SUPPLEMENTARY INFORMATION
Microbial community compositions and geochemistry of sediments with increasing distance to the hydrothermal vent outlet in the Kairei field 






Supplementary Results and Discussion
Six supplementary figures: Figure S1 to Figure S6
Seven supplementary tables: Table S1 to Table S7

Supplementary Results and Discussion
Geochemistry. The concentration of total sulfur (TS) in the sediment material was mostly below 0.5% m/m (except for the deepest layer of the remote area cores) and hardly varied between the sites (supplementary Table S3). In contrast to similar sediment cores from the Edmond hydrothermal vent fields, where often several weight percent TS are observed (C. Kriete, unpublished data), TS was rather low in the Kairei sediments. Nevertheless, TS levels in the same range have been measured in deep-sea sediments of the Okinawa Trough (Zhang et al. 2015). Total organic carbon (TOC) concentrations were between 0.14 and 0.63% m/m (supplementary Table S3). This is somewhat higher than what is commonly detected in the area (Seiter et al. 2004) and in off-axis sediments, where the TOC content decreases down core from ca. 0.15% m/m to < 0.05% m/m (Kuhn et al. 2000) or varies between 0.1 % and 0.3 % (Ziebis et al. 2012). The only core among all collected sediments that showed the characteristic exponential decrease with depth was the sediment core from the outer rim Kairei site. In both the inactive and the near vent Kairei cores the TOC content in fact increased in the deeper layers. The TOC increase, as well as the TOC content in general correlated well with the Fetotal concentrations (correlation coefficient=0.81, n=13) of the sediments (expressed as Fe2O3; see supplementary Figure S5, supplementary Table S3). This correlation indicates that hydrothermal material from plume fallout is the most likely source for this enhanced TOC input. This does not imply, that the vents directly deliver organic material. Instead hydrothermal plumes are known to be hot spots of microbial activity. The transported reduced chemical species (mainly Fe2+ and HS- but also H2 and CH4) provide the energy for chemosynthetic primary production. The importance of this process is underlined by recent work where plume export  via organic ligand bound metals may account for 9% to 14% of deep-ocean dissolved iron and copper budgets and up to 25% of the global deep ocean organic carbon inventory (Sander and Koschinsky 2011; Dick et al. 2013). Thus, the correlation between total Fe and TOC is driven by variation in hydrothermal fluid flow and associated food supply.

Microbiology. In total 5,455,582 and 4,216,357 merged reads were obtained from the 33 bacterial and 20 archaeal 16S rRNA gene amplicons, respectively. No archaeal amplification products of sufficient quality could be retrieved for some of the deeper sediment samples and almost all of those from the outer rim area (see supplementary Table S4). Since CARD-FISH identified archaeal abundances between 2.8 and 20% in these depth horizons (Figure 1, supplementary Table S6), the lacking archaeal amplicons either indicate inefficient DNA extraction for some archaeal groups or (more likely) primer mismatches. Rarefaction curves mostly implied a relatively good coverage of the sequenced samples and the associated bacterial and archaeal communities (supplementary Figure S6). Generally, the Shannon diversity index for Bacteria and Archaea was greater in sediment surface regions than below and decreased with sediment depth (supplementary Table S7). This has not been shown as clearly before (Nunoura et al. 2012; Cerqueira et al. 2017). Our sediment samples also had relatively high numbers of unassigned archaeal sequences, particularly at the inactive Kairei zone and the outer rim active Kairei area. The highest number of unassigned archaeal amplicons (60 %) was observed for the 6-8 cm horizon of sediments from the inactive Kairei field (figure 3). This peak coincides with a transient decrease of archaeal cell counts, indicative of a larger fraction of probe-incompatible archaeal cells. This suggests that the unassignable amplicons indeed represent novel archaeal sequences rather than sequencing artifacts. The phenomenon that large parts of the community are unknown organisms is also found in other analyses dealing with sediments (e.g., Cerqueira et al. 2017) and other marine environments (e.g., Gonnella et al. 2016). This highlights our shortcomings in being able to assign DNA sequences from the “microbial Black Box” (i.e. uncultured microorganisms) to a group of organisms with known physiology.

Specific features
The remote area. Cores consisted of light brown silty sand with apparent foraminifera (supplementary Figure S2A). In the upper part a considerable amount of dark particles, identified as glassy basaltic slivers under the microscope, were disseminated, which decreased with depth. Besides calcite, feldspar was detected as well as an amorphous phase (supplementary Table S3). The nitrate peak and slight depletion below (Figure 1) may indicate moderate degradation of organic matter. In contrast to the other sampling sites, the archaeal communities of all depth horizons were dominated by different members of the Nitrosopumilales (figure 1). The only cultured representative of these  Thaumarchaeota is Candidatus Nirosopumilus, which has been described as a chemolithoautotrophic oligotroph, capable of aerobically oxidizing ammonia to nitrite (Könneke et al. 2005). Dissolved metal concentrations were among the lowest when compared to all other investigated sites. The remote station core was dominated by biogenic and lithogenic input (sum approx. 70%) (supplementary Figure S4). Higher lithogenic portions in surface layers implied that volcanic activity has increased over time in this area. 

The Kairei inactive field. The Kairei inactive zone was hallmarked by silty material, with grain sizes decreasing with depth and color changing from brown to red-brown (supplementary Figure S2B). The core from the inactive part of the vent field contained calcite and talc but no saponite (supplementary Table S3). An amorphous phase consisted presumably of iron-oxyhydroxides. Also traces of atacamite, an oxidation product of copper-sulfides (e.g. chalcopyrite), was found down to 10 cm. The deepest part contained a high portion of iron-oxyhydroxides. Although these sediment samples were collected from an inactive mound in the Kairei field, south-east of the active chimney (supplementary Figure S1), hydrothermal contributions below 6 cm were very high (supplementary figure S5). Depth profiles of the hydrothermal portions suggest that the center of hydrothermal activity shifted from the now inactive field to the currently active field a few thousand years ago agreeing with findings from Wang and colleagues (2012).
Besides a microbial community and geochemical composition shift in the 6 cm horizon another notable change in chemistry and bacterial community composition was observed at 14 cm sediment depth. Here a strong redox point was characterized by drastic increases of dissolved manganese, dissolved iron and dissolved copper (Figure 1) marking a very sharp boundary between the oxic and the suboxic zone. The elevated porewater copper concentrations coincided with a decrease of the sediment copper content from 44000 mg/kg to 5600 mg/kg. The high concentration of particulate copper in the oxic zone may be explained by the precipitation of atacamite from mobilized copper. To a lesser degree metal mobilization was also observed for cobalt and zinc (supplementary Figure S3). Other elements like uranium and vanadium, which are soluble under oxic conditions as oxoanions, and which compare to seawater concentrations in the upper, oxic sediment layers, behave contrarily (supplementary Figure S3). Their concentrations decreased sharply below the redoxcline at 14 cm as a consequence of their low solubility under reducing conditions. Alternatively, in this horizon > 14 cm previously abundant base metal minerals could be dissolved, leaving residual amorphic silica behind, and re-precipitate above the redoxcline. This scenario was reflected in sharply decreasing concentrations of metals such as cobalt, copper and zinc in the > 14 cm sediment layers and high concentrations of copper and zinc in the sediment layers < 14 cm (Figure 1; supplementary Figure S3). 

The outer rim region of the active Kairei field. First visual indication of sulfides by the colored appearance of the sediments and the occurrence of typical microbial mats was apparent when approaching the sulfide field around the Kairei vents with the ROV. The outer rim core consisted mainly of yellow-brown silty sand with apparent foraminifera (supplementary Figure S2C). The top 5 cm were coarser and were marbled in yellow-brown-green. The mineralogy was dominated by calcite and saponite. Further talc occurred as a minor component in the upper 14 cm (supplementary Table S3). In the uppermost sample atacamite was also detected coinciding with the different color of the upper 5 cm with greenish parts. The rim core was dominated by biogenic input but authigenic mineralization also contributed up to 30% of the sediment material (supplementary Figure S4). 
The low hydrothermal input likely derives from a time where the active parts of the field were presumably positioned more to the east and therefore had less impact by plume fallout as indicated by radio carbon data (C. Kriete, unpublished data) suggesting a rather high age of the sediments (> 40 ky). The porewater chemistry profiles indicate the presence of (former) hydrothermal fluids but sample resolution did not allow for more specific interpretation of the porewater profiles. Early diagenetic processes driven by the degradation of organic matter could not be the source for the high zinc, cadmium, and cobalt concentrations. 

The near vent region of the active Kairei field. The length of these cores indicates that only a thin sediment layer accumulated here suggesting that the development of porewater profiles is limited. The sediment consisted of sandy silt to silt in the deeper part of the core. The color changed from dark brown over brown to red brown (supplementary Figure S2D). The near vent core was dominated by calcite and less saponite and all samples contained talc and also atacamite as minor or trace components (supplementary Table S3). The deepest sample was dominated by goethite, as indicated by the brown to red-brown color of the sampled depths. 
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Supplementary figures
Figure S1: Maps from the sampling area. An overview (A) and detail of the Kairei vent field (B), where 12 ROV06-PC8 / 06 ROV 03-PC3 = inactive Kairei zone, 12 ROV 06-PC3/4 = outer rim in the active Kairei field and 12 ROV 06-PC 5/6 = near vent region in the active Kairei field.
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Figure S2: Sediments from (A) 20 ROV 10-PC3 (remote station, ~200 km south-east from the Kairei field), (B) 06 ROV 03-PC3 (located in inactive zone of the Kairei field), (C) 12 ROV 06-PC4 (located on the outer rim of the active Kairei field) and (D) 12 ROV 06-PC6 (located in close proximity to the active venting site of the Kairei field).
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Figure S3: Compositions of chemical compounds in bulk sediments (TIC) and respective porewater. Sediments were taken in the remote area (20 ROV 10-PC1/2, filled black dots) as reference sample, from the inactive zone of the Kairei field (12 ROV 06-PC8 filled blue dots), from the outer rim area (12 ROV 06-PC3, orange) and near an active vent (12 ROV 06-PC5, red) in the Kairei field.
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Figure S4: Sediment component profiles (percentage) for the cores from the remote station, the inactive Kairei area, the outer rim and the near vent area in the active Kairei zone. 
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Figure S5: TOC versus Fe2O3 plots of the different sediment samples from the remote station (black circles, 20 ROV 10-PC1/2), the inactive Kairei zone (blue circles, 12 ROV 06-PC8), the outer rim (orange circles, 12 ROV 06-PC4) and near vent site (red circles, 12 ROV 06-PC5) in the active Kairei area.
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Figure S6: Rarefaction curves of alpha diversity for Bacteria (A) and Archaea (B). 
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Supplementary Tables
Table S1: Overview of collected pushcores, sample name and analyses performed
	Site
	sample name
	length
	analysis

	remote station (~200 km south-east of Kairei)
	20 ROV 10-PC1
	14 cm
	Chemistry 

	
	20 ROV 10-PC2
	14 cm
	Chemistry 

	
	20 ROV 10-PC3
	14 cm
	Microbiology 

	Inactive zone of Kairei field
	12 ROV 06-PC8
	22 cm
	Chemistry 

	
	06 ROV 03-PC3
	18 cm
	Microbiology 

	Outer rim of active Kairei field
	12 ROV 06-PC3
	29 cm
	Chemistry 

	
	12 ROV 06-PC4
	28 cm
	Microbiology 

	near active vent Kairei field
	12 ROV 06-PC5
	13 cm
	Chemistry 

	
	12 ROV 06-PC6
	14 cm
	Microbiology 


Chemistry includes porewater and solid particle analyses; Microbiology includes sequencing of 16S rRNA gene tags and CARD-FISH analyses.


Table S2: See Excel sheet. Compositions of chemical compounds in porewaters. Sediments were taken near the remote area (20 ROV 10-PC1/2) as a reference sample, from the inactive zone of the Kairei field (12 ROV 06-PC8), from the outer rim area (12 ROV 06-PC3) and near an active vent (12 ROV 06-PC5) in the Kairei field.

Table S3: See Excel Sheet. Weight percent of chemical compounds as determined for sediments


Supplementary Table S4: Number of bacterial and archaeal amplicons
	samples
	sediment depth (cm)
	bacterial 
	archaeal

	
	
	amplicons

	remote station 20 ROV 10-PC3
	
	

	27
	0-2
	134091
	13742

	28
	2-4
	95796
	22119

	29
	4-6
	96570
	0

	30
	6-8
	190817
	0

	31
	8-10
	30626
	8741

	32
	10-12
	154926
	2977

	33
	12-14
	214120
	713

	
	
	
	

	 inactive Kairei area 06 ROV 03-PC3
	
	

	1
	0-2
	127617
	13836

	2
	2-4
	240427
	56399

	3
	4-6
	84724
	0

	4
	6-8
	5292
	64439

	5
	8-10
	132403
	185378

	6
	10-12
	193856
	1131

	7
	12-14
	260740
	12345

	8
	14-16
	212792
	0

	9
	16-18
	53911
	157638

	
	
	
	

	outer rim active Kairei area 12 ROV 06-PC4
	

	10
	0-2
	405420
	706256

	11
	2-4
	244
	0

	12
	4-6
	10506
	0

	13
	6-8
	21335
	0

	14
	8-10
	199103
	0

	15
	10-12
	68241
	0

	16
	14-16
	85286
	0

	17
	18-20
	226482
	0

	18
	22-24
	128093
	0

	19
	26-28
	432456
	0

	
	
	
	

	near vent active Kairei area 12 ROV 06-PC6

	20
	0-2
	263895
	1359167

	21
	2-4
	278413
	1051914

	22
	4-6
	106323
	30577

	23
	6-8
	243161
	22644

	24
	8-10
	320521
	28461

	25
	10-12
	301186
	447719

	26
	12-14
	136209
	30161

	total
	
	5455582
	4216357



Table S5: See Excel Sheet. Pearson correlations between environmental parameters and OTUs (operational taxonomic units).



[bookmark: _GoBack]Supplementary Table S6: Fraction (%) of DAPI signals detected with specific probes using CARD-FISH.
	location
	depth
	Bacteria
	Archaea

	
	
	mean (%)
	SD (%)
	mean (%)
	SD (%)

	remote station
	0-2 cm
	84.72
	17.33
	7.91
	1.41

	20 ROV 10-PC3
	2-4 cm
	81.71
	14.52
	19.37
	2.64

	
	4-6 cm
	78.06
	18.84
	13.84
	3.08

	
	6-8 cm
	66.36
	13.13
	15.69
	3.20

	
	8-10 cm
	92.31
	12.51
	11.74
	1.92

	
	10-12 cm
	88.74
	12.65
	6.73
	0.59

	
	12-14 cm
	78.47
	15.11
	18.02
	3.57

	inactive Kairei
	0-2 cm
	82.79
	17.06
	17.79
	3.88

	06 ROV 03-PC3 
	2-4 cm
	65.59
	20.66
	20.45
	4.80

	 
	4-6 cm
	67.38
	20.24
	19.44
	4.86

	 
	6-8 cm
	68.59
	14.85
	12.06
	1.93

	 
	8-10 cm
	68.53
	20.12
	32.32
	9.18

	 
	10-12 cm
	75.29
	18.04
	27.56
	6.23

	 
	12-14 cm
	69.83
	14.91
	39.84
	8.93

	 
	14-16 cm
	85.59
	18.51
	17.68
	3.34

	 
	16-18 cm
	86.76
	24.43
	8.59
	1.05

	outer rim
	0-2 cm
	82.10
	15.25
	17.80
	2.15

	12 ROV 06-PC4
	2-4 cm
	82.06
	13.37
	6.23
	0.46

	
	4-6 cm
	83.31
	11.21
	5.61
	0.54

	
	6-8 cm
	79.31
	18.15
	15.28
	3.62

	
	8-10 cm
	102.30
	19.89
	2.79
	0.21

	
	10-12 cm
	78.10
	15.95
	8.07
	1.13

	
	14-16 cm
	80.17
	25.09
	9.60
	1.81

	
	18-20 cm
	70.76
	18.65
	14.25
	2.03

	
	22-24 cm
	78.89
	16.26
	15.67
	3.12

	
	26-28 cm
	82.22
	19.36
	12.73
	2.72

	near active vent
	0-2 cm
	82.59
	11.87
	16.99
	2.25

	12 ROV 06-PC6 
	2-4 cm
	79.48
	13.68
	12.39
	1.74

	 
	4-6 cm
	73.45
	16.94
	19.69
	3.78

	 
	6-8 cm
	82.24
	22.76
	15.58
	2.13

	 
	8-10 cm
	78.48
	17.21
	9.90
	1.40

	 
	10-12 cm
	77.01
	21.54
	10.43
	1.88

	 
	12-14 cm
	82.80
	19.35
	13.22
	2.86





Supplementary Table S7: Shannon diversity Index. 
	samples
	sediment depth (cm)
	bacterial
	archaeal

	
	
	Shannon Index

	remote station 20 ROV 10-PC3
	
	

	27
	0-2
	6.36
	3.54

	28
	2-4
	6.12
	3.49

	29
	4-6
	5.88
	-

	30
	6-8
	5.74
	-

	31
	8-10
	5.82
	3.53

	32
	10-12
	5.52
	2.94

	33
	12-14
	4.59
	2.40

	
	
	
	

	 inactive Kairei area 06 ROV 03-PC3
	
	

	1
	0-2
	6.96
	3.29

	2
	2-4
	6.68
	3.44

	3
	4-6
	2.40
	-

	4
	6-8
	2.94
	6.40

	5
	8-10
	3.57
	3.16

	6
	10-12
	3.78
	1.54

	7
	12-14
	4.19
	1.86

	8
	14-16
	2.68
	-

	9
	16-18
	2.80
	4.02

	
	
	
	

	outer rim active Kairei area 12 ROV 06-PC4
	

	10
	0-2
	7.23
	3.90

	11
	2-4
	3.70
	-

	12
	4-6
	3.14
	-

	13
	6-8
	3.30
	-

	14
	8-10
	3.73
	-

	15
	10-12
	3.63
	-

	16
	14-16
	3.77
	-

	17
	18-20
	4.17
	-

	18
	22-24
	3.59
	-

	19
	26-28
	3.67
	-

	
	
	
	

	near vent active Kairei area 12 ROV 06-PC6
	

	20
	0-2
	7.17
	5.27

	21
	2-4
	6.74
	3.93

	22
	4-6
	4.53
	2.55

	23
	6-8
	5.39
	2.9

	24
	8-10
	5.47
	2.59

	25
	10-12
	5.24
	1.96

	26
	12-14
	4.79
	1.06
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