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Fig. EAL Backscattered electron images of the AIIende Type B2 CAI #2 characterized by
Ushikubo et al. (2007). Primary and secondary minerals are labeled by white and yellow symbols,
respectively. The CAI consists of the irregularly-shaped (ragged) melilite (mel), anorthite (an),
and Al Ti-diopside (fas), all poikilitically enclosing spinel (sp) grains. Melilite, anorthite, and
Al Ti-diopside occasionally exhibit triple junctions (see “b”). Most anorthite grains contain
exsolutions of submicron silicates. Some anorthite grains contain melt inclusions composed of
Al, Ti-diopside and unaltered melilite (see “c”). Melilite is replaced to various degrees by grossular
(grl), forsterite (fo), and monticellite (mnl). Anorthite is almost unaltered: only minor secondary
Na-melilite (Na-mel), grossular, and kushiroite (kush) occur at the boundary with melilite. We
conclude that ragged anorthite in CAI #2 is not a secondary phase; it is a primary mineral that
crystallized from a CAIl melt and largely escaped metasomatic alteration. Therefore, the Al-Mg
isotope systematics of this anorthite cannot be used to date the metasomatic alteration.



Table EAL. Representative electron microprobe analyses of secondary minerals in the Allende CAls studied.

mineral CAl type  SiO, TiO, ALO; Cr,03; FeO MnO MgO CaO NaO K,O0 Cl total
Al-diopside TS-23 B1 50.7 018 57 nd. 065 nd. 164 262 nd nd na 997
Al-diopside TS-34 B1 523 004 36 nd. 069 nd. 169 261 nd nd na 99.6
Al-diopside TS-31 B2 509 nd. 71 016 nd. nd 156 262 nd. nd na 1000
Al-diopside All-2 FoB 530 nd. 25 nd. 007 nd 176 260 nd. nd. na 992
andradite All-2 FoB 356 0.05 033 nd. 295 nd. nd 333 nd nd na 988
anorthite 818-G CTA 416 002 372 nd. nd. nd. nd 193 nd. nd na 981
anorthite TS23 B1 416 nd. 370 nd. 007 nd. 005 180 16 nd. na 983
anorthite AJEF B1/B2 407 0.072 390 nd. 12 nd. 0938 176 0.19 nd. na 99.76
clintonite 818-G CTA 216 013 373 0.02 038 nd. 209 137 021 nd. na 942
clintonite 818-G  CTA 220 0.03 360 nd. 18 nd 176 164 011 nd. na 939
clintonite TS-68 CTA 225 nd. 363 004 052 nd. 202 157 030 nd. na 955
corundum ALH-2 CTA/FTA nd. 016 982 nd. 007 nd. 002 029 nd nd na 987
forsterite AJEF B1/B2 412 003 12 nd. nd. nd. 557 21 nd nd na 100.2
forsterite TS-23 B2 425 nd. 054 nd. 061 nd. 565 15 nd nd. na 1016
ferroan grossular 818-G CTA 36 002 245 002 40 021 08 329 nd. nd na 988
ferroan grossular TS-68 CTA 378 nd. 200 nd. 36 nd 18 361 002 nd na 993
grossular, cgr TS-23 Bl 389 nd 245 nd. nd. nd 023 372 nd nd na 1008
grossular, cgr 818-G CTA 387 017 228 nd. 13 005 020 359 0.02 nd na 990
grossular, cgr TS-31 B2 394 nd. 218 nd. 0.024 nd. 041 379 nd. nd na 9951
grossular, cgr All-2 FoB 391 nd 221 nd. 015 nd. 039 376 nd nd na 993
grossular, vein 818-G CTA 398 007 222 nd. 052 nd. 36 336 nd nd na 998
grossular, vein TS-23 B1 393 007 223 nd. 066 nd. 32 350 nd nd na 1005
grossular, vein TS-23 B1 391 nd. 230 nd. 018 nd. 23 355 nd.  nd na 1001
grossular, vein TS-34 Bl 391 nd. 230 nd. 018 nd. 23 355 nd nd na 100.1
hedenbergite All-2 FoB 473 nd. nd. nd 274 028 nd. 231 nd nd na 981
hutcheonite TS23 Bl 251 198 142 030 12 nd. 29 349 007 nd na 984
hutcheonite Egg-3 Bl 209 253 157 nd. 070 nd. 21 346 nd. nd.  na 993
kushiroite TS-23 Bl 280 009 476 nd. nd. nd 032 259 nd. nd na 1018
kushiroite TS-31 B2 289 007 406 nd. 006 nd. 11 274 nd. nd.  na 981




Table EA1 (cont.).

mineral CAl type  SiO, TiO, ALO; Cr,0; FeO MnO MgO CaO NaO K,O0 CI total
tilleyite All-2 FoB 245 nd. 003 nd. nd. nd. nd 572 nd. nd na 817
monticellite All-2 FoB 384 nd. nd nd 025 nd 256 357 nd nd na 616
ferroan monticellite ~ All-2 FoB 354 nd. 01 nd 122 028 165 332 nd. nd na 977
ferroan monticellite 818-G = CTA 353 0.09 23 nd 112 0.04 159 332 nd. nd na 980
ferroan monticellte TS-68 CTA 350 nd. 009 002 156 005 154 337 nd. nd na 999
monticellite TS-23 Bl 377 nd. 026 nd. 18 nd 247 360 nd nd na 1005
monticellite, vein TS-34 Bl 375 nd. 061 nd. 013 nd. 247 362 nd.  nd na 99.0
monticellite TS-21 B2 376 nd. 022 nd. nd nd 252 363 nd nd na 993
monticellite TS-31 B2 373 nd. nd.  nd 0275 nd. 254 364 nd. nd na 993
Na-melilite TS-23 Bl 322 nd. 285 nd. 008 nd 073 326 50 nd na 991
Na-melilite TS-34 Bl 311 nd. 302 nd. nd nd 043 340 43 nd na 100.1
Na-melilite TS-31 B2 249 nd. 341 nd. nd. 007 nd 377 18 nd na 986
Na-melilite All-2 FoB 274 nd. 324 nd. nd. nd 099 377 17 nd. na 100.2
Na-melilite 100 C 266 nd. 330 nd 010 006 12 375 11 nd na 995
nepheline TS-31 B2 432 nd. 375 nd 017 005 003 26 154 17 na 100.6
nepheline AJEF BI/B2 410 nd. 360 nd. 011 012 nd. 27 169 19 na 988
ferroan olivine AJEF BI/B2 390 nd. 11 nd 138 025 439 021 044 004 na 987
ferroan olivine AJEF BI/B2 36.6 nd. 013 nd. 263 052 342 024 nd. nd. na 981
ferroan olivine TS-31 B2 380 nd. 020 nd. 182 020 408 0.16 008 nd. na 977
wadalite/adrianite TS-23 Bl 203 nd. 264 nd. nd. nd 20 398 005 nd 102 98.8
wadalite/adrianite TS-34 Bl 209 023 21.0 0.03 0.12 nd. 42 420 034 004 125 1013
wadalite/adrianite TS-21 B2 241 003 159 nd. 016 nd. 58 414 041 nd. 122 100.0
wollastonite TS68 CTA 511 nd. nd. nd. 074 005 005 477 nd. nd na 996
wollastonite TS-23 Bl 514 nd. 042 nd. nd. nd 024 473 nd. nd na 994
wollastonite TS-31 B2 505 nd. nd nd nd nd 004 486 nd. nd na 991
wollastonite All-2 FoB 51.3 nd. 016 nd. nd. nd 009 482 nd. nd na 998

n.a. = not analyzed; n.d. = not detected.



Table EA2. Oxygen isotopic compositions of primary minerals in the Allend
coarse-grained igneous CAls measured by SIMS.

CAI# mineral 80 26 80 26 A0 26

TS-31 mel 7.0 1.4 0.2 1.8 -3.5 2.0
- 6.3 1.4 0.6 1.7 -2.7 1.9
- 6.6 1.4 -0.3 1.6 -3.7 1.7
- 6.3 1.4 0.3 1.6 -3.0 1.7

AJEF an -2.7 0.7 -8.1 0.6 -6.7 0.8
- 2.7 0.6 -0.8 0.6 -2.2 0.7
- -8.7 06 -127 038 -8.2 0.7
~'- fas -474 07 -470 06 -224 038
- -465 06 -483 07 -241 0.7
~'- mel 3.2 0.5 -1.2 0.7 -2.8 0.6
- 2.8 0.6 -0.9 0.6 -2.4 0.7
- 3.5 0.4 -0.3 0.6 -2.2 0.6
- 1.9 0.8 -1.0 0.8 -2.0 0.8
- 4.3 0.6 -0.7 0.7 -2.9 0.7
-'- sp -452 06 -473 06 -237 0.7

TS-21 an 6.5 0.6 0.1 0.6 -3.3 0.7
- 3.4 0.6 -2.8 0.7 -4.6 0.7
~'- 2.4 0.9 -3.3 0.7 -4.5 0.8
- 4.6 0.5 -1.0 0.6 -3.3 0.7
- fas -464 07 -481 06 -240 07
- -448 05 -474 05 -241 06
- -451 08 -491 06 -256 0.7
- -46.2 08 -489 06 -249 07
- -439 04 473 04 -245 05
-"- -387 06 -437 06 -236 0.7
- -415 05 -464 05 -248 06
- mel 4.6 0.6 -1.0 0.7 -3.3 0.8
- 53 0.7 -1.9 0.8 -4.6 0.9
-"- 2.6 0.8 -3.4 0.8 -4.8 0.9
- 3.8 0.7 -1.8 0.6 -3.7 0.7
-"- sp -445 06  -472 06  -240 0.7

All-2 an 5.9 0.7 -0.4 1.2 -3.4 1.3
- fas -400 11 -454 15 -246 16
- -395 11 419 15 -214 16
-"- -405 11 -442 15 -231 16
- -3r5 11  -418 15 -223 16
-"- -416 07 -461 12 -244 13
- -415 07 -459 12 -244 13
-"- -419 07 -457 12 -240 13
- -414 06 455 12 -240 13




Table EA2 (cont.).

CAI# mineral 80 206 &8Y0 26 A0 26

All-2 fas -408 06  -457 12 -245 13

- fo -430 07 466 12 -242 13

- - -432 07 466 12 @ -242 1.3
- mel 8.2 1.5 -0.5 1.6 -4.8 1.8
- - 7.4 14 11 1.7 -2.8 1.9
- - 7.8 15 0.4 1.7 -3.6 1.9
- - 6.7 14 0.2 1.6 -3.3 18
- - 5.8 14 -1.7 1.8 -4.8 1.9
- - 5.0 1.4 -0.2 1.9 -2.7 2.0

- - 8.0 0.7 0.5 13 -3.7 1.3

- sp -422 10 453 17 -234 18

- - -478 12 -478 15 -230 16
- - -424 10 -468 17 -248 18
- - -414 06 455 12 -240 13
- - -443 07 472 12  -242 13
100 an -176 08 -235 06 -143 07
- - -134 08 -201 07 -131 08
- - -157 08 -21.2 0.7 -130 08
- - -128 08 -196 07 -130 08
- - -140 08 -200 07 -127 08
- - -129 08 -188 07 -121 0.8
- - -6.2 08 -116 06 -8.4 0.8
- - -4.4 08 -105 07 -8.2 0.8
- - -3.7 0.8 -9.8 0.6 -7.9 0.7
- - -3.6 0.8 -9.4 0.7 -7.5 0.8
- - -0.8 0.8 -6.5 0.7 -6.1 0.8
- - 0.9 0.8 -5.3 0.7 -5.8 0.8
- - 2.4 0.8 -3.1 0.7 -4.4 0.8
- mel 6.8 0.8 0.7 0.6 -2.9 0.7
- - 4.2 1.2 2.7 2.1 0.6 2.2
- - 4.0 1.4 -1.5 2.7 -3.6 2.8

35 1.3 1.0 2.2 -0.8 2.3
0.5 14 -4.3 21 -4.6 2.3

- -'- -1.5 1.2 -4.0 2.2 -3.2 2.3
=" - 1.6 13 -1.7 2.2 -2.5 2.3
-'- sp -428 08 480 07 -257 0.8
" 160 an -6.1 08 -132 06 -100 0.8
- - -8.9 08 -136 06 -9.0 0.7
- - -7.7 08 -129 06 -8.9 0.7
- -'- -9.1 08 -136 06 -8.9 0.8
- - -9.1 04 -136 03 -8.9 0.4
- -'- -3.1 0.8 -9.8 0.6 -8.1 0.7

- - 1.8 0.8 -4.8 0.6 -5.7 0.7



Table EA2 (cont.).

CAl# mieral 80 26 80 26 A0 2c
" 160 an 04 08 -48 06 -50 07
02 08 -35 06 -36 07
X s 27 08 -16 06 -30 07
20 08 -19 06 -29 08
01 08 -20 06 -20 07
- faisa. -383 08 -441 06 -241 08
. 302 08 -435 06 -231 07
mel 62 14 05 15 -27 17
52 14 03 17 -24 19
i . 2169 14 220 18  -132 19
48 14 01 17 26 18
sp  -470 08 -486 06 -241 08
. 462 08 -478 06 -238 0.7

Mineral abbreviations: an = anorthite; fas = fassaite; fo = forsterite;

mel = melilite; sp = spinel.



Table EA3. Oxygen isotopic compositions of secondary minerals in the

Allende coarse-grained igneous CAls measured by SIMS.

CAl# mireral 80 26 80 26 A0 26
TS-34 arl 1.2 13 -33 20 -39 21
32 14 95 21 -79 22
o 4.2 12  -06 18 -28 19
37 12 92 18 -72 19
02 13 59 18 -58 20
o 4.1 13  -08 20 -29 21
56 1.2 14 20 -15 21
44 12 -16 16 -39 18
34 13  -13 21 31 22
L 29 12 20 18 -35 19
36 12 23 20 -41 21
3.7 12 23 21  -42 22
o 31 13 93 20 -7.7 21
-83 12 -137 18 -94 19
73 12 10 23 -28 24
o 74 13 27 1.8  -12 19
75 13 27 19 -12 20
6.2 13 10 19 23 20
o 66 12 02 1.8  -32 19
o 6.4 1.2 10 20 24 21
5.1 13  -09 20 -36 21
48 13 04 17 29 18
o 32 12 -75 18 58 19
-t Na-mel 2.1 12 23 19 34 20
16 11 -34 18 -43 18
o 23 12 20 18 -32 19
48 13  -08 21 -33 22
44 12 -07 20 -30 21
o 06 12 21 18 -24 19
TS31  andr 67 06 18 13 04 13
72 06 23 1.3 1.0 1.4
grl 74 10 12 13 20 14
o 8.1 1.0 09 14 21 15
sod 53 07 -13 17 -35 17
47 06 -06 18 -23 18
o 42 08 -25 17 -38 18
s 30 06 -16 17 22 17
wol 43 10 -31 14 -46 15
19 10 -42 13  -44 14
o 72 09 03 15 -26 16



Table EA3 (cont.).

CAl# mineral 80 26 &0 26 AYO 26
TS-31 wol 67 09 -04 13 -29 14
32 09 -44 12 51 13
81 09 -05 14 -36 14
- 61 10 -19 12 -39 13
X 76 09 -12 15 -39 16
86 10 00 17 -32 18
79 10 -13 13  -40 14
AJEF arl 31 06 -18 07 -34 07
39 06 -02 07 -22 07
35 06 -12 07 -30 07
47 05 -04 07 -28 06
TS-21 arl 48 06 -06 06 -31 07
- 13 11 24 07 -31 09
s 32 09 01 07 -16 08
47 11 -02 10 -26 11
30 07 -11 07 -27 08
mn 44 08 -01 06 -24 07
- sod 1.1 04 22 14 28 14
11 04 -18 14 23 14
19 05 -1.7 18 27 18
20 06 -19 18 -34 18
s 19 07 -14 18 -23 18
s 03 07 -35 18 -33 18
All-2 andr 99 05 28 15 24 15
96 05 18 13 -33 14
93 05 06 12 -43 12
- 97 07 28 14 22 15
cal 103 21 21 13 -38 17
92 21 15 15 -39 18
arl 76 09 -08 14 -48 15
- 88 10 12 13 -34 14
s 102 10 20 12 -33 13
43 09 -31 14 -54 15
wol 50 10 -03 12 -29 13
58 10 -08 13 -38 14
- 51 09 -19 14 -46 15
X 57 10 -14 14 -43 15
54 10 -05 13 -33 14
100 fo 83 14 -151 24 -108 25
w209 12 -250 24  -141 25
X gl  -196 08 -235 17 -133 1.8
11 07 37 20 -31 20
w209 10 -266 19 -157 20



Table EA3 (cont.).

CAI# mieral 8¥0 26 80 26 A0 26

100 arl -5.7 0.7 -9.3 1.6 -6.3 1.6
- - -7.9 0.8 -115 1.9 -7.4 2.0
- - -6.2 0.9 -10.7 2.2 -7.5 2.2
- - -1.9 1.0 -7.3 2.0 -6.3 21
- - 7.4 0.9 1.7 2.2 -2.2 2.2
- - 5.3 1.0 -1.7 21 -4.5 2.2
- - 3.5 0.9 -1.2 1.9 -3.1 1.9
- - 3.6 0.7 -1.4 2.0 -3.3 2.0
- - -10.3 0.9 -13.9 1.8 -8.5 1.9
- - 3.4 0.9 -1.8 2.0 -3.6 2.1
160 orl 4.7 1.2 -4.8 15 -6.6 1.6
- - 7.1 11 1.8 1.5 -1.3 1.6
- - 2.5 11 -2.7 1.6 -3.2 1.7
- - -21.4 11 -26.1 1.6 -14.1 1.7
- - 1.3 1.2 -4.7 15 -4.4 1.6
- - 7.4 1.1 0.8 1.4 -2.0 1.6
- - -2.7 0.7 -8.0 0.6 -6.5 0.7
- - -1.3 0.6 -8.0 0.5 -7.3 0.6
- - -10.3 0.9 -145 0.8 -9.1 0.9
- - 6.8 0.6 0.3 0.5 -3.3 0.6
- - 5.3 0.5 -04 0.6 -3.1 0.7
- - 6.5 0.6 -0.4 0.6 -3.8 0.7
- - 8.5 0.6 1.0 0.6 -3.4 0.7

Mineral abbreviations: andr = andradite; cal = calcite; fo = forsterite; grl =
grossular; mnl = monticellite; Na-mel = Na-melilite; sod = sodalite;
wol = wollastonite.



