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Supplementary Text 1. Extended microbial diversity results and comparisons
Our findings extend previous surveys of the Hatiba hydrothermal vents (8), highlighting diversity and richness across depths and hydrothermal activity gradients. To assess microbial diversity, we performed 16S rRNA gene sequencing on 15 subsamples comprising eight surface precipitates, five precipitates from a depth of 1 m, and two microbial mat samples (see Table S2 and Methods for details).
Community composition across depths
Beta diversity analysis (Bray–Curtis dissimilarity) revealed significant differences in community composition between surface and 1 m depth precipitates (p = 0.001). Chloroflexi were the dominant group overall, accounting for 9%–20% at the surface and 12%–26% at 1 m depth, with Dehalococcoidia as the primary class (7%–15% at the surface, 8%–20% at depth). Pseudomonadota were also prominent, accounting for 5%–22% at the surface and 6%–17% at depth, with Alphaproteobacteria (3%–13% at the surface, 5%–12% at depth) and Gammaproteobacteria (2%–13% at the surface, 3%–4% at depth) as the main classes. Other prominent groups included Acidobacteriota (4%–16%), Methylomirabilota (3%–11%), and Gemmatimonadota (1%–6%). The dominance of Chloroflexi aligns with previous findings from deep-sea sediments, such as at the Juan de Fuca Ridge, where Chloroflexi are often reported as the central taxon in surface sediments (111) (54). Thermoproteota, primarily composed of Bathyarchaeia, comprised 9%–19% of surface communities, with significantly higher levels (47%) in surface samples from Majarrah Mounds. 
Archaeal patterns 
Bathyarchaeia comprised 13%–14% at the surface and 14%–44% at 1 m depth, peaking at 41% in Majarrah Mounds. Bathyarchaeia have been identified as one of the dominant archaeal groups in subseafloor sediment layers of the northern Red Sea (9), in biofilms at the Thuwal cold seep brine pool (112), and in deep-sea sediments from the Juan de Fuca Ridge (54). DNA sequences from the Nereus Deep brine pool have shown close similarity to a Candidatus Bathyarchaeia archaeon initially recovered from Guaymas Basin sediments (113). Building on these observations, our analysis revealed distinct trends in Bathyarchaeia abundance and community structure in relation to hydrothermal activity and depth in the Hatiba region of the Red Sea. Archaea were more abundant at 1 m depth, with Thermoproteota emerging (48%) at 1 m depth in Baja’ah Mounds and Kabir Field. 
In the microbial mats, Pseudomonadota dominated, with Alphaproteobacteria at 9% and Gammaproteobacteria at 8%. Thermoproteota followed at 11%, with Nitrososphaeria at 8% as the dominant class. 
Community shifts along hydrothermal activity gradients
Beta diversity analysis revealed distinct groups at both depths based on hydrothermal activity levels. At the surface, Fe–rich precipitates indicating high hydrothermal activity (n = 5) were significantly different from those with high background sedimentary input (Ca-rich, n = 9, p = 0.02) and were marginally distinct from precipitates with low hydrothermal activity (Mn-rich, n = 3, p = 0.046) (Supplementary Table S3; Fig. 2B). At 1 m depth, the community composition of samples with high hydrothermal activity (n = 8) was significantly different from those with low hydrothermal activity (n = 3, p = 0.005) and from samples with high background sedimentary input (n = 3, p = 0.01). The background and low hydrothermal activity precipitates exhibited no significant difference in community composition at this depth. Bathyarchaeia were more abundant in precipitates with high hydrothermal activity (p = 0.001) compared with those with high background sedimentary input. Low hydrothermal activity showed a trend of higher Bathyarchaeia abundance than precipitates with high background sedimentary input (p.adj = 0.05). However, the difference in Bathyarchaeia abundance between low and high hydrothermal activity was not significant (p > 0.05). 
Species diversity patterns and elemental influences
Alpha diversity at the ASV level provided comparable diversity across the samples (Fig. 2C, Supplementary Table S4). Some surface samples from Majarrah Mounds had lower diversity than other surface samples, while other samples from Majarrah Mounds showed high diversity at both depths (Fig. 2C). This local variation in Majarrah Mounds surface precipitates was evident: TH9/22_GC1-4, which had abundant Thermoproteota, exhibited lower diversity, while TH9/22_GC1-1 showed higher bacterial diversity. Both sites have high hydrothermal activity, but the lower diversity and high archaeal abundance in TH9/22_GC1-4 are likely due to higher temperatures inferred from elevated trace elements and S, although the temperature was not directly measured. No significant differences in diversity were observed within surface or 1 m depth samples based on hydrothermal activity levels. The Shannon diversity index showed a negative correlation with S concentrations and a positive correlation with Mn concentrations (Supplementary Table S5). No correlation was found between Shannon diversity and iron (Fe) content in the precipitate samples. However, none of these correlations met the Spearman critical value of ±0.56 for statistical significance, indicating the need for further investigation with larger sample sizes. Shannon diversity indices at the ASV level in our samples ranged from 6.07 at 1 m depth to 7.57 at the seafloor surface, indicating higher diversity in surface precipitates. 
Supplementary Text 2. Hydrogen metabolism potential
Hydrogen oxidation genes assigned to NiFe hydrogenase group 1 were detected in 26 bacterial MAGs (10%). Genes affiliated with NiFe hydrogenase groups 3c–a and 3abd, which indicate potential for bidirectional H₂ oxidation and production, were detected in 24 bacterial MAGs (10%). Genes assigned to FeFe hydrogenase Group C1, associated with potential H₂ production, were identified in six MAGs (2%) (Supplementary Fig. S7). NiFe hydrogenase group 4ag genes were present in seven bacterial MAGs (3%). In archaea, NiFe hydrogenase genes (groups 4ag, 3c, and 1) were detected in 15 MAGs (23%). Three MAGs showed distinct repertoires compared to their closest relatives (Supplementary Table S7). A Thiogranum MAG (ANI = 83.8% to a Tonga vent rock genome) and a Poribacteria MAG (ANI = 87.3% to a Mid-Cayman vent fluid genome) both encoded NiFe hydrogenase group 1, while a Scalindua MAG (ANI = 92.6% to an Atlantic pelagic genome) carried NiFe hydrogenase groups 3c and group 4ag. 
Supplementary Text 3. Carbon metabolism potential (detailed data)
Fermentation and acetogenesis
Fermentation genes were found in 220 bacterial (88%) and 55 archaeal MAGs (86%). In archaeal genomes, pyruvate oxidation was detected in 39 MAGs (61%), the acetogenesis gene acdA in 45 MAGs (70%), and acetate-to-acetyl-CoA conversion (acs) in 26 MAGs (41%), indicating diverse pathways for anaerobic energy conservation.
Aromatic compound degradation
Aromatic compound degradation capacity was highly prevalent. Flavin prenyltransferase (ubiX) was found in 125 bacterial (50%) and 43 archaeal MAGs (67%). Additionally, genes encoding benzoyl-CoA reductase subunits A, B, C, and D (bcrABCD), essential for the anaerobic degradation of aromatic compounds, were present in 109 bacterial (44%) and 44 archaeal MAGs (69%). 
Ethanol fermentation
Ethanol fermentation was identified in six bacterial MAGs (2%) as indicated by a gene that catalyzes the conversion of acetaldehyde to ethanol. 
Methane metabolism
Methane oxidation, mediated by the soluble methane monooxygenase (mmoB) gene, was detected in 16 bacterial genomes (6%) across several phyla. In archaea, the methane-producing genes (mcrA, mcrB, mcrC) were present in three Halobacteriota MAGs (5%) (class Methanosarcinia) from precipitates with high hydrothermal activity in the Farwah Safraa ridges. 
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