Table S1. Major element composition of apatite in Shaxiongdong carbonatite.

Spot No. 02-1 02-2 023 024 02-5 02-6 02-7 02-8 02-9 02-10

SXD15-02
CaO 53.19 53.12 52.89 5250 53.13 54.13 5272 54.60 5234 52.70
Ce20s 063 042 039 047 041 037 045 041 0.37 0.54
La20s 034 023 031 028 027 026 029 014 0.19 0.18
SrO 029 046 053 069 0.61 050 071 055 057 0.92
BaO bdl bdl bdl bdl 001 bdl bdl bdl 0.03 0.02
Na20 019 033 034 042 034 035 039 044 026 0.27
Pr20s b.dl. bdl bdl 003 bdl bdl bdl bdl 013 0.06
Nd20s 012 009 bdl 005 bdl bdl 003 bdl bdl 0.31
P20s 40.64 4048 41.19 41.05 40.77 41.01 4087 4052 4155 41.66

5102 040 008 007 008 011 009 008 009 006 bdlL
SOs 011 015 011 008 009 016 011 018 0.02 0.11
MnO b.dl. bdl bdl bdl bdl bdl bdl bdl bdl bdl
F 350 339 343 346 319 400 384 361 331 3.78
Cl bdl bdl bdl 001 002 bdl 002 bdl bdl bdl
O-(F,Cl)» 148 143 144 146 135 169 162 152 1.39 1.59
total 9794 9732 9782 97.68 97.60 99.18 97.88 99.03 97.43 98.97
in apfu Structural formula calculated for 8 cations
Ca 491 492 488 486 490 493 487 496 4.85 4.84
Na 003 005 006 007 006 006 006 0.07 0.04 0.05
Sr 001 002 003 003 003 002 004 0.03 0.03 0.05
Ba — — — — 0.00 — — — 0.00 0.00
La 001 001 001 001 001 001 001 000 0.01 0.01
Ce 002 001 001 001 001 001 001 001 0.01 0.02
Pr — — — 0.00 — — — — 0.00 0.00
Nd 0.00  0.00 — 0.00 — — 0.00 — — 0.01
P 297 296 300 300 297 295 299 291 3.04 3.02
Si 003 001 001 001 001 001 001 001 0.01 —
S 001 001 001 001 001 001 001 0.01 0.00 0.01
Mn — — — — — — — — — —
F 096 093 093 095 087 108 1.05 097 090 1.02
Cl — — — 0.00  0.00 — 0.00 — — —

Spot No.  04B-1 04B-2 04B-3 04B-4 04B-5 04B-6 04B-7 04B-8 04B-9 04B-10

SXD15-04B
CaO 5331 53.67 5274 53.16 5287 53.57 52.68 5299 5186 5249
Ce20s 034 031 036 031 021 028 068 030 0.53 0.27
La20s 008 014 016 013 011 010 043 005 031 0.10
51O 1.01 132 123 130 092 110 103 115 1.05 1.09
BaO bdl 0.04 005 bdl 003 001 002 bdl bdlL 0.06



Na0 020 018 019 020 020 019 056 022 029 0.26
Pr20s 0.05 011 bdl bdl 005 007 bdl bdl 001 bdl
Nd20s 012 013 013 017 0.08 014 0.04 018 0.3 0.11
P20s 4144 40.57 4158 4125 41.69 40.82 4056 41.33 4053 41.95
SiO2 011 005 b.dl bdl 004 002 006 005 0.11 0.02
SOs 0.05 012 0.05 bdl 008 b.dl 018 007 0.05 0.05
MnO b.dl. bdl bdl bdl bdl bdl bdl bdl bdl bdl
F 441 424 4.03 429 371 386 371 4.04 375 3.63
Cl b.dl. bdl bdl bdl bdl bdl bdl bdl bdl 0.03
O-(F,Cl)» 18 179 170 181 156 163 156 170 1.58 1.53
total 99.26 99.08 98.82 99.01 98.42 9855 9837 98.68 97.04 9851
in apfu Structural formula calculated for 8 cations
Ca 489 493 486 489 487 493 485 483 4585 4.83
Na 003 003 003 003 0.03 003 009 004 005 0.04
Sr 005 007 006 006 005 005 005 006 0.05 0.05
Ba — 0.00  0.00 — 0.00 0.00 0.00 — — 0.00
La 0.00 000 000 000 0.00 000 001 000 001 0.00
Ce 001 001 001 001 0.01 001 002 001 0.02 0.01
Pr 0.00  0.00 — — 0.00 0.00 — — 0.00 —
Nd 0.00 000 000 001 000 000 0.0 001 0.00 0.00
P 300 294 303 300 303 297 295 300 3.00 3.05
Si 0.01  0.00 — — 0.00 000 0.01 000 0.01 0.00
S 0.00 0.01 0.00 — 0.00 — 0.01 0.00 0.00 0.00
Mn — — — — — — — — — —
F 1.19 115 110 116 1.01 105 1.01 110 1.04 0.99
Cl — — — — — — — — — 0.00
SpotNo. 09-1 092 09-3 094 095 096 097 261 262 26-3
S$XS15-09 SXD15-26
CaO 5252 5191 5223 5460 53.07 53.16 5332 5412 53.06 52.52
Ce20s 0.08 016 0.16 0.15 0.38 0.32 0.36 0.39 022 052
Lax0s 0.05 0.01 0.10 0.12 0.14 0.10 0.20 0.11 0.03 024
SrO 194 175 1.88 1.71 210 1.82 1.96 1.67 1.02  1.35
BaO b.dl. bdl bdl bdl 003 bdl 002 bdl 004 bdl
Na:0 0.09 011 0.12 0.10 0.18 0.21 0.22 0.21 016 041
Pr20s 0.03 bdl 003 bdl 001 0.02 0.10 0.02 bdl b.dl
Nd20s 010 bdl bdl 012 0.02 0.15 0.11 0.25 0.07 048
P20s 4090 4159 4145 42,60 41.48 40.58 4134 4195 4143 40.67
510z bdl 001 001 bdl bdl bdl bdl bdl 004 0.02
SOs 0.04 0.02 0.06 0.03 0.12  0.08 0.07 0.07 0.01 0.04
MnO b.dl. bdl bdl bdl bdl bdl bdl bdl bdl bdl
F 391 368 382 478 410 5.05 4.33 3.85 341 420
Cl b.dl bdl bdl bdl bdl bdl bdl bdl bdl 003



O-(F,Cl) 164 155 1.6l 2.01 173 213 1.82 1.62 143 177
total 98.01 9770 9825 10220 9991 99.38 100.21 101.03 98.04 98.71
in apfu Structural formula calculated for 8 cations
Ca 488 483 484 4.88 485 490 4.86 4.87 489 485
Na 0.02 0.02 0.02 0.02 0.03  0.04 0.04 0.03 0.03  0.07
Sr 0.10 0.09 0.09 0.08 0.10  0.09 0.10 0.08 0.05 0.07
Ba — — — — 0.00 — 0.00 — 0.00 —
La 0.00 0.00 0.00 0.00 0.00  0.00 0.01 0.00 0.00 0.01
Ce 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.02
Pr 0.00 — 0.00 — 0.00 0.00 0.00 0.00 — —
Nd 0.00 — — 0.00 0.00  0.00 0.00 0.01 0.00 0.01
p 3.00 3.06 3.03 3.01 299 295 2.98 2.98 3.02 297
Si — 0.00  0.00 — — — — — 0.00  0.00
S 0.00 0.00 0.00 0.00 0.01  0.01 0.00 0.00 0.00  0.00
Mn — — — — — — — — — —
F 1.07 1.01 1.04 1.26 1.10 1.37 1.17 1.02 093 1.14
Cl — — — — — — — — — 0.00
Spot No. 26-4 26-5 26-6 26-7 26-8 269 26-10
SXD15-26
CaO 5226 5239 54.60 53.72 53.82 5438 53.53
Ce203 026 059 033 028 0.09 0.20 0.28
La:0s 005 024 021 010 0.13 0.11 0.06
SrO 089 139 042 097 075 0.95 0.86
BaO bdl 002 006 006 bdl bdl 005
Na:O 015 038 026 016 0.12 0.09 0.17
Pr20s 0.04 004 bdl 008 007 Dbdl 0.09
Nd20s 013 047 023 0.08 Dbdl 012 0.11
P20s 4142 4122 4040 41.62 4178 4258 4211
5102 001 001 021 0.04 0.03 0.02 b.dl
SOs bdl 006 010 005 002 bdl bdl
MnO b.dl. b.dl b.dl bdl bdl bdl bdl
F 414 335 420 334 381 3.43 3.29
Cl b.dl b.dl b.dl bdl bdl bdl bdl
O-(F,Cl). 174 141 177 141 1.60 1.44 1.38
total 97.63 9875 99.26 99.09 99.03 100.45 99.18
in apfu Structural formula calculated for 8 cations
Ca 487 482 498 490 491 4.90 4.88
Na 0.03 006 004 003 0.02 0.01 0.03
Sr 0.05 007 002 005 0.04 0.05 0.04
Ba — 0.00 0.00 0.00 — — 0.00
La 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Ce 0.01 002 001 001 0.00 0.01 0.01
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Table S2. Major element composition of apatite in Shaxiongdong

syenite.
SpotNo. 081 082 083 084 085 086 087 088 10-1
SXD15-08 SXD15-10
CaO 51.80 51.61 53.08 5216 51.51 51.23 5121 49.94 51.38
Ce203 0.31 0.73 0.32 0.46 0.45 0.60 0.89 1.07 0.39
La:0s 0.08 0.37 0.12 0.25 0.13 0.38 0.35 0.39 0.16
SrO 1.85 1.80 1.68 1.84 1.83 2.23 1.99 1.86 1.76
BaO bdl  bdl bdl 002 001 bdl bdl 002 b.d.l
NaO 0.25 0.47 0.23 0.34 0.30 0.38 0.46 0.55 0.22
Pr20s bdl 011 bdl  0.03 0.07 0.04 0.11 0.05 0.05
Nd20s 0.20 0.37 0.10 0.30 0.31 0.27 0.41 0.41 0.09
P20s 40.59 4098 4047 41.06 4191 4122 4094 4191 41.73
SiO:z 0.03 0.02 bdl 002 0.02 bdl bdl bdl 0.02
SOs 0.10 0.06 0.06 0.07 0.10 0.13 0.05 0.06 0.12
MnO b.dl.  b.dl bdl bdl bdl bdl bdl bdl b.d.L
F 3.64 3.71 4.48 4.95 3.76 4.15 3.87 3.88 3.48
Cl bdl  bdl bdl bdl bdl 001 bdl 0.02 b.d.L
O-(F, Cl) 153 1.56 1.89 2.08 1.58 1.75 1.63 1.64 1.47
total 9732 98.67 98.64 9941 9882 9889 98.63 98.52 97.94
in apfu Structural formula calculated for 8 cations

Ca 4.84 4.78 4.90 4.82 4.76 4.75 4.76 4.66 4.78
Na 0.04 0.08 0.04 0.06 0.05 0.06 0.08 0.09 0.04
Sr 0.09 0.09 0.08 0.09 0.09 0.11 0.10 0.09 0.09

Ba — — — 0.00 0.00 — — 0.00 —
La 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.01
Ce 0.01 0.02 0.01 0.01 0.01 0.02 0.03 0.03 0.01
Pr — 0.00 — 0.00 0.00 0.00 0.00 0.00 0.00
Nd 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00
p 3.00 3.00 2.95 3.00 3.06 3.02 3.01 3.09 3.07
Si 0.00 0.00 — 0.00 0.00 — — — 0.00

S 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01

Mn — — — — — — — — —
F 1.00 1.01 1.22 1.35 1.02 1.14 1.06 1.07 0.96

Cl — — — — — 0.00 — 0.00 —

Spot No. 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9

SXD15-10
CaO 52.84 52.77 5297 5228 5195 5239 5243 5257 52.89
Ce20s 019 021 025 020 069 032 025 026 020
La20s 001 012 012 004 029 013 007 014 0.08
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1.53 154 151 164 176 1.64
b.dl. 002 bdl bdl 003 0.06
0.15 0.19 015 034 030 0.17
0.02 b.dl bdl 005 0.04 0.01
0.05 b.dl bdl 026 010 0.15
41.54 41.87 41.89 4152 4148 42.12
0.02 001 0.02 b.dl 0.02 bdl
0.06 0.09 0.12 0.12 0.08 0.04
b.dl. bdl bdl bdl bdl b.d.l
365 391 363 367 414 3.65
b.dl. bdl 001 bdl bdl 0.02
1.54 164 153 155 174 154
98.58 99.32 98.32 98.98 99.05 99.06
Structural formula calculated for 8 cations
486 485 483 479 482 481
0.02 003 002 006 0.05 0.03
0.08 0.08 0.08 0.08 0.09 0.08
— 0.00 — — 0.00  0.00
0.00 0.00 0.00 0.01 0.00 0.00
0.01 0.01 0.01 0.02 0.01 0.01
0.00 — — 0.00 0.00 0.00
0.00 — — 0.01 0.00 0.00
3.02 303 306 302 302 3.006
0.00 0.00 0.00 — 0.00 —
0.00 0.01 001 0.01 0.00 0.00
099 105 099 1.00 1.12 0.99
— — 0.00 — — 0.00
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Table S3. Major element composition of apatite in Shaxiongdong
hornblendite.

Spot No. 21-1 21-2 21-3 21-4 21-5 21-6 21-7  21-8 21-9  21-10

SXD15-21
CaO 5633 5695 5571 5556 5534 56.17 55.29 5547 5596 55.04
Ce20s 0.16 0.07 0.03 0.09 0.15 0.10 0.07 b.dl 014 0.08
La20s 0.10 0.07 bdl bdl  0.10 0.10 011 bdl  0.04 0.09
SrO bdl. bdl  bdl bdl bdl bdl bdl bdl bdl bdl
BaO b.d.l 0.01 b.dl.  b.dl  0.08 0.02 b.dl bdl bdl Dbdl
Na20 0.11 0.03 0.11 0.09 0.12 0.17 0.10  0.07 0.17 0.14
Pr20s b.d.L 0.09 0.10 b.dl  0.03 bdl.  b.dl bdl bdl 0.13
Nd20s 0.02 b.dl.  bdl bdl bdl bdl 006 bdl bdl bdl
P20s 42.68 4274 4258 4141 4147 41.08 4148 4180 4132 39.83

5102 0.16 0.13 0.11 0.12 0.30 0.28 0.18  0.07 0.40 0.21
SOs 0.09 0.12 0.21 0.11 0.52 0.46 020 013 0.52 0.36
MnO bdl. bdl  bdl bdl bdl bdl bdl bdl bdl bdl
F 297 3.47 4.04 3.76 3.69 3.70 320 342 3.02 291
Cl 0.06 bdl  bdl 001 bdl bdl bdl bdl bdl 0.02

O-(F,Cl:2 126 1.46 1.70 1.59 1.55 1.56 1.35 144 1.28 1.23
total 101.41 102.22 101.18 99.58 100.25 100.53 99.34 99.54 100.31 97.59

in apfu Structural formula calculated for 8 cations
Ca 4.98 5.00 4.96 5.01 4.97 5.02 499  5.00 4.99 5.04
Na 0.02 0.01 0.02 0.02 0.02 0.03 0.02 0.01 0.03 0.02
Sr — — — — — — — — — —
Ba — 0.00 — — 0.00 0.00 — — — —
La 0.00 0.00 — — 0.00 0.00 0.00 — 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00
Pr — 0.00 0.00 — 0.00 — — — — 0.00
Nd 0.00 — — — — — 0.00 — — —
p 2.98 297 3.00 2.95 2.94 2.90 296 298 291 2.88
Si 0.01 0.01 0.01 0.01 0.03 0.02 0.01 0.01 0.03 0.02
S 0.01 0.01 0.01 0.01 0.03 0.03 0.01 0.01 0.03 0.02
Mn — — — — — — — — — —
F 0.77 0.90 1.06 1.00 0.98 0.98 085 091 0.80 0.79

Cl 0.01 — — 0.00 — — — — — 0.00




