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The advance of electromobility has boosted global demand and interest in lithium. The consequent expansion of lithium mining puts the sustainability of Chile's Andean salt flats at risk. In these unique ecosystems, lithium is abstracted from mineralized groundwaters, referred to also as brines. This article analyses the legal treatment of brines and its implications in assessing the socioecological impacts of lithium mining projects. For our analysis, we draw from scholarship at the intersection between hydrosocial research and critical legal geography. Methodologically, our study is based on interviews and the analysis of legal texts and judicial and administrative claims, including the environmental impact assessment studies of the three single lithium mining projects approved in the country. We show that the interpretation of brines as mining resources supported by mining companies and endorsed by environmental State agencies is based on a legal loophole. We document how such interpretation is operationalized and contested in the environmental impact assessments of three mining projects and other instances. We explore how the same legal loophole could lead to alternative interpretations and relatedly regulatory proposals and discuss their implication for the assessment of socioecological impacts of mining projects. These include first an understanding of brines as hybrids minerals/waters put forward in a recent report commissioned by State agencies, and second an interpretation of brines as a type of water. The latter is in line with the position of some indigenous groups and academics. We conclude with reflections on the implications of our analysis for lithium mining in Chile and beyond.
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1. Introduction

In the last decade, lithium has become an object of desire of major economies and manufacturers of batteries and electric vehicles across the world, particularly in the context of the energy transition (World Bank, 2020; IEA, 2022; EC, 2023; USGS, 2023). Chile is currently the second largest lithium world producer—surpassed only by Australia—and it has the largest exploitable reserves of this mineral (USGS, 2023). Unlike in Australia, which produces lithium mainly from pegmatite rock, in Chile, it is obtained from the extraction and evaporation of mineralized groundwaters—also referred to as brines—from the aquifers of the Andean salt flats (or “salares”). Brines are pumped with extraction wells from saline aquifers and subsequently diverted to a system of evaporation ponds where lithium salts are concentrated through solar evaporation for 9–14 months (Flexer et al., 2018; Bustos-Gallardo et al., 2021). The amounts of brines required to produce one ton of lithium vary from one salt flat to another (and even within them) depending on the concentration of lithium minerals dissolved and the efficiency of the process used (Flexer et al., 2018). As part of this process, freshwater is also abstracted and used in smaller quantities as input for industrial activities, such as removing mineral salts.

Lithium extraction in Chile is currently carried out only in the Atacama salt flat. In 2020 new mining projects were approved in the Salar of Maricunga. In addition, several projects are in the preliminary stages of prospecting or exploration in 28 salt flats and saline lagoons in the country. Salt flats are fragile ecosystems characterized by unique biodiversity, including birds in the conservation category, such as flamingos, and benthonic microorganisms fundamental to the tropic chains. In these environments, aquifers of varying salinity are hydrodynamically interrelated, sustaining systems of lagoons, meadows and peatlands (high Andean wetlands), some of which have been recognized as national parks, reserves and Ramsar sites (Dorador et al., 2009, 2018; Thiel et al., 2010; Cubillos et al., 2019; Marazuela et al., 2019). In these terms, the salt flats constitute integrated salt flat-wetland ecosystems. Many salt flats are part of the ancestral territories of indigenous communities, such as the Atacameño/Lickanantay in the Salar de Atacama or the Colla in the Salar de Maricunga (OPSAL, 2021). The salt flats have also been fundamental for developing indigenous communities' traditional agricultural and transhumant grazing activities (Castro et al., 2004; Llagostera, 2004; Yáñez and Molina, 2011; Min. Minería, 2015; Prieto, 2015, 2016).1

A growing body of literature analyzes the historical development, the socioeconomic impacts, the water and energy injustices and inequalities linked to lithium mining in the Chilean salt flats. Some of these works argue that mining operations produce environmental degradation in terms of decreased vegetation cover, decreases in the population of endemic fauna such as flamingos, increased temperature in local climate and drier conditions (Gajardo and Redón, 2019; Liu et al., 2019; Gutiérrez et al., 2022). They also analyze the challenges faced by local communities, which on the one hand, receive substantial direct or indirect economic benefits from mining companies, but on the other hand, have to live in a profoundly changed environment and face increasingly uncertain water and climate conditions (Babidge, 2013, 2016, 2019; Gundermann and Göbel, 2018; Babidge et al., 2019; Liu and Agusdinata, 2020; Lorca et al., 2022). Scholars have also discussed the material, institutional and discursive processes supporting lithium-brine mining and its continuous expansion including forms of green extractivism (Barandiarán, 2019; Bustos-Gallardo et al., 2021; Jerez et al., 2021; Forget and Bos, 2022; Voskoboynik and Andreucci, 2022).

Several authors note that the expansion of lithium extraction is underpinned by an understanding of mineralized groundwaters as minerals, or better, as mining resources (Babidge et al., 2019; Bustos-Gallardo et al., 2021; Jerez et al., 2021; Blair et al., 2022; Hernandez and Newell, 2022). Such interpretation has been historically supported by mining companies and the Chilean State—although with some nuances across different State institutions. Others, including indigenous groups and part of the scientific community, argue that brine is a type of water and therefore point out that lithium mining in salt flats is nothing more than water mining (Babidge et al., 2019; Garcés and Álvarez, 2020; Ejeian et al., 2021; Jerez et al., 2021). The brine-water nexus has been analyzed from a diversity of perspectives among others molecular analysis (Ejeian et al., 2021), critical resource geography (Bustos-Gallardo et al., 2021), political ecology (Jerez et al., 2021) and hydrogeology and geochemistry (Marazuela et al., 2019; Munk et al., 2021). This article contributes to the above scholarship by providing a critical legal geography perspective.2 To this end, we analyze by whom and on what grounds specific legal definitions and interpretation of mineralized groundwater are articulated and how they (might) influence the regulation of mining of lithium and other minerals in salt flats.

For our analysis, we draw from recent work at the intersection between hydrosocial research and critical legal geography. This emerging scholarship sets out to understand in detail how laws, decrees, legal institutions, meanings and practices play an active role in defining and reconfiguring water(s) and their governance (Jepson, 2012; Cantor, 2016; Campero and Harris, 2019; Cantor et al., 2020). We extend the application of such an approach to lithium mining showing how—as for the case of desalination discussed by Campero and Harris (2019)—the existence of legal loopholes and undefined techno-legal frameworks has been used by powerful actors—mining companies—to push forward an interpretation on mineralized groundwaters as mineral resources that underpin an ongoing hydrogeographic reconfiguration.

We also examine the legal basis and potentials in fostering more just and sustainable governance of salt flats (and lithium mining) of two alternative understandings of water/brines, namely brine as hybrid mineral/water and brine as a type of water. Our analysis speaks directly to debates on water justice as it shows how legal frameworks are far from neutral tools but embed particular understandings and ways of knowing of water-society relations, while excluding others (Zwarteveen and Boelens, 2014). The paper is organized as follows: in the next section we introduce the analytical framework guiding our research, namely hydrosocial analysis and legal geography approaches. Subsequently, we describe the research methods and the case studies. We then outline the legal foundations on which the current prevailing interpretation of mineralized groundwater is based and how it has been defended and operationalized within the environmental impact assessment processes of currently approved projects—including contestations. We also explore emerging regulatory alternatives and how they consider the hydrogeological complexity of salt flats and discuss how these might contribute to safeguarding the socioecological balances and functions of salt flats. We conclude with a summary of our argument and a reflection on the implications of our analysis beyond the case of Chile.



2. Multiple waters and critical legal water geographies

In an often-quoted book, Jamie Linton asks “What is water?” (Linton, 2010). In the text, he goes on to explain that how water is defined and by whom largely shapes how water-related problems are addressed and, relatedly, which solutions are found. In this and other works, Linton traces the emergence of the so-called modern water paradigm, which is a tendency to understand water as essentially one and manage it out of its geographical, historical, and sociocultural contexts using uniform measures and rules (Linton, 2010, 2022; Boelens, 2014; Budds et al., 2014; Linton and Budds, 2014). Linton's work is a key contribution in hydrosocial research, a growing field of study largely inspired by political ecology to underscores the geographical and historical process through which water and society make and remake each other over time and space (Linton and Budds, 2014, p. 170). The hydrosocial approach has been used to make visible water injustices—the processes, interventions and tools (including laws) that (re)produce unequal distributions of water (Boelens et al., 2018). This includes injustices related with the distributions of goods and bads (distributional justice), with inclusion/exclusion in decision-making (procedural justice), and with recognition and legitimization of political, social, and cultural standings and values (recognitional justice). The latter includes exposing how dominant actors (try to) impose belief systems and truth regimes on how water and socio-natural relations should be understood and governed, typically by excluding and assimilating alternative modes of representation and knowledges (see for instance Linton, 2010; Boelens, 2014; Linton and Budds, 2014; Boelens et al., 2016). These contested belief systems and regimes of truth contribute to define and order specific hydrosocial configurations that is the networks of humans, water flows, ecological relations, hydraulic infrastructure, financial means, legal-administrative arrangements, and cultural institutions and practices (Ferry and Limbert, 2008; Boelens et al., 2016; Swyngedouw and Boelens, 2018).

The hydrosocial literature has contested the “modern” paradigm of water and hydrological cycles proper to the western hydrological scientific discourse (Linton, 2010; Boelens, 2014; Budds et al., 2014; Linton and Budds, 2014; Hommes et al., 2016). Likewise, hydrosocial research has devoted growing attention to analyze waters' multiplicity that is “the particular conditions and circumstances out of which various meanings, or practices, emerge, giving rise to different waters” (Linton, 2022, n.a.). This in turn entails studying the “temporal menagerie of meaning, materiality and legal structure through which water becomes known when different regimes of exploitation and extraction become attached to it at various points in history and cascade forward in time” (Vogt and Walsh, 2021, p. 1). Importantly, different water here refers not merely to different representations of water but different underlining realities of water itself, or different ontologies (Bonelli, 2017; Yates et al., 2017; Jerez et al., 2021; Linton, 2022; Ramos and Tironi, 2022). Laws, regulations and legal frameworks more in general play a significant role in the process of defining water(s) and in shaping its allocation and access. For instance, Zurita et al. (2015) show how different definitions of water are embedded in and constructed by various EU legislations, including the European Water Framework directive. Bakker et al. (2018) show how regulatory frameworks work to exclude Indigenous groups with respect to water allocation in Canada. In the Latin American context, the works of Boelens and Prieto, for example, have explored how legal definitions and regulatory systems interact with the plurality of local water rights present in the region and analyzed the associated diverse dynamics of symbolic and material water disciplining, resistance and resurgence (Vos et al., 2006; Boelens, 2009, 2014; Prieto, 2015, 2016).

How hydrosocial relations are shaped by laws and regulatory practices and processes is the focus of critical legal water geographies research. This field builds on wider legal geography work on the symbolic (or “nomic”) power of laws and on how law shapes territories through discourses and practices (Blomley, 1994, 2003; Delaney, 2010, 2015; Braverman et al., 2014). When applied to the study of water regulation and governance, the legal geography lens demonstrates how various legal discourses, frameworks and maneuvers contribute to shape hydrosocial configurations and produce socioenvironmental and economic injustices. Laws and legal frameworks are analyzed as socially and historically situated, products of social power, and productive of specific water and society relations (Meehan et al., 2023). This approach has been employed to analyze domestic water access and water governance in the USA (Jepson, 2012; Cantor, 2016; Cantor et al., 2020) and, more recently, to analyze desalinization projects in Chile (Campero and Harris, 2019). The work of Campero and Harris (2019) is of particular interest for us for it focuses on Chilean water governance and it points at how legal ambiguities in relations to the definition of waters—in their case desalinated seawater—open the space for various interpretations. They show how one of the basic techniques of legal interpretation or integration, legal coupling—that is “the insertion of one legal framework into another in order to fill gaps” (Campero and Harris, 2019, p. 5)—has significant consequences in shaping hydrosocial relations.

Beyond the work of Campero and Harris (2019), a wide body of hydrosocial research has analyzed Chilean waters. Several studies have focused on the effects—in terms of access to and distribution of water—of the application of the private property regime enshrined in the Water Code, making visible processes of dispossession and water appropriation in favor of productive activities (mainly agriculture and mining) in indigenous and non-indigenous territories (Budds, 2008, 2009, 2010; Prieto, 2015, 2016, 2022; Romero-Toledo and Jenkins, 2022). Researchers have also studied how hydrological knowledge has played an important role in the production of unequal water geographies by imposing a technocratic understanding of water management, excluding local knowledges and imaginaries and the social complexity linked to water (Budds, 2009; Usón et al., 2017). Hydrosocial approaches have been applied to the study seawater (Campero and Harris, 2019; Fragkou and Budds, 2020) and, more recently, mineralized groundwater (Jerez et al., 2021).

Taken together, legal geography and hydrosocial approaches allow for further understanding of who and based on what (legal and technical) assumptions and knowledge systems designs, control and have the power to (re)produce specific hydrosocial configurations. In the case of lithium mining, it enables us to scrutinize how legal loopholes and techno-legal frameworks have facilitated public-private mining interests to push a particular interpretation of mineralized groundwater. Once put into practice, the legal definition imposed has allowed its promoters to (re)configure water governance and the articulation and disciplining of discourses that sustain the current hydrosocial configuration of the salt flat basins.



3. Case studies and methods

The analysis focuses on legislation related with water and mining and on the three single lithium projects that currently have an Environmental Qualification Resolution (RCA) to extract mineralized groundwater in salt flats.3 The RCA is the official document that certifies that the project complies with environmental regulations and thus can be implemented. In this section we first briefly introduce the three projects and subsequently we describe the research methods. The location of these projects is illustrated in Figure 1 and their environmentally authorized extraction quota of brine and freshwater in Table 1.
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FIGURE 1
 (A) Location of Atacama and Maricunga salt flats in Chile, (B) Atacama salt flat, and (C) Marigunga salt flat. Maps were created in ArcGis v.10.3.1 for desktop (ESRI, Redlands, California, USA) with Datum WGS 84 and projection UTM zone 21S. Geospatial information from CONAF (National Forestry Corporation of Chile; https://www.conaf.cl), DGA (Directorate General for Water of Chile; https://dga.mop.gob.cl/). Background for (B, C) from World Imagery - Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.



TABLE 1 Characteristics of the mining projects.*
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Two of the mining projects we consider operate in the Salar de Atacama, the largest producing brine deposit in the world (Cabello, 2021). Both projects are characterized by a long history that goes back to the 1970s when explorations for lithium in the salt flat was initiated by the Chilean Economic Development Agency (CORFO). Both projects operate under contracts that CORFO established with two mining companies: MINSAL (today SQM Salar S.A.) and Sociedad Chilena de Litio (today Albermarle Lim.). Both projects underwent several changes in ownership and management over time shaped by political shifts in Chile particularly the neoliberal turn of the 1980s (for a historical overview see Poveda, 2020). The first project has been operating since 1996 and it is currently run by the Chilean company Sociedad Química y Minera de Chile (SQM), the second-largest lithium producer in the world and partially owned by the Chinese Tianqui. SQM extracts lithium and other minerals such as potassium. The second project has been operating since the 1984 and since 2015 it is run by the American Albemarle Corp. the largest lithium producer in the world. SQM and Albermarle pay rents and royalties to CORFO according to contracts renewed between 2016 and 2018 in a process not without controversy (CORFO, 2018; Poveda, 2020). In the study we consider a third project, “Proyecto Blanco” (in English, White Project). This project is located in the Salar de Maricunga and will be operated by Minera Salar Blanco (MSB) who owns the mining concession. The construction of the project should start in 2023. The project received the first RCA for lithium and potassium operations granted by the State environmental authorities outside the Salar of Atacama.

All three project have—or will have in the case of MSB—profound impacts on local communities, particularly indigenous people. The projects are located in recognized or claimed indigenous territories. MSB's project is located in the ancestral territories claimed by the Colla people, communities involved in small scale agriculture, livestock grazing, and transhuman pastoralism (Flores Fernández, 2021). Meanwhile, SQM and Albemarle operate in the territories of the several indigenous groups collectively referred to as Atacameño/Lickanantay under the 1993 Indigenous Law. Under the same law, the so-called Atacama La Grande Indigenous Development Area was created in 1997.4 The Atacameño/Lickanantay practice traditional Andean terraced agriculture, livestock grazing, petty trade and some work as laborer in mining companies (Budds, 2010; Liu and Agusdinata, 2020). Some Atacameño/Lickanantay communities are reunited under the Consejo de Pueblos Atacameños (CPA). The CPA works as an indigenous association and it involves representatives from 18 indigenous communities (Río Grande, Machuca, Catarpe, Quitor, San Pedro de Atacama, Solcor, Larache, Yaye, Séquitor, Cúcuter, Coyo, Toconao, Talabre, Camar, Socaire, Peine, Solor y Huatín). Each community is represented by two members. The CPA seeks to express a single “indigenous voice” however its legitimacy in representing the Atacameño/Lickanantay people has been questioned by some communities (Lorca et al., 2022). Water has significant productive and symbolic-cultural meaning for indigenous communities who mobilize local rules and customary practices (costumbres) to recognize water as sacred subject and ensure its continuous flow, the success of crops, and community ties (Prieto, 2016).5 The indigenous communities of the Atacama and Maricunga salt flats share a growing concern for the consequences that the extraction of brines has and will have on water, water-bodies, and ecosystems (Flores Fernández, 2021; Lorca et al., 2022). However, within and between different indigenous groups there are ambivalent positions with respect to the engagement with lithium companies and different strategies have been used including elements of both resistance and negotiation to respond to extractivism (Romero-Toledo, 2019; Jerez et al., 2021; Lorca et al., 2022).

The analysis is based on data obtained through interviews and the review of laws and documents related to plans and projects aimed at expanding lithium mining and extracting other minerals in Chilean salt flats. The first author carried out 25 interviews in 2021 and 2022. Interviewees include hydrologist and legal experts, members of civil society and State administrations including the Ministry of Mining and the General Directorate of Water (Dirección General de Aguas, DGA) that is the public agency in charge of water resources and basin management. Interviews focused on salt flat mineralized groundwater's legal and regulatory aspects and socioecological consequences of its extraction. Document review included legal texts such as the Chilean constitution, Chilean and foreign mining and water laws and regulations and a wide series of publicly available reports from governmental, judicial and administrative agencies related mainly to the three mining projects, particularly the environmental impact assessments. The analysis focused on how and if mineralized groundwaters are defined (as waters or mineral resources) as well as how their extraction is related with the extraction of other waters. As these documents are written in Spanish, the quotes we report below are our own translations.



4. Legal status quo: salt flats as mineral deposit and mineralized groundwaters as mining resources

“In our legal system, there is no regulatory treatment for the exploration and exploitation of brines located in salt flats. This legal vacuum is explained by the fact that mining legislation has been passed without considering the existence of mineral concentrations in liquid or aqueous mediums.” (Min. Minería, 2020b, p. 31).

In Chile, no specific legal framework regulates the extraction and use of minerals—like lithium and potassium—from mineralized groundwaters (Min. Minería, 2020a,b). Strictly speaking, as suggested by the quote above, mining legislation focuses on static mining deposits and not on liquid ones, like mineralized groundwaters. At the same time, as groundwaters, in principle, they should be governed by the Water Code, which stipulates that its provisions apply indistinctly to all terrestrial waters, both surface and groundwater. However, it has been considered that the Water Code does not explicitly recognize mineralized groundwater-brines as waters (Tala, 1994). This has left space for interpretation when it comes to the regulation of mineralized groundwater or brine extraction in salt flats.

In the absence of a dedicated legislation, the current prevailing interpretation extend mining legislation to salt flats and their mineralized groundwaters. The normative basis for this interpretation is found in the norms of the Constitution of 1980 and the 1983 Mining Code. According to these regulations, salt flats are part of the State mining patrimony: “the State has absolute, exclusive, inalienable and imprescriptible dominion over all mines, meadows, metalliferous sands, salt flats, coal and hydrocarbon deposits and other fossil substances, except for surface clays” (Chilean Constitution, article 19 No. 24, paragraphs 6 and Mining Code, article 1). In this sense, salt flats could be understood as another type of static mining deposit (Tala, 1994, p. 45; Min. Minería, 2020b, p. 5; Jerez et al., 2021). Specifically, the eminently “mining nature” of brines has been indicated by recent reports commissioned by the Ministry of Mining as linked to the provision contained in the Mining Code Regulations (art. 60), which define salt flat as “a superficial saline deposit, consisting of a saline crust of variable thickness, with occluded saline solutions (…)” (Min. Minería, 2020b, p. 13). Thus, mineralized groundwater could be defined as “occluded saline solutions” (not as water resources) and as constituent part of the salt flat being, therefore, a mining resource within mining deposits (Min. Minería, 2020a, p. 36; Min. Minería, 2020b, p. 13, 32).

Constitutional mining norms added that the law would define which substances may be subject to mining concessions for exploration or exploitation to private parties and which would be reserved for the State (Chilean Constitution, art. 19, No. 24, paragraphs 7). Lithium has fallen into this category since 1979 when it was declared as non-concessionable mineral (Decree Law 2.886 art. 5). This means that lithium extraction and exploitation can be carried out only by the State or its companies, under administrative contracts or special lithium operation contracts (CEOLs).6 Following the purely mining logic, the mining concessions and contracts include the right to explore or exploit and even evaporate mineralized groundwater from the salt flat they cover (Tala, 1994, p. 45; Min. Minería, 2020b). According to Tala (1994), the above interpretation is justified since in these cases the extraction of such water does not have a “water purpose” as such, but is carried out as a necessary activity to exercise the rights derived from the mining permits and in order to appropriate the minerals (Tala, 1994, p. 44).7

A legal classification and treatment of salt flats as mineral deposits and brines as mining resources has important implications in the (re)configuration of hydrosocial relations. First, the State has ownership on salt flats and its mineralized groundwaters and may grant mining concessions, administrative contracts, CEOLs or explore and exploit them directly or through its companies depending on the mineral substances to be obtained. Moreover, it should be noted that the processes for the constitution of strictly mining concessions and permits do not consider environmental aspects, citizen participation or possible indigenous consultation. Therefore, they can be granted directly on, for example, protected areas or indigenous territories.8

Second, authorizations for extraction of mineralized groundwaters in salt flats for mining proposes do not follow the procedures established by the Water Code for the constitution of groundwater exploitation rights. Instead, the quotas to be extracted are defined and authorized within the environmental assessment processes of mining projects following the System of Evaluation of Environmental Impact Assessment System (Sistema de Evaluación de Impacto Ambiental, SEIA).9 As functionaries of the DGA explained to us: “there is a special extraction of brine that is governed by a different legal regime... what is water extraction is under the tutelage of the DGA through water use rights and what is brine extraction is regulated through the environmental impact assessment system carried out by the Environmental Assessment Service [SEA]” (in similar vein DGA, 2021a, p. 196). According to the SEA, projects for the exploitation of lithium and other mineral substances must enter the SEIA based on the typology of mining projects and the amount of brine extracted (classified as a mineral by the SEA) (SEA, 2021, p. 15).10 In the assessments, the socioenvironmental impacts of projects are evaluated based on studies prepared and submitted by mining companies for the sole and exclusive purpose of obtaining an environmental license to operate (Broitman and Kreimer, 2018), including hydrological models, simulations and measurements or mathematical calculations (SEA, 2021). If the presented information is approved, the projects obtain his environmental license (RCA).

A third implication, resulting from the previous one, is that the extraction of brines from salt flats is managed separately from fresh and lower salinity water extraction, which are categorized and treated as a water resource according to the Water Code. For this reason, mineralized groundwater and its interactions with lower salinity aquifers have not been subject to greater analysis or integrated into the DGA's studies, models and water balances, an issue that has recently been attempted to be partially rectified, at least for the Salar de Atacama (CORFO, 2021; DGA, 2021a). By not applying water law restriction, permits to extract and consume brine may be obtained in basins with insufficient water balances. They may also not be declared as depleted or areas prohibited for the constitution of water rights. According to Jerez et al. (2021, p. 8) “by not explicitly recognizing brine as a water entity in legal terms but as mining property, the hydrosocial impacts of brine exploitation are invisible, and only the freshwaters of the salt flat are considered.”

Lithium companies have promoted the legal interpretation of mineralized groundwaters as mining resources by publicly denying their water character (SONAMI, 2017; SQM Salar S.A., 2021a, p. 08). In official reports published, mining companies argue that extracted brines cannot be considered water resources because they contain more than 300.000 mg/L of total dissolved solids (TDS; ten times more than seawater). Therefore, the argument goes, they are unsuitable for human consumption or activities related to agriculture and livestock (SQM Salar S.A., 2021a; Albemarle, n.d.). Mining companies take as a reference water quality standard for irrigation water (Chilean norm 1333) and drinking water (Chilean norm 409) that establish corresponding maximum concentration limits of 5.000 and 1.500 mg/L respectively (SQM Salar S.A., 2021a). Thus, water that evaporates after extraction is not considered as part of water consumption by lithium companies, which point out that their operations consume practically no freshwater (SONAMI, 2017; Bustos-Gallardo et al., 2021; SQM Salar S.A., 2021a; Albemarle, n.d., p. 08). As we show below, the legal interpretation of brines as mining resources separates from water resources is used and reaffirmed by mining companies in the environmental impact assessments of mining projects. In these studies, “brine” aquifers are conceptualized as hydrogeological structures separated or mainly disconnected from the freshwater-brackish aquifers. This is in turn, the basis used to rule out or minimize the impacts on water resources, hydrological systems and related local community practices and livelihoods. This interpretation is, however, contested by some indigenous groups and others who rather support an understanding of brines as (a type of) waters.



5. Operationalizing the water/brine divide in the environmental impact assessments


5.1. SQM Salar S.A., Salar de Atacama

The first mining project for exploiting mineral groundwaters that entered the SEIA was a potassium chloride production project in the Salar de Atacama. This project was presented in 1994 through and Environmental Impact Assessment (EIA) by the Sociedad Minera Salar de Atacama Ltda (MINSAL), company subsequently bought by SQM. The potassium project was approved in 1995 and subsequently started in 1996. In the same year, a new EIA was submitted and SQM obtained an RCA to start lithium carbonate production, authorizing the extraction of 215 l/s gross brine and 22.5 l/s of freshwater. Between 1996 and 2005, SQM submitted requests to increase its quotas, obtaining in 2006 the RCA 226/2006. According to this resolution SQM could today extract net annual quotas of 1,600 l/s of brine (to which are added extra quotas for the reinjection of waste brine) and 240 l/s of freshwater.11 These extractions are carried out from aquifers that feed or are connected to lagoons and wetlands located on the eastern edge of the salt flat, part of which are included in the Los Flamencos National Reserve and Ramsar Site Soncor.

In the first EIA presented in 1994 and approved in 1995 (RCA 403/1995), brines are recognized as “saline groundwater underlying the salt flat” (MINSAL, 1994, p. 42). Despite this, SQM presented and treated its extractions of brines separately from the extraction of freshwater for mining processes. The EIA refers to data suggesting a limited hydraulic connection between brines and the lagoons (MINSAL, 1994, p. 185). Building on this, the numerical modeling presented to calculate the water balance and fluid flow indicated that the extractions requested would have a slight impact on the lagoon's groundwater table (phreatic level). The company argued that the predicted decline—of <10 cm in 25 years—would not imply a considerable loss in the amount of ecological soil capable of providing habitat for the biodiversity that inhabits the ecosystems. Hence, the company ruled out that its operations would significantly impact water resources—here referring to lagoon waters and not to brines—biodiversity and the traditional agricultural and livestock livelihoods of members of the Atacameño/Lickanantay ethnic group settled east of the salt flat (MINSAL, 1994, p. 187).

In its 2005 request for expansion of extraction quotas, SQM writes that “the brine does not correspond to any type of water resource, but a mining resource,” and therefore its extraction would not be related to the intervention or exploitation of water resources (SQM Salar S.A., 2005a, p. 307). The EIA reaffirmed the disconnections between brine aquifers and less saline aquifers—by a barrier of low hydraulic conductivity. This in turn was used by SQM to argue that despite the decreases in the water table generated by the brine extraction in the aquifers, neither the water resources nor the natural behavior of the lagoons and wetlands requested quotas would be significantly affect (SQM Salar S.A., 2005a, p. 210–216; SQM Salar S.A., 2005b). According to these assumptions, the company postulated that the project and its new extraction quotas would not generate significant adverse social or environmental impact (SQM Salar S.A., 2005a, p. 37–39).

It is important to note that citizen participation in the assessment process was limited. Indeed, groups such as the Atacameño/Lickanantay indigenous communities of Peine, Toconao and Socaire attempted to question the company's position on the impacts and meaning, and functioning of the salt flat and its multiple waters. Still, their comments were not included due to formal reasons. Eventually, SQM obtained the RCA 226/2006 authorizing its current extraction quotas, whose maintenance and management have involved subsequent updates of hydrogeological modeling initially presented. These updates are built on and continue to refine the understanding that brine extraction is separated from other waters. More specifically, water and brine aquifers are understood as divided by a low conductivity salt cradle or interface (SQM Salar S.A., 2021b) defined as a “zone of mixing between two fluids of different density (e.g., Water/Brine)” (SQM Salar S.A., 2017, p. 256).

The division between the water and brine aquifers has been discussed in recent years as part of the auditing and sanction processes started by the Superintendency of the Environment, SMA, against SQM. These processes summarize recent investigation by the SMA on the operation of SQM carried out after repeated environmental and contractual breaches, and illegal political financing of SQM became known (Poveda, 2020). Environmental non-compliance included, among others, the extraction of brine in excess of authorized quotas (3.9%), adverse impacts on protected flora and the non-compliance and modification of monitoring and warning plans without authorization (SMA, 2016). Importantly, as part of the auditing process, it was recognized that there is a high degree of scientific uncertainty regarding the hydrodynamic behavior of the salt flat and a lack of information regarding its hydrogeological functioning and water balance (First Environmental Court, 2019; see also Amphos21, 2018, p. 321; ff and DGA, 2021a). This implies that, despite more than 30 years of continuous exploitation, it still hard to assess the impacts caused by brine and freshwater extractions on the salt flat ecosystem. Eventually, no sanctions were applied and the SMA finally approved an Environmental Compliance Plan (PdC) in which in SQM committed to reducing water and brine quotas and to carrying out “more and better” studies and modeling (SMA, 2022a).

The techno-scientific and legal conceptualizations that separate mineralized groundwater and water have been challenged by the CPA. The CPA intervened both in the sanctioning procedure against SQM and in the claims filed against the agreement that CORFO signed with SQM in 2018 to continue exploiting the salt flat. According to the CPA, “the critical situation in which the Salar de Atacama finds itself today is also the result of a state policy that seeks to treat brine as an input and not as a water resource that is part of a very complex ecosystem of the salt flat, an issue that the Atacameño-Lickanantay communities have raised in all instances” (CPA, 2018, p. 17). Among other issues, the CPA argues that the PdC was based on a conceptual model that assumes hydraulic independence between the core of the salt flat and the lagoon systems of the marginal zone, without a robust scientific basis (CPA, 2022, p. 49). This interpretation of brine as non-water and as brines as separated from other waters opposes the conception of basin unity underpinning the cosmovision of the indigenous communities for whom all the waters are part of the salt flat ecosystem (CPA, 2017, p. 10).



5.2. Albemarle Limitada, Salar de Atacama

Albemarle Limitada started its lithium production in the Salar de Atacama in 1984. These facilities, initially operated by Sociedad Chilena del Litio (SCL) and then Rockwood, entered the SEIA system for the first time in 2000 through an Environmental Impact Statement (EIS), obtaining the environmental authorization to pump 113 l/s of mineralized groundwater in the RCA 092/2000 (Rockwood, 2014). Subsequently, in 2004 and 2009 the company requested to increase its brine extraction quota, first through an EIS and then through an EIA. In 2016 and after cumbersome environmental assessment processes Albemarle obtained RCA 21/2016 which authorizes it today to extract 442 l/s of brine and 23,5 l/s of freshwater from the salt flat basin. While mineralized waters are extracted from the core aquifer, freshwaters are extracted from the southwestern aquifers of the salt flat, mainly from the Monturaqui-Negrillar-Tilopozo (MNT) aquifer that sustain the Tilopozo meadows.

The case of Abemarle provides a good example of how different interpretations of the water/brine divide exist and are discussed within the environmental assessment. While Albemarle considers brine separately from water, (part of) the environmental authorities consider mineralized groundwaters as water in their own right to weigh the impacts of their extraction. This is evident in the assessment of the impacts related to the request for an increase of extraction quotas submitted in 2004. Initially, the company argued that its lithium extraction project does not generate adverse effects on renewable natural resources such as water since it “does not contemplate the intervention or exploitation of water resources in areas or zones of meadows, peatlands or humid zones” nor “the exploitation or intervention of water resources from one basin or sub-basin transferred to another” (SCL, 2004, p. 34). Based on this argument it submitted an EIS that was rejected by the environmental authorities. The latter argued that the project was likely to cause significant adverse effects on the quantity and quality of renewable natural resources and thus a EIA should be submitted (COREMA II, 2005). Indeed, contrary to the company's statements, both the regional DGA and environmental authority considered that the extraction of brine as affecting water resources since: “the project implies an additional extraction of 29 l/s of brine, that is, exploitation of water resources and intervention of the Salar de Atacama aquifer, whose rise or fall in groundwater levels could affect the meadows and peatlands of the sector [of the salt flat]” (COREMA II, 2005; DGA, 2005a). However, the decision was later revoked by the national environmental assessment bodies following a complaint filed by the company. This change of opinions was based on the change of interpretations of the National Directorate of the DGA which—in contrasts to the regional DGA-accepted the mining company's thesis that the extraction would be carried out “in the core of the Salar de Atacama, as a mining resource and not in the freshwater groundwater aquifers” (DGA, 2005b; SCL, 2005; CONAMA, 2006, p. 9) and thus the project's impacts would be practically null on the protected areas of lagoons and meadows (CONAMA, 2006). Accordingly, the request for extraction of an extra 29 l/s brine quota, totaling 142 l/s, was approved (RCA 3132/2006).

Later, in 2009, Albemarle sought to increase its brine quota by 600 l/s as an annual average by submitting an EIA. After three complementary submissions (addenda) the EIA was rejected in 2011 due to deficiencies in the baselines and hydrogeological models presented to identify and estimate impacts (COREMA II, 2011). Nevertheless, the project was revived by filing an appeal for reconsideration (SCL, 2011), leading to the submission of two new addenda, halving the requested brine quota increase to 300 l/s. In these addenda, the company presented evidence based on a new hydrological model that considered a semi-impermeable saline interface between brine aquifers and freshwater-saline ones. This structure would physically separate the core brine and the freshwater-saline aquifer that feeds the lagoons and wetlands (Rockwood, 2014, 2015). The new studies and hydrogeological models concluded that the requested increase in extraction would not generate adverse impacts on the lagoon and aquifer systems of the salt flats, and on the life systems and customs of the groups living in the basin. It is important to keep in mind that the RCAs of Albemarle and SQM and the commitments established therein are concatenated (e.g., the execution of their monitoring and warning plans are conditioned to those of the other company) (DGA, 2021a, p. 133).

Within the EIA process, different interpretations of brines were put forward. For instance, the indigenous community of Peine questioned the brine/Water divide included in the EIA presented in 2009 arguing: “For us, there is no distinction between freshwater and brine (...). The water is one and belongs to us, the communities on the edge of the salt flat as owners of the surface and groundwater, as users of the basin and the various ecological services it provides (...)” (CIA Peine, 2009, p. 1). The indigenous community of Toconao argued for its part that “the hydrological system of the Salar de Atacama is one, it is intercommunicated; therefore, anything that happens in a specific sector will alter the entire salt flat (…) many times, the modeling of the waters that the companies carry out, in Ancestral Indigenous territories, are erroneous (...)” (COREMA II, 2011, n.d.). The mining company dealt with these concerns by establishing agreements with Atacameño/Lickanantay community of Peine and the CPA and thus ruling out adverse impacts on them (Rockwood, 2015, p. 151–153). These agreements stated to have had as an express frame of reference Convention 169 of the International Labor Organization setting a direct contribution of 3.5% per year of their sales (nearly US$40 million from 2022 sales), establishing, among other aspects, a “participatory, voluntary and integrated” monitoring (Rockwood, 2012, 2016; Albemarle, 2019). As a result, these indigenous groups supported the project, which was approved by RCA 21/2016.

The economic agreements have allowed Albemarle to establish an apparently better relationship with the main indigenous organizations than its neighbor SQM. However, the environmental management of the operation has not been without its share of problems. For instance, in March 2022, Albemarle was charged with environmental non-compliance for, among other things, pumping more brine than authorized in its environmental resolutions (SMA, 2022b). In the same month, the State filed a lawsuit for environmental damage against Albemarle and two other companies that extracted water from the MNT aquifer. The lawsuit denounced that the extractions generated a decrease in the water level above what was environmentally permitted and affecting the Tilopozo meadows (CDE, 2022). In the context of the lawsuit, Albemarle offered to stop using its water rights from MNT (18.5 l/s of the 23.5 l/s authorized in RCA 21/2016) (Albemarle, 2023). This situation occurs in a general scenario where the functioning, evolution and water health of the lagoon systems, meadows, peatlands and native species are unknown, as well as the impacts that the extraction of freshwater and brine generate on them and the entire Salar de Atacama basin (DGA, 2021a, p. 274–276, 300).



5.3. Proyecto Blanco, Salar de Maricunga

The logic and vision that have guided the development of lithium mining in Salar de Atacama basin have begun to be also used in other salt flats. In September 2018, Minera Salar Blanco (MSB) submitted the EIA of the “Proyecto Blanco” in the Salar de Maricunga. The project involves the extraction of 209 l/s of brine and 35 l/s of freshwater to feed the industrial processes, both to be pumped from the Salar de Maricunga basin (SEA, 2020a).

According to previous studies by the DGA to determinate water availability, the salt flat basin had a water demand balance deficit of −344 l/s (DGA, 2016). Due to this basin deficit balance, if all fluids were considered water, the water/brine quotas requested by MSB would at least be problematic as the available “water resources” might not be sufficient to grant those quotas. The models and studies presented by MSB as part of the EIA indicated that the brine would be extracted mainly (86%) from deep “brine” aquifers. These aquifers were conceptualized in the hydrological models as disconnected from the shallow saline aquifers that support the socio-hydrological system of the Salar de Maricunga due to the presence of a clay hydrogeological structure. Based on this conceptualization of confined aquifers, MSB ruled out the generation of significant environmental effects on the water resource, loss of wetland vegetation, endemic flora, and in general, on the aquatic ecosystems associated with the protected areas of the salt flat belonging to the Nevado Tres Cruces National Park and the Ramsar site Complejo Lagunar Francisco and Laguna Santa Rosa (MSB, 2018; SEA, 2020a,b).

MSB used the thesis of no significant impacts on water resources and systems to rule out impacts on the agricultural and transhumant grazing practices and customs of a large part of the Colla indigenous peoples whose ancestral territories include the Salar de Maricunga and its wetlands (CVHNT, 2008; CONADI, 2017). The company's studies indicated that the Colla settlements, lands, waters and transhumant routes were located far from the project works and outside the area of influence defined for impact on human groups which excluded the salt flat and wetlands (MSB, 2018; SEA, 2020b). Thus, MSB concluded that the project would only affect the transhumance practices of specific members of the Colla Community of Diego de Almagro due to the increased traffic generated by the operation of the project on surrounding routes. Therefore, the open indigenous consultation only considered this community, excluding those directly related to the salt flat basin (MSB, 2018; SEA, 2020a,b).

The information contained in the EIA and subsequent addenda was the subject of multiple requests for clarification, rectification or additions by sectorial bodies and observations made within the citizen participation instances. Among others, the Geology and Mining Service (Sernageomin) and the DGA questioned the central hypothesis of the models, which consisted of the supposed disconnection between the deep brine aquifer and the shallow aquifer (Sernageomin, 2019). They also indicate that the EIA lacked essential information to analyze the impacts generated by the affectation of groundwater flows on the lagoon and wetlands present in the National Park and the Ramsar Site and their characteristic flora and fauna, such as flamingos, vicuñas and guanacos' population (DGA, 2018a, 2019). Indigenous groups also intervened to question how MSB defined the impacts of the project. Among others, representatives of the Colla Pai Ote community indicated that “the justification of not affecting our community in the exploitation of the Salar de Maricunga, (…) ignores the cultural, social, religious, symbolic and economic life of our community, since the Salar de Maricunga, its waters, flora, fauna, minerals and even the ecological system in general, as well as the surrounding hills, are elements of our indigenous cosmovision, something that this study not only does not recognize, but omits (…)” (CICPO, 2018, p. 2). Despite the multiple observations, the SEA favorably qualified the project on 04 February 2020 through RCA No. 94/2020 endorsing the company's studies and assessments. Several administrative and judicial appeals were filed for the annulment of the RCA, alleging the unfounded exclusion of significant impacts and indigenous communities in the consultation process, among other infractions. Nevertheless, except for one claim still pending, all the appeals have been dismissed to date.




6. Alternative legal interpretations of mineralized groundwaters

The fact that a legal loophole nourishes the current legal treatment of mineralized groundwaters as mineral resource opens the door to alternative interpretations. Below we review two of them, starting from a recent attempt commissioned by State institutions to define the legal nature of brines and to recognize the brines/water interconnection. The second interpretation instead is based on understanding of brines as a type of water supported by indigenous groups and part of the academic community.12


6.1. Hybrid alternative: mineralized groundwater as aqueous reservoirs and joint extraction

In July 2020, the Ministry of Mining commissioned a study for the elaboration of a regulation for the extraction and use of brines located for mining purposes (Min. Minería, 2020a). Specific objectives of the study included defining the legal nature of mineralized groundwaters, the permits required for their extraction and its treatment in relation to other water sources present in a specific site (Min. Minería, 2020a, p. 36). Delivered in November 2020, the final report indicated that “the nature of brines involved two dimensions: on the one hand, brines share characteristics with groundwater, and on the other hand, they share the characteristics of a deposit of mineral substances” (Min. Minería, 2020b, p. 15). The report states that the legal nature of mineralized continental brines would be that of an “mineralized aqueous deposit contained in a salt flat with high salinity levels (…) in which different types of salts or soluble minerals are dissolved and susceptible to exploitation, which cannot be exploited without the extraction of the brine that contains them” (Min. Minería, 2020b, p. 135). According to the report, brines could “technically be identified as a water resource with high salinity levels” (Min. Minería, 2020b, p. 14).

Although the report talks about “brine-waters” and it recognizes that they are not mineral substances—hence mining permits are not an enabling title to extract them—it does introduce an exception for the case of joint extraction (Min. Minería, 2020b, p. 18). This occurs when, in the course of extracting minerals, substances that do not qualify as minerals (for instance brines) must be extracted at the same time (Min. Minería, 2020b, p. 15–19). Under this interpretation, the mining concessionaire, administrative concession or CEOL holder could dispose of brines involved in such extraction, having to comply with the common environmental requirements (Min. Minería, 2020b, p. 30–37). As one author of the report pointed out, “the reluctance to legally recognize brines as water is because this would make the development of lithium mining in salt flats unfeasible or very complex” (personal communication, senior Lawyer, January 12, 2021). This is since salt flats are often located in basins and areas where there are limitations, prohibitions, or restrictions for the granting of new water use rights (Min. Minería, 2020b, p. 23). For this reason, in the proposed regulation was necessary to look for an alternative that would make extraction legally viable (Min. Minería, 2020b, p. 15).

The report recognizes a degree of interaction and interdependence between waters and brines requiring brine extraction operations to be registered in the DGA's public water cadastre: “the hydrogeological nature of these processes cannot be ignored, and their information is relevant for the DGA to consider in its water balances, as well as being available to the community in general” (Min. Minería, 2020b, p. 21). Moreover, the report suggests the application of groundwater extraction control regulation: since “groundwater basins containing the brines are located in sectors with a high degree of hydrogeological vulnerability which, in many cases, have been the object of formal declarations by the DGA (prohibition zones or restricted areas). This situation of fragility imposes on the authority the obligation to maintain permanent measurement, control and information systems” (Min. Minería, 2020b, p. 24). Likewise, those who extract brine should be part of the groundwater communities of the hydrogeological sectors of common use (HSCU).13 In addition, the implementation of early warning plans should be required (Min. Minería, 2020b, p. 24).

The impacts of regulatory frameworks such as one proposed are difficult to foresee. As it remains within the scope of mining regulations, the current regulation of brines extraction regime likely not change beyond the direct involvement of the DGA in monitoring and research. Indeed, the purpose of the study was to find a way for make mining use of brines still viable. Although it proposes a hybrid water/brine interpretation, it does not entail restrictions or prohibitions for granting extraction quotas in basins or degraded or environmentally valuable areas, a previous understanding and integrated management of the basin, nor greater participation or consideration of water uses and visions of local communities. At the end, the proposal did not result in regulatory innovations and remained unknown to the current governmental authorities such as the Ministry of Mining itself (at least until the date of the interviews in 2022).



6.2. Mineralized groundwaters as waters and salt flat as integrated ecosystems

Beyond the current prevailing interpretation of mineralized groundwaters as mining resources, and the hybrid position illustrated above, a third interpretation understands brine as a type of waters. From this view, mineralized groundwaters should be treated as waters that form part of a hydrogeological ecosystem of great ecological and ancestral sociocultural value. The interpretation of brines as a type of (ground)water is supported by several researchers (e.g., Garcés and Álvarez, 2020; Ejeian et al., 2021; Jerez et al., 2021). It is also in line with the claims raised repeatedly by representatives of some indigenous groups during the environmental impact assessment and other contestation process (see Section 5). In this section, avoiding falling into utopian and romantic notions about Andean indigeneity (Gelles, 2010, p. 122; Romero-Toledo, 2019), we reflect on the legal implications of such an interpretation could have for the governance of salt flats, waters and for the recognition of the claims of indigenous people.

If mineralized groundwaters were legally consider waters (as they are terrestrial waters hidden in the bosom of the earth and which have not been illuminated), they would be governed by the Water Code and its regulations regardless of their mineral content (Water Code art. 1 and 2). This would have several other effects. First, in addition to the need to obtain mining permits and environmental permits, mining projects involving brine extraction would need to obtain water rights and such extractions would be categorized as water resource extraction. (Ground)water rights are granted by the DGA considering (i) groundwater availability and its long-term conservation; (ii) the protection of water use rights of third parties considering the relationship between surface and groundwater under the principle of “unity of stream”—which encompasses all waters that flow, continuously or discontinuously, surface or groundwater, into the same basin or watershed—and (iii) the presence of a RCA or pronouncement from the SEA if the catchment point is located within protected areas (Water Code, art. 3, 22, 59 and regulations on groundwater exploration and exploitation art. 20).

Second, the allocation and use of mineralized groundwaters or brines from salt flats should observe the principle of “unity of stream.” That is, it should be considered and evaluated in the context of all waters in a specific basin and their hydrogeological interaction as a whole. Likewise, other general water norms would be directly applicable to brine extractions rights, such as regulations on ecosystem preservation, non-extractive rights and reduction of extractions in case of affecting the sustainability of an aquifer (including the declaration of restriction zones), and brines should be considered as water within the strategic plans for water resources in basins (Water Code, art 5bis, 5ter, 62–66,129 bis1°, 1A and 293bis). One of the most controversial aspects would be that a large part of the salt flats basins would become no-take zones because it corresponds to aquifers that feed meadows, peatlands and wetlands declared as threatened, degraded ecosystems or priority sites (Water Code art. 63). This essentially revocable measure could be extended to the entire basin for future extraction given the prevailing uncertainty about the interconnections of groundwater aquifers (Blair et al., 2022).

The interpretation of water as brines and relatedly, the application of water-related legislation, would have important implications for indigenous peoples. First, the special protection norms in favor of indigenous ancestral waters and lands, such as pastures, wetlands, meadows and other lands used by auquenid livestock would be applicable (Indigenous Law, art. 63, 64, and 3 transitory; Water Code art. 5). These are complemented by the provisions of International Labor Organization (ILO) Convention 169, which establishes the duty of States to consult indigenous peoples prior to any legislative or administrative measure that may directly affect them. Such convention is applicable to processes for the constitution of groundwater rights in indigenous territories and areas (at least to those officially recognized) (CGR, 2019)—but not to processes for the constitution of mining concessions. Hence, a legal recognition of brines as type of water could contribute to foster the involvement of indigenous groups in decision-making related with lithium mining (representative justice). It also could contribute to the recognition of indigenous claims and knowledge systems (recognitional justice). Indeed, such a view could go beyond interpretations, as it would reflect a particular indigenous ontology of water according to which water “is a living, intelligent, self-creating thing that seeks the means for human survival” (Ramos and Tironi, 2022, p. 6) and “as a holistic and inseparable part of nature” (Budds, 2010, p. 205). For instance, representatives of the Coyo community have claimed that “there is only one water (the ‘puri' [in kunza language]), and what is called ‘brine' is the water deposited in the center of the salt flat. About 70% of what is contained in the brine is water. (...) the basin of the Salar de Atacama is an interconnected system of surface and underground runoff that feeds meadows, peatlands, lagoons and salt flats” (Sandón et al., 2019, p. 26). The need to treat brine as groundwater for better and integrated governance of the salt flat basins was also recently raised by members of the Atacameño/Lickanantay community of Talabre and the Atacameño Irrigation Association within the development of the strategic management plan for water resources in the Salar de Atacama basin (DGA, 2021b).

Importantly, recognizing brines as a type of waters does not in itself ensure more sustainable and just governance of salt flats. Indeed, the DGA who is responsible to manage the water resources according to the Water Code, has a structural lack of staffing, financing, information and limited management tools and knowledge of water resources in the country (World Bank, 2011). Groundwater and surface water are not managed jointly, and there is scarce control over legal or illegal abstractions (World Bank, 2011). Likewise, recent reports indicate that the DGA has not fulfilled its functions of protecting and conserving water resources (CGR, 2021). DGA's management in the salt flat basins is carried out in a fragmented manner. As a result, even though the general water balances of the basins are in deficit, limitations have only been introduced reactively without preventing overexploitation and environmental damage to local ecosystems (DGA, 2018b, 2021a; Babidge et al., 2019; CDE, 2022). In addition, environmental participation and indigenous consultation processes in the country have historically been limited in scope (Aylwin et al., 2013; Guerra, 2017). Notably, the application of the Water Code in the past has led to cases of water grabbing in favor of most productive uses and to the detriment of the local populations, especially indigenous groups, and ecosystems (Budds, 2009, 2010, 2020; Yáñez and Molina, 2011; Prieto, 2015, 2016; Prieto et al., 2022).

Therefore, even though recognizing brines as groundwater could be a minimum starting point for the integrated management of salt flats, it would require institutional strengthening and significant advances in information sharing, knowledge and research. In particular, it would be essential to develop prior and public baseline studies of salt flats in terms of water and society dynamics in cases with and, especially, without brine-mining interventions. However, the time needed to cover these gaps and to carry out the appropriate participation and consultation processes clashes with the clamor of global markets to accelerate and increase brine extraction for mining production. It also runs counter to the government's urgency to expand lithium mining from salt flats and wetlands, given the revenues this could bring to the country's ailing economy.14 In the meantime, inaction could mean that the impacts of anthropogenic intervention on these unique ecosystems will continue to be underestimated locally, nationally and globally, masking the unsustainability of extractive operations.




7. Conclusion

In this article, we analyze how different legal interpretations and definitions of brines shape the regulation, governance and assessment of the socioecological impacts of lithium mining and other minerals in Chilean salt flats and wetlands. In the absence of specific legislation, mining companies and State agencies have extended mining legislation to brines through a process of legal coupling. As a result, brines are treated for all legal proposes as mineral resources and not as waters. Such interpretation has been consolidated through studies developed by mining companies and endorsed by State authorities as part of the environmental impact assessments of mining operations. In these studies, brines and freshwaters of the salt flats are conceptualized as separate entities on scientific grounds that are currently the subject of intense scrutiny. This, in turn, has made it possible to argue that the extraction of brine does not affect water resources and wetlands part of the salt flat ecosystems and, therefore, the people and biodiversity that depend on them. The treatment of brines as minerals and the consequent definition of the impacts of their extraction has also contributed to excluding and/or co-opt alternative ways of conceiving brines as a type of waters and the salt flat and wetlands as an integrated and interconnected ecosystem. We show that alternative interpretations are not only possible and are being put forward by (some) State institutions, by indigenous groups and researchers but also that these interpretations are legally sound.

In conclusion, we offer some reflections on how our analysis contributes to further understanding and problematizing lithium mining in Chile and beyond. First, our work sheds further light on the internal logics and importance of legal definitions and frameworks in the hydrosocial configuration of lithium mining, which has been highlighted by other works on the subject (Babidge et al., 2019; Bustos-Gallardo et al., 2021; Jerez et al., 2021; Blair et al., 2022; Hernandez and Newell, 2022). As Campero and Harris (2019), we show that legal coupling is a powerful tool with outcomes that transcend the legal realm and influence environmental impact assessments and, ultimately the material practices of lithium extraction. In fact, defining mineralized waters as minerals—legally but then also technically in EIAs and EISs—is the basis for conceiving brine flows as separate from other water flows, lithium mining as a low water impact industry, and structuring the current exploitation regime in salt flats focused on fractional governance of waters in the basin (see also Bustos-Gallardo et al., 2021 and Jerez et al., 2021). The shortcomings of the current way of understanding the functioning and water balances of the salt flats and ecosystems and the impact of lithium mining have been criticized and demonstrated (SMA, 2016; First Environmental Court, 2019; Liu et al., 2019; DGA, 2021a; Gutiérrez et al., 2022). Based mainly on the conception of salt flats' freshwater separated from brines, it is possible to allow brine extraction in basins with deficit water balances as the Salar de Maricunga and generating extreme situations in hydrogeological balances as in the Salar de Atacama (CORFO, 2021; DGA, 2021a).

Second, we show that the legal interpretations—and the hydrosocial configurations they underprint—are contestable and contested. As a Meehan et al. (2023) write in a recent book, “law is a battlefield, a site of struggle” (p.51). While mining companies back the interpretation of brine as a mineral and on this, they build a particular understanding of hydrosocial relations in the Salar de Atacama and Maricunga, indigenous groups put forward different understandings of brine as a type of water. However, these conceptions remain marginalized at least regarding to the impact assessments and other formalized water decision-making processes where they are raised (see DGA, 2021a,b). Alternatively, they tend to be assimilated into the prevailing approach through corporately driven participatory and consultative mechanisms. In between, we find proposals developed for public mining institutions highlighting brines' water character by promoting a hybrid interpretation. Legal frameworks play a role in reproducing but also tackling water injustice as they can open up and/or close down spaces of contestation (such as the processes of citizen participation and indigenous consultation in the SEIA). Laws and regulations could also be used to support alternative interpretations, for example, using legal coupling to make applicable to brine the rules of the Water Code and groundwater regulations. This could lead to changes in the hydrosocial understanding of the salt flats including a more holistic conception of water flows above and below the ground. It could also contribute to address water injustices by fostering involvement of local communities, especially indigenous people and their knowledge systems in decision-making related with lithium mining.

Third, although regulatory alternatives on brine count with solid legal basis, introducing an explicit recognition of brine's water character seems (still) far from governmental priorities. From a legal perspective, this would not require a new law but only a new regulation (which could be introduced by the current government without need parliamentary approval). Instead, the focus of the debate tends to be on the appropriate business model to push forward and expand lithium mining in the short and medium term and take advantage of the boom in price and demand at almost any cost. In this sense, although creating a strong State-owned company was one of the campaign banners of the current government, more expeditious public-private partnership modalities close to those currently operating are gaining greater importance within the non-participatory, announced and delayed new National Lithium Strategy. Whichever option is finally adopted, socioenvironmental impacts will probably continue to be addressed as externalities to be managed within environmental assessment processes and contracts or agreements between local communities, mining companies and eventually the State leading to the adoption of the social and environmental license. As a result, mineralized groundwaters will continue be treated as minerals and salt flats and wetlands ecosystems affected and threatened by lithium mining will likely continue to be considered “green sacrifice zones” (Zografos and Robbins, 2020; Jerez et al., 2021; Sovacool, 2021) and water injustices perpetuated. An open debate on the different interpretations of brine is much needed, given their implications for assessing the socioenvironmental impacts of mining operations. We see the space for formal recognition of brines as waters and suspect that this would allow for better evaluating impacts on ecosystems, biodiversity, human rights and traditional lifestyles. These impacts are undoubtedly at the heart of the socioenvironmental contradictions, inequities and injustices linked to lithium mining in salt flats, both Chile and its neighboring countries, which seeks to exploit their groundwater for the sake of the green energy transition.

This brings us to our fourth and final point, the lack of an unequivocal definition and regulation of brines and lithium mining does not only regard Chile. Argentina and Bolivia, which host the largest lithium resources in their salt flats (USGS, 2023), also lack specific regulations, so analyses like this one would be pertinent and relevant. As in Chile, mining regulations apply mainly by extension to brine mining, but with greater intervention of the water authority in authorizations for certain cases (Lopez Steinmetz and Fong, 2019; Min. Minería, 2020b). In Nevada, United States, the extraction of all groundwater for mining production without distinction has a specific regulation requiring water rights (Min. Minería, 2020b), while in Canada regulations and definitions vary across provinces (Tscherning and Chapman, 2021). Given that lithium mining in salt flats is receiving increasing attention internationally, paraphrasing Linton (2010), it is essential to ask the question: what is brine? We show that how this type of groundwater is defined, by whom and through what legal frameworks shapes how its flows and the socioecological impacts of lithium mining are understood, assessed, and addressed. Clearly, brine (as water) escapes singular definitions; it lends itself to be understood as a mineral resource and/or as a type of water or another. Defining brines is thus a highly political process where laws but also knowledge practices—like modeling and legal analysis—play a role. This recognition is necessary to critically analyze the multiple discursive and material dynamics that frame new forms of water and nature appropriation and their highly uncertain socioenvironmental impacts. Especially those linked to new technological developments such as green hydrogen or, in this case, lithium water mining in salt flats, which are based on the intensive exploitation of saline or mineralized waters. These kind of debates and analyses are needed to be aware of and responsible for the effects of perpetuating an economic model based on extraction and to prevent that solutions to the climate crisis end up exacerbating the current biodiversity and socioenvironmental crises.
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Footnotes

1Indigenous communities and associations are the central legal and organizational structures recognized by the state under the 1993 Indigenous Law (No. 19.253). They do not necessarily coincide with indigenous communities' territorial claims and social organization (Lorca et al., 2022).

2This paper is part of a broader PhD research project on lithium mining in Chile led by the first author. The legal analysis presented in the article was facilitated by the legal background and expertise of the first author.

3A fourth project, called “Producción de Sales Maricunga” in Salar de Maricunga, received an RCA in 2020 but was later revoked by the Supreme Court in 2022, and it is currently in the environmental assessment process for the completion of indigenous consultation. In this article we cover only those RCAs that authorize groundwater extraction quotas (brine and/or fresh water), not all those linked to production quotas and other mining processes.

4The ADI was created in recognition of the close link between the Atacameño and the salt flat in terms of “agricultural activities, the rational use of water resources, grazing activities in meadows and wetlands and, in general, the use of the territory in the form of occupation of complementary ecological levels, based on the transhumance system between wintering and summer grazing” (Decree No. 70/1997 MIDEPLAN). However, its creation does not imply recognition of indigenous property rights over a geographical area.

5It is noteworthy that costumbres and indigenous identity more in general are not fixed but dynamic transforming over time shaped by political, economic processes, changing power relations (Prieto, 2016; Lorca et al., 2022).

6To date, the only special lithium operation contract (CEOL) is the one signed in 2018 with the subsidiary of the State-owned company CODELCO for projects in the Salar de Maricunga (currently in the exploratory stage). Two tenders were awarded in 2022 to enter CEOLs with the State but were overturned by the Supreme Court in 2022. For commercial proposes, the Chilean Nuclear Energy Commission (CCHEN) must also have previously approved marketing lithium quotas according to DL 2.866 and Law No. 16.319.

7Mining concessions and rights do not preclude the need for specific environmental permits such as the RCA. Since the entry into force of the SEIA, these permits must be obtained before the construction and operation of the projects.

8Indigenous consultation, at least, has begun to be considered in the case of future CEOLs (Supreme Court, 2022).

9The SEIA was established in the Environmental Basis Law (EBL) of 1994. Only after that date did projects begin to be environmentally evaluated, which became mandatory with the entry into force of its regulations in 1997. During the interim period, entry to the SEIA was voluntary.

10Depending on the impacts of the project, an Environmental Impact Assessment (EIA) or an Environmental Impact Statement (EIS) might be submitted (Environmental Basis Law, art. 11). The EIA applies to projects that potentially involve, among others, health risks, adverse effects on renewable natural resources, resettlement or significant impacts on the living environment and customs of people and if they are in the vicinity of populations, resources and protected areas. When projects do not generate these effects, an EIS can be submitted. A significant difference between EIA and EIS is that citizen participation processes are mandatory for the former. For the latter, they are eventual. Importantly, the obligation to open indigenous prior consultation procedures only applies to EIAs and to the extent that one or more human groups belonging to indigenous peoples are “directly affected” (EBL art. 29 and 30, SEIA Regulation art. 85 and 94).

11SQM started to reduce these extraction quotas due to environmental non-compliance (SMA, 2022a) and then in the context of its “Sustainable Development Plan” in which they indicate that they will gradually reduce their extractions to 50% of the total approved by RCA 226/2006 (DGA, 2021a, p. 171).

12The following exposition excludes the interpretation according to which the extracted mineralized groundwater carried out in the context of mining operation would be part of the so-called “miner's water”: groundwater founded while mining operations over which the holder of a mining concession has, by virtue of law a right of use insofar as they are necessary for mining activities (Water Code art. 56 bis and Mining Code art. 110). This is because one of the requirements for its origin is that it is a fortuitous finding and not a work aimed at finding it intentionally, as is the case of non-metallic mining of lithium, potassium and boron, in which its extraction is the very purpose of the mining activity. In such a case, they should be recognized as groundwater.

13“Hydrogeological Sector of Common Use” means an aquifer or part of an aquifer whose spatial and temporal hydrological characteristics allow for delimitation for the purpose of independent hydrogeological assessment or management.

14A new lithium policy is expected to be launched in March 2023 (originally announced for January) integrating public-private partnership modalities to take advantage of the lithium boom. By 2022, revenues for the State from lithium mining doubled the contribution of CODELCO, the State-owned copper mining company to US$ 5 billion. This is equivalent to 1.6% of GDP and 6.4% of all fiscal revenues last year (CFA (Comité Fiscal Autónomo), 2023). This figure is likely to increase in 2023 due to higher growth in companies net sales.
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