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Introduction

Text S1 briefly describes the methodology used to quantify sulfide concentrations in the
supplemental figures S6 and S7. Table S1 reports reference material values quantified through the
dilution and seaFAST preconcentration methods. Tables S2-S5 report the dissolved and soluble
metal concentrations and Fe speciation measurements for each incubation. Table S6 presents the
Fe isotope data from the two large incubations (Rainbow near-field and TAG) and the respective
dFe concentrations from that quantification. Figure S1 shows the CTD trace and depth at which
each incubation was initiated at the study site. Figures S2-S5 display the size-fractionated
manganese and vanadium concentrations within the incubation experiments. Figures S6 and S7
show the H,S concentrations measured in two incubations at Lucky Strike and Rainbow near-field.
Figures S8-S10 display the 16S data from the Rainbow near-field, Lucky Strike, and Rainbow far-
field incubations.



Text S1. Sulfide concentrations for Lucky Strike and Rainbow near-field

Sulfide concentrations were measured onboard via stripping voltammetry using a three-electrode
set-up (A/AgCI/KCI 3 M reference electrode, carbon auxiliary electrode, and Au/Ag mercury
amalgam working 10-25 um wire electrodes) incorporated into a flow cell. A deposition potential
of -0.5V, selective to sulfide species, was applied under vibrations for 10-300s depending on the
initial concentration. Stripping was done in the differential pulse mode (typically 50 mV amplitude,
6 mV step, 100 ms interval, 8 ms pulse time) by scanning the potential from -0.2 to -1.1 V.

Quantification of the resulting peak was conducted using a method of standard addition.



Metal (nM)

Method \Y/ Mn Fe
Blank 0.057 0.002 0.073
LoD(n=6) 0.073 0.002 0.050

seaFAST | SaFe D2 (n=8) 33.96+0.74 0.42+0.05 0.991 +0.042
Consensus - 0.36 £0.05 0.956 +0.024
NASS-7 (n=9) 25.42+1.04 13.79+0.52 6.22+0.18
Consensus 25.52+157 1365+0.38 6.18+0.27
Blank 0.81 0.03 0.35

Dilution | LoD (n=6) 1.13 0.04 0.09
CASS-6 (n=24) 11.68+1.21 38.23+2.44 29.11+4.17
Consensus 98+235 404+218 2786214

Table S1. Table of blanks, limit of detection (LoD), and reference material values
measured using seaFAST-pico preconcentration system and dilution methods and the
respective consensus value for each metal. SaFe D2 and NASS-7 were used to evaluate the
accuracy of the seaFAST-pico system and CASS-6 was used to evaluate the dilution
method.




Rainbow near-field

Treatment unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered
Time (day) 0.1 0.2 0.4 0.6 1.1 2.1 3.3 5.6 7.3
dFe (nM) 361.3+05 3985+226 2363+89 2269+10 4158+3.1 197.2+21.7 136.6+8.7 241.3+6.1 nda
sFe (nM) 709+ 4.6 8 959+41 196.8+10.1 29.7+3.8 147+1.1 11.7+1.1 nda 5.75+0.36
Colloidal % 80.4+1.3 NA 59.4+4.2 13.3+5.3 92.8+1.3 926+11 915+6.4 nda nda
TDFe (nM) nda 5217 +128 5067 +170 5125+207 5110+132 4930+ 377 nda nda nda
dMn (nM) 473+9 472 +17 481+9 476+ 8 473+ 3 482 + 10 466 + 16 486 + 17 nda
sMn (nM) 482 +8 475+ 17 487 +12 480 + 15 484 + 24 487 %5 484 +9 nda 496 + 15
TDMn (nM) nda 456 + 13 455 + 22 458 + 14 459 + 14 468 + 10 nda nda nda
dVv (nM) 1469+051 14.16+1.84 1488+0.21 1491+207 134+08 13.13+0.39 11.12+0.64 11.49+04 nda
sV (nM) 1470£0.01 16.95+211 13.75+1.01 1459%+0.63 1298+0.23 11.53+0.01 13.08%0.17 nda 12.44 £ 1.61
TDV (nM) nda 29.17+3.64 30.26+2.65 2897+1.18 28.89+0.92 nda nda nda nda
dL (nM) 64.4+1.4 50.6 +0.9 60.0+1.7 52.0+1.3 74.1+3.9 328+04 39.4+0.8 29.2+ 0.6 37205
IogKfp”e’ZiFer 11.82+0.20 11.92+0.16 1097+0.19 11.74+0.21 10.61+0.34 12.18+0.12 12.12+0.19 12.20 £0.18 12,12 £0.12
sL (nM) 5.37 £0.53 8 285+098 1488+089 753+x045 523+0.16 4.88+1.19 nda 8.57 £0.49
logk$2™d ... 10.24 + 0.53 8 10.04 +1.57 10.16 +0.35 10.80+0.40 11.82+0.28 11.78+0.21 nda 12.10 £0.15
Treatment filtered filtered filtered filtered filtered filtered filtered filtered filtered
Time (day) 0.1 0.2 0.4 0.6 1.1 2.1 3.3 5.6 7.3
dFe (nM) 311.5+6.1 2521+35 2268+10.9 2509%+57 1059+%5.7 405+9 83.8+3.6 947 +4.3 nda
sFe (nM) 94.1+5.9 4.68 +0.03 62.9+6.2 5.12 £ 0.48 63.3+6.4 413+0.09 254+0.86 nda 1.91+0.12
Colloidal % 69.8£2.7 98.1+1.4 72.3+55 98 + 2.3 40.2+8.1 89.8 £ 22 97 +45 nda nda
TDFe (nM) nda 363.3+17.3 357889 365+19.3 3524+79 340.1%20.3 nda 147.1+8.9 nda
dMn (nM) 4942+6.7 511889 501.1+158 506.8+154 5035+11.6 511.5%15.4 501 + 27 505.6 +9.9 nda
sMn (nM) 504 + 13 495 + 23 507 + 28 512+ 14 510 £ 17 507 £ 19 510 + 16 nda 515+5
TDMn (nM) nda 473+ 15 488 + 26 486 + 15 489 + 18 475%8 nda 491 + 15 nda
dVv (nM) 1508+16 14.12+194 1546+0.41 1512+0.19 16.43+2.16 1452+0.97 13.46+0.57 13.82 +0.46 nda
sV (nM) 16.14+0.08 14.32+0.15 1554+0.07 1552+051 157+051 14.68+0.82 1472+ 0.25 nda 15.37 = 0.04
TDV (nM) nda 1487 +161 1513+066 14.37+1.74 13.98+0.68 13.89+0.46 nda 13.42 £ 0.87 nda
dL (nM) 458+0.8 47.3+05 52.0+1.3 45.7+0.7 514+1.0 nda 34.7+1.2 284+0.4 34.1+0.6
IogK}Z’Q‘iFer 11.90+0.15 11.98+0.09 11.74+0.21 11.96+0.15 11.84+0.17 nda 11.90 £0.28 12.30 £ 0.13 12,22 £0.16
sL (nM) 357+040 113+0.16 6.10+0.17 298+0.21 6.38+0.21 9.27+0.13 5.64%0.35 nda 6.12+0.11
logKs2"d 1, 10.12+055 10.28+0.63 11.58+0.24 11.46+056 11.70+0.29 11.69+0.32 12.04+0.14 nda 11.51£0.29

8 represents a sample that was identified as contaminated and have been removed.




Table S2. Dissolved (“d”), soluble (“s”), and total dissolvable (“TD”) metal concentrations and speciation measured over the Rainbow near-field
incubation study. Each time point of the unfiltered and filtered treatments is presented as the average * standard deviation determined from replicate
measurements or + average relative standard deviation of all replicates measured. Percent colloidal fractions represent ([dissolved M]-[soluble
M])/[dissolved M]) x 100. Ligand concentrations and conditional stability constants are presented with the included error given from the R model
or ProMCC titration fitting results. ‘nda’ indicates ‘no data available’, no samples were collected or lost.




TAG

Treatment unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered
Time (days) 0.06 0.2 0.3 0.6 1.1 2.1 3.1 5.2 6.1
dFe (nM) 187.8+23 179.1+7.8 1485+118 1248+3 139.1+9.6 724+6.8 879195 749173 61+2.6
sFe (nM) 61.5+8.2 52.9+95 46.6 £ 3.7 442 +6.8 3.84+£0.13 18.6+0.3 245+3.2 16.7+1.7 142+0.7
Colloidal % 67319 70.5+13.1 68.6 +7.7 64.6 + 10 97.2+75 74317 721+122  77.7+10.9 76815
TDFe (nM) 211.1+9.3 nda nda nda nda nda nda nda 174+2.1
dMn (nM) 385114 37.7+1.6 40.3+3.9 35.8+2.3 36.1+12 35.6+1.6 38+1.6 35.9+2.2 36.5+1.3
sMn (nM) 379106 37.7+04 37.8+1.6 37.1+20 395+16 378+1.1 378+15 39.6 £0.9 378125
TDMn (nM) 37.1+1.17 nda nda nda nda nda nda nda 38.03+1.43
dVv (nM) 312+15 325+0.2 30.9+2.7 29.2+0.8 321+11 29.6+£0.2 31.6+1 31.7+1.8 30.3+£0.6
sV (nM) 29.4+£0.6 323+1.7 33.6+£0.3 29.4+£23 292126 326124 31.6+0.2 31.3+1.3 33.2+£3.0
TDV (nM) 323+1 nda nda nda nda nda nda nda 323+2
dL (nM) nda nda 184+1.1 186+14 18.0+0.7 13.0+£0.7 10.2+0.3 9.3+0.3 6.6+0.4
IogKfé;’Zﬂ,Fe’ nda nda 10.24+0.36 10.10+0.46 10.21+0.24 11.74+055 11.60+0.26 10.37+0.16 11.06+0.46
sL (nM) nda 827+0.76 11.18+053 864+068 448+0.27 503+012 417+021 6.31+028 7.69+0.09
logK52™d o nda 10.04+0.49 1059+0.31 10.92+059 1246+0.28 11.82+0.22 11.28+0.35 11.04+0.30 11.43+0.10
Treatment filtered filtered filtered filtered filtered filtered filtered filtered filtered
Time (days) 0.06 0.2 0.3 0.6 1.1 2.1 3.1 5.2 6.1
dFe (nM) 824+0.6 742104 795+79 747124 689176 29.6+3.8 60.1+54 34.7+8.6 13.6+3.9
sFe (nM) 19.13+233 12.25+0.68 7.41+0.13 6.76+0.18 123+1.22 1425+0.89 1084+123 144+0.09 6.27+0.69
Colloidal % 76.8+9.4 83.5+4.7 90.7+9.2 91+338 82.1+12.2 51.9+75 82+11.9 959+244 53.8+16.7
TDFe (nM) 86.3+2.7 nda nda nda nda nda nda nda 80.1+9.9
dMn (nM) 31.8+0.3 32+1 31.6+1.4 30.8+2.2 32.1+0.8 315+15 309+19 31.5+1.38 309106
sMn (nM) 318+22 30.8+0.9 321+14 31.0+£0.9 312+17 31.8+0.9 304+10 324+1.6 317121
TDMn (nM) 30.37 +1.17 nda nda nda nda nda nda nda 30.82 +1.26
dVv (nM) 34.7+£06 33.3+1.2 33.1+£0.02 34+0.7 30.8+0.2 33.2+05 353+26 344+15 348104
sV (nM) 35.6 +0.04 36.0 £ 0.7 346 +0.1 33.6+0.2 34.1+£0.3 35.0+1.1 328+0.2 34.9+0.1 36.1+£0.9
TDV (hM) 319+£05 nda nda nda nda nda nda nda 315+34
dL (nM) 597+025 7.65+172 10.81+063 9.00+0.84 11.80+0.40 6.95+0.25 9.68+0.15 846+029 7.03+0.39
IogKfr‘;’Zi,Fgr 1256 +0.59 10.04+1.18 10.96+0.43 10.22+0.52 1031+0.20 11.10+0.28 10.48+0.09 10.62+0.22 11.50+0.47
sL (nM) nda 9.9+0.3 50+0.2 71+03 10.2+0.4 8.8+0.1 6.9+0.2 nda 3.7+04
10gK$7 e nda 11.42+029 10.7+0.29 1251+031 1158+0.35 11.39+0.12 11.56+0.23 nda 11.46 £ 0.88




Table S3. Dissolved (“d”), soluble (“s™), and total dissolvable (“TD”) metal concentrations and speciation measured over the TAG near-field incubation study.
Each time point of the unfiltered and filtered treatments is presented as the average + standard deviation determined from replicate measurements or + average
relative standard deviation of all replicates measured. Percent colloidal fractions represent ([dissolved M]-[soluble M])/ [dissolved M]) x 100. Ligand concentrations
and conditional stability constants are presented with the included error given from the R model or ProMCC titration fitting results. ‘nda’ indicates ‘no data
available’, no samples were collected.




Lucky Strike

Treatment unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered
Time (days) 0.06 1.1 1.8 2.7 6.8 14.8 22.0
dFe (nM) 15.1 +1.17 16.71+£1.29 12.66+098 12.45+0.96 10.43+0.81 12.91£1.00 18.25+1.41
sFe (nM) 4,42 £0.05 2.00 £ 0.54 1.69+0.11 2.72 +£1.86 4.13+0.32 2.78+0.11 455 +0.32
Colloidal % 708+7.7 88.1+8.4 86.7+7.8 78.1+16.9 60.4 +£8.3 785+7.8 75.1+79
TDFe (nM) 18.6+1.4 nda nda nda 225+1.8 19+15 205+1.6
dMn (nM) 103704 10.71+041 10.39+0.4 10.62 £ 0.41 10.36 £ 0.4 9.88 £ 0.38 10.93 £ 1.46
sMn (nM) 1051 +£0.30 10.83+0.52 1098+0.71 10.71+0.59 11.52 £ 0.45 10.49 £ 0.33 10.99 £ 0.69
TDMn (nM) 10.51 £ 0.41 nda nda nda 10.17 £0.39 9.27 £0.36 11.16 £ 0.43
dVv (nM) 316+1.4 324+14 30.2+1.3 319+14 306+1.3 329+14 3151
sV (nM) 30.9+0.8 343+22 324+25 325+1.8 35.6+1.6 32.7+0.5 33.4+£3.2
TDV (nM) 329+1.4 nda 33.3%15 nda 31.5+£0.2 29.6 +1.3 327+x14
dL (nM) 5.40 +0.12 489 +0.27 491 +0.03 5.63+0.13 6.26 +0.12 7.75+0.26 7.08+0.19
IogK%(’e'Zé,per 11.66+0.19 11.04+0.39 11.02+0.38 11.70%+0.17 11.60 £ 0.16 11.56 + 0.26 11.56 +0.23
sL (nM) 6.00 +0.60 3.10 £0.20 2.68 +0.20 4.30 +0.32 6.52 +1.11 3.99 +0.13 4,74 £0.24
log Foe"i Fe' 12,19 +0.31 1211 +0.11 1211 +0.18 1212 +0.21 11.42 £0.31 11.91 +0.08 12.80 +0.38

Table S4. Dissolved (“d”), soluble (“s”), and total dissolvable (“TD”) metal concentrations and speciation measured over the Lucky Strike
incubation. Each time point of the unfiltered treatments is presented as the average + standard deviation determined from replicate measurements or
the average relative standard deviation of all replicates measured. Percent colloidal fractions represent ([dissolved M]-[soluble M])/ [dissolved M])
x 100. Ligand concentrations and conditional stability constants are presented with the included error given from the R model or ProMCC titration

fitting results. ‘nda’ indicates ‘no data available’, no samples were collected.




Rainbow far-field

Treatment unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered
Time (days) 0.05 0.6 1.0 2.94 6.8 13.6 19.0
dFe (nM) 3.42+0.26 3.04+0.23 2.96 +0.23 5.85+0.45 8.52 +0.65 6.78 £0.52 7.1+£0.54
sFe (nM) 0.88 +0.04 § 1.37+£0.04 1.21+0.04 1.52 +0.01 7.95+0.53 5.53+0.04
Colloidal % 744+65 nda 53.6+4.4 79.3+6.5 82.1+6.3 -173+-1.8 221+1.7
TDFe (nM) 30.1+23 nda 255+1.9 28.9+2.2 nda nda 17.7+ 2.6
dMn (nM) 253+0.1 258 +0.1 2.37 £0.09 248 +0.1 2.44 £0.09 2.36 £ 0.09 247+0.1
sMn (nM) 2.45+0.02 2.51 +0.06 2.52 +0.09 254 +0.13 2.38+0.13 2.51+0.08 2.45+0.15
TDMn (nM) 246 +0.1 nda 2.21+£0.09 1.62 +£0.06 nda nda 2.28 +0.39
dVv (nM) 36.3+1.6 36.6+1.6 343+15 345+15 35+15 33.7+x15 35.2+15
sV (nM) 33.1+1.9 34.1+05 345+0.7 33.1+04 32.8+2.0 34.0+0.1 329+0.1
TDV (nM) 33+14 nda 312+14 312+14 nda nda 325+3.2
dL (nM) 1.55+0.12 1.88 £ 0.07 2.90+0.11 5.56 +0.22 541 +0.17 5.66 +0.09 5.11 +0.09
logK5 1 e 10.52 +0.38 11.54+0.27  10.81+021  11.54+0.33 11.72+0.27 11.58+0.14  11.72+0.16
sL (nM) bd § 1.64+£0.31 2.49 £0.37 2.09+£0.14 3.09+0.12 2.74 +0.09
IogKf:Z’idFe/ bd 8 11.99+£0.18 11.82 £0.24 12.59 £ 0.28 11.14 +0.24 11.26 +0.22

8 represents a sample that was identified as contaminated from the TDFe phase and has been removed.

Table S5. Dissolved (“d”), soluble (“s”), and total dissolvable (“TD”) metal concentrations and speciation measured over the Rainbow far-field
incubation study. Each time point of the unfiltered treatments is presented as the average * standard deviation from replicate measurements or +
average relative standard deviation of all replicates measured. Percent colloidal fractions represent ([dissolved M]-[soluble M])/ [dissolved M]) x
100. Ligand concentrations and conditional stability constants are presented with the included error given from the R model or ProMCC titration
fitting results. ‘nda’ indicates ‘no data available’, no samples were collected. ‘bd’ indicates sample appeared saturated in the forward titration CLE-

AdCSV method and below detection limits of the reverse titration method.




Sample description Time (days) 8%°dFe (%)  2SD (%o) dFe (nM)

TAG

Filtered 0.2 -1.43 0.03 75.2

Filtered 1.1 -1.34 0.09 84.2

Filtered 5.2 -1.35 0.05 21
Unfiltered 0.2 0.58 0.03 149.6
Unfiltered 11 0.09 0.02 162.3
Unfiltered 5.2 3.57 0.01 73.5

Rainbow near-field

Filtered 0.1 -7.34 0.03 280.4

Filtered 0.6 -7.45 0.02 206

Filtered 5.6 -7.14 NA 47
Unfiltered 0.1 0.76 0.04 345.6
Unfiltered 0.6 -0.16 0.03 202.9
Unfiltered 5.6 1.17 NA 175

Table S6. Dissolved Fe (dFe) isotope measurements for selected samples from the TAG and Rainbow near-field incubations. Presented are three
timepoints for each treatment (filtered and unfiltered) for the TAG and Rainbow incubations displaying the 5®dFe and the dFe concentration
quantified from the sample’s measurement. NA = not available; here 2SD is the uncertainty on two or three MC-ICP-MS measurements of the same
sample.
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Figure S1. Hydrothermal vent system overview of the incubations CTD profiles that initiated each
incubation. Plotted the CTD profiles for each of the four hydrothermal incubations, Lucky Strike (a, b),
Rainbow near-field (c, d), TAG (e, f), and Rainbow far-field (g, h). Each profile displays the light scatter
sensor (LSS) data, a proxy for particles, the oxidation-reduction potential (ORP) sensor data, a proxy for
reduced chemical species, the temperature data, and potential density (co) of each cast where water was
collected. Dashed lines indicate the depth(s) that bottles were closed and used as the starting point of each

incubation
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Figure S2. Dissolved, soluble, and total dissolvable manganese (Mn) and vanadium (V) concentrations in
the Rainbow buoyant plume incubation. Presented are the soluble (<0.02 um) fraction (light blue circles)
and dissolved (<0.2 um) fraction (dark blue circles) concentrations for Mn (a, b) and V (c, d) in the
unfiltered and filtered treatments. The blue band represents the average + the standard deviation of all total
dissolvable (unfiltered, acidified) from every sample taken in the incubation (n=5).
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Figure S3. Dissolved, soluble, and total dissolvable manganese (Mn) and vanadium (V) concentrations in
the TAG neutrally buoyant plume incubation. Presented are the soluble (<0.02 pum) fraction (light blue
circles) and dissolved (<0.2 um) fraction (dark blue circles) concentrations for Mn (a, b) and V (c, d) in the
unfiltered and filtered treatments. The blue band represents the average + the standard deviation of all total

dissolvable (unfiltered, acidified) from every sample taken in the incubation (n=2).
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Figure S4. Dissolved, soluble, and total dissolvable manganese (Mn) and vanadium (V) concentrations in
the Lucky Strike neutrally buoyant plume incubation. Presented are the soluble (<0.02 pum) fraction (light
circles) and dissolved (<0.2 um) fraction (dark blue circles) concentrations for Mn (a) and V (b) in the
unfiltered and filtered treatments. The blue band represents the average + the standard deviation of all total
dissolvable (unfiltered, acidified) from every sample taken in the incubation (n=4).
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Figure S5. Dissolved, soluble, and total dissolvable manganese (Mn) and vanadium (V) concentrations in
the Rainbow neutrally buoyant plume incubation. Presented are the soluble (<0.02 um) fraction (light
circles) and dissolved (<0.2 um) fraction (dark blue circles) concentrations for Mn (a) and V (b) in the
unfiltered and filtered treatments. The blue band represents the average + the standard deviation of all total
dissolvable (unfiltered, acidified) from every sample taken in the incubation (n=4).
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Figure S6. Hydrogen sulfide concentrations in the Lucky Strike incubation. Presented are the dissolved
(<0.2 um) sulfide concentrations (blue circles) plotted with the soluble (<0.02 um) Fe concentrations (red
circles) for the unfiltered treatment.
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Figure S7. Hydrogen sulfide concentrations in the Rainbow near-field incubation. Presented are the
dissolved (<0.2 um) hydrogen sulfide concentrations (blue circles) plotted with the soluble (<0.02 um) Fe
concentrations (red circles) for the unfiltered (left) and filtered (right) treatments.
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Figure S8. Rainbow near-field incubation microbial community composition. The relative abundance of the top 5
families from each sample as determined by 16S rRNA gene amplicon sequencing, were used for the stacked bar
charts displays their relative abundance at day 0 and day 7 of the incubation for both the 0.2 um and 3 um filter
fractions. *Indicates families that have members capable of producing siderophores.
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Figure S9. Lucky Strike neutrally buoyant plume microbial community response. Presented are stacked bar charts
indicating the relative abundance of the top 5 families in each sample as determined by 16S rRNA gene amplicon
sequencing. The chart displays the relative abundance of each family at day 0 and day 15 of the incubation for both
0.2 um and 3 pm filter fractions measured. No data is available for the 0.2 um sample on day 15. *Indicates families
that have members capable of biosynthesizing siderophores.
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Figure S10. Rainbow neutrally buoyant plume microbial community response. Presented are stacked bar charts
indicating the relative abundance of the top 5 families in each sample as determined by 16S rRNA gene amplicon
sequencing. The chart displays the relative abundance of each family at day 0 and day 15 of the incubation for both
the 0.2 um and 3 um filter fractions measured. *Indicates families that have members capable of biosynthesizing
siderophores.




