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Table S1. Elemental concentrations and chemical species obtained from low-Z particle EPMA and FT-IR absorption peaks and chemical
species obtained from ATR-FT-IR imaging data.

Particle | size elemental chemical species FT-IR absorptlon peaks chemical species chemical species by
# (in um) concentrations from EPMA data (incm™) from the combined use of EPMA
M (in %) (minor elements) ATR-FT-IR data and ATR-FT-IR data

(A) NaNO;-contai

ning particles (13 particles)

51 595 N(16.7)0(47.6)Na(35.7) NaNO; 832, 1132, 1260, 1347, 1610, NO;,NO,,SO,%, Na(NO3,NO,,SO,)/organic
' ' ' ] 1787 organic
B - z -
81 3.65 N(17.1)0(52.8)Na(30.1) NaNO; 832, 1116, 112$§é1348, 1597, NOs(,)l:lgCE)lz,i(?@ , Na(NO3,NO,,SO,)/organic
B - z -
82 317 N(15.5)0(58.8)Na(25.7) NaNO; 832, 1105, 11275§é1345, 1595, NOs(,)l:lgCE)lz,i(?@ , Na(NO3,NO,,SO,4)/organic
67 4.46 C(1.7)N(17.1)O(51.9) NaNO;(C) 830, 1150, 1260, 1348, 1580, NO;,NO,,SO4°, (Na,Mg)(NO3,NO,,SQO,)/
' Na(26.1)Mg(3.2) 1786 organic organic
64 3.08 C(3.0)N(17.1)0O(53.9) NaNO;(C) 830, 1113, 1257, 1347, 1597, NO;,NO,,SO4°, (Na,Mg)(NO3,NO,,SQO,)/
' Na(24.5)Mg(1.5) 1786 organic organic
C(5.9)N(19.1)0O(47.2) NaNO;(C) 833, 1128, 1260, 1345, 1594, NO;,NO,,SO4°, (Na,Mg)(NO3,NO,,SQO,)/
69 5.33 Na(23.9)Mg(1.1)S(2.1) 1788 organic organic
Ca(0.7)
97 47 N(16.1)(§A(5252.62))l\la(26.1) NaNO;(Mg) 829, 1117, 1127585%1342’ 1583, NO3',N02',lSO42, (Na,Mg)(NOS,NOZ,SO4)/
' g organic organic
73 4.48 ( 4)N(12.4)0(46.9) NaNO;(C,Mg) 829, 1124, 1251, 1347, 1599, NO;,NO,,SO4°, (Na,Mg)(NO3,NO,,SO,)/
' Na(34.4)Mg(0.4) 1787 organic organic
94 4.99 C(e. 2 (1(;'3) (7(543) 9) NaNO;(C,Mg) 830, 875, 1347, 1587, 1790 ng',z[\los',NQQ, (Na,Mg)(NOS,NOZ,SO4)/
' g 4 ,0rganic organic
105 4.04 ( ()N(14;|\;) ; (56) .6) NaNO;(C,Mg) 838, 1101, 1265, 1347, 1585 NO;,NO,,SO4°, | (Na,Mg)(CO3,NO5,NO,,SO,)/
' 23.4)Mg(2.7 organic organic
109 293 ( 9)N(12.7)0O(56.5) NaNO;(C,Mg) 835, 1110, 1262, 1346, 1605, NO;,NO,,SO4°, (Na,Mg)(NO3,NO,,SO,)/
' Na(18.9)Mg(6.1) 1784 organic organic
N(15.6)O(39.2)Na(25) NaNO;(Mg,Si,S,Cl) | 833, 866, 1024, 1100, 1345, CO3” ,NO3,NO,, | (Na,Mg)(CO3,NO3,NO,,SO,)/
111 4.68 Mg(1.5)Si(0.7)S(0.6) 1597, 1786 S04 ,organic Cl/organic
Cl(17.3)
C(4.9)N(15.4)0(57.8) NaNO; 832, 1134, 1259, 1344, 1637, NO;,NO,,SO4°, (Na,Ca,Mg)(NO3,NO,,SO,)/
17 8.39 Na(13.3)Mg(1.5)S(2.7) (C,Mg,S,Cl,K,Ca) 1786, 3389 organic,H,0 CI/H.O
CI(0.4)K(0.3)Ca(3.8)

(B) Ca-containing particles (35 particles)




C(23.8)0(57.1)Na(0.4)

799,873,1048,1406,1590,

CO4 ,quartz,

(Na,Mg,Ca)COs/

27 7.98 I\S/I(g;(o.)%A(I(Z.E';%:Si§4.5; Na IC\;/IZCA(I)% 9 2928 organic quartz/organic
0.2)Ca(8.3)Fe(2.4 YT
C(28.3)0(56.1)Na(1.8) Caco 869,1018,1408,1593,1632, CO;” ,organic, (Na,Mg,Ca)COs/
112 9.51 Mg(1.0)Si(0.4)Cl(2.2) (Mg,Si él) 2814,3381 Si-O,H,0 organic/Si-O/CIl/H,O
Ca(14.9) ”
- - . .
93 159 C(29.7():l;l((£11.(§)23()3(55.5) Ca(CO3,NOy) 810,868,1407,1586 CO5™,NOg,organic Ca(CO3,NOs)/organic
C(11.7)N(13.0)0(60.0) Ca(CO3,NOy) 825,866,946,1260,1380, CO5;”,NO5;,NO, Ca(CO3,NO3,NO,)/organic/
10 4.79 Al(2.0)Si(3.7)Cl(0.4) (A S?’CI) 3 1450,1549,1591,1632,2923, | Si-O,organic,H,O Si-O/CI/H,0
Ca(9.2) e 3435
778,796,817,871,912,1006, CO5”,NO3, (Mg,Ca)(CO3,NO3)/
o8 1.7 %(183?)%(3335)%%17)) Ca(CO3,NOs) 1042,1168,1356,1400,1597, montmorillonite, montmorillonite/quartz/Cl
’ 9io. : ’ (Mg,Al,Si,Cl) 1629,1795,3425,3554,3655 quartz,organic, /organic/H,O
Cl(0.5)Ca(14.7) H,O
2
C(8.8)N(11.9)0(60.8) 751,780,817,867,942,1014, CO5”,NO5;,NO,, Ca(CO3,NOz)/muscovite/
29 796 Al(3.2)Si(5.9)CI(0.3) Ca(CO3,NO,) 1040,1168,1240,1364,1427, muscovite, cristobalite/organic/CI/K/
) (AlLSi,Cl,K) 1592,1633,3462 cristobalite,organic, H,O
K(0.4)Ca(8.8) HaO
C(13.5)N(7.7)0(63.5) Ca(COs,NOy) 729,810,872,1054,1254, CO5”,NO5;,NO, (Mg,K,Ca)(CO3,NO3)/
35 7.04 Mg(0.3)Al(0.6)Si(1.1) (Mg A|3’Si K; 1377,1590,1629,2938,3476 Si-O,organic,H,0O Si-O/Cl/organic/H,O
K(0.3)Ca(13.1) T
C(9.8)N(14.0)0(59.2) Ca(CO4,NO;) 784,816,870,1049,1247, CO,;”,NO; ,NO,, (Na,Mg,Ca)(CO3,NO3)/
42 6.11 Na(0.4)Mg(1.3)Al(2.4) (Na.Mg ;’l Si ?DI) 1360,1407,1595,1637,2950, cristobalite, cristobalite/organic/CI/H,O
Si(4.4)Cl(0.4)Ca(8.1) TR 3466 organic,H,0
C(22.3)N(11.7)0(58.0) 815,875,919,1353,1404, CO5;” ,NO3,
61 324 | Mg(0.7)Si(0.7)CI(0.4) Cl\j(CSQSé'l\'?@ 1581,1635,2923,3439 Si-0,0rganic,H;0 (Mg’%"j‘)(coff.”\}a‘;i_'l\‘g?)/
Ca(5.8)Fe(0.4) (Mg,Si,Cl,Fe) i-O/organic 2
C(8.0)N(14.7)0(67.5) Ca(COsNOs) 817,869,1042,1115,1347, CO5°,NO;,S0.%, (Mg,K,Ca)(CO3,NO;,S0.)/
62 8.06 Mg(1.3)Si(0.3)CI(0.3) (Mg Sisbl K§ 1413,1587,1635,2919,3428 Si-O,organic,H,O Si-O/Cl/organic/H,O
K(0.7)Ca(6.9) DD
C(8.3)N(12.4)0(62.1) Ca(COs,NOy) 754,816,870,1055,1160, CO5”,NO5;,NO,, (Mg,K,Ca)(CO3,NO3,NO,)/
66 8.66 Mg(1.1)Al(3.2)Si(4.6) (Mg.Al él K C3JI) 1260,1383,1434,1595,1637, | quartz,organic,H,O quartz/Cl/organic/H,O
Cl(0.6)K(0.4)Ca(7.3) Y 2930,3466
C(10.4)N(12.2)0(60.4) Ca(COs,NOy) 776,797,822,869,1048,1166, CO5”,NO5;,NO, (Mg,Ca)(CO3,NO3,NO,)/
68 8.89 Mg(1.4)Al(1.8)Si(6.7) (Mg Al3éi C?) 1257,1372,1443,1595,1629, | quartz,organic,H,O quartz/organic/H,O
Cl(0.4)Ca(8.5) T 2918,3464
103 2.67 C(28.3)N(3.6)0(54.7) Ca(CO3,NO») 878,951,1351,1392,1604 CO5%,NOy, (Na,Mg,K,Ca)(CO3,NO3)/
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Na(0.8)Mg(1.1)Al(1.3) (Na,Mg,AlLSi,S,K) Si-O,organic organic/Si-O
Si(2.3)S(0.3)K(0.4)
Ca(7.3)
106 13.4 C(18.2)N(5.3)0(62.6) Ca(CO;3,NO3) 745,818,871,1046,1384, CO5~,NO3, (Mg,Ca)(CO3,NOgz)/organic/
) Mg(0.8)Ca(13.1) (Mg) 1590,1631,1793,2951,3476 organic,H,O H,O
C(10.4)N(12.1)0(62.8) Ca(CO4,NO;) 819,857,1054,1133,1349, CO5”,NO;5,S0,7, (Na,Mg,K,Ca)(CO3,NOs,
Na(0.4)Mg(5.2)Al(0.5) 3, T =3 1413,1622,2923,3429 Si-0,organic,H,0 S0,)/Si-O/Cl/organic/H,0
114 8.07 . (Na,Mg,Al
Sl((})(.(Q)S()(C);zzCI(())Q) Si,S,C1.K)
0.3)Ca(8.3 T
C(8.7)N(11.0)0(68.2) Ca(COsNO,) 813,857,1041,1141,1230, CO47,NO5,NO,, (Mg,Ca)(CO3,NOz,NO,)/
115 5.58 Mg(1.6)Al(0.3)Si(0.6) (Mg.A s? Cl ;e) 1360,1423,1595,1629, Si-0,organic,H,0 Si-O/organic/H,0
Cl(1.5)Ca(6.0)Fe(2.2) ThThn 2928,3380
C(9.9)N(13.8)0(62.1) Ca(NO5) 796,862,948,1268,1363, COs7,NO3,NO;, (Mg,Ca)(CO3,NO3,NOy)/
13 5.82 Mg(1.0)Al(1.2)Si(2.3) (CMg AI382i) 1413,2917,3292 Si-O,organic,H,O Si-O/Cl/organic/H.O
Ca(9.8) e
820,870,1066,1150,1261, CO5~,NO3,NO;, Ca(CO3,NO3,NO,,S0O,)/
14 | 627 CS(is(aéO())’)\lS(ZE%)gei(S; f)) %‘gioggz 1381.1440,1640,2898,2929, S0.%,Si-0, Si-O/organic/H,0
) ) ) 0 3494 organic,H,O
18 5 80 C(8.4)N(16.6)0(65.8) Ca(NO;); 815,873,1044,1259,1372, CO37,NO3,NO;, Ca(C03,NO3,NO,)/organic/
' Ca(9.2) (C) 1443,1600,1636,3475 organic,H,O H.O
C(8.9)N(15.3)0O(63.4) Ca(NO) 820,860,1047,1101,12586, CO37,NO3,NO;, Ca(C0O3,NO3,NO,,SO,)/
21 6.09 Si(0.2)S(1.0)Cl(0.2) (C.Si.S 3(’:2') 13671425,1599,1631,2926, S0,%,Si-0, Si-O/Cl/organic/H,O
Ca(11.0) e 3455 organic,H,0
C(6.9)N(14.0)0(63.7) 753,790,860,1046,1358, COs”,NOg3, (Mg,K,Ca)(CO3,NO3)/
31 8.61 Mg(0.4)Al(1.0)Si(1.9) Ca(NOs3), 1425,1594,1639,2924,3487 cristobalite, cristobalite/organic/S/Cl/H,O
' S(2.3)Cl(0.3)K(0.2) (C,Mg,AlLSi,S,Cl,K) organic,H,O
Ca(9.7)
C(10.3)N(12.0)0(63.2) Ca(NO5) 753,815,864,1044,1141, COs”,NO3,NO;, (Na,Mg,K,Ca)(CO3,NOs,
37 40 Na(0.3)Mg(0.8)Al(2.6) (C.,Na,Mg Asi 2Si cl 1263,1365,1408,1590,1626, organic,H,O NO,)/quartz/Cl/organic/H,O
' Si(4.7)CI(0.3)K(0.3) T K), e 3452
Ca(5.5)
C(7.8)N(14.4)0(63.8) Ca(NO) 817,864,1123,1368,1428, CO3”,NO5,S0,%, (Mg,Ca)(C0O3,NO3,S0,)/Cl/
47 8.04 Mg(1.2)S(1.3)CI(1.1) (C.S C‘°’|)2 1580,1630,1796,3439 Si-O,organic,H,O organic/H,O
Ca(9.4) =
C(9.0)N(16.5)0(61.3) Ca(NO) 817,861,1043,1152,1369, CO3”,NO;5,S0,%, (Mg,Ca)(CO3,NO3,S0,4)/
52 8.67 Mg(0.3)Al(0.6)Si(1.0) (C,Mg,Al S|3§ cl) 1421,1596,1630,2926,3468 Si-O,organic,H,0 Si-O/CI/H0
$(0.9)CI(0.7)Ca(9.8) TR
56 3.75 C(37.0)N(8.0)0(43.9) Ca(NOs), 830,871,1056,1135,1334, CO3”,NO;5,S0,7, (Na,Mg,K,Ca)(COs5,NOs,
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Na(1.7)Mg(0.9)Al(1.6) (C,Na,Mg,Al,P,Si,S, 1417,1591 Si-O,organic S0,)/Si-O/P/organic
Si(3.0)P(0.3)S(0.7) K)
K(0.3)Ca(2.4)
C(8.8)N(15.9)0(61.2) Ca(NO) 815,860,1046,1245,1379, CO3”,NO3,NO,, (Mg,Ca)(CO3,NO3,NO2)/
87 9.69 Mg(0.3)Al(1.1)Si(2.0) (C,Mg Al éiZCI) 1423,1594,1629,2917,3452 Si-O,organic,H,0 Si-O/Cl/organic/H,O
Cl(0.4)Ca(10.4) P
102 8.01 C(10.8)N(15.1)0(63.7) Ca(NOs), 818,862,1052,1255,1350, CO5”,NO3, NO;, Ca(CO3,NO3,NOy)/
' Si(1.0)CI(0.6)Ca(8.8) (C,Si,Cl) 1404,1597,1641,2929,3480 Si-O,organic,H,0O Si-O/Cl/organic/H.O
107 95 C(7.5)N(17.4)0(66.0) Ca(NOs), 818,862,1052,1255,1366, COs7,NO3, NO, Ca(CO3,NO3,NO,)/Cl/
' Cl(0.4)Ca(8.8) (C,C)) 1429,1599,1641,2968,3484 ,organic,H.O organic/H,O
823,865,1045,1230,1368, CO3”,NO3, NO;, Ca(CO3,NO3,NO,)/Cl/
C(8.6)N(16.3)0O(65.3) Ca(NO3), : )
108 5.43 CI(0.4)Ca(9.4) (C.CI 1422,1 595,1333;21,2893,2923, organic,H,0 organic/H,O
116 450 C(10.4)N(15.2)0(63.8) Ca(NOs), 820,870,1115,1263,1381, CO:f‘,Nzog', NO,, | Ca(CO3,NO3,NO,,S0O4)/H,O
] S(1.3)Ca(9.3) (C,S) 1440,1640,3494 SO, ,H,0O
C(11.3)N(2.9)0O(50.6) Ca(NO,,S0,) 815,865,944,1030,1130, CO3%,NO5,S0,7, (Mg,Ca)(CO3,NO3,S0O,)/
1 3.38 Mg(1.1)Al(4.0)Si(6.7) (CMg,Al %i S4Fe) 1348,1408,1596,1624,2826, Si-O,organic,H,0O Si-O/Cl/organic/H.O
S$(10.0)Ca(13.1)Fe(0.3) e 2917,3407
C(9.0)N(10.6)0O(67.3) Ca(NO,,S0,) 811,856,951,1125,1260, COSZ',NO3',N02', (Mg,Ca)(C03,NO3,NO,,SO,)/
38 3.33 Mg(0.3)Si(2.4)S(1.8) C Mgséi S; 1353,1407,1593,2923 S0,47,Si-O,0rganic Si-O/organic
Ca(8.5) Tl
C(10.1)N(12.0)0(64.7) Ca(NO,,S0,) 818,878,946,1116,1259, CO47,NO3,NO,, (Mg,K,Ca)(CO3,NO3,NO.,
60 4.46 Mg(0.7)Si(1.2)S(2.0) (C.Mg §| S &) 1350,1443,1580,1622,1660, | SO,~,Si-O,organic S0,)/Si-O/organic/H,0
K(0.3)Ca(9.1) TR 3257
C(8.4)N(7.0)0(67.4) Ca(NO5,S0,) 814,870,1032,1095,1254, COs”,NO;5,S0,7, (Mg,Ca)(C0O3,NO3,S0,)/
117 3.57 Mg(0.4)Al(0.8)Si(1.5) (C.Mg 3A| Si‘; 1353,1419,1595,1650,2859, | Si-O,organic,H,0O Si-O/Cl/organic/H.O
S(4.9)Ca(9.7) e 3504
C(6.2)N(9.6)0O(70.5) Ca(C0OsNO,,SO,) 748,819,869,1059,1124, CO5”,NO;5,S0,7, (Mg,Ca)(C0O3,NO3,S0,)/
30 7.35 Mg(0.5)Si(0.3)S(4.3) © |v|3 Si3é|) 4 1369,1427,1601,1626,1787, | Si-O,organic,H,0O Si-O/CI/H,0
Cl(1.0)Ca(8.3) VG-l 2894,3489
(C) Ca- and Mg-containing particles (9 particles) . _
5 8.61 '\351832)1;1((:1'&)17))%(&6&%)) (Mg,Ca)((gS)S,NOS) 817,854,13;%,;420,1633, CO5",NO3,H,0 (Mg,Ca)(CO3,NO,)/ClH,0
C(20.2)N(5.1)0(54.7) (Na,Mg,Ca)(CQOs, 830,882,935,1118,1264, CO5*,NO5,NO,, (Na,Mg,Ca)(CO3,NO3,NO.,
9 3.74 Na(7.3)Mg(2.6)Si(1.0) NO3,S0,) 1361,1415,1590,2917 S0,*,Si-0,0rganic S0,)/Si-O/organic
S(4.5)Ca(4.7) (Mg,Si,S)
15 595 C(8.9)N(8.9)0O(61.0) (Mg,Ca)(CO3,NO3) 815,852,953,1056,1360, COs",NOg3, (Mg,Ca)(CO3,NOz)/quartz/
' Mg(3.4)Al(3.7)Si(8.6) (Mg,Al,Si,Cl) 1417,1629,3418 quartz,H,O CI/H,0
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Cl(0.4)Ca(5.1)

5 6 53 %gg?%%%%:%ﬁ?;g) (MQ,CE(I)S(%(S&NO:;) 824,858,13:‘3154,; 445,1633, COs”,NO3 ,H,0 (Mg.Ca) (ngs(’)NOS) 1S/Cl

45 7.97 fﬂg(g.)(;\igi(zé .Zg)%lf(sf.' 12)) (Mg’c?%(i%?)s’NOS) P1eeen %3%’9; 42016055 005" NO» HO (Mg’ca)(cgj(’)’\‘os)/ Sicy

65 578 Clilf ; (13;92);\18(&;1((3:2);8;(6;. ;)) Ca(((l\DA(s;?,SI}I)OQ 81 6,8631, 2; gg’zé 1 321 1445, gLCJ)asrzt-’zl,\ll-i?(;)’ (Mg,Ca)(C(|)_|32, glos)/quartz/

IR T e e e I

68 9.86 nﬁ&é%?é?é?}éféﬁ)) (Mg,Ca)((é)l)O3,N03) 81 0,858,1%1(31, g 431,1633, CO4~,NO;,H,0 (Mg.Ca)(COsNO3)/ClH,0
———

10 | 568 | MoboS A0 (Mg C2)(COsNO9 O sy 2 | oy (M9 C2)(COuNOS

Ca(4.6)

(D) Mg-containing particles (6 particles)

C(10.0)N(8.3)0(64.0 824,880,913,1125,1381 CO:ZNO;,S07
63 27 Mé(ﬂ )Q)éi(13 )6)(8(0 7)) Mg(COs,NOs) 14311612 T S0 c’JrgaSn’iS 0 (Mg,Ca)(COs,S0,)/
' CI(.O 8)05(2 8) ' (Si,S,Cl,Ca) ’ ’ 2 Si-O/Cl/organic
o rea | CO78N(E4)0(583) Mg(CO4,NOy) 810,850,1405,1605,1620, COsZ.NO;, Mg(CO4,NO,)/Cliorganic/
' Mg(14.5)CI(1.0) (Ch 3305 organic,H,0 H.O
roa | 248 | COBEN04)O(61.0) Mg(CO4,NOs) 870,956,1361,1430,1631, COsZ.NO;, Mg(CO4,NOy)/
' Mg(19.7)Si(0.3) (Si) 2923,3369 Si-O,organic,H,0O Si-O/organic/H,O
= P T
C(20.2)N(4.6)0(55.3) V(NS00 812,916,1081,1343,1600 | NOs.SO,”.0rganic | (- \1o16NO, 500
58 234 Na(3€|)(lé)/lg7():(1(.16)1?(3.2) (Na,Cl,K) Cl/organic
C(8.9)N(8.4)0(63.9) 820,855,1050,1109,1346, | CO5%,NO;,S0.7,
o | us | GRRGISERS | wcopoisos | TIRTMET | US| mecygonoeon
. a(2. Y
C(8.5)N(9.4)0(61.7) 814,850,1230,1138,1344, | CO5%,NO;,NO;,
118 | 9.0 | Mg(12.4)S(1.9)CI(1.9) Mg(N?éf%(;;’So‘*) 1411,1636,3412 SO H,0 (Mg’ca)(g&ﬁ;go&’\‘oﬂ/

Ca(4.2)

(E) Silicate partic

les (38 particles)

2 3.12

C(8.2)N(6.7)0(62.7)

Mg(1.0)Al(7.2)Si(10.4)

AISi-Ca(NOs),
(C,Mg,K,Fe)

773,818,868,913,944,1001,
1122,1350,1413,1584,1641,

montmorillonite,
organic,CO5> ,NO;’

montmorillonite/organic/
CO3/NO3




K(0.3)Ca(3.8)Fe(0.1) 2872,2929,3445
C(47.8)N(2.2)0(34.2) AISI-C 806,825,863,939,1035,1166, pyrophyllte organic,
419 Na(0.5)Mg(0.7)Al(4.0) (N,O,Na,Mg.S,Cl.K 1383,1418,1521,1567,1599, 003 "NOj3 pyrophylite/organic/CO3/
' Si(6.3)S(0.2)Cl(1.7) T Mn? Y1 1629,2855,2922,3410,3654 NO3/CI/Mn/H,O
K(0.3)Mn(2.2)
508 NC&ES))NE(; 2))3((51 )) AISi-C 780,915,946, 1051,1121,1436 | (Na Ca)- feldspar, (Na,Ca)-feldspar/
) Ca(0.4) (N,O,Na,Ca) organic, 003 organic/CO;
C(12.6)N(0.3)0O(32.1) AISi 766,783,826,971,987,1038, K-Feldspar, K-feldspar/
7.83 Mg(1. 6()AI()1 ?)Sé()ZS .9) (C,N,O,Mg.K.Ca) 1101,1133,1561,1558,1632, Mg \(/)?égr:ci::hte, Mg vermiculite/organic
C(8.6)N(3.5)0(42.7) . 777,792,919,976,1043,1147, | montmorillonite, .
AlSi-CaCO3 2. - : montmorillonite/quartz/
3.9 Mg(0(7)A)|ga(3%I(32)71) (N,Mg.K) 136,1426,1603,2906,3429 CO37,NOj3,0organic Ca(CO5,NOs)organic
C(17.3)N(5.4)0(54.8) 777,849,929,960,1014,1140, montmorillonite,
12 6.82 Mg(2.3)Al(5.2)Si(9.7) AISi-Ca(CO3,NO3) 1353,1420,1584,1616,2840, | organic,CO5* ,NO5’ montmorillonite/organic/
' CI(O.S) (0.3)Ca(4.5) (Mg,ClLK,Fe) 2929,3433 CO3/NO3
Fe(0.3)
. -
0 | ase | SRS | Asicaco,noy | | SIOSSTSRIOLITE T meeone 00 nuitoco,noy
' P(0.3)K(0.7)Ca(5.9) (Mg,PK) ' 20293403 > organic/P
C(4.1)N(1.8)0(61.9) AISi 752,767,791,873,946,1007, mozntmorillonite, montmorillonite/

22 8.17 Na(86|(21)g/|2)( a3()AI() .2) (C.N,O.Na,Ca) 1354,1409,1594,3506 CO37,NOj,organic Na(CO3,NOs)/organic
C(15.8)N(8.1)O(57.9) AISi-Ca(NOs) 779,815,855,907,951,1344, vermiculite,CO5°, vermiculite/

32 2.01 Na(0.4)Mg(1.1)Al(4.6) (C.NaM Sé;) 1412,1594 NOj3 ,organic (Na,K,Ca)(CO3,NO3)/
Si(8.6)S(0.3)Ca(3.5) NG, Cl/organic
C(14.2)N(2.5)0(62.4) AISI-C 792,810,859,933,1426,2876, | vermiculite organlc

41 3.42 Al(6.6)Si(12.7)P(0.3) (N,O,P,S,K,Ca) 3443 CO5™ vermiculite/organic/CO3/P
S(0.3)K(0.4)Ca(0.7)

C(7.0)N(2.1)0O(49.6) AISi 740,795,821,901,952,982, montmorillonite, montmorillonite/

44 4.46 Mg(6.7)Al(9.4)Si(17.7) (C.N,O,Mg,S,Ca) 1165,1348,1408,1592,1627, Mg vermlcullte Mg vermiculite/

$(0.7)Ca(3.0) MG, 1659,2923,3380,3654 organic,CO3 ,NOs organic/CO3/NO3
C(9.3)N(3.1)0(64.1) AlSi 746,765,813,871,972,1376, muscovite,CO5”, muscovite/

53 5.96 Mg(1. ?%Aef)(g a5()1 g;z 2) (C.N.OMg.K.Ca) 1429,1601,1630,2928,3477 NO; ,organic (Mg,Ca)(CO,.NO.)organic

57 4.8 C(23.6)N(3.8)0(42.4) AISi-Ca(NO3), 739,764,799,872,968,1007, (Ca,Na)-feldspar, (Ca,Na)-feldspar/

) Na(0.9)Mg(0.7)Al(8.3) (C,Na,Mg,K,Fe) 1040,1080,1157,1385,1412, montmorillonite, montmorillonite/organic/
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Si(16.1)K(0.3)Ca(3.8)
Fe(0.1)

1597,2929,3403

organic,CO3~ ,NOg

CO3/NO4

C(8.1)N(3.0)0(56.7) AlSi 780,816,857,877,915,997, montmorillonite, montmorillonite/

71 6.89 Na(0.3)Mg(1.2)Al(7.7) (C,N,O,Na, 1253,1353,1427,1590,1628, CO5*,NO3, NO,, (K,Ca)(CO3,NO3,NO,)/
Si(18.9)K(3.2)Ca(0.8) Mg,K,Ca) 2823,3450 organic organic/H,O
C(29.8)N(5.8)0O(50.1) 762,792,831,1004,1108, montmorillonite,

75 8.15 Na(0.5)Mg(3.4)Al(3.2) AISi-MgNO; 1263,1347,1587,1660,2911, | NO;,SO,*,organic montmorillonite/organic/

' Si(5.9)S(0.3)Cl(0.2) (S,CLK,Ca,Fe) 3390,3547 Mg(NO3,SO,)
K(0.3)Ca(0.5)Fe(0.2)
C(44.9)0(31.7)Na(1.1) AISI-C 757,796,906,948,996,1070, montmorillonite, montmorillonite/

76 6.46 Mg(1.9)Al(5.6)Si(10.6) (C.N,O.Na,M 1115,1349,1601,1662,2851, (Na,K)-feldspar, (Na,K)-feldspar/

' S(1.0)CI(0.3)K(0.6) o NG, 2909,3375 humic substance, humic substance/
Ca(2.4) S,ClK.Ca) organic organic/S/Cl
C(8.6)0(52.5)Mg(0.7) AISi 827,856,910,1017,1119, Ca- feldspar,
; i-CaCO; 2- . Ca- feldspar/

79 5.96 AI(6.6)CSa|((%.;))K(O.6) (Mg,K.Ca) 1401,2923,3375 CO3™,organic (Mg.K)COy/organic
C(15.7)N(4.2)0(59.1) AISi-C 741,795,996,1351,1424, montmorillonite,

20 758 Na(0.3)Mg(2.6)Al(6.4) (N.O,Na,Mg,CI 1584,2847,2915,3389 0032',N03',organic montmorillonite/

' Si(9.7)K(0.7)Ca(1.3) ’ K C’a)g’ ’ COs/NOs/organic
Fe(0.1) ’
C(9.8)N(3.3)0(59.8) AISi 799,915,1040,1085,1590
(Na,K)-feldspar, .

95 1.96 Na(4.2)Mg(0.7)Al(7.0) (C,N,O,Na,Mg, oraanic (Na,K)-feldspar/organic
Si(13.2)K(1.3)Ca(0.8) K,Ca) 9
C(7.6)N(3.1)0(66.8) AISH 750,782,874,935,997,1184, montmorillonite montmorillonite/quartz/

| 57 | NQIMMEIAL | (onoangon | OIS IS | ateCo | GIING osancio
C(26.3)0(34.2)Na(9.0) 769,868,933,1440,1594, vermiculite,

101 432 Mg(2.7)Al(7.2)Si(11.5) AlSi-Na,CO; 2847,2904,3356 CO5”,organic vermiculite/(Na,K,Ca)CO4/

' S(0.9)Cl(6.4)K(0.6) (Mg,S,Cl,K,Ca) organic/Cl
Ca(0.7)
C(38.8)0O(35.3)Na(4.4) AISI-C 758,796,999,1069,1115, Na-feldspar, Na-feldspar/

113 3.43 Mg(0.5)Al(6.0)Si(14.6) 1356,2912,3375 humic substance, humic substance/
S(0.2)K(0.1)Ca(0.2) | (O:NaMg.SK.Ca) organic organic/S/Cl
C(18.7)N(5.2)0(50.5) SiOx- 748,818,876,1023,1361, montmorillonite, montmorillonite/

4 7.35 Mg(5.0)Al(5.4)Si(10.1) (Mg,Ca)(CO3,NO3) 1435,1629,3512 CO5*,NOy (Mg,Ca)(CO,NOy)
K(0.2)Ca(3.7)Fe(1.1) (AlLK,Fe) 9 s

16 12.98 C(9.2)N(6.5)0(60.7) SiOx- 783,818,853,1047,1356, cristobalite, cristobalite/

’ Na(0.7)Mg(3.1)Al(2.5) (Ca,Mg)(NO3,COs) 1427,1632,3388 CO5”,NO3 H,0 (Na,Mg,K,Ca)(CO;,NO3)/
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Si(13.9)CI(1.0)K(0.3) (Na,Al,CI,K,Fe) H,0
Ca(2.0)Fe(0.2)
C(8.2)N(8.7)0(58.1) SiOx- 814,957,992,1048,1363, quartz muscovite, quartz/muscovite/

19 852 | Mg(0.8)AI(5.7)Si(10.8) | (Ca,Mg)(NOs,COs) | 1443,1588,1636,2922,3501 | CO5>,NO5 ,NO, (Mg,Ca)(CO3,NO3,NO,)/
CI(0.3)K(1.6)Ca(5.8) (Al,Cl,K) ,organic organic
C(5.4)N(8.1)0(57.9) SiOx- 818,858,1047,1383,1440, | quartz,CO3”,NOs, quart/

25 8.55 | Mg(0.4)Al(4.9)Si(18.6) | (Ca,Mg)(NOs,COs) 1636,3499 NO, ,H.0

a(4.8)Fe(0.1) (AlFe) (Mg,Ca)(CO3,NO3,NO)/H-0
C(9.5)N(9.7)0(59.6) S 780,817,858,1049,1368, cristobalite,CO57, . .
: iOx-Ca(NOs3), - cristobalite/

34 7.81 Mg(o.a)é\g(zs(g)&u 3.3) CAIMg) 1438,1632,3449 NO3 ,H,0 Ca(COL NS HO
C(10.6)N(6.8)0(56.8) S 767,817,861,1025,1358,1430 | cristobalite,COy’, . .

. iOx-Ca(NOs3), - . cristobalite/

36 8.02 Mg(1.0)éé|1((14.19))8|(19.0) CMaAD ,1594,1628,2930,3482 NOy’0rganicH:0 |, oo NOWorganic/HsO
C(52.3)0(31.2)Na(0.8) SIOX.C 830,870,997,1352,1591,2910 | montmorillonite,

Mg(2.4)Al(3.2)Si(6.0) organic,CO3;~,NO3’ montmorillonite/

49 | 516 S(1.1)CI(0.6)K(0.9) (Na’Mg”g)’S’C"K’C organic/COy/NO,

Ca(1.5)
C(2.8)N(0.3)0(66.3) SiOx 742,782,820,930,1000,1027, | quartz,kaolinite, n .

55 3.6 Al(2.0)Si(28.6) (CN.A) 1108,1631.3459 organic quartz/kaolinite/organic
( 2)N(2.0)0(41.7) SiOx-C 820,875,928,1004,1344, montmorillonite,

70 6.67 Na(0.2)Mg(0.8)Al(2.5) (N,Na,Mg,AlSi 1410,1583,1628,2866, organic,CO3* ,NOy montmorillonite/

' Si(4.6)S(0.4)CI(0.3) S’Clkgé F,e)’ 2926,3364 organic/CO3/NO3
K(0.4)Ca(0.7)Fe(0.2) L8,
C(14.0)N(3.8)0(58.1) . 748,811,859,919,982,1084, | montmorillonite, .
77 | 531 | Mg(7.8)AI3.1)Si(12.4) | SIOXMI(COsNOs) | 13551456 1581,1635.2980, | CO.Z,NO; 0rganic montmorillonite/
Ca(0.7)Fe(0.1) (AlLFe) 3363 COs/NOs/organic
(6.9)N(9.0)0(59.1) Siox 764,783,815,862,954,1052, | pyrophyliite, COy”, i .
- ophyllite/(Na,Mg,K,Ca)
Na(0.7)Mg(2.6)Al(5.4) 1109,1260,1352,1408,1610, | NOs,NO,,80,%, | BY
78 | 343 | 5i(8.8)3(0.8)Cl(0.4) (Ca{l"g)/i’l\‘gfffoff) 29153414 organic,H20 (COS’NOS’N%S(?‘*VCV”Q&‘
K(2.6)Ca(3.6) (Na,ALCLK) nic/Hy
C(16.7)0(59.5)Na(1.3) SiOx 827,887,970,1430,1580,2920 | vermiculite,CO57, -

83 | 405 | Mg(6.1)AI(5.4)Si(10.1) | (C,Na,Mg,AlLK,CaF organic Verm"’“'g‘f/(;\f]?éca)co3/
K(0.2)Ca(0.5)Fe(0.3) e) 9
C(9.9)N(6.8)0(61.9) SiOx- 817,877,948,1038,1352,1425 | quartz,vermiculite,

84 4.63 Mg(2 9)Al(4.8)Si(10.5) | (Ca,Mg)(COsNOs) 1629,3451 CO4>NOs quartz/vermiculite/COs/NOs

Ca(2.6)Ti(0.7 (ALTi)
86 10.9 C(9.2)N(10.3)0(49.4) SiOx- 732,765,822,873,946,1049, cristobalite, cristobalite/pyrophyllite/
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Al(6.1)Si(16.5)K(3.8) (Ca,K)(NO3,COs) 1144,1232,1379,1429,1596, pyrophyllite, (K,Ca)(CO3,NO3,NO,)/
Ca(4.8) (Al 1638,2920,3476 CO5*,NOz,NOy, oganic/H,O
organic,H,O
. SiOx 780,795,1025,1150,1353, _quartz, quartz/
89 5.35 C(21.4)0(50.4)Si(28.2) 1599,2920 humic substance, . .
(C) organic humic substance/organic
C(9.1)N(6.3)0(53.2) SiOx- 810,866,1020,1223,1352, muscovite,CO5~, muscovite/
99 6.74 Al(7.1)Si(18.0)K(4.2) (Ca,K)(NO3,CO3) 1411,1593,1630,2923,3412 NO;,NO., Ca(CO3,NO3,NOy)/
Ca(2.2) (AlLK,Ca) organic,H,O organic/H,O
(F) carbonaceous particles (7 particles)
C(47.8)N(12.2)0(33.6) 751,818,870,940,1042,1103, | organic,CO5~,NOg, organic/CO3/NOs/
o4 4.62 Na(1.4)Mg(0.7)Al(0.9) biogenic 1387,1466,1600,1642,2916, S0,%,Si-O,H,0 S0O,/Si-O/H,0
' Si(1.7)S(0.3)CI(0.2) 3480
K(0.5)Ca(0.8)
C(53.1)N(3.9)0(32.9) 817,870,1035,1097,1269, humic substance, humic substance
26 7.05 Na(6.7)Mg(0.8)Si(1.2) organic 1360,1384,1439,1600,1629, CO5*,NO5,NOy, /(Na,Mg,K,Ca)
S(0.6)K(0.4)Ca(0.4) 1720,2851,2922,3445 Si-O,H,0O (CO3,NO3,NO,)/Si-O/H,0
C(56.9)N(5.5)0(34.8) 910,1021,1604,2864,2927 organic organic
39 4.98 Mg(0.2)Al(0.8)Si(1.6) organic
K(0.2)
C(61.7)0O(31.6)Na(0.5) 957,1407,1442,1588,1974, organic organic
40 3.34 Si(0.3)5(0.3)CI(0.4) organic 2926
Ca(5.3)
C(53.7)N(5.7)0O(35.1) 773,1023,1215,1272,1429, organic,Si-O organic/Si-O
Na(1.0)Mg(1.1)Al(0.9) , 1516,1597
721 723 1 5i1.7)C1(0.2)K(0.2) organic
Ca(0.3)
C(64.0)N(12.6)0(22.1) 1040,1243,1380,1430,1529, azlon,rayon azlon/rayon
80 12 Si(0.3)P(0.3)S(0.3) biogenic 1663,2859,2929,3304
K(0.2)Ca(0.2)
C(59.5)N(0.4)0(30.9) 1026,1603,2849,2904 organic,Si-O organic/Si-O
Na(0.2)Mg(0.8)Al(2.4) :
98 | 224 | gi4.4)5(0.4)Cl(0.3) organic
K(0.5)Ca(0.3)
(G) miscellaneous particles (7 particles)
C(6.2)N(4.2)0(64.0)Mg( FeOx- 776,799,822,876,912,10086, montmorillonite, FeOx/
23 2.98 | 1.9)Al(3.1)Si(5.5)Ca(4.5) Ca(CO3,NO,) 1080,1180,1406,1591,1620, | quartz,CO;>,NO5, montmorillonite/quartz/

Fe(10.6)

(C,N,Mg,Al,Si,Ca)

2849,3452

organic

(Mg,Ca)(CO5,NOs)/organic
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C(7.6)N(5.5)0(69.5) FeOx- 758,838,920,1125,1347, organic,COf’,Nog', FeOx/organic/
43 2.98 Si(1.3)S(2.6)Ca(5.4) Ca(NO;,S0,) 1440,1590,1630,2863,2926, S0,%,Si-O,H,0 Ca(C0O3,NO3,50,)/Si-0/H.0
Fe(8.1) (C,Si,Ca) 3417
C(21.1)N(4.4)0(51.8) FeOx 821,878,916,1090,1386, organic,COf’,Nog', FeOx/organic/
50 9.25 Mg(2.4)Si(1.6)S(1.4) (C,N,Mg,Si,S,Ca) 1436,1581,1660,1724,2912 S04 ,Si-0 (Mg,Ca)(C03,NO3,S0,)/Si-O
Ca(0.4)Fe(17.8) AN,
3 505 | C(11.6)N(6.7)O(64.4)Na KNO, 834,1249,1374,1604,2935 NO;,NO,,S04, (Na,Mg,K)(NO3,NO,)/
' (4.0)K(13.4) (Na,Mg) Zorganic , organic
753,822,882,1111,1259, CO5%,NO5,S0,%, | (Na,K,Pb)(CO3,NO3,S0,)/
85 6.7 C.N,O,Na,5,Pb,ClLK (K,PB)(NO5,S0,) 1369,1426,1588,1764,2926 organic organic/Cl
C(3.4)0(60.4)Na(0.4) fly ash 833,941,1604 muscovite,organic muscovite/organic/Ti/Fe
48 2.51 | Mg(0.7)Al(12.5)Si(20.9)
K(1.3)Ti(0.3)Fe(0.1)
C(71.5)N(2.7)0(24.9) 951,1603,2859,2929 organic,Si-O organic/Si-O
54 | 3.09 Si(0.4)P(0.3)K(0.3) fly ash
(H) particles with no ATR-FT-IR peaks
C(32.6)0(44.5)Na(0.5) missing before ATR-FT-IR measurement
59 2.5 Mg(0.3)Si(0.4)S(0.4) CaCO,
Cl(0.2)Ca(21.1)
C(80.3)0(16.3)Na(0.3) IR-inactive elemental carbon
92 1.9 Mg(0.4)Al(0.4)Si(1.0) carbon-rich
$(0.3)CI(0.7)Ca(0.3)
C(4.5)N(1.8)0(65.9) missing because the particle went under another particle when it was in contact
100 4.62 Na(0.4)Mg(0.9)Al(8.8) AISi with the IRE crystal

Si(16.8)K(0.5)Ca(0.5)
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Figure S1. A SEI obtained in a higher magnification than an overall SEI (Figure 1).
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Figure S2. The second SEI obtained in a higher magnification.
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Figure S3. The third SEI obtained in a higher magnification.
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Figure S4. The fourth SEI obtained in a higher magnification.

A “# 36 cristobalite/Ca(NO5;, CO3)organic/H,O

- 34 cristobalite/Ca(NO;,CO;VH-0 -
33 (Mg, Ca)CO3 NO3YS5/CIHH20
¥33 vermiculite/(Na, K. Ca)yCO5/Clforganic

35. (Mg, K,Ca){CO; NO:)Si-O/Cliorganic/H,O

. [(Na Mg K. Caj{CO3,NO3 NO-Yguarz/Cliorganic/H-O

"*, 39. organic

-q-l
38 (Mg.Ca)lCO5 NO;s NO, SO,)NSi-Olorganic

53. muscovite/(Mg, Ca)yC Os . NOs)Yorganic
” .

52 (Mg, Ca)}COg NOs SOL)VSI-O/CHHD l'f :
& \5 . 56 (Na Mg K Ca)}CO; N0y SO, )SI-O/Plorganic
' * 5. (Ca,Ma}-feldsparﬁ@ntmDrillnnitefnrganichDg,fMDa
™ 54 fiyash i e .

55 gquartzkaoliniteforganic.  58. (Na Mg K)NO5, 50 /Cllorganic

5
10kV X900 20pm 0000 1062 SEI

ﬂ




Figure S5. The fifth SEI obtained in a higher magnification.
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Figure S6. The sixth SEI obtained in a higher magnification.
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Figure S7. The seventh SEI obtained in a higher magnification.
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Figure S8. The eighth SEI obtained in a higher magnification.
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Figure S9. The ninth SEI obtained in a higher magnification.
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Figure S10. (A) SEI of NaNOs-containing particle #51 obtained after ATR-FT-IR measurement; (B)-(F) X-ray spectra taken at 5 different

regions of the particle.
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Figure S11. X-ray spectra of typical carbonaceous particles.
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Figure S12. ATR-FT-IR spectra of typical carbonaceous particles. Data of the 2200-2530 cm™ region where

present were deleted for clarity.
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Figure S13. X-ray spectra of (A) Fe-containing; (B) fly-ash; (C) Pb-containing; (D) carbon-rich particles.
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Figure S14. ATR-FT-IR spectra of (A) Fe-containing; (B) fly-ash; (C) Pb-containing; (D) carbon-rich particles. Data of the 2200-2530 cm’!

region where atmospheric CO, peaks are present were deleted for clarity.
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