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Supplementary Table 1. Chemical composition of samples from the multi-extreme area of Dallol.  For details about chemical analyses, see Methods. Data about organic compounds and identified in Dallol samples are listed in Supplementary Table 2.

Liquid samples

Element Concentration (mg/l)
DAM00  DAM4O  DAAA  DAD  DAIGA  DAI9A  DAISC  7DALAWL 7DALAW2  TDAL7  TDAIZNI 7DAI7N2  7DAIS  7DA10  7DAL2 7DAUI3W1 7DAL14 BL TRLWL BLW2 YL V2(M2) LWL w2 w3 ps3 76t 86T s
< 105190 111510 22610 99430 126750 123950 136920 170680 144790 201890 192280 179610 149770 170150 191470 161980 172310 194550 208200 220160 285390 373800 283480 255200 325980 149280 146110 230449 248886

Na 9321036 10553704 8502917 8164176 10720475 0524684 11463867 3969919 5495480 5155863 5674220 5956351 6418660 6966823 8787656 8535650 6190840 176403 154154 160732 261601 237556 144197 514917 165279 9302471 8908101 14441634 11283319
Ca 226399 286706 278301 338886 105545 239061 305076 793779 616913 430143 476766 389218 608412 377466 115884 612351 670738 1343628 807131 830692 16313250 19209504 17504277 11108594 16294251 2031650 692985 403716 2314869
Mg 376486 455075 438741 612792 453848 626998 626884 979036 634822 644081 720649 587236 424950  3099.97 313156 212395 526042 14529505 10865270 11268358 5392280 G0S0966 4142789 3727685 4219986 1095371 191420 177891 414839

Fe 2644516  33578.06  32990.09 4403037 3294060 41621.88 40293.36  46182.85 29064.79  45206.84 4734272 3981545 2367595 23107.07  26107.32 5337.40 24115.73 2719.04 1505.35. 148873 91.65 74.52 8198 41842 324.10 0.00 218 0.09
K 9047.00 17096.11  16445.10 2235501  16684.14 2230191 21746.24  28073.69 1745130 2368371 2494593  21539.29 1346945 12000.32  12859.23 442173 14975.34 820.22 232318 221350 6186.46 4735.97 383452 2495094 4617.63 7047.53 4737.88 2729.60 4759.99
s 2027 2077 2529 2984 3479 3111 3070 1836 2306 1240 1180 881 1560 1112 1840 2340 1543 1648 ND ND 2427 3092 660 410 450 1384 351
Mn 673.24 853.16 847.55 1141.84 858.47 112110 1129.63 1551.99 1023.92 1281.68 1343.48 1169.53 773.03 696.02 691.42 283.56 860.66 393.63 206.67 20893 38184 44258 36236 25153 38535 89.69 154 161 511
Sr 68.06 85.09 84.34 108.12 41.38 72.39 8161 188.87 124.26 104.78 117.33 98.58 122.28 93.31 4041 77.33 118.49 33162 186.03 186.68 304229 3462.02 2885.69 203227 2747.67 439.81 159.94 9852 37242
B 353.15 456.40 457.15 608.86 369.37 470.06 504.49 899.60 591.48 529.14 607.12 486.72 491.64 379.03 297.55 233.89 547.38 146.22 125.20 98.88 190.02 215.02 179.76 14899 187.95 4731 2848 14.79 4857
Al 280.02 355.55 357.62 460.10 190.25 356.38 387.96 1113.20 722.04 544.99 614.45 516.50 689.24 354.23 13278 297.94 641.44 071 0.00 0.00 072 089 0.00 0.00 0.00 132 0.00 003
v 2171 26.94 27.36 37.71 27.23 35.55 35.95 45.56 28.15 46.14 47.10 40.62 25.00 20.86 2193 6.08 25.82 015 0.10 0.08 005 0.06 003 0.02 005 001 0.02 005 0.08
Si 30.58 28.07 14.89 20.88 2131 2381 30.95 23.55 1379 21.22 2317 17.47 2429 12.20 23.16 28.98 25.02 13.85 430 231 565 846 9.62 0.00 815 9.30 10.87 3.00 1112
P 16.50 27.10 29.26 3331 1499 14.65 1431 52.04 2341 56.09 40.18 2893 1428 26.25 24.02 4.07 1122 0.00 3.01 205 0.00 0.00 245 076 111 0.00 156 6.88 7.81
L 1092 14.88 15.07 2152 1454 18.62 18.99 23.61 15.08 19.26 2251 16.66 1042 10.24 12.84 4.10 11.66 15.81 6.93 824 2913 3394 2399 15.18 2027 353 4.02 323 467
Cu 3127 2494 753 17.89 15.90 19.80 3321 50.64 2891 4185 30.21 3127 4291 19.86 1151 263 51.25 0.88 0.00 0.00 105 272 0.65 0.00 001 454 0.00 0.02 0.00
n 5221 68.71 67.28 91.20 60.50 8224 87.23 140.51 86.32 105.22 105.98 88.93 77.46 57.62 49.60 35.56 79.77 3377 22.67 2101 14.07 1373 14.90 14.19 1477 6.47 1094 9.14 415
Kr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.82 0.00 17.09 13.01 0.00 19.95 19.58 0.00 20.09 439 0.00 17.17 0.00 19.20 0.00 0.00 27.20 0.00 0.00
Rb 1474 1733 16.36 22.00 1557 2192 2242 4229 26.14 30.13 30.78 27.10 19.45 15.43 13.56 833 2192 0.29 164 166 6.24 3.85 3.40 2005 254 593 6.16 332 6.97
Ba 5.84 5.88 327 5.05 2.61 277 755 3.00 3.05 6.77 9.71 7.26 11.94 4.49 325 6.33 1264 3536 25.23 26.06 26.46 3144 26.46 17.01 2450 767 082 061 271
n 173 146 186 241 0.76 105 137 6.17 4.43 193 143 124 213 139 0.46 2.87 189 0.00 146 0.86 0.00 0.00 39.93 0.00 0.00 0.00 083 171 848
Au 3.90 3493 12.83 7.89 4.56 3.01 2.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.29 0.00 0.00 362 259 0.00 0.00 0.00 0.00 0.00
Ni 0.10 1048 0.20 1160 0.02 1114 12.20 0.53 0.34 035 051 0.39 1129 10.95 0.00 246 033 0.84 0.00 0.00 018 0.14 0.07 0.00 0.04 0.09 0.00 0.03 008
cr 0.92 119 114 137 0.69 112 137 3.05 198 177 184 162 178 111 0.69 0.68 160 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 0.00 0.02 003 0.02
Se 0.00 0.44 0.00 130 0.07 0.73 011 0.20 166 0.02 0.68 0.20 0.41 0.00 033 0.21 145 0.43 197 396 3.00 166 0.00 020 026 249 001
Co 0.60 0.73 077 115 0.19 0.90 1.00 189 122 2.08 251 213 0.93 0.50 0.06 0.36 137 0.00 0.01 0.01 0.06 007 0.05 0.02 0.06 032 0.02 0.01 001
sn 0.90 0.80 031 051 0.47 0.44 0.69 0.84 0.48 0.61 051 0.46 0.63 0.48 037 0.04 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ga 0.34 0.57 043 061 0.34 0.43 0.5 113 0.64 0.61 075 0.69 0.21 0.05 032 0.24 041 0.00 0.02 0.00 001 0.02 001 0.00 003 0.00 0.00
Pb 0.07 0.21 017 0.00 0.46 0.29 033 0.01 0.00 0.00 033 115 0.06 031 133 0.64 0.00 0.97 0.50 051 0.10 011 0.00 0.13 003 0.00 0.00 020 020
As 0.20 0.15 0.08 015 0.28 015 0.07 184 0.86 0.83 0.42 0.51 0.49 038 075 0.04 0.21 0.02 0.05 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00
C 0.26 031 032 0.42 0.28 039 041 0.82 0.53 053 0.56 046 037 027 023 0.18 0.40 0.06 0.07 0.08 007 0.06 0.06 0.16 007 0.02 001 003
v 0.25 034 033 0.46 0.34 038 038 065 0.39 0.58 057 0.52 0.58 037 036 0.12 041 0.00 0.00 0.00 001 001 0.07 003 0.02 0.00 001 003 0.04
Ce 0.34 0.42 039 041 0.10 0.24 034 0.77 0.59 036 030 0.25 0.53 0.45 0.09 045 0.69 0.02 0.02 0.02 0.08 0.10 0.05 0.02 0.06 0.04 0.00
La 0.35 0.45 039 0.48 0.12 0.26 039 075 0.53 0.40 037 031 0.51 0.47 011 0.29 0.63 0.02 0.02 0.01 005 0.06 0.05 0.01 003 003 0.00
Xe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 028 0.00 0.00 156 149 0.00
Sc 0.04 0.16 020 022 0.04 013 013 0.76 0.47 019 019 0.11 0.43 023 013 0.16 0.25 0.00 0.00 0.00 003 001 0.04 0.01 0.02 0.00 001
Th 0.01 0.56 023 017 0.07 0.08 0.06 0.11 0.10 0.20 0.00 0.01 0.58 0.16 0.00 0.00 0.26 0.01 0.00 0.00 001 001 017 0.00 0.00 0.00 0.00 0.03 0.04
Ma 0.11 0.03 0.01 0.03 0.00 0.00 0.00 037 0.28 032 028 0.28 0.15 0.07 0.03 0.00 0.14 0.00 0.00 0.00 0.00 0.00 001 0.00 0.00 0.00 0.04 0.06 013
Sh 0.18 012 0.02 0.07 0.06 0.07 0.09 0.36 0.21 0.08 0.06 0.09 0.21 011 0.08 0.04 0.28 0.00 0.00 0.00 0.00 0.00 001 0.00 001 0.00 0.00
n 0.06 0.08 0.09 011 0.07 0.10 0.10 017 011 0.10 012 0.09 0.10 0.06 0.04 0.05 0.10 0.06 0.00 0.00 0.08 008 0.00 0.00 0.00 0.06 003
Be 0.07 0.06 0.07 o011 0.10 0.06 0.09 0.09 013 0.10 0.07 0.04 013 0.02 0.02 0.04 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solid samples
Crystalline phases Scores
TOAS  7DATS  TMS3 TVLwleryst

NacCl 44 63 35

CaPO; (OH). 2H,0 8

Naal (COs) (OH), o

CaPO3 (OH) 2H20 41

KMgCl; 6H,0 60 54

FeS 23

MgFe;0, 20

Na(NOy) 13

Tio, 3

FeySi 25

Ca,Mg Cr; (Si0,) 18

Fese 2



Supplementary Table 2 | Organic chromatography analysis of samples from the Dallol dome and surrounding area. Examples of

chromatograms obtained are shown on the right.

Sample name Retentlon time

DAL4,0

BL

7YL-w3/s

7YLwl

7YL-w1 bis
7YLw2
7BL-W1
7BL-W2
7DAL4-W1
7DAL4-W2

7DAL7

7DAL7N1 and

7DALY
7DAL10
7DAL1-2

7DAL14

Compound

Benzaldehyde, 2,4-dimethyl-
Phenol.2-chiloro-4-(1,1-dimethylethyl)-
Phenol.2.5-bis(1,1-dimethylethyl)-

Naphthalene
Benzocycloheptatriene
Naphthalene. 2-ethenyl-
Naphthalene. 1-ethyl-
Naphthalene. 1,3-dimethyl-
Benzocycloheptatriene
Naphthalene. 1,3-dimethyl-
1,1'Biphenyl, 3-methyl-
Fluorene
Phenol.2.4-bis(1,1-dimethylethyl)-

p-Cresol
Phenol. 2-methyl-
Nonanal
Azulene
Naphthalene
Tridecane

Naphthalene. 1-metyil-
Naphthalene. 2-methyl-
1H-Indene. 1-ethylidene-
Naphthalene. 2-methyl-
Biphenyl
Heptadecane. 2,6,10,14-tetramethyl
Tetradecane
Naphthalene. 1.5-dimethyl-
Naphthalene. 1.3-dimethyl-
Naphthalene. 2.6-dimethyl-
Naphthalene. 1.7-dimethyl-
Naphthalene. 1.7-dimethyl-
Naphthalene. 1.6-dimethyl-
Naphthalene. 1-{2-propenyl)-
1.1"-Biphenyl. 4-methyl-
Dibenzofuran
Fluorene
Toluene
Hexane. 1-chloro-
Octane. 1-chloro-
Buthylated Hydroxytoluene
2.2.4-Trimethyl-1.3-pentanediol disobutyrate
2.2.4-Trimethyl-1.3-pentanediol disobutyrate

Toluene
Cyclotetrasiloxane. Octamethyl-
Phenol. 2-chloro-6-(1.1-dimethylethyl)-
4-tert-Butyl-chlorophenol

Carbonic acid. (1-R)-(-)}-methyl (1R)-(-)-methyl ester

N-Ethoxy-2-carbomenthyloxyaziridine
2,4-Di-tert-butylpheno

Cyclotetrasiloxane, octamethyl-

trisiloxane, 1,1,1,5,5,5-hexamethyl-3-{(trimethylsilyljoxy]-

Acetonitrile,2-(methylimino)
2-Octenal, 2-butyl-
Phenol, 2-chloro-6-(1,1-dimethylethyl)-

Diazoacetic acid, 2-isopropyl-5-methylcyclohexyl ester

Diazoacetic acid, 2-isopropyl-5-methylcyclohexyl ester

2,4-Di-tert-butylphenol

Benzaldehyde, 2,5-dimethyl-
Toluene
1,3-Pentanediol, 2,2,4-trimethyl-
Decane, 2,2,3-trimethyl-

2,4,4-Trimethyl-3-(3-methylbutyl)cyclohex-2-enone
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate

932
920
891

940
934
948
854
955
925
954
894
813
925

667
666
825
914
913
650

911
898
756

F.Match Probability

55.44
74.22
48.65
66.36
24.95
70.05
40.94
19.11
29.71
24.42
27.46
66.9
63.77
19.90
19.13
37.28
3822
36.73
8.88
31.85
2439
50.86
20.10
63.64
5.05
4.86
13.77
1217
12.57
12.58
13.66
1313
15.93
13.45
72.01
55.49
50.08
55.55
3346
76.92
86.74
63.35

54.24
64.75
47.27
36.20
8.01

8.80

28.82
63.13
34.46
17.29
10.18
50.87
9.08

8.60

49.29

3166
55.93
2018
26.90
24.86
87.64

Archive

00981-DAL MS-4.0 11,086min-libreria
00981-DAL MS-4.0 12,060min-libreria
00981-DAL MS-4.0 13,677min-libreria

00981-YL 3 MS-10.77min-libreria
00981-YL 3 MS-11.949min-libreria
00981-YL 3 MS-12.72min-libreria
00981-YL 3 MS-12.86min-libreria
00981-YL 3 MS-12.96min-libreria
00981-YL 3 MS-12.100min-libreria
00981-YL 3 MS-13.09min-libreria
00981-YL 3 MS-13.63min-libreria
00981-YL 3 MS-14.51min-libreria
00981-BL filtrada 13.65min-libreria

01143-7YL-w3-MS-9,87min-libreria

01143-7YL-w3-MS-10,45min-libreria
01143-7YL-w3-MS-11,54min-libreria

01143-7YL-w3-MS-12,56min-libreria
01143-7YL-w3-MS-12,66min-libreria

01143-7YL-w3-MS-12,82min-libreria

01143-7YL-w3-MS-13,44min-libreria
01143-7YL-w3-MS-13,50min-libreria

01143-7YL-w3-MS-13,70min-libreria

01143-7YL-w3-MS-13,82min-libreria

01143-7YL-w3-MS-13,86min-libreria

01143-7YL-w3-MS-14,37min-libreria

01143-7YL-w3-MS-14,70min-libreria
01143-7YL-w3-MS-15,26min-libreria

01143-7YL-w1blanco-Ms-3,98min-libreria
01143-7YL-wlblanco-MS-8,38min-libreria
01143-7YL-w1blanco-MS-9,92min-libreria
01143-7YL-wlblanco-MS-14,45min-libreria
01143-7YL-w1blanco-Ms-15,11min-libreria
01143-7YL-w1blanco-MS-16,03min-libreria

01143-7DA7-MS-3,96min-libreria
01143-7DA7-MS-8,77min-libreria
01143-7DA7-MS-12,79min-libreria

01143-7DA7-MS-13,30min-libreria
01143-7DA7-MS-13,35min-libreria
01143-7DA7-MS-14,44min-libreria

01143-7DA7N-1y 2 con blanco-MS-8,77min-libreria

01143-7DA7N-1y 2 con blanco-MS-11,95min-libreria
01143-7DA7N-1y 2 con blanco-MS-12,09min-libreria
01143-7DA7N-1y 2 con blanco-MS-12,79min-libreria
01143-7DA7N-1y 2 con blanco-Ms-13,30min-libreria
01143-7DA7N-1y 2 con blanco-Ms-13,35min-libreria
01143-7DA7N-1y 2 con blanco-MS-14,44min-libreria

01143-7DA12 -MS-11,80min-libreria
01143-7DA14-MS-3,96min-libreria
01143-7DA14-MS-9,44min-libreria
01143-7DA14-MS-10,59min-libreria
01143-7Gt - MS- 13,05-libreria
01143-7Gt - MS- 15,11-libreria

Hi1 Rdei

DAL 4.0

Hi1 A &

" ‘ﬁi

: il

920, F Ml 20, Probabiny: 7422

bt 1 Aan: 926, Eaon:

HiUI Rl G84, Fatch: S84, Provabiy. 6535

929, F Mate: 609, Provabiy: 095
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Supplementary Table 3 | lonic chromatography analysis of samples from the Dallol dome and surrounding area.

Sample

DAL 4.00
DAL 4.0

DAL 4A

DAL 4D

DAL 6A

DAL 9A

DAL 9C

vL1

YL1-2 =(YL 2)
PS3

BL

No. replicates

NP NP NEREPENRPENMNPENRENERENERENRNRNRE

Anions

Concentration (mg/l)

50>

6000.98
8025.28

41150.03
44643.9
20339.49
23550.47
49326.17
49413.8

cr

39590.46

38625.54

160650.15
163804.85
125652.46
125026.57
83507.81

83217.31

216467.24
216262.01
225756.77
226626.32
224100.66
225851.46
395384.68
394376.75
494927.66
496940.4

198309.24
196633.46
407660.91
409362.07

Sample

DAL 4.00
DAL 4.0

DAL 4A

DAL 4D

DAL 6A

DAL 9A

DAL 9C

YLl

YL1-2 =(YL 2)
PS3

BL

No. replicates

N P NEP NP NEPENEPENRENNEPENENERENRNRE

+

Na

80434.52
80310.19
77123.73
77237.93
61084.58
60992.65
65287.6
65132.78
87364.68
87434.96
75724.32
75783.41
96294.98
96119.49
1886.29
1758.76
1959.27
1928.74
72361
72750.2
1603.22
1575.24

Cations

Concentration (mg/l)

+

NH,

5292.63
5237.38

2033.28
2046.18
2023.41
1918.67

1591.76
1541.98

K+
8644.09
8635.13

10067.27
10085.59
9025.02
9029.74
13710.25
13688.87
10401.45
10434.34
13440.66
13436.01
13731.78
13828.53
2979.86
2955.92
3185.49
3191.92
4772.34
4807.28

+

Mg,
2634.61
2651.87
3045.71
3047.92
2773.74

2814.8
44313
4431.73
3072.24
3402.22
4753.82
4745.02

4758

4755.68
30260.73
30454.4
38169.67
38163.71
7587.73
74422
105156.99
106004.51

Ca,”

2230.54
2121.88
2621.34
2668.9
2112.02
2116.38
2963.19
2845.58

2619.49
2580.7
2356.68
2396.18
108142.76
108594.96
139869.91
140007.98
16752.29
16703.57
21985.6
21524.13



Supplementary Table 4. ANOVA analysis carried out for the environmental variables and coordinates of the samples (PC1 and PC2) based on
the first 2 principal components.

Areas (meanz SD)*

Assale
Dallol Black Lake Black Lake area  Yellow Lake Cave water F p
(Karum)**
pH -0.45+0.22°  3.04+0.66" 3.030.54° 1.93+0.44° 6.3620.16¢ 6.54 199.14 <0.00
ay 0.7030.23°  0.32:0.00° 0.53+0.22%° 0.35:0.11° 0.73+0.00° 0.72 10.97 <0.00
Temperature (°C)  39.25+16.14°  65.30£7.49%°  40.30£0.35° 37.0743.11°%  26.47+4.39* 21.4 3.59 <0.05
Salinity (% w/v) 40.754¢3.85°  76.00+0.00°  48.00+14.05° 56.67+11.55* 30.000.00° 31 12.24 <0.00
TDS+TSS (g/1) 393.43+35.59° 769.02+71.86° 493.72+160.09° 796.67+133.89° 326.19+4.01°  365.6 17.46 <0.00
pPC1 -0.424+0.26°  2.025:0.16°  0.158+0.93*  0.772#0.6™ -1.201+0.10**  -1.077 18.95 <0.00
PC2 -1.055+0.28°  0.322+0.10°  0.452:0.12°  0.36620.11°  1.631#0.14° 1.594 101.51 <0.00

*Different letters indicate significant differences (p<0.05) in post-hoc analysis (Bonferroni) between areas.
**Assale sample was not taken into account in the ANOVA because it only included a value.



Supplementary Fig. 1 | Chemical maps obtained from energy dispersive X-ray spectrometry (EDXS)
combined to SEM observations of cells and abiotic biomorphs observed in the Dallol area and Lake
Assale (Karum). Samples are named as in Extended Data Fig. 3.
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Supplementary Fig 2 | Energy dispersive X-ray spectrometry (EDXS) spectra of different structures observed in samples
from the Dallol area. Samples were either observed directly on natural samples or derived from FACS sorting, as indicated.
Spectra are located immediately below the corresponding SEM picture. Samples are named as in Extended Data Fig. 3.
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