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Methods S1: Extented statistical analysis
All analyses were performed in R version 4.4.2. 
1. Replicate similarity
 To assess the similarity between sequenced sample replicates, Bray-Curtis dissimilarities were calculated between all pairs of replicates, using the vegdist function of “vegan” package.1 The distribution of intra-sample Bray-Curtis distances (distances between replicates of the same sample) was then compared to the distribution of inter-sample Bray-Curtis distances (distances between replicates of different samples) using a Wilcoxon rank-sum test (wilcox.test()).2 This allows testing whether replicates are significantly more similar to each other than to different samples. In addition, a non-metric multidimensional scaling (NMDS: metaMDS() function of the “vegan” package)3 ordination was performed on the Bray-Curtis distance matrix.
2. Chemical clustering and analyses
The sampled sites were clustered according to their chemical composition using k-means algorithm. The number of clusters was determined by two methods: the sum of squared errors (Elbow method) and the silhouette measure,4 using the fviz_nbclust() function from the “factoextra” package.5 While the Elbow method suggested an optimal partition into three clusters, the silhouette method indicated a slightly higher optimal number of four clusters (Fig. S1). The average silhouette width was also higher for four cluster (0.405) than for three clusters (0.370), supporting the use of four cluster. Since the silhouette method is more sensitive to fine substructures, it was decided to set the number of clusters to four, allowing for a more consistent hydrochemical classification with clear geochemical signatures. To better understand the chemical differences between the identified clusters, a Principal Component Analysis (PCA)6 was performed on the chemical dataset. PCA allows the visualization of the distribution of samples in a reduced-dimensional space, highlighting patterns and similarities among them. In addition, to provide a more intuitive comparison of the average chemical composition of each cluster, a radar chart was constructed using “fmsb” package. The Shapiro test was used to determine the normality of the data.7 Kruskal-Wallis test was used to examine differences in chemistry between clusters.8
3. Microbial community analyses
To study the microbial communities of the sites, a NMDS analysis was performed using a dissimilarity matrix calculated using the Bray-Curtis distance on the average abundances per site and microbial genus. The obtained stress was 0.22, indicating an ordination with moderate quality. Unsupervised clustering using k-means method was then performed on the sample coordinates obtained by NMDS analysis. The optimal number of clusters (k = 3) was determined using both the Elbow method and mean silhouette method (Fig. S2). Controls were treated separately and assigned to a fourth group for visualization purposes only. To assess whether microbial community compositions significantly differed between the identified clusters, a PERMANOVA test (adonis2 function, “vegan” package) was initially considered.9 However, the assumption of homogeneity of multivariate dispersion among groups, assessed using the betasiper() function followed by a permutation test (permute()) was not met (p < 0.05). Given this violation, a non-parametric ANOSIM (Analysis of Similarities) was used instead, as it is less sensitive to dispersion differences.10 A Venn diagram was used to compare the number of bacterial and archaeal genus in each cluster, using the “ggven” package.11 The alpha diversity of microbial communities was assessed for each cluster using three indices: specific richness, Shannon index, and Simpson index, using the diversity function of the “vegan” package.12,13 The calculated alpha-diversity parameters of clusters were computed together using a Kruskal-Wallis test, fllowed by a Dunn’s test to identify the different clusters.14
4. Determination of dominant and indicator genera
The “dominant” genera correspond to those with the highest relative abundance in the communities studies. They reflect the most represented tawa in terms of numbers.The dominant genera per cluster were identified taking into account the ten most abundant species, separating bacteria and archaea. To do this, the sum of the abundances of each genus was calculated per cluster to identify the most reprsentative genera in terms of total contribution in each cluster. The “indicator” genera are specific to a given environment. Their indication is qualitative and statistical. Indicator genera are detected using an Indicator value analysis, which combines their fidelity (frequency of presence in a given cluster) and specificity (presence mainly in this cluster rather than others). Indicator genera are not necessarily dominant in abundance, but are characterized by their preferential presence in an environment. Indicator genus for both domains, bacteria and archaea, were identified using the multipatt() function in the “indicspecies” package was used to tun the analysis with 999 permutations. Significant results were estimated with p-value < 0.01.15,16
5. Correlation and ordination analyses between chemistry and microbiology
To explore the relationships between archeal and bacterial abundance and the physico-chemical parameters of each cluster, indicator and dominant archeal and bacterial genus were grouped according to their putative ecological characteristics, based on their trophic and ecophysiological modes known from the litterature (Table S3). Concerning archaea, the genera were distributed into five categories: 
· Non-methanogenic halophiles: Archaeal genera thrive in high-salinity (halophiles) but do not produce methane.17,18
· Halophilic methanogens: Archaeal genera that require salinity conditions for their growth and are capable of producing methane (methanogenesis) under anaerobic conditions.17,19
· Non-halophilic methanogens: Archaeal genera that produce methan but do not require high salinity for growth.20,21
· Specialised methanogens: Archaeal genera that produce methan under specific metabolic or environmental conditions, often relying on syntrophic relationships or restricted substrates, such as methylotrophic methanogenesis.22–24
· Other extremophiles: Archaeal genera that thrive in extreme environmental conditions, such as high temperatures or acidity, but do not fall under the categories of halophiles and/or methanogens.25,26
For bacteria, the genera were divided into the following categories:
· Generalists: Bacteria with a broad metabolic range allowing them to degrade various organic substrates, resist environmental variations and colonize various habitats.27–31
· Halophiles: Bacteria requiring or tolerating high concentrations of salt for their growth, often participating in the degradation of organic matter in these hypersaline environments.32–36
· Fermenters: Bacteria that carry out the fermentation of organic compound into organic acids, gases and alcohols, contributing to the degradation of organic matter under anaerobic conditions.37–41
· Thermophiles: Bacteria adapted to high temperatures (> 45°C), which participate in the degradation of organic matter and specific biogeochemical cycles.42–45 
· Sulfate-reducing bacteria: Bacteria capable of respiring sulfate as an electron acceptor under anaerobic conditions, producing hydrogen sulfide.46–48
· Methanogenic syntrophs: Bacteria capable of degrading complex subtrates in partnership with methanogenic archaea, providing necessary elements for methanogenesis.49,50 
· Plantomycetes: Bacteria belonging to the Planctomycetota phylum, which participate in the nitrogen cycle and in the degradation of organic matter.51,52
· Human-associated bacteria: Bacteria indicating human-associated microbial signature (human commensal microbiota, opportunistic pathogens, intracellular pathogens). 53–58
Ambiguous cases were classified as “undetermined” when no dominant function could be identified. Spearman correlation tests were used between these ecological groups and environmental parameters,59 except for the “Undetermined” bacterial group. As this group consists of a heterogenerous mixture of taxa, correlation tests would not provide interpretable information and were therefore excluded from statistical analyses.
Canonical Correspondence Analysis (CCA) was also performed of two datasets: (i) testing the parameters Na+, Cl-, SO42-, K+, Fetotal, pH, salinity and temperature on all nineteen sites, (ii) testing the parameters Na+, Cl-, SO42-, K+, Fetotal, Mg2+, Ca2+, pH, salinity, temperature, TIC and DOC at fourteen sites (deletion of SC1, PR1, SC6, SC7 and SC8). CCA was performed using cca() function in the “vegan” package.60
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Fig. S1	Determination of the optimal number of clusters from chemical data with (a) the sum of squared errors method and (b) the silhouette method. The red dotted line indicates the optimal cluster number for each method. 
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Fig. S2	Determination of the optimal number of clusters from microbiological data with (a) the sum of squared errors method and (b) the silhouette method. The red dotted line indicates the optimal cluster number for each method.


Table S1	Ecological characteristics of dominant and indicators archaeal and bacterial genera. Indicator genera are noted with a red star before the genus name. Archaeal genera are divided into five categories: non-methanogenic halophiles, 17,18, halophilic methanogens.17,19, non-halophilic methanogens, 20,21, specialised methanogens, 22–24 and other extremophiles.25,26 Bacterial genera are divided into seven categories: generalists,27–31 halophiles,32–36, fermenters,37–41 thermophiles,42–45 sulfate-reducing bacteria,46–48 methanogenic syntrophs,49,50 plantomycetes,51,52 and human-associated bacteria.53–58
	Genus
	Phylum
	Ecological characteristic

	Archaea

	* Candidatus Haloredivivus
	Nanohaloarchaeota
	Non-methanogenic halophiles

	Candidatus Methanomethylicus
	Thermoproteota
	Specialised methanogens

	Candidatus Methanoplasma
	Thermoplasmatota
	Specialised methanogens

	Halanaeroarchaeum
	Halobacteriota
	Non-methanogenic halophiles

	* Halarchaeum
	Halobacteriota
	Non-methanogenic halophiles

	* Haloarcula
	Halobacteriota
	Non-methanogenic halophiles

	Halobaculum
	Halobacteriota
	Non-methanogenic halophiles

	Halobellus
	Halobacteriota
	Non-methanogenic halophiles

	* Halolamina
	Halobacteriota
	Non-methanogenic halophiles

	* Halomicrobium
	Halobacteriota
	Non-methanogenic halophiles

	Haloparvum
	Halobacteriota
	Non-methanogenic halophiles

	Halopenitus
	Halobacteriota
	Non-methanogenic halophiles

	* Haloplanus
	Halobacteriota
	Non-methanogenic halophiles

	Incertae Sedis
	Halobacteriota
	Other extremophiles

	Incertae Sedis
	Iainarchaeota
	Other extremophiles

	* Incertae Sedis
	Nanoarchaeota
	Other extremophiles

	Incertae Sedis
	Nanohaloarchaeota
	Non-methanogenic halophiles

	Incertae Sedis
	Thermoplasmatota
	Other extremophiles

	Incertae Sedis
	Thermoproteota
	Other extremophiles

	* Methanobacterium
	Methanobacteriota
	Non-halophilic methanogens

	* Methanocalculus
	Halobacteriota
	Non-halophilic methanogens

	Methanohalobium
	Halobacteriota
	Halophilic methanogens

	Methanolobus
	Halobacteriota
	Halophilic methanogens

	Methanomassiliicoccus
	Thermoplasmatota
	Specialised methanogens

	Methanomethylovorans
	Halobacteriota
	Halophilic methanogens

	* Methanothermobacter
	Methanobacteriota
	Non-halophilic methanogens

	* Methanothrix
	Halobacteriota
	Non-halophilic methanogens

	* Natronomonas
	Halobacteriota
	Non-methanogenic halophiles

	* Unidentified
	Halobacteriota
	Non-methanogenic halophiles

	Bacteria

	* Acetomicrobium
	Synergistota
	Methanogenic syntrophy

	Aeromonas
	Pseudomonadota
	Generalists

	Aliifodinibius
	Balneolota
	Generalists

	* Arhodomonas
	Pseudomonadota
	Generalists

	Blastopirellula
	Planctomycetota
	Planctomycetes

	Burkholderia-Caballeronia-Paraburkholderia
	Pseudomonadota
	Generalists

	* Candidatus Caldatribacterium
	Atribacterota
	Fermenters

	* Candidatus Finniella
	Pseudomonadota
	Fermenters

	Coprothermobacter
	Coprothermobacterota
	Thermophiles

	* Coxiella
	Pseudomonadota
	Human-associated bacteria

	* CSP1-2
	Dadabacteria
	Generalists

	Curvibacter
	Pseudomonadota
	Generalists

	Cutibacterium
	Actinomycetota
	Human-associated bacteria

	* Desulfitibacter
	Bacillota
	Sulfate-reducing bacteria

	Desulfoscipio
	Bacillota
	Sulfate-reducing bacteria46–48

	Dolosigranulum
	Bacillota
	Human-associated bacteria

	Dyella
	Pseudomonadota
	Generalists

	Escherichia-Shigella
	Pseudomonadota
	Human-associated bacteria

	* Gelria
	Bacillota
	Thermophiles

	Geosporobacter
	Bacillota
	Generalists

	* Glycocaulis
	Pseudomonadota
	Generalists

	Halobacillus
	Bacillota
	Halophiles

	Halomonas
	Pseudomonadota
	Halophiles

	* hgcI clade
	Actinomycetota
	Generalists

	Hoppeia
	Bacteroidota
	Generalists

	Hydrogenophilus
	Pseudomonadota
	Generalists

	* Incertae Sedis
	Bacillota
	Undetermined

	* Incertae Sedis Candidatus
	Eremiobacterota
	Fermenters

	* Incertae Sedis
	Chlamydiota
	Undetermined

	* Incertae Sedis
	Dependentiae
	Undetermined

	* JGI-0000079-D21
	Synergistota
	Generalists

	* LD29
	Verrucomicrobiota
	Generalists

	* Legionella
	Pseudomonadota
	Human-associated bacteria

	Marinilabilia
	Bacteroidota
	Generalists

	* ML310M-34
	Balneolota
	Generalists

	Moheibacter
	Bacteroidota
	Generalists

	Moorella
	Bacillota
	Thermophiles

	* Mycobacterium
	Actinomycetota
	Human-associated bacteria

	Noviherbaspirillum
	Pseudomonadota
	Generalists

	Oleidesulfovibrio
	Thermodesulfobacteriota
	Sulfate-reducing bacteria

	* Owenweeksia
	Bacteroidota
	Generalists

	Pelagibacterium
	Pseudomonadota
	Generalists

	* Petrotoga
	Thermotogota
	Thermophiles

	* Pirellula
	Planctomycetota
	Planctomycetes

	Proteiniphilum
	Bacteroidota
	Fermenters

	Pseudothermotoga
	Thermotogota
	Thermophiles

	Ralstonia
	Pseudomonadota
	Generalists

	* Rhodohalobacter
	Balneolota
	Halophiles

	* Salibacter
	Bacteroidota
	Generalists

	Salinarimonas
	Pseudomonadota
	Halophiles

	Sporomusa
	Bacillota
	Fermenters

	Sporosalibacterium
	Bacillota
	Fermenters

	Staphylococcus
	Bacillota
	Human-associated bacteria

	Streptococcus
	Bacillota
	Human-associated bacteria

	Sumerlaea
	Sumerlaeota
	Generalists

	Syntrophus
	Thermodesulfobacteriota
	Syntrophic methanogens

	Tangfeifania
	Bacteroidota
	Generalists

	* Thermodesulfovibrio
	Nitrospirota
	Sulfate-reducing bacteria

	* Thermovirga
	Synergistota
	Thermophiles

	* Truepera
	Deinococcota
	Generalists

	* Unidentified
	Bacteroidota
	Undetermined

	Unidentified
	Balneolota
	Undetermined

	Unidentified
	Patescibacteria
	Undetermined

	* Urania-1B-19 marine sediment group
	Planctomycetota
	Planctomycetes

	Variovorax
	Pseudomonadota
	Generalists

	* Wenzhouxiangella
	Pseudomonadota
	Generalists
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Table S2	Physico-chemical parameters of groundwater samples provinding of porous reservoirs (PR) and salt caverns (SC) (n.a. = not-analyzed).	 
	Parameters
	PR1
	PR2
	PR3
	PR4
	PR5
	PR6
	PR7
	PR8
	PR9
	PR10
	PR11

	SO4 (mg/L)
	0.48
	1035
	12
	<5
	2970
	50
	<0.5
	<0.5
	3
	5.8
	0.1

	Cl (mg/L)
	13230
	6130
	6000
	9212
	13750
	1020
	110000
	40
	10100
	55803
	549000

	PO4 (mg/L)
	<0.1
	0
	0.1
	1.8
	47.5
	0.3
	<0.01
	<0.01
	0.1
	n.a
	0.1

	NO3 (mg/L)
	<0.1
	0
	6
	<5
	5
	10
	630
	<0.01
	0.1
	n.a
	0.1

	NO2 (mg/L)
	<0.1
	0
	15.1
	0.2
	14.5
	5.7
	<0.02
	<0.01
	0.1
	n.a
	0.1

	S2 (mg/L)
	n.a
	<1
	<1
	0.2
	13.7
	0.1
	<0.05
	<0.05
	n.a
	0
	0

	Na (mg/L)
	6565
	4610
	3550
	6474
	3650
	996
	21300
	1.59
	6075
	25300
	25300

	Ca (mg/L)
	n.a
	830
	123
	<50
	48
	14.3
	42500
	12.9
	287.5
	3919
	3725

	Mg (mg/L)
	n.a
	160
	200
	<50
	11.4
	4.8
	86.2
	0.3
	175
	1535
	1515

	Mn (mg/L)
	n.a
	n.a
	n.a
	0.02
	n.a
	0.26
	48
	0.07
	n.a
	n.a
	n.a

	K (mg/L)
	700
	115
	1465
	410
	52200
	11.3
	1730
	1.87
	132.5
	412
	402

	NH4 (mg/L)
	<0.1
	n.a
	n.a
	66.4
	n.a
	6.9
	1.71
	4.9
	n.a
	n.a
	n.a

	Fe (mg/L)
	35.9
	1.3
	19.5
	73.2
	10.75
	7.25
	11.2
	0.45
	0.9
	25
	31

	HCO3 (mg/L)
	n.a
	164.9
	1166
	2452
	25945
	1172
	2.8
	7.9
	191.4
	22.9
	5

	CO3 (mg/L)
	n.a
	0.6
	2.52
	18.43
	9882
	17.06
	0.001
	0.011
	0.65
	0.01
	0.002

	TIC (mg/L)
	n.a
	38.7
	272.6
	563
	7212
	244
	2.1
	1.7
	44.4
	8.9
	2.2

	DOC (mg/L)
	n.a
	598
	445.6
	127
	2088.9
	20
	22.8
	12.9
	96.2
	40.7
	469.3

	pH
	8.1
	7.4
	7.2
	7.7
	9.2
	8.2
	5.9
	7.4
	7.4
	6.3
	6.1

	Eh (mV)
	n.a
	232
	-15
	-57
	-300
	-172
	n.a
	n.a
	-108
	n.a
	n.a

	Salinity (g/L)
	20.53
	13
	11.71
	16.86
	79.94
	2.39
	176.31
	0.06
	10.83
	87
	85.87

	Temperature (°C)
	13.3
	90
	49
	47
	44
	41
	46
	150
	39
	61.5
	61.5

	Parameters
	SC1
	SC2
	SC3
	SC4
	SC5
	SC6
	SC7
	SC8
	
	
	

	SO4 (mg/L)
	4644
	3891
	3990
	3590
	11200
	5200
	4550
	4650
	
	
	

	Cl (mg/L)
	197303
	184564
	182379
	196500
	244000
	194000
	188000
	184000
	
	
	

	PO4 (mg/L)
	<1
	<0.1
	<0.1
	<0.04
	<0.04
	<250
	<250
	<250
	
	
	

	NO3 (mg/L)
	n.a
	<50
	<50
	<250
	<250
	<250
	<250
	<250
	
	
	

	NO2 (mg/L)
	n.a
	<0.01
	<0.01
	<250
	<250
	<250
	<250
	<250
	
	
	

	S2 (mg/L)
	<1
	<0.1
	<0.1
	<0.05
	<0.05
	n.a
	n.a
	n.a
	
	
	

	Na (mg/L)
	129313
	116190
	114326
	114000
	146000
	109000
	114000
	114000
	
	
	

	Ca (mg/L)
	n.a
	1522
	1499
	1870
	1540
	26.1
	20.2
	114
	
	
	

	Mg (mg/L)
	n.a
	489
	448
	1305
	383
	3.3
	2
	2.5
	
	
	

	Mn (mg/L)
	n.a
	0.11
	0.13
	3.54
	0.18
	0.31
	0.2
	0.23
	
	
	

	K (mg/L)
	42.5
	662
	646
	1220
	1260
	66.8
	105
	76.6
	
	
	

	NH4 (mg/L)
	<1
	3.2
	2.4
	8.5
	2.1
	8.1
	118
	6.3
	
	
	

	Fe (mg/L)
	0.35
	0
	<20
	8.58
	3.04
	1.27
	0.67
	0.85
	
	
	

	HCO3 (mg/L)
	159.4
	16.7
	11.3
	63.5
	12.7
	n.a
	n.a
	n.a
	
	
	

	CO3 (mg/L)
	0.19
	0.03
	0
	0.13
	0.02
	n.a
	n.a
	n.a
	
	
	

	TIC (mg/L)
	147
	12.6
	16
	49
	19
	n.a
	n.a
	n.a
	
	
	

	DOC (mg/L)
	n.a
	0.9
	0.8
	4.6
	12.8
	n.a
	n.a
	n.a
	
	
	

	pH
	6.6
	6.8
	5.1
	6.8
	6.7
	11.4
	11.5
	11.4
	
	
	

	Eh (mV)
	n.a
	246
	26
	264
	-90
	n.a
	n.a
	n.a
	
	
	

	Salinity (g/L)
	331.45
	307.48
	303.45
	318.91
	404.41
	308.31
	306.8
	302.85
	
	
	

	Temperature (°C)
	48
	18
	18
	14.96
	21
	30
	30
	30
	
	
	




Table S3	Heatmap showing the strength of the correlation between physicochemical parameters and principal component (PC) axis. Significant variables (p < 0.05) are shown in bold. The color varies from red to green depending on the intensity of the correlation strength.
	Physicochemical parameters
	PC1
	PC2

	SO4
	0.02
	0.83

	Cl
	0.2
	0.72

	PO4
	0.97
	0.03

	S2
	0.96
	0.03

	Na
	0.2
	0.75

	Ca
	0.01
	0.04

	Mg
	0.05
	0.01

	Mn
	0.04
	0.05

	K
	0.92
	0.05

	NH4
	0.89
	0.03

	Fe
	0.01
	0.26

	HCO3
	0.96
	0.03

	CO3
	0.95
	0.03

	TIC
	0.96
	0.03

	DOC
	0.86
	0.02

	pH
	0.02
	0.15

	Salinity
	0.14
	0.78

	Eh
	0.07
	0.12

	Temperature
	0.01
	0.03
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Le contenu généré par l’IA peut être incorrect.]Fig. S3 Principal Component Analyses (PCA) biplot of groundwater samples based on their chemical composition and regrouped in four clusters. The principal components 1 and 3, (PC1 and PC3), explain 43.4% and 12.2% of the total variance, respectively. Arrows indicate the direction and strength of each chemical variable contribution to the principal components. Cluster 1 is represented by purple circles, Cluster 2 by green triangles, Cluster 3 by red squares and Cluster 4 by orange cross.
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Fig. S4	Boxplots of the average concentrations of physico-chemical parameters by cluster. The p-value (p) obtained for the Kruskal-Wallis tests is indicated for each parameter. Significance stars displayed when the p-value is less than 0.05 represent significant differences between two groups according to Dunn’s test. It should be noted that small sample sizes in some clusters may reduce the sensitivity of Dunn’s test. 


Text S1	Reproducibility of microbial sample replicates
The sequenced samples and the number of replicates per sample are shown in Table S5. In order to verify the similarity of microbial composition between replicates of the same sample, Bray-Curtis distances were calculated between replicates (Table S5). Intra-sample distances (between replicates of the same samples) are significantly smaller than inter-sample distances (between replicates of different samples), as determined by a Wilcoxon test (p < 0.001). Replicates are represented spatially in Fig. S5. The proximity of replicates for the same sample in ordered space strongly suggests the stability of their microbial composition, but also confirms that all steps of protocol are reproducible from sampling to DNA extraction. This confirms the consistency of the replicates and justifies their grouping by averaging in subsequent analysis.


Table S4	Replicates of each samples for sequencing with Bray-Curtis distance calculated between replicates. SC = Salt cavern and PR = Porous reservoir.
	Sample
	Replicate 1
	Replicate 2
	Bray-Curtis distance

	PR1
	PR1.1
	PR1.2
	0.353

	PR2
	PR2
	 
	 

	PR3
	PR3.1
	PR3.2
	0.149

	PR4
	PR4.1
	PR4.2
	0.0717

	PR5
	PR5.1
	PR5.2
	0.0843

	PR6
	PR6.1
	PR6.2
	0.07

	PR7
	PR7.1
	PR7.2
	0.0471

	PR8
	PR8.1
	PR8.2
	0.0887

	PR9
	PR9.1
	PR9.2
	0.317

	PR10
	PR10.1
	PR10.2
	0.0647

	PR11
	PR11.1
	PR11.2
	0.053

	SC1
	SC1
	 
	 

	SC2
	SC2
	 
	 

	SC3
	SC3
	 
	 

	SC4
	SC4
	 
	 

	SC5
	SC5.1
	SC5.2
	0.0568

	SC6
	SC6.1
	SC6.2
	0.0503

	SC7
	SC7.1
	SC7.2
	0.208

	SC8
	SC8.1
	SC8.2
	0.113
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Fig. S5	Non-metric multidimensional scaling (NMDS) plot showing the spatial distribution of each replicate, according to the calculated Calculated Bray-Curtis distance between replicates of Bacteria and Archaea sequencing data. A significant difference between groups was observed (Wilcoxon test, p < 0.001).
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Fig. S6	Alpha diversity indices: (a) specific richness, (b) Shannon index and (c) Simpson index, of clusters and controls for archaea and bacteria. P values are from Kruskal-Wallis test. Letters were assigned according to Dunn’s test. 
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Fig. S7	(a) Non-metric multidimensional scaling (NMDS) plot showing microbial community for each site coloring by country. (b) Distribution of Bray-Curtis distances showing the similarity of microbial communities within countries (“Intra-country distance”) and between different country (“Inter-country distance”). A significant difference between groups was observed (Wilcoxon test, p < 0.001). 


Table S5	Genera identified as potential contaminant using the decontam prevalence method, with their presence/absence in samples
	Identified contaminants
	Number of contaminated sites
	Site concerned

	Genus
	Phylum
	
	

	Atopostipes
	Bacillota
	0
	 

	Blastocatella
	Acidobacteriota
	0
	 

	Brevibacterium
	Actinomycetota
	0
	 

	Dolosigranulum
	Bacillota
	0
	 

	Escherichia-Shigella
	Pseudomonadota
	8
	PR1, PR4, PR7, PR8, PR9, PR11, SC2, SC3

	Paludibaculum
	Acidobacteriota
	0
	 

	Pseudoalteromonas
	Pseudomonadota
	0
	 

	Rhodococcus
	Actinomycetota
	0
	 

	Rubellimicrobium
	Pseudomonadota
	0
	 

	Rubrobacter
	Actinomycetota
	0
	 

	SH-PL14
	Planctomycetota
	0
	 





Table S6	List of the ten most abundant bacterial genera per cluster, which correspond to the dominant genera, with their proportion within each cluster (Cluster A, Cluster B, Cluster C, and Controls). Bold numbers indicate the cluster in which each genus is identified as dominant. The dominant bacterial genera represent 65.7%, 49.9%, 92.5% and 41.0% of the total bacterial genera in Cluster A, B, C, and the Controls, respectively.
	Genus
	Phylum
	Cluster
	Proportion (%)

	Acetomicrobium
	Synergistota
	Cluster A
	3.46

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.55

	Aeromonas
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	0.29

	
	
	Cluster C
	0.04

	
	
	Controls
	8.98

	Aliifodinibius
	Balneolota
	Cluster A
	0.00

	
	
	Cluster B
	6.65

	
	
	Cluster C
	0.00

	
	
	Controls
	0.13

	Arhodomonas
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	2.32

	
	
	Controls
	0.00

	Burkholderia-Caballeronia-Paraburkholderia
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	5.81

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Coprothermobacter
	Coprothermobacterota
	Cluster A
	14.43

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Curvibacter
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	2.75

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Cutibacterium
	Actinomycetota
	Cluster A
	0.00

	
	
	Cluster B
	1.00

	
	
	Cluster C
	0.00

	
	
	Controls
	4.58

	Desulfoscipio
	Bacillota
	Cluster A
	1.97

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Dolosigranulum
	Bacillota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	2.25

	Dyella
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	2.91

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Escherichia-Shigella
	Pseudomonadota
	Cluster A
	0.01

	
	
	Cluster B
	0.59

	
	
	Cluster C
	0.00

	
	
	Controls
	3.20

	Geosporobacter
	Bacillota
	Cluster A
	1.37

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	2.08

	Glycocaulis
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	2.77

	
	
	Controls
	0.00

	Halobacillus
	Bacillota
	Cluster A
	0.00

	
	
	Cluster B
	1.81

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Halomonas
	Pseudomonadota
	Cluster A
	0.01

	
	
	Cluster B
	0.02

	
	
	Cluster C
	28.53

	
	
	Controls
	0.23

	Hydrogenophilus
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	0.03

	
	
	Cluster C
	0.00

	
	
	Controls
	5.37

	Incertae Sedis
	Candidatus_Eremiobacterota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	2.03

	
	
	Controls
	0.00

	Marinilabilia
	Bacteroidota
	Cluster A
	2.55

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	ML310M-34
	Balneolota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	21.19

	
	
	Controls
	0.00

	Moheibacter
	Bacteroidota
	Cluster A
	0.01

	
	
	Cluster B
	0.01

	
	
	Cluster C
	0.00

	
	
	Controls
	4.06

	Noviherbaspirillum
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	6.84

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Oleidesulfovibrio
	Thermodesulfobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	0.76

	
	
	Cluster C
	0.00

	
	
	Controls
	5.95

	Owenweeksia
	Bacteroidota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	1.72

	
	
	Controls
	0.00

	Petrotoga
	Thermotogota
	Cluster A
	4.86

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Pseudothermotoga
	Thermotogota
	Cluster A
	21.95

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Ralstonia
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	12.69

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Rhodohalobacter
	Balneolota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	9.38

	
	
	Controls
	0.00

	Salibacter
	Bacteroidota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	3.20

	
	
	Controls
	0.00

	Sporomusa
	Bacillota
	Cluster A
	0.00

	
	
	Cluster B
	3.10

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Sporosalibacterium
	Bacillota
	Cluster A
	8.24

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Staphylococcus
	Bacillota
	Cluster A
	0.01

	
	
	Cluster B
	0.11

	
	
	Cluster C
	0.00

	
	
	Controls
	2.24

	Streptococcus
	Bacillota
	Cluster A
	0.04

	
	
	Cluster B
	0.91

	
	
	Cluster C
	0.00

	
	
	Controls
	2.32

	Syntrophus
	Thermodesulfobacteriota
	Cluster A
	2.58

	
	
	Cluster B
	0.01

	
	
	Cluster C
	0.00

	
	
	Controls
	0.03

	Tangfeifania
	Bacteroidota
	Cluster A
	2.34

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Thermovirga
	Synergistota
	Cluster A
	3.28

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.06

	Unidentified
	Balneolota
	Cluster A
	0.00

	
	
	Cluster B
	4.08

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Urania-1B-19 marine sediment group
	Planctomycetota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	2.41

	
	
	Controls
	0.00

	Variovorax
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	3.24

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Wenzhouxiangella
	Pseudomonadota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	18.96

	
	
	Controls
	0.00





Table S7	List of indicator bacterial genera, which correspond to genera specifically associated with particular environmental conditions, for each cluster (A, B, C and Controls), with the associated indicator value. The indicator value corresponds to the probability that a genus is both frequent and faithful to a given group and varies between 0 and 1. Numbers in bold indicate the cluster in which each genus is identified as an indicator. Cluster A has 12 indicator genus, Cluster B has 2, Cluster C has 19 and Controls has 0.
	Genus
	Phylum
	Cluster A
	Cluster B
	Cluster C
	Control

	Acetobacterium
	Bacillota
	0.72
	0.14
	0
	0

	Acetomicrobium
	Synergistota
	0.87
	0
	0
	0.14

	Arhodomonas
	Pseudomonadota
	0
	0
	1.00
	0

	Candidatus Caldatribacterium
	Atribacterota
	0.79
	0
	0
	0

	Candidatus Finniella
	Pseudomonadota
	0
	0.12
	0.94
	0

	Coxiella
	Pseudomonadota
	0
	0.32
	0.85
	0

	Desulfitibacter
	Bacillota
	0.85
	0.12
	0
	0.07

	Gelria
	Bacillota
	0.87
	0
	0
	0

	Glycocaulis
	Pseudomonadota
	0
	0
	1.00
	0

	hgcI clade
	Actinomycetota
	0
	0.32
	0.85
	0

	Incertae Sedis
	Bacillota
	0.73
	0.55
	0
	0.10

	Incertae Sedis Candidatus
	Eremiobacterota
	0
	0.12
	0.94
	0

	Incertae Sedis
	Chlamydiota
	0.11
	0.77
	0
	0.25

	Incertae Sedis
	Dependentiae
	0
	0.75
	0
	0.09

	JGI-0000079-D21
	Synergistota
	0.79
	0
	0
	0

	LD29
	Verrucomicrobiota
	0
	0
	1.00
	0

	Legionella
	Pseudomonadota
	0
	0.46
	0.74
	0.16

	ML310M-34
	Balneolota
	0
	0
	1.00
	0

	Moorella
	Bacillota
	0.80
	0.13
	0
	0

	Mycobacterium
	Actinomycetota
	0
	0.21
	0.85
	0.12

	Owenweeksia
	Bacteroidota
	0
	0
	1.00
	0

	Petrotoga
	Thermotogota
	0.87
	0
	0
	0

	Pirellula
	Planctomycetota
	0
	0
	0.78
	0.08

	Proteiniphilum
	Bacteroidota
	0.79
	0
	0
	0.15

	Rhodohalobacter
	Balneolota
	0
	0
	1.00
	0

	Salibacter
	Bacteroidota
	0
	0
	1.00
	0

	Thermodesulfovibrio
	Nitrospirota
	0.79
	0
	0
	0

	Thermovirga
	Synergistota
	0.87
	0
	0
	0.14

	Truepera
	Deinococcota
	0.00
	0.22
	0.89
	0

	Unidentified
	Bacteroidota
	0.09
	0.55
	0.73
	0

	Urania-1B-19 marine sediment group
	Planctomycetota
	0
	0
	1.00
	0

	Wenzhouxiangella
	Pseudomonadota
	0
	0
	1.00
	0





Table S8	List of the ten or less most abundant archaeal genera per cluster, which correspond to the dominant genera, with their proportion within each cluster (Cluster A, Cluster B, Cluster C, and Controls). Bold numbers indicate the cluster in which each genus is identified as dominant. Some genera are dominant genera in multiple cluster. The dominant archael genera represent 99.9%, 88.3%, 100% and 100% of the total bacterial genera in Cluster A, B, C, and the Controls, respectively.
	Genera
	Phylum
	Cluster
	Proportion

	Incertae Sedis
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	1.21

	
	
	Cluster C
	0.00

	
	
	Controls
	0.60

	Incertae Sedis
	Thermoproteota
	Cluster A
	0.00

	
	
	Cluster B
	0.03

	
	
	Cluster C
	0.00

	
	
	Controls
	1.75

	Incertae Sedis
	Iainarchaeota
	Cluster A
	0.00

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	93.16

	Incertae Sedis
	Nanoarchaeota
	Cluster A
	0.00

	
	
	Cluster B
	0.01

	
	
	Cluster C
	99.93

	
	
	Controls
	0.85

	Halobaculum
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	1.66

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Incertae Sedis
	Nanohaloarchaeota
	Cluster A
	0.00

	
	
	Cluster B
	2.12

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Halobellus
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	2.15

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Candidatus Haloredivivus
	Nanohaloarchaeota
	Cluster A
	0.00

	
	
	Cluster B
	2.26

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Haloparvum
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	2.96

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Halanaeroarchaeum
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	3.10

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Halopenitus
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	3.64

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Halolamina
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	3.98

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Halarchaeum
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	14.84

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Methanohalobium
	Halobacteriota
	Cluster A
	0.00

	
	
	Cluster B
	51.57

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Candidatus Methanomethylicus
	Thermoproteota
	Cluster A
	0.29

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Incertae Sedis
	Thermoplasmatota
	Cluster A
	0.86

	
	
	Cluster B
	0.01

	
	
	Cluster C
	0.00

	
	
	Controls
	2.96

	Methanomethylovorans
	Halobacteriota
	Cluster A
	1.18

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Methanocalculus
	Halobacteriota
	Cluster A
	5.87

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Methanothrix
	Halobacteriota
	Cluster A
	7.55

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Methanobacterium
	Methanobacteriota
	Cluster A
	12.04

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.65

	Candidatus Methanoplasma
	Thermoplasmatota
	Cluster A
	13.06

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Methanomassiliicoccus
	Thermoplasmatota
	Cluster A
	15.14

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Methanothermobacter
	Methanobacteriota
	Cluster A
	17.28

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00

	Methanolobus
	Halobacteriota
	Cluster A
	26.63

	
	
	Cluster B
	0.00

	
	
	Cluster C
	0.00

	
	
	Controls
	0.00





Table S9	List of indicator archaael genera, which correspond to genera specifically associated with particular environmental conditions, for each cluster (A, B, C and Controls), with the associated indicator value. The indicator value corresponds to the probability that a genus is both frequent and faithful to a given group and varies between 0 and 1. Numbers in bold indicate the cluster in which each genus is identified as an indicator. Cluster A has 4 indicator genus, Cluster B has 8, Cluster C has 1 and Controls has 0.
	Genera
	Phylum
	Cluster A
	Cluster B
	Cluster C
	Control

	Candidatus Haloredivivus
	Nanohaloarchaeota
	0.00
	0.71
	0.00
	0.00

	Halarchaeum
	Halobacteriota
	0.00
	0.61
	0.00
	0.00

	Haloarcula
	Halobacteriota
	0.00
	0.61
	0.00
	0.00

	Halolamina
	Halobacteriota
	0.00
	0.61
	0.00
	0.00

	Halomicrobium
	Halobacteriota
	0.00
	0.61
	0.00
	0.00

	Haloplanus
	Halobacteriota
	0.00
	0.61
	0.00
	0.00

	Incertae Sedis
	Nanoarchaeota
	0.00
	0.11
	0.89
	0.00

	Methanobacterium
	Methanobacteriota
	0.66
	0.13
	0.00
	0.00

	Methanocalculus
	Halobacteriota
	0.61
	0.00
	0.00
	0.00

	Methanothermobacter
	Methanobacteriota
	0.71
	0.00
	0.00
	0.00

	Methanothrix
	Halobacteriota
	0.71
	0.00
	0.00
	0.00

	Natronomonas
	Halobacteriota
	0.00
	0.61
	0.00
	0.00

	Unidentified
	Halobacteriota
	0.00
	0.61
	0.00
	0.00





[image: ]Fig. S8	Barplot showing the taxonomic rank used by EsMeCaTa to make functional predictions with the relative abundance of the associated organisms for the samples.



[image: ]Fig S9	Boxplot showing the relative abundance of organisms predicted to carry the sporulation gene spo0A across chemical clusters. Sample IDs are displayed next to their corresponding nodes.




Table S10	Results of Spearman correlation tests (p-value and rho value) performed between archaeal ecological characteristic and physico-chemical parameters. Values in bold correspond to significant values (p-value < 0.05). When NA is indicated, this means that there was insufficient data to perform the Spearman test. 
	Ecological characteristic
	Parameter
	Ca
	Cl
	DOC
	Fe
	K
	Mg
	Mn
	Na
	NH4
	NO2
	NO3
	pH
	PO4
	S2
	Salinity
	SO4
	Temperature
	TIC

	Non-methanogenic halophiles
	Rho
	0.26
	0.34
	-0.61
	-0.4
	0.25
	0.36
	-0.27
	0.49
	-0.2
	NA
	NA
	-0.38
	NA
	-0.24
	0.38
	0.32
	-0.45
	-0.18

	
	p-value
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.01
	NA
	NA
	<0.01
	NA
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01

	Halophilic methanogens
	Rho
	0.18
	0.07
	0.3
	0.11
	0.01
	0.23
	NA
	0.05
	-0.2
	-0.1
	-0.3
	-0.16
	0.2
	0.04
	0.07
	-0.02
	0.23
	0.01

	
	p-value
	0.21
	0.61
	0.05
	0.43
	0.91
	0.11
	NA
	0.73
	0.14
	0.77
	0.28
	0.24
	0.5
	0.8
	0.61
	0.88
	0.09
	0.93

	Non-halophilic methanogens
	Rho
	-0.22
	-0.4
	0.4
	0.35
	0.2
	-0.07
	-0.34
	-0.42
	0.22
	-0
	-0.4
	0.11
	0.3
	0.5
	-0.43
	-0.34
	0.17
	0.46

	
	p-value
	0.08
	<0.01
	<0.01
	<0.01
	0.08
	0.55
	0.03
	<0.01
	0.12
	0.98
	0.04
	0.33
	0.1
	<0.01
	<0.01
	<0.01
	0.15
	<0.01

	Specialised methanogens
	Rho
	-0.33
	-0.34
	0.14
	0.21
	-0.02
	-0.19
	-0.02
	-0.37
	0.23
	0.3
	0.26
	0.21
	0.4
	0.51
	-0.32
	-0.12
	0.1
	0.42

	
	p-value
	0.02
	0.01
	0.37
	0.12
	0.91
	0.18
	0.92
	0.01
	0.16
	0.22
	0.3
	0.12
	0.1
	<0.01
	0.02
	0.37
	0.47
	<0.01

	Other extremophiles
	Rho
	-0.25
	-0.04
	0.14
	0.13
	0.04
	-0.24
	0
	-0.09
	0.05
	0.07
	-0.1
	0.33
	0.2
	0.47
	-0.06
	0.05
	-0.19
	0.31

	
	p-value
	0.04
	0.76
	0.29
	0.27
	0.73
	0.05
	0.98
	0.44
	0.73
	0.73
	0.68
	<0.01
	0.2
	<0.01
	0.6
	0.66
	0.1
	0.02




Table S11	Results of Spearman correlation tests (p-value and rho value) performed between bacterial ecological characteristic and physico-chemical parameters. Values in bold correspond to significant values (p-value < 0.05). When NA is indicated, this means that there was insufficient data to perform the Spearman test.
	Ecological characteristic
	Parameter
	Ca
	Cl
	DOC
	Fe
	K
	Mg
	Mn
	Na
	NH4
	NO2
	NO3
	pH
	PO4
	S2
	Salinity
	SO4
	Temperature
	TIC

	Fermenters
	Rho
	0.09
	-0.16
	0.15
	0.11
	0.12
	-0
	0.03
	-0.2
	-0.15
	0.27
	0.23
	-0.11
	0.43
	0.06
	-0.16
	-0.28
	0.3
	-0.23

	
	p-value
	0.62
	0.34
	0.44
	0.52
	0.46
	0.89
	0.9
	0.14
	0.47
	0.4
	0.47
	0.51
	0.12
	0.76
	0.34
	0.09
	0.07
	0.22

	Generalists
	Rho
	0.03
	0.11
	-0.11
	-0.06
	-0.1
	-0.1
	0.15
	0.07
	0.01
	-0.23
	0.13
	0.04
	-0.31
	-0.15
	0.09
	0.02
	-0.05
	-0.26

	
	p-value
	0.59
	0.05
	0.08
	0.29
	0.19
	0.12
	0.04
	0.21
	0.82
	0.02
	0.19
	0.45
	<0.01
	0.02
	0.11
	0.67
	0.36
	<0.01

	Halophiles
	Rho
	-0.3
	0.19
	-0.26
	-0.32
	-0.2
	-0.3
	0.02
	0.17
	0.29
	0.3
	0.22
	0.37
	-0.4
	-0.07
	0.18
	0.35
	-0.19
	-0.08

	
	p-value
	0.07
	0.15
	0.09
	0.02
	0.08
	0.07
	0.91
	0.2
	0.07
	0.22
	0.39
	<0.01
	0.07
	0.67
	0.17
	0.01
	0.15
	0.62

	Human-associated bacteria
	Rho
	0.24
	-0.05
	-0.23
	-0.05
	0.02
	0.18
	-0.1
	0.02
	-0.37
	-0.63
	-0.1
	-0.31
	-0.09
	-0.28
	-0.06
	-0.33
	-0.02
	-0.31

	
	p-value
	0.03
	0.62
	0.06
	0.66
	0.85
	0.11
	0.34
	0.83
	<0.01
	<0.01
	0.48
	<0.01
	0.59
	0.02
	0.55
	<0.01
	0.86
	0.01

	Syntrophic methnogens
	Rho
	-0.1
	-0.33
	0.26
	0.32
	0.05
	0.04
	-0.1
	-0.3
	0.19
	0.21
	-0
	0.04
	0.28
	0.44
	-0.34
	-0.19
	0.19
	0.34

	
	p-value
	0.45
	0.04
	0.17
	0.05
	0.77
	0.82
	0.75
	0.04
	0.35
	0.52
	0.94
	0.81
	0.32
	0.02
	0.03
	0.26
	0.26
	0.07

	Planctomycetes
	Rho
	-0.3
	0.36
	NA
	-0.29
	-0.4
	-0.5
	0.27
	0.26
	0.45
	NA
	NA
	0.63
	-0.64
	NA
	0.31
	0.53
	-0.24
	NA

	
	p-value
	0.19
	0.13
	NA
	0.24
	0.09
	0.06
	0.43
	0.28
	0.13
	NA
	NA
	<0.01
	0.13
	NA
	0.2
	0.02
	0.33
	NA

	Sulfate-reducing bacteria
	Rho
	0.38
	0.11
	0.07
	0.27
	0.09
	0.45
	0.28
	0.09
	0.21
	-0.36
	-0.4
	-0.27
	-0.14
	-0.18
	0.11
	-0.1
	0.09
	-0.18

	
	p-value
	0.03
	0.52
	0.73
	0.11
	0.59
	0.01
	0.21
	0.59
	0.29
	0.25
	0.25
	0.11
	0.62
	0.36
	0.52
	0.53
	0.59
	0.35

	Thermophiles
	Rho
	-0.2
	-0.41
	0.54
	0.48
	0.26
	0.02
	-0.4
	-0.4
	0.38
	0.2
	-0.4
	0.03
	0.35
	0.47
	-0.41
	-0.36
	0.34
	0.44

	
	p-value
	0.23
	<0.01
	<0.01
	<0.01
	0.02
	0.86
	0.01
	0
	0.01
	0.35
	0.09
	0.78
	0.07
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01




Table S12	Results of CCA analyses carried out for dominant and indicator archaeal communities with p-value and F-value (Ratio between the variance explained by the variable and the residual variance in the CCA model). CCA1 = all sites ; CCA2 : deletion of SC1 and PR1 ; CCA3 = deletion of SC1, PR1, SC6, SC7 and SC8. Significative p-values (< 0.05) are in bold.
	Physicochemical parameter
	Archaeal dominant genus
	Archaeal indicator genus

	
	CCA1
	CCA2
	CCA3
	CCA1
	CCA2
	CCA3

	SO4
	F
	3.00
	19.94
	21.12
	5.09
	35.43
	804.2

	
	p-value
	0.001
	0.001
	0.004
	0.013
	0.002
	0.001

	Cl
	F
	3.01
	20.03
	21.21
	5.53
	38.52
	874.3

	
	p-value
	0.001
	0.001
	0.004
	0.007
	0.001
	0.001

	Na
	F
	2.6
	11.6
	12.3
	0.71
	4.96
	110.7

	
	p-value
	0.003
	0.001
	0.009
	0.957
	0.044
	0.013

	K
	F
	1.79
	12.84
	12.86
	2.81
	22.88
	443.3

	
	p-value
	0.108
	0.001
	0.007
	0.101
	0.002
	0.001

	Fe
	F
	2.04
	13.45
	14.12
	3.53
	23.28
	557.3

	
	p-value
	0.052
	0.001
	0.008
	0.061
	0.002
	0.001

	pH
	F
	1.67
	10.52
	8.94
	1.57
	13.57
	149.8

	
	p-value
	0.192
	0.001
	0.014
	0.529
	0.004
	0.011

	Salinity
	F
	1.86
	13.73
	 
	0.39
	7.18
	 

	
	p-value
	0.072
	0.001
	 
	0.962
	0.012
	 

	Temperature
	F
	2.79
	9.33
	4.46
	1.31
	5.62
	168.7

	
	p-value
	0.002
	0.001
	0.034
	0.499
	0.020
	0.004

	Mg
	F
	 
	10.68
	 
	 
	18.59
	 

	
	p-value
	 
	0.001
	 
	 
	0.003
	 

	Ca
	F
	 
	12.26
	 
	 
	15.46
	 

	
	p-value
	 
	0.001
	 
	 
	0.003
	 

	TIC
	F
	 
	 
	15.79
	 
	 
	88.82

	
	p-value
	 
	 
	0.005
	 
	 
	0.006

	DOC
	F
	 
	 
	11.07
	 
	 
	71.67

	
	p-value
	 
	 
	0.012
	 
	 
	0.015




Table S13	Results of CCA analyses carried out for dominant and indicator bacterial communities with p-calue and F-value (Ratio between the variance explained by the variable and the residual variance in the CCA model). CCA1 = all sites ; CCA2 : deletion of SC1 and PR1 ; CCA3 = deletion of SC1, PR1, SC6, SC7 and SC8. Significative p-values (< 0.05) are in bold
	Physicochemical parameter
	Bacterial dominant genus
	Bacterial indicator genus

	
	CCA1
	CCA2
	CCA3
	CCA1
	CCA2
	CCA3

	SO4
	F
	2.32
	2.6
	2.38
	5.30
	5.25
	8.3

	
	p-value
	0.02
	0.06
	0.42
	0.001
	0.001
	0.001

	Cl
	F
	1.82
	2.05
	2.05
	2.98
	2.95
	9.04

	
	p-value
	0.2
	0.21
	0.56
	0.01
	0.02
	0.001

	Na
	F
	1.33
	1.42
	1.46
	1.21
	1.19
	5.75

	
	p-value
	0.46
	0.5
	0.71
	0.49
	0.43
	0.01

	K
	F
	0.39
	0.23
	0.56
	1.75
	2.66
	8.92

	
	p-value
	0.97
	0.96
	0.87
	0.20
	0.08
	0.002

	Fe
	F
	0.71
	0.64
	0.68
	2.26
	2.23
	5.38

	
	p-value
	0.91
	0.89
	0.96
	0.07
	0.10
	0.01

	pH
	F
	2.29
	1.73
	0.91
	3.42
	2.19
	2.33

	
	p-value
	0.01
	0.22
	0.82
	0.002
	0.05
	0.16

	Salinity
	F
	1.17
	1.71
	2.01
	0.89
	0.49
	 

	
	p-value
	0.58
	0.31
	0.37
	0.70
	0.76
	 

	Temperature
	F
	1.51
	1.57
	1.79
	1.89
	2.05
	6.0

	
	p-value
	0.24
	0.32
	0.39
	0.15
	0.09
	0.01

	Mg
	F
	 
	1.43
	 
	 
	1.06
	 

	
	p-value
	 
	0.47
	 
	 
	0.53
	 

	Ca
	F
	 
	1.32
	 
	 
	2.02
	 

	
	p-value
	 
	0.58
	 
	 
	0.11
	 

	TIC
	F
	 
	 
	1.74
	 
	 
	5.02

	
	p-value
	 
	 
	0.50
	 
	 
	0.02

	DOC
	F
	 
	 
	1.32
	 
	 
	3.83

	
	p-value
	 
	 
	0.82
	 
	 
	0.03





Text S1	Canonical Correspondence Analysis (CCA): detailed results
The influence of environmental gradients on dominant and indicator archaeal and bacterial genera was assessed using the CCA method with three filtering strategies based on available data: CCA1 (all sites), CCA2 (elimination of SC1 and PR1, addition of Mg and Ca) and CCA3 (elimination of SC1, PR1, SC6, SC7 and SC8, addition of TIC and DOC). The results for archaea are presented in Table S12 and for bacteria in Table S13, with p-value and F-value (ratio of variance explained by the parameter to residual variance).
For archaeal communities, SO4, Ca and salinity were consistently significant in all three CCA, with notably very high F-value for CCA2 (~35-38) and CCA3 (~800-870) for indicator archaea. Dominant archaea also showed significant structuring by these ions, but with lower F-value (max. ~21 in CCA3). These elements strongly structure in the distribution of archaeal communities across sites. Na, K and Fe showed significant but weaker structuting effects, especially in CCA2 and CCA3, with indicator genera displaying increasing F-values after site filtering (F-value from ~0.1-4 to ~110-558), suggesting that these ions further refine niche differentiation when sites are excluded. Ca and Mg (CCA2) are significant with larger F-values for indicator genera (~15-19) than dominant genera (~10-13), demonstrating their strong involvement in community structuring. Temperature and pH are moderate strcturing factors, with significant effects mainly in CCA2 and CCA3 (~2-6) for indicator genera, indicating that these variables also play a role, but to a lesser extent than ionic parameters. Carbon (DOC and TIC, CCA3) strongly structures archaeal genera (F-value ~11-16 for dominant genera and F-value ~70-89 for indicators), showing that carbon sources become significant structuring factors when additional carbon data are applied. Thus, indicator archaea are strongly structured by ionic gradients (SO4, Cl, Na, Ca, Mg, K, Fe) and carbon sources (TIC, DOC), with increasing exaplanatory power afeter filtering by site. Dominant genera remain influenced by these parameters, but show weaker structuring. 
Indicator bacterial genera showed significant and consistent structuring with SO4 (~5-9), Cl (~2-9) and K (~1-9). The structuring effect became particularly evident with CCA3, with F-value peaking for SO4, Cl and K, showing that indicator bacteria, like archaea, are sensitive to ionic gradient. Na showed a weaker but significant structuring effect with CCA3 (F-value = 5.75), while Fe also became significant with CCA3 (F-value = 5.38). Dominant bacterial genera were only weakly structured by these variables, with occasional significance for SO4 in CCA1 (F-value = 2.32), but a loss of significance in the filtered datasets, indicating weak and inconsistent structuring of dominant bacteria by ionic parameters. Ca and Mg (CCA2) were not significant for bacterial communities. Indicator bacteria showed moderate structuring by pH (F-value = 3.42 in CCA1 and 2.9 in CCA2) and temperature (F-value = 6.0 in CCA3), suggesting that these gradients contribute to the structuring of indicator bacteria. TIC (F-value = 5.02) and DOC (F-value = 3.83) significantly structured indicator bacteria, indicating that carbon sources are relevant factors for bacterial indicators. In summary, bacterial indicator genera exhibit clear structuring by SO4 and Cl, and assumed by K, TIC and DOC, with increasing clarity upon site filtering. Dominant bacterial genera exhibit minimal and inconsistent structuring. 
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