processes occurring at the basin scale is not the most widespread concept, particularly in the Andean and Tibetan literature. In most studies, the rate of supply of Li-bearing waters from hydrothermal springs is deemed as being the essential parameter in controlling Li grades (e.g., [START_REF] Davis | Origin of the lithium-rich brine, Clayton Valley, Nevada[END_REF][START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Kesler | Global lithium resources: relative importance of pegmatites, brine and other deposits[END_REF][START_REF] Godfrey | The role of climate in the accumulation of lithium-rich brine in the Central Andes[END_REF]. However, as discussed in section 5.1, thanks to recent investigations on isotopic systematics, it is now apparent that the primary sources of Li in the Andes, including what is supplied by hydrothermal springs, are restricted varieties of lithologies of the Paleozoic basement that underlies the plateau [START_REF] Egenhoff | Chemical and isotopic composition of lower to upper Ordovician sedimentary rocks (Central Andes /South Bolivia): implications for their source[END_REF][START_REF] Peralta Arnold | Fluid geochemistry of a deep-seated geothermal resource in the Puna plateau (Jujuy Province, Argentina)[END_REF][START_REF] García | Characterization of lithium cycling in the Salar de Olaroz, Central Andes, using a geochemical and isotopic approach[END_REF][START_REF] Meixner | Lithium concentrations and isotope signatures of Palaeozoic basement rocks and Cenozoic volcanic rocks from the Central Andean arc and back-arc[END_REF].

Likewise, not to be confused are the concepts of Li grades and Li reserves. Larger salt pans (i.e., of greater areal extent) do not necessarily contain greater Li reserves. This is because the total Li of a brine-type deposit (i.e., its reserves) is provided by the physical parameters of the aquifer (real sizei.e., horizontal areal extent plus thickness of the aquifer -, hydraulic conductivity, transmissivity, etc.), in addition to the actual Li grade in the brine.

Up to now, and contrarily to reserves, the sizes of salt pans or basins have not been related to Li levels, in the Andes or elsewhere, nor have they ever been considered as an integral condition for higher Li-graded brines. However, regional data from the Andes show some degree of proportionality between Li concentrations and the surface area of basins and pans. This might imply that, under otherwise comparable conditions (i.e., substrate and surface lithology, characteristics and density of structures, number, density and hydrochemistry of hydrothermal sources, climate, etc.), large salt pans in endorheic basins would generally contain brines with a higher lithium content than smaller ones.

Lithium Crescent: when basin size matters
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The most relevant factors governing Li grades in salt pans are the existence of input sources of Li, hydrological isolation, and aridity [START_REF] Munk | Lithium brines: A Global Perspective[END_REF]. Based on the general tendency of increasing Li concentrations with salt pan/basin sizes (Fig. 11), it follows that Li grades should be also (at least partially, in addition to the factors mentioned above) dependent on a geomorphological feature: the salt pan area (or its catchment area; Fig. 12). As discussed above, under analogous conditions (i.e., substrate and surface lithology, characteristic and density of displaying structures, number, density, and hydrochemical characteristics of springs, climate, etc.), larger salt pans should be expected to contain higher Li-graded brines than smaller ones, which would be a very useful criterion for surveying brine-type deposits. A correspondence between Li grades and salar sizes may reflect the importance of basin scale processes such as rock weathering, isolation, evaporation, and time (López Steinmetz et al., 2020b). This would be consistent with the model proposed for the formation of the Atacama's and Olaroz's brines, which took place in a near-surface setting through geochemical processes such as low-temperature weathering, evaporation, formation of transition-zone brines, and ultimately crystallization of halite to increase the concentration of Li in the brines [START_REF] Munk | Hydrogeochemical fluxes and processes contributing to the formation of lithium-enriched brines in a hyper-arid continental basin[END_REF][START_REF] Franco | Chemical and isotopic features of Li-rich brines from the Salar de Olaroz, Central Andes of NW Argentina[END_REF]. As already mentioned in section 5.1., other studies have reported Li isotopic data showing that volcanic and Paleozoic basement rocks represent the primary source for Li in the Andean plateau [START_REF] Egenhoff | Chemical and isotopic composition of lower to upper Ordovician sedimentary rocks (Central Andes /South Bolivia): implications for their source[END_REF][START_REF] Peralta Arnold | Fluid geochemistry of a deep-seated geothermal resource in the Puna plateau (Jujuy Province, Argentina)[END_REF][START_REF] García | Characterization of lithium cycling in the Salar de Olaroz, Central Andes, using a geochemical and isotopic approach[END_REF][START_REF] Meixner | Lithium concentrations and isotope signatures of Palaeozoic basement rocks and Cenozoic volcanic rocks from the Central Andean arc and back-arc[END_REF]. These models are consistent with the absence of a clear geographical distribution of Li in salars across the plateau, because Li is sourced from a lithological unit that is widespread the Paleozoic basement that underlies the salars across the plateau. On the other hand, the fact that Li levels increase with increasing salar size suggests that other processes are acting at the scale of the basin, and these are likely tied to geomorphology, and, presumably, the age of the basin. The implication of the latter would be that older basins had more time than younger ones to accumulate the products of J o u r n a l P r e -p r o o f weathering and evaporation. Time dependence of Li grades implies a significant role of the age of endorheism onset, of the history of Li supply and of the persistence of arid conditions.

In summary, the integrity of the available regional data evidences some degree of correspondence between Li grades and salar sizes. This thus implies that not only the largest but also the oldest salars would be the ones expected to contain the largest Li resources. The fact that Li grade could be a function of salt pan/basin geomorphology may provide an insight on new approaches toward understanding the formation of Andean salars, and, more generally, brine-type deposits worldwide.  The concentrations of Li (mean or maximum) can be addressed indistinctly with respect to the area of the salt pan or its basin catchments. Larger salt pans host, in general, higher-grade Li brines than smaller ones. This proportionality changes according to grade-size scales of J o u r n a l P r e -p r o o f three groups: the largest salt pans of more than 300 km 2 ; those having surfaces between 200 and 300 km 2 , and salt pans of less than ~150 km 2 .

 Li levels depend on basin-scale processes, on geomorphology and, presumably, also on the age of the basin: therefore, it is likely the largest and oldest salars that are expected to hold the greatest Li concentrations. [START_REF] Risacher | Quaternary geochemical evolution of the Salar of Uyuni and Coipasa, Central Altiplano, Bolivia[END_REF], excepting for samples Uyu0, C0, EMP, and PGB that are from [START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF]. Summarized data for the Puna de Atacama salars follow [START_REF] Risacher | Geoquímica de aguas en cuencas cerradas: I, II y III Regiones -Chile[END_REF]summarized by COCHILCO, 2013), excepting for samples LAC0, SUR0, HCO0, ASC0, ATA0, ATAdo, and AZU0 that are from [START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF]. Brine chemistry of the Puna salt pans follows data reported [START_REF] López Steinmetz | Lithium-and boron-bearing brines in the Central Andes: exploring hydrofacies on the eastern Puna plateau between 23° and 23°30[END_REF][START_REF] López Steinmetz | Northern Puna plateau-scale survey of Li brine-type deposits in the Andes of NW Argentina[END_REF]), and López Steinmetz et al. (2020a), excepting for samples CE0, HM0, PG0, AR0, PC0, RI0, and RG0 that are from [START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF]. TDS in g L -1 , remaining concentrations in mg L -1 . 

  J o u r n a l P r e -p r o o f 1b, such region (in green) corresponds to a curved crescent shape of more than three times the size of the Triangle (in pink), to which we propose referring to as the Lithium Crescent.

Figure 1 .

 1 Figure 1. Simplified maps showing the location of a) the Andean plateau and b) salt pans, the Lithium Triangle (pink), and proposed Lithium Crescent (green) corresponding to the area involving all salt pans on the plateau. c) Simplified lithological map of the Andean plateau (modified from Allmendinger et al., 1997), showing the location of the Puna, Puna de Atacama and Altiplano. Dashed black lines represent national borders. Salt pans are numbered in panel b as in Table1.

Figure 2 .

 2 Figure 2. Ternary diagrams displaying relative cationic concentrations measured in brines from Andean salars. Plotted samples and concentrations correspond to those detailed in Table2. Fields delimited by orange dashed line represent the hydrochemistry of brines from the Tibet Plateau(Li et al., 2019b).

Figure 3 .

 3 Figure 3. Scatter diagrams plotting the concentrations of a) SO 4 2-versus Cl -, b) Na + versus Cl - , and c) SO 4 2-versus Mg 2+ in brines from Andean salars. Gray zones in panels a) andb) signal trends that are independent from the 1:1 ratio (dashed line) and that could correspond to brine saturation. Plotted values correspond to concentrations detailed in Table2.

Figure 4 .

 4 Figure 4. Scatter diagrams showing the variations of a) Li + versus Cl -, and b) Li + versus Na + , in brines from Andean salars. Insets (yellow panels) offer a detailed view of the data displayed in the yellow boxes. Plotted values correspond to the concentrations detailed in Table2.

Figure 5 .

 5 Figure 5. Scatter diagrams plotting the variations for the mean concentrations of a) Li + versus Cl -, b) Li + versus Na + , and c) in Li + versus Na + + Cl -, in the Andean salars according to values presented in Table3. The plotted mean Li + concentration for Atacama results from considering values reported by[START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF],Ericksen and[START_REF] Ericksen | Geology and resources of salars in the central Andes[END_REF] Rischaer et al. (1999). It is important to note that this value differ from the globally accepted mean Li concentration in Atacama that is 1,400 mg L -1 (~202 meq L -1 ;[START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF][START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Kunasz | Lithium resources[END_REF]. R is the Pearson correlation coefficient, n is the total number of points in the data set (i.e., the number of salars).

Figure 6 .

 6 Figure 6. Scatter diagrams showing the variation between the concentrations of a) Li + and K + , b) mean Li + and mean K + , c) Li + and B, d) mean Li + and mean B, and e) Li + and Mg 2+ . Values plotted in a), c), and e) are for brine compositions presented in Table 2. Scatter diagrams b) and d) plot mean concentrations according to values summarized in Table 3. Continuous line: R correlation coefficient, with n = the total number of salars. Dashed line: stoichiometric ratio. Orange dashed line and rectangle: stoichiometric proportions (panels a and c) and field (panel e) characterizing brines from the Tibetan Plateau (data from Li et al., 2019b).

  According to their major chemical compositions, the Puna de Atacama brines are of the Na + -Mg 2+ / Cl --SO 4 2-type (Figs. 2 and 3 a). A few brines contain Mg 2+ ≥ Na + (e.g., samples IGN-04 and 05, PAJ-RT-004 and 018, ACT-RT-006; Fig. 2), and/or Ca 2+ ≥ Na + and Mg 2+ (e.g., samples ACT-RT-006, LOY-RT-002, MIC-10, and AGU-RT-002; Fig. 2). The concentrations of Cl -are generally higher than those of SO Cl -(e.g., samples PUJ-RT-006 to 008, ACSS-RT-005 to 007, IGN-004 and 005; Fig 3 a). The main characteristics of salar brines in the Puna de Atacama are their high Ca 2+ and their relatively low K + when compared to brines from neighboring parts of the plateau (Fig. 2). The Na + versus Cl -concentration patterns are quite similar to those observed in the Altiplano brines (Fig. 3 b). Stoichiometric ratios ~1:1 between Na + and Cl -are consistent with the equilibrium solubility of halite (SI ≈ 0, e.g., sample Do2; Fig. 3 b), and samples plotting oblique to the 1:1 proportion trend suggest brine halite saturation and precipitation (SI > 0 and up to 0.47, e.g., samples AGU-RT-001, LOY-RT-002, LIS-RT-007; Fig. 3 b). Similarly to the Altiplano brines, the SO 4 2-and Mg 2+ concentrations plot along the 1:1 proportional line, which is consistent with the equilibrium solubility of epsomite (MgSO 4 7H 2 O), and/or other J o u r n a l P r e -p r o o f Journal Pre-proofMg-bearing sulfates (Fig.3 c). However, some brines do not match the SO

  + and K + (Figs. 6 a and b). However, no evident correlation is observed between Li + and B (Figs.6 c and d), whereas some samples arrays along the 1:7 proportional line, which might imply the existence of complex Li, Mg bearing salts (Fig.6 e).

  Puna salt pans, only Hombre Muerto and Olaroz are being actively mined for Li. The brine chemistry in the Puna salars has been characterized by López Steinmetz et al. (2018)and López Steinmetz et al. (2020a). These brines contain highly variable saline content and ionic proportions. TDS as low as 6 g L -1 have been found in some salars such as Jama, whereas TDS up to 381 g L -1 were found at Olaroz, define the maximum measured values[START_REF] García | Characterization of lithium cycling in the Salar de Olaroz, Central Andes, using a geochemical and isotopic approach[END_REF]. Brines from the Puna salars are of the Na + -K + / Cl --SO 4 2-type in the north, of the Na + -Mg 2+ / Cl --SO 4 2-type in the south, and the SO 4 2concentrations increase from south to north (Figs. 2 and 3 a).Similar to the Altiplano and Puna de Atacama, most of the Puna brines have Na and Cl concentrations that correlate positively along a 1:1 stoichiometric ratio, which is consistent with equilibrium solubility of halite (SI ≈ 0, e.g., samples AR9, PC7; Fig.3 b). Some degree of correlation could exit between SO 4 2-and Mg 2+ in some samples such as AR4 and AR5.However, as depicted in Figure3c, the Mg 2+ :SO 4 2-ratios do not match the 1:1 trend, implying the existence of other Mg 2+ -and SO 4 2--bearing salts (e.g., maximum SI values for anhydrite and gypsum range from -3.19 to 0.54 and -2.95 to 0.63, respectively, in samples IN3 and RG2).

1: 4

 4 dominant pattern defined by the Uyuni's brines (Figs. 6 a). Despite there is no clear pattern between Li + :B and Li + :Mg 2+ , nearly equivalent proportions are mainly observed in salt pans from the northern Puna (Figs. 6 c, d and e). However, brines from the Southern Puna instead show ionic proportional patterns mainly displaying parallel to the vertical axis (i.e., parallel to the B and Mg 2+ axes), such as for Incahuasi, which brines match the trend ~1:50 ratio of the Coipasa brines (Fig. 6 e). With the exception of Incahuasi, which brines contain high Mg 2+ concentrations that are in the range of those observed in Uyuni and Coipasa (Fig. 6 e), remaining Puna salt pans, especially in the northern Puna, show the lowest Mg 2+ values amongst the entire Andean plateau (Fig. 2, Table

  Fig.7 c), in certain parts, Li concentrations do not change with depth, such as along the UI well where a constant Li concentration (300 mg L -1 ) is reported from near surface down to 10 m depth (Fig.7 c). An additional example of this is the Salar de Olaroz. The highest near surface concentrations of Li occur forming a pattern that can be followed along a NE-SW axis running through the middle of the salar(García et al., 2020; Fig. 7 d). Conversely, the pattern at ~200 m depth consists of two high-Li level zones in the northern and southern parts of the salar, disrupted by an intermediate brine grade zone near the center of the pond (seeGarcía et al., 2020; Fig. 7 e).

Figure 7 .

 7 Figure 7. Pictures showing a) Salar de Pastos Grandes (Puna), and b) Salar del Rincón, respectively examples of mature and immature Andean salars. Notice the salt crust and the brown clastic surfaces. c) Map (upper panel) showing the Li isoconcentration curves in brines and the location of vertical profiles A-A' (middle panel) and B-B' (bottom panel) from Uyuni (modified from Risacher and Fritz, 1991). The location of well UI (referred in the text of section 5.1) is shown in panels. d and e) Map showing the concentration of Li in near surface (<1 m depth) and deep (~200 m depth) brines in Salar de Olaroz (modified from Garcia et al., 2020). Li concentrations are in mg L -1 .

Figure 8 .Figure 9 .

 89 Figure 8. A schematic illustration of the internal subdivision of the Andean plateau (see legend), summarizing major brine chemistry in salt pans across the Lithium Crescent. "Modern volcanic arc" (yellow area) refers to the present-day situation; the past Cenozoic situation is not considered in this scheme. J o u r n a l P r e -p r o o f

Fig. 1 )

 1 appear to be related to those of their respective basin catchments, as revealed by the very good correlation obtained comparing their areas: R = 0.89 (Fig. 10 a). Two proportional size ranges are observed: basin catchments of Uyuni, Atacama and Arizaro are 5 times larger than their J o u r n a l P r e -p r o o f salt pans, i.e., have a 1:5 size ratio (Fig. 10 a), whereas for the 52 remaining sites, salt pan to basin size proportions are close to the 1:10 ratio (Figs. 10 a and b). Coipasa and Guayatayoc are the two salt pans that least fit either of these relationships (these two cases are discussed further down).

Figure 10 .

 10 Figure 10. a and b) Scatter diagrams showing the relations between the surfaces of salt pans and their respective basin catchments. a) The correlation R = 0.89 was computed by considering all 55 Andean salt pans according to values summarized in Table 1. Note that the correlation line (continuous stroke) is close to the 1:5 proportion (dashed line). b) This panel expands the inset (in yellow) and plots data for the smallest salt pans. Note that most salt pans group close the 1:10 proportion. c) A scatter diagram plotting the relationship between the maximum (Max) and mean Li concentrations according to values summarized in Table 4. The regression R (continuous line) coincides with the stoichiometric proportion of 2:1 (dashed line) for 46 salt pans (n, gray area). Values for max/mean Li ratios are of 1 in Pastos Grandes (Bolivia), 7 in Uyuni, and 11 in Atacama. The inset offers an expanded view of the data displayed in the yellow box of panel c. R is the correlation coefficient (continuous lines), n is the number of salt pans. J o u r n a l P r e -p r o o f

  endorheic basins, as revealed by our observations across the Andean plateau (Figs. 10 a and b), is a fascinating configuration for landscape studies. The salt pan/basin size proportionality could apply to other endorheic basins in arid regions. For instance, the Qaidam Basin (ca. 94°E -38°N) in the northern Tibetan Plateau holds world-class Li-brine type deposits comprising 80% of the Li-brine resources found in China(Keslar et al., 2012). The basin's surface is 121,000 km 2 , one-fourth of which covered by numerous saline lakes and playas[START_REF] Yu | Geomorphic, hydroclimatic and hydrothermal controls on the formation of lithium brine deposits in the Qaidam Basin, northern Tibetan Plateau, China[END_REF]. According to this, the ~1:4 salt pan/basin size ratio in Qaidam is close to the proportion found in Uyuni. The proportionality between the surfaces of salt pans and their endorheic basins should thus be checked in detail in other Tibetan Plateau basins and in other regions with internal drainage, in order to confirm the application of this relationship to other parts of the globe.

  a); ii) this Ligrade/pan-surface relationship is also observed for salt pans having surfaces between 200 and 300 km 2 (R = 0.87, n = 4; Fig. 11, inset of panel a); and iii) a Li-grade/pan-surface relationship is also observed in those less than ~150 km 2 (R = 0.63, n = 23, Fig. 11 a, see also details in panels b and c). These three proportionality ranges comprise most (i.e., 34) of the Andean salt pans, with 15 salt pans not fitting any relationship (Fig. 11 b).

Figure 11 .

 11 Figure 11. Scatter diagrams showing the relations between mean Li concentrations and pan surfaces for a) the 49 salt pans in the Andean plateau, b) salt pans from the Puna de Atacama,and c) salt pans from the Puna. Insets offer detailed views of the data displayed in the yellow boxes of panels a) and c). Gray areas group salt pans where there is some degree of proportionality between the mean Li values and the salt pans surfaces. In panel b, the purple thick line contours the 13 salt pans lacking a relationship between Li grade and salt pans surface. R is the correlation coefficient (continuous lines), n is the number of salt pans.

Figure 12 .

 12 Figure 12. A schematic flow diagram illustrating Li -related processes from basin to salt pan (upwards). It illustrates the interplay between hydrological processes, climate and time, leading to Li accumulation (grade) in Andean brine-type deposits.

  

  2011; see Table3). Thirdly, high Li -graded brines are not necessarily related to saline nucleus. Furthermore, deeper brines are not systematically richer in lithium. For instance, in the salt pan of Atacama the Li concentration isopleths form a pattern consisting of concentric Li grade zones with maximum values located in the southern partand not in middleof the halite nucleus[START_REF] Moraga | Estudio geológico del Salar de Atacama, Provincia de Antofagasta[END_REF][START_REF] Stoertz | Geology of salars in northern chile[END_REF][START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Bevacqua | Geomorfología del Salar de Atacama y estratigrafía de su núcleo y delta, Segunda Región de Antofagasta, Chile[END_REF][START_REF] Alonso | Geoquímica del Salar de Atacama, parte 1: origen de los componentes y balance salino[END_REF][START_REF] Carmona | Solute inputs in the Salar de Atacama (N. Chile)[END_REF][START_REF] Boschetti | New and past geochemical data on fresh to brine waters of the Salar de Atacama and Andean Altiplano, northern Chile[END_REF] Boutt et al. 2016;[START_REF] Corenthal | Regional groundwater flow and accumulation of a massive evaporate deposit at the margin of the Chilean Altiplano[END_REF]. These concentric patterns are not the same at near surface levels as they are at depth. For example, if it is true that in the Uyuni salar Li concentrations increase concentrically and asymmetrically with depth, moving southward[START_REF] Risacher | Quaternary geochemical evolution of the Salar of Uyuni and Coipasa, Central Altiplano, Bolivia[END_REF] 

al., J o u r n a l P r e -p r o o f

  references therein), despite obvious geological-environmental differences. In both cases, they commonly belong to the Cl - -SO 4 2-type, and the hydrochemical variability is generally marked by variations in the major cations (Figs. 2 and 3 a). Our data compilation indicates that composition with a Na + -Mg 2+ signature largely predominate in the whole Andean plateau (and in Tibet), with the exceptions of Uyuni (Mg 2+ -Na + signature) and the Northern Puna salars (Na + -K + signature). Brines with high Mg 2+ concentrations occur in the Altiplano, whereas they are generally depleted in this cation in the Northern Puna. Finally, Ca 2+ shows the highest concentrations in the Puna de

Table 1 .

 1 Altitude and comparative areal surfaces of Andean salt pans and of their endorheic

	basin catchments. N° (Fig. 1) Salt pan 1 Surire 2 Coipasa 3 Uyuni 4 Empexa	Altitude (m asl) 4,260 3,656 3,633 3,725 J o u r n a l P r e -p r o o f Salt pan surface (km 2 ) 144 1,650 10,000 402	Basin surface (km 2 ) 574 29,817 45,239 2,111
	5	Huasco		3,778	51	1,572
	6	Coposa		3,730	85	1,116
	7	Michincha	4,130	25	282
	8	Alconcha	4,250	4	128
	9	Carcote		3,690	108	561
	10	Ascotan		3,716	243	1,757
	11	Pastos Grandes (Altiplano)	4,437	124	660
	12	Atacama	2,300	3,000	18,100
	13	El Tara		4,330	48	2,035

Table 2 .

 2 Chemical composition of brines from Andean salt pans. Hydrochemical data of the Altiplano salars correspond to values reported by

Table 3 .

 3 Mean values for hydrochemical compositions of brines from Andean salt pans.Values correspond to averages computed on data presented in Table2. n: number of samples. TDS in g L -1 , the remaining concentrations in mg L -1 .

	UYUNI sample uyu0 UA15 UA80	g L -1 TDS 351 461 Ca Mg 11,8 00 121 545 7,78 0 122 310 16,1 00 J o u r n a l P r e -p r o o f mg L -1 Na K Li Cl SO4 94,90 0 13,50 0 700 191,8 00 13,20 0 107,0 00 9,380 412 190,0 00 9,550 91,80 0 17,60 0 770 190,0 00 23,00 0	CO 3 -592 HC O3 --302 B 1,13 6 --669
	UA200	123 316	16,6 00	90,30 0	17,30 0	812	191,0 00	22,40 0	-	-655
	UA400	123 327	16,8 00	94,90 0	17,40 0	812	196,0 00	22,50 0	-	-657
	UA600	123 315	17,3 00	91,40 0	17,60 0	826	192,0 00	24,40 0	-	-668
	UB10	125 137	38,4 00	57,00 0	29,70 0	1,78 0	200,0 00	43,90 0	-	-	1,71 0
	UB100	224 149	51,0 00	36,10 0	19,40 0	2,56 0	210,0 00	32,80 0	-	-	2,02 0
	UB250	125	50	55,4 00	28,80 0	19,40 0	2,79 0	214,0 00	34,30 0	-	-	2,16 0
	UB400	125	50	55,9 00	29,20 0	19,70 0	2,83 0	215,0 00	34,60 0	-	-	2,19 0
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 (1974), [START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Ide | Geology of the Andes and its relation to hydrocarbon and mineral resources[END_REF][START_REF] Kunasz | Lithium resources[END_REF]. The * mean Li + concentration for Olaroz is from [START_REF] García | Characterization of lithium cycling in the Salar de Olaroz, Central Andes, using a geochemical and isotopic approach[END_REF]. Remaining values and ratios correspond to data presented in J o u r n a l P r e -p r o o f Highlights  Sizes of Andean salt pans are proportional to the extent of their endorheic basin.

 The equation mean Li ≈ ½ max Li is a tool for surveying of brine-type deposits.

 The greatest Li levels are expected to be found in largest and oldest salt pans.

J o u r n a l P r e -p r o o f