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Table S1. List of parent ions and fragmentation products for (A) CO, (B) low-mass organics, (C-
D) PH3 and H,S, (E) NHa4*, (F) H,SO, fragments, (G) HNO; and HNOs, and (H) H3>Cl/H3"CI.

(A) carbon dioxide
LMNS amu count formula | parent & fragmentions | expected amu | Aamu
44991 21504 | Bcoyt | (M+1)* 44.993355 0.002
43.991 | 1769472 COy* M* 43.990000 0.001
28.997 6656 | 13cO* | [(M+1)-O]* 28.998355 0.001
27.995 512000 co* [M-O]* 27.995000 0.000
22.496 560 | 3CO,™ | (M+1)* 22.496677 0.001
15.995 335872 o* [M-O-C]* 15.995000 0.000
12 344064 2c+ [M-20]* 12.000000 0.000
(B) low-mass organics
LMNS amu count formula | parent & fragmentions | expected amu | Aamu
78.053 16 CeHe" Benzene: M* 78.046950 0.001
77.04 2 CeHs* Benzene F1: [M-H]* 77.039125 0.000
40.029 80 CsHs* Propyne: M* 40.031300 0.000
30.046 208 CHe" Ethane: M* 30.046950 0.000
29.039 992 CyHs* Ethane F1: [M-H]* 29.039125 0.000
28.032 | 122880 | CHa' EE:::::F'\ZA:[M-ZH]* 28.031300 | 0.000
27.023 124 | CoHs* E::::: g {l':/l/l;'ﬂi] 27.023475 | 0.002
Ethene F2: [M-2H]*
26.014 122 CHy* Ethane F4: [M-4H]* 26.015650 0.000
Ethyne: M*
16.031 39936 CH.* Methane: M* 16.031300 0.003
15.023 | 22528 | CHy' Eﬂtﬁ;:aenf;l[wf'\gHH]c] 15.023475 | 0.000
(C) phosphine
LMNS amu count formula | parent & fragmentions | expected amu | Aamu
35.005 12 *PH,D (M+1)* 35.003659 0.001
33.992 19 *PHs M* 33.997382 0.005
32.985 18 *PH; [M-H]* 32.989557 0.005
30.973 11 p* [M-3H]* 30.973907 0.001
(D) hydrogen sulfide
LMNS amu count formula | parent & fragmentions | expected amu | Aamu
33.992 19 H,S* M* 33.9877212 0.004
32.985 18 HS* [M-H]* 32.9798962 0.005
31.972 335 326+ [M-2H]* 31.9720712 0.000
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(E) ammonium

LMNS amu count formula | parent & fragmentions | expected amu | Aamu
18.034 66 NH,* M* 18.034374 0.000
16.018 40960 *NH, [M-2H]* 16.018724 0.001
15.013 7680 *NH [M-3H]* 15.010899 0.002

14 19456 N+ [M-4H]* 14.003074 0.003
(F) sulfuric acid/sulfate fragments

LMNS amu count formula | parent & fragmentions | expected amu | Aamu
79.958 0 SO5* [m-18]* 64.969896 0.010
65.961 1| 3¥s0,* | [(M+2)-34] 63.962071 0.000

64.96 3 HSO,* [mM-33]* 50.970692 0.002
63.962 5 SO,* [M-34]* 49.962867 0.005
50.969 0| H¥so* | [(M+2)-49]* 48.974896 0.001
49.968 3| #¥so* | [(M+2)-50]* 47.967071 0.001
48.974 2 HSO* [M-49]* 33.967867 0.002
47.966 10 SO* [mM-50]* 31.972071 0.000

(G) nitrous and nitric acids
LMNS amu count formula | parent & fragmentions | expected amu | Aamu
47 94 | HNOz" | Nitrous Acid: M* 47.000899 0.001
31.006 26 HNO* Nitrous Acid: [M-16"] 31.005899 0.000
TS —
29.997 270 | NO* m::::u/:i‘:lj'v["\fl]” 29.998074 | 0.001
U ST T——
17.002 296 | *OH m::::uécg‘:;gv['l\jgg] 17.002825 | 0.001
U WS T ——
15.995 | 335872 | O E?Efuﬁc/l‘:i%j.73]1+] 15.995000 | 0.000
U ST ——
14 | 19456 | N* m::::uéc:;d[!v['l\ﬁ;] 14.003074 | 0.003
62.994 1| HNOs* | Nitric Acid: M* 62.995899 0.002
(H) hydrochloric acid

LMNS amu count formula | parent & fragmentions | expected amu | Aamu
37.968 152 H37CI* (M+2)* 37.973728 0.006
36.966 9| ¥cr | [(M+2)-H]* 36.965903 0.000
35.981 704 HCI* M* 35.976678 0.004
34.972 15 Bl [M-H]* 34.968853 0.003

1.008 3520 H* [M-CIJ*, [(M+2)-CI]* 1.007825 0.000




Table S2. List of assignments, including alternatives, for the LMNS mass data from 51.3 km.
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(a) Bold, resolving power (RP) outside of estimated LMNS resolution. (b) Difference in mass between successive mass pairs. (c) Normal typeface, tentative
assignment; italics, putative assignment. (d) /talics = Aamu > 0.006 amu.

# RP? AmP amu count assignment® ex:::lt‘ed Aamu? | alternative® amu Ad alt.c amu Ad cor:qp:s):ite Aamu

1 1.008 3520 H 1.007825 0.000

2 2 1.008 2.016 22016 H, 2.014102 0.002

3 3 0.934 2.950 23

4 60 | 0.050 3.000 26 3He 3.016029 0.016 Hs 3.023475 | 0.023

5 61 | 0.050 3.050 29 HD 3.021927 0.028

6 5 0.750 3.800 12

7 26 | 0.150 3.950 13312

8 80 | 0.050 4.000 34816 “He 4.002603 0.003

9 81 | 0.050 4.050 32256 D, 4028204 0.022

10 2 5.000 9.050 70

11 11 | 0950 | 10.000 66 B 10.012937 | 0.013

12 | 201 | 0.050 | 10.050 70

13 12 | 0900 | 10.950 76

14 | 220 | 0.050 | 11.000 96

15 | 221 | 0.050 | 11.050 78

16 13 | 0950 | 12.000 | 344064 12¢C 12.000000 | 0.000

17 7 2.000 | 14.000 19456 14N 14.003074 | 0.003 CH; 14.01565 | 0.016
18 15 | 1.000 | 15.000 20992 15N 15.000109 | 0.000

19 | 1155 | 0.013 | 15.013 7680 NH 15.010899 | 0.002

20 | 3004 | 0.005 | 15.018 16896 NH / CH3

21 | 3005 | 0.005 | 15.023 22528 CHs 15.023475 | 0.000

22 | 3006 | 0.005 | 15.028 22016 CH3

23 | 3007 | 0.005 | 15.033 12800 CH3

24 17 | 0962 | 15.995 335872 0 15.995000 | 0.000

25 | 696 | 0023 | 16.018 40960 NH, 16.018724 | 0.001

26 | 1233 | 0.013 | 16.031 39936 CHq4 16.031300 | 0.000 13CH3 16.02683 | 0.004
27 18 | 0971 | 17.002 296 OH 17.002825 | 0.001

28 | 709 | 0.024 | 17.026 244 N';e’l{ c':lljD 17.026549 | 0.001 13CH, 17.034655 | 0.009 NHD 17.025001 | 0.001 | 17.028735 0.003
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# RP? Amb amu count assignment¢ ex:::lt‘ed Aamud | alternativet amu Ad alt.c amu Ad cor:qp:s):ite Aamu

29 19 0.959 17.985 336 36 A+ 17.983773 0.001 oD 18.009102 0.024

30 720 0.025 18.010 1088 H,O 18.010650 0.001 180 17.99916 0.011

31 751 0.024 18.034 66 NH4/ NH,D 18.034374 0.000 NH,D 18.032826 0.001

32 20 0.953 18.987 34 38Ar++ 18.981366 0.006

33 1727 0.011 18.998 18 F 18.998403 0.000

34 2112 0.009 19.007 5 180H 19.006985 0.000 HDO 19.016927 0.010

35 21 0.974 19.981 480 A0A+ 19.981192 0.000

36 1817 0.011 19.992 384 20Ne 19.992440 0.000

37 1429 0.014 20.006 112 HF 20.006228 0.000

38 2224 | 0.009 20.015 30 H,180 20.014810 0.000 D,0 20.023204 | 0.008

39 21 0.978 20.993 10 21Ne 20.993847 0.001

40 22 0.998 21.991 45056 2Ne 21.991385 0.000

41 5499 0.004 21.995 47104 #Ne / COy* 21.995 0.000
CO,+

42 45 0.501 22.496 560 13CO,*+ 22.496677 0.001

43 7 3.506 26.002 112 CN 26.003074 0.001

44 2168 | 0.012 26.014 122 CzH; 26.015650 0.002

45 27 0.996 27.010 102 HCN 27.010899 0.001

46 2079 0.013 27.023 124 CzH3 27.023475 0.000

47 29 | 0965 | 27.988 | 507904 CO(a)

48 3999 0.007 27.995 606208 CO(b) 27.995000 0.000

49 5600 | 0.005 28.000 655360 |\::2c()a(l)/

50 5601 0.005 28.005 671744 N2(b) 28.006148 0.001

51 | 4002 | 0.007 | 28.012 | 499712 Na2(c)

52 1402 0.020 28.032 122880 CzH4 28.031300 0.001 DCN 28.017176 0.015 CH;N 28.018724 0.013

53 30 0.965 28.997 6656 13CO(a) 28.998355 0.001

54 4834 | 0.006 29.003 7040 131535?'2‘/ 14NISN 29.003183 0.000

55 807 0.036 29.039 992 C2Hs 29.039125 0.000

56 31 0.958 29.997 1024 C180 29.999160 0.002 NO 29.998074 | 0.001

57 613 0.049 30.046 208 C2H¢ 30.046950 0.001

58 33 0.927 30.973 11 P 30.973907 0.001

59 940 0.033 31.006 26 HNO 31.005899 0.000 CF 30.998403 0.008




Confidential Supplemental Tables Submitted to Geophysical Research Letters

# RP? Amb amu count assignment¢ ex:::lt‘ed Aamud | alternativet amu Ad alt.c amu Ad cor:qp:s):ite Aamu
60 33 0.966 31.972 128 329 31.972071 0.000

61 1777 0.018 31.990 320 0, 31.990000 0.000 PH 31.981732 0.008

62 33 0.995 32.985 18 PH, 32.989557 0.005 HS 32.979896 0.005 PD 32.988009 0.003
63 35 0.981 33.966 15 345 33.967867 0.002

64 1307 0.026 33.992 19 PH3 33.997382 0.005 H.S 33.987721 0.004 PHD 33.995834 0.004
65 2616 | 0.013 34.005 21 H,0, 34.005650 0.001

66 36 0.967 34.972 15 35Cl 34.968853 0.003

67 1061 0.033 35.005 12 PH,D 35.003659 0.001 HDS 34.993998 0.011

68 37 0.961 35.966 656 36Ar 35.967545 0.002

69 2399 0.015 35.981 704 HCI 35.976678 0.004

70 38 0.985 36.966 9 37¢Cl 36.965903 0.000

71 38 | 1.002 | 37.968 152 H37Cl /38Ar | 37.973728 | 0.006 38Ar 37.962732 | 0.005

72 20 | 1.982 | 39.950 1376 40Ar(a)

73 | 4995 | 0.008 | 39.958 1504 40Ar(b)

74 5709 0.007 39.965 1664 40Ar(c) 39.962383 0.003

75 | 5710 | 0.007 | 39.972 1696 40Ar(d)

76 702 0.057 40.029 80 C3H,4 40.031300 0.002

77 11 3.962 43.991 1769472 CO; 43.990000 0.001 N,O 44.001148 0.010

78 45 1.000 44991 21504 13CO, 44.993355 0.002 COzH 44.997825 0.007

79 146 0.311 45.302 108 136 @+++ 45.302406 0.000

80 66 0.693 45.995 7936 co0 45.994160 0.001 NO; 45.993074 | 0.002 HCOOH 46.00565 0.011
81 47 1.005 47.000 94 HNO, 47.000899 0.001 15NO; 46.990109 0.010

82 50 0.966 47.966 10 SO 47.967071 0.001

83 49 1.008 48.974 2 HSO 48.974896 0.001

84 50 0.994 49.968 3 3450 49.962867 0.005

85 51 1.001 50.969 2 CI?t{a::SO 50'9:2?852 0.005 (:I::i(:) 50.970692 0.002

86 51 1.011 51.980 0

87 27 2.024 54.004 0

88 10 5.962 59.966 1 COoS 59.967071 0.001

89 61 1.002 60.968 0

90 61 1.009 61.977 0

91 62 1.017 62.994 1 HNO; 62.995899 0.002
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# RP? Amb amu count assignment¢ ex:::lt‘ed Aamud | alternativet amu Ad alt.c amu Ad cor:qp:s):ite Aamu
92 66 0.968 63.962 5 SO, 63.962071 0.000

93 65 0.998 64.960 3 2?)?(;{ 64.969896 0.010 130K e+ 64.951754 | 0.008 HS; 64.951967 0.008 64.960825 0.001
94 66 1.001 65.961 23 i;f)?(;{ 65.957867 0.003 132+ 65.952077 0.009 H.S; 65.959792 0.001 65.954972 0.006
95 67 1.002 66.963 280 1(;!‘())(:?{ 66.958853 0.004 134 e+t 66.952697 0.010 HDS, 66.966069 0.003
96 68 1.001 67.964 6272 I-L(’:GIOZ / 67.966678 0.003 136X e+t 67.953610 | 0.010

Xe++

97 35 2.007 69.971 1

98 36 2.002 71.973 1

99 25 2.954 74.927 0
100 36 2.113 77.040 2 CeHs 77.039125 0.001
101 89 0.876 77.916 1 78Ge 77.917309 0.001
102 570 0.137 78.053 16 CeHs 78.046950 0.006
103 91 0.871 78.924 1 H78Se 78.925134 0.001 79Br 78.918338 0.006
104 81 0.991 79.915 1 80Se 79.916522 0.002
105 1859 0.043 79.958 0 SO;3 79.957071 0.001
106 82 0.989 80.947 1 NSCI 80.943998 0.003
107 85 0.967 81.914 0
108 1344 | 0.061 81.975 0 H3PO3 81.982382 0.007 DSO3 81.971173 0.004
109 86 0.961 82.936 0
110 84 1.001 83.937 0
111 43 1.975 85.912 29 86Kr 85.910611 0.001
112 18 4.998 90.910 1
113 31 3.010 93.920 0
114 47 2.023 95.943 0
115 95 1.024 96.967 0 H,PO4 96.969557 0.003
116 100 0.981 97.948 0
117 97 1.023 98.971 0
118 196 0.508 99.479 0
119 204 0.491 99.970 0
120 194 0.519 100.489 0
121 202 0.501 100.990 0
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# RP? Amb amu count assignment¢ ex:::lt‘ed Aamud | alternativet amu Ad alt.c amu Ad cor:qp:s):ite Aamu
122 102 0.995 101.985 0

123 104 0.990 102.975 0

124 206 0.503 103.478 0

125 205 0.507 103.985 0

126 19 5.901 109.886 0

127 56 1.987 111.873 1

128 108 1.050 112.923 0

129 113 1.011 113.934 1

130 118 0.970 114.904 1

131 114 1.017 115.921 1

132 226 0.515 116.436 0

133 239 0.489 116.925 0

134 224 0.524 117.449 1

135 223 0.529 117.978 0

136 251 0.471 118.449 0

137 268 0.443 118.892 0

138 208 0.574 119.466 0

139 233 0.515 119.981 0

140 128 0.944 120.925 0

141 115 1.060 121.985 0

142 135 0.909 122.894 0

143 | 121 | 1.026 | 123.920 1 124xe 123.905892 | 0.014

144 128 0.973 124.893 0

145 63 2.029 126.922 2

146 | 130 | 0.984 | 127.906 0 128e 127.903531 | 0.002

147 129 0.999 128.905 29 129%e 128.904779 0.000 C,Cl3 128.90656 0.002
148 128 1.016 129.921 5 130Xe 129.903508 0.017 C,HCl3 129.91438 0.007
149 132 0.993 130.914 23 131Xe 130.905082 0.009 C,ClL37Cl 130.90361 0.010
150 131 1.008 131.922 48 132Xe 131.904154 0.018 C,HCIR37Cl 131.91143 0.011
151 68 1.983 | 133.905 440 134xe 133.905395 | 0.000

152 238 0.566 134.471 14

153 276 0.489 134.960 26

154 275 0.493 135.453 102
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expected ) composite
P Aamud | alternative® amu Ad alt.c amu Ad P Aamu

# RP? Amb amu count assignment®
amu mass

155 470 0.289 135.742 3456

156 | 1656 | 0.082 135.824 7808

157 | 1637 | 0.083 135.907 9728 136X e 135.907219 0.000 CCIsF 135.90496 | 0.002

158 | 1638 | 0.083 135.990 8192

159 | 1639 | 0.083 136.073 5248

160 364 0.375 136.448 140

161 272 0.504 136.952

Jany
~N

162 136 1.018 137.970

163 293 0.472 138.442

164 268 0.518 138.960

165 320 0.435 139.395

166 266 0.526 139.921

167 289 0.485 140.406

168 264 0.533 140.939

169 287 0.493 141.432

170 315 0.450 141.882

171 285 0.499 142.381

172 261 0.548 142.929

173 283 0.507 143.436

174 282 0.510 143.946

175 282 0.513 144.459

176 343 0.423 144.882

177 75 1.959 146.841

178 74 2.012 148.853

179 85 1.762 150.615

180 493 0.306 150.921

181 421 0.359 151.280

182 491 0.309 151.589

183 420 0.362 151.951

184 244 0.625 152.576

185 487 0.314 152.890

186 153 1.004 153.894

rlOlOlOfRr|[O]|O]JO|O|O|O|N|O|O|O|RPR|O|IN|W|O|IN|RLR|RLR|O|IN|WV

187 152 1.017 154911
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expected composite

# RP? Amb amu count assignment¢ amu Aamud | alternativet amu Ad alt.c amu Ad mass Aamu
188 160 0.976 155.887
189 79 1.989 157.876
190 157 1.014 158.890
191 165 0.969 159.859 Ss 159.860356 0.001

192 155 1.040 160.899

193 163 0.994 161.893

194 306 0.531 162.424

195 305 0.535 162.959

196 341 0.479 163.438

197 341 0.481 163.919

198 389 0.423 164.342

199 | 1348 | 0.122 164.464

200 169 0.977 165.441

201 337 0.493 165.934

202 336 0.496 166.430

203 335 0.499 166.929

204 666 0.251 167.180

205 664 0.252 167.432

206 333 0.505 167.937

207 177 0.955 168.892

208 85 2.009 170.901

209 25 7.033 177.934

210 179 1.000 178.934

211 414 0.433 179.367

212 355 0.507 179.874

213 354 0.510 180.384

214 412 0.439 180.823

215 164 1.108 181.931

216 188 0.972 182.903

217 348 0.527 183.430

218 405 0.454 183.884

219 54 3.482 187.366

co|jlo|lo|o|o|fo|o|o|fo|o|r|O|O|lO|lO|O|O|O|O|O|O|O|O|O|r|O|l|O|j]O|O|O|O|O|O

220 183 1.030 188.396
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expected ) composite
P Aamud | alternative® amu Ad alt.c amu Ad P
amu mass

# RP2 Amb amu count assignment¢ Aamu

221 79 2421 190.817

222 93 2.066 192.883

223 100 1.941 194.824

224 64 3.117 197.941

225 187 1.062 199.003

226 224 0.893 199.896

227 186 1.082 200.978

228 222 0.911 201.889

229 100 2.034 203.923

230 99 2.075 205.998

231 216 0.957 206.955

oO|j|o|j|lo|o|lo(o|jo|o|o|Oo|Oo|O

232 196 1.064 208.019




