Table SM1. Major primary minerals, their formulae and abbreviations used in the text in refractory and ultrarefractory inclusions.

mineral/abbreviation 	formula
refractory inclusions
corundum/cor		Al2O3					
hibonite/hib		CaAl12O19					
grossite/gros		CaAl4O7					
krotite/krt		CaAl2O4
melilite/mel		(Ca2Al2SiO7-Ca2MgSi2O7)ss			
AlTi-pyroxene/fas	(CaMgSi2O6-CaAl2SiO6-CaTi3+AlSiO6)ss		
anorthite/an		CaAl2Si2O8				
enstatite/en 		MgSiO3					
FeNi-metal/met						
forsterite/fo		Mg2SiO4					
ultrarefractory inclusions
machiite/mch		(Al,Sc)2(Ti,Zr)3O9
davisite/dav	     	CaScAlSiO6
eringaite/er	     	Ca3Sc2Si3O12
kangite	/kng     		(Sc,Ti,Al,Zr,Mg,Ca,□)2O3
lakargiite 	     	CaZrO3
panguite/png	     	(Ti,Al,Sc,Mg,Zr,Ca)1.8O3
tazheranite/tzr	     	(Zr,Ti,Ca)O2x
warkite	/wrk    		Ca2Sc6Al6O20
zirconolite/zrc		CaZrTi2O7

Table SM2. Major primary phases, their formulae and abbreviations used in the text in chondrules and matrices.

mineral/phase (abbreviation)	formula
chondrules
FeNi-metal/met
Fe±Ni-sulfides/sf
glassy mesostasis/mes 
high-Ca pyroxene/cpx		(CaFe,Mg)Si2O6
low-Ca pyroxene/px		(Fe,Mg)SiO3
olivine/ol			(Fe,Mg)2SiO4
plagioclase/pl			(CaAl2Si2O8NaAlSi3O8)ss
spinel/sp			(Fe,Mg)Al2O4
matrix
amorphous FeMg-silicates
enstatite			MgSiO3
FeNi-metal
Fe±Ni-sulfides
forsterite			Mg2SiO4
organic matter
presolar grains


Table SM3. Secondary minerals, their formulae and abbreviations used in the text in type 3.03.1 H, L, and LL ordinary, and CO and CV carbonaceous chondrites.

mineral/phase (abbreviation)	formula
andradite/andr			Fe3Al2SiO12			
calcite/cc			CaCO3				
cohenite			(Fe,Ni)3C
fayalite/fa			Fe2SiO4
ferroan olivine/ol		(Fe,Mg)2SiO4
edscottite			(Fe,Ni)5C2
hedenbergite/hed 		CaFeSi2O6
Zn-hercynite/hrc		(Fe,Zn)Al2O4
kirschsteinite/krs		CaFeSiO4				
magnetite/mgt			FeFe2O4
pentlandite/pnt			(Fe,Ni)9S8
Na-phlogopite 		Na(Mg,Fe,Mn)3Si3AlO10(F,OH)2
saponite	 		½Ca,Na)0.33(Mg,Fe)3(Si,Al)4O10(OH)2·4H2O 
scapolite 			Na4Al3Si9O24Cl		
smectite			(Na,Ca)0.33(Al,Mg)2Si4O10(OH)2(H2O)n
tetrataenite/ttn 		FeNi
wollastonite/wol		CaSiO3		

Table SM4. An incomplete list of secondary minerals, their formulae and abbreviations used in the text in the Allende (CVoxA>3.6) igneous CAIs.

mineral/abbreviation			formula
adrianite*				Ca12(Al,Mg,Si)14O32Cl6
anorthite/an*				CaAl2Si2O8(tricl)	
andradite/andr				Ca3Fe2Si3O12	
awaruite				FeNi3
biopyriboles				(Mg,Fe2+)5Si6O16(OH)2
calcite/cc				CaCO3
celsian					BaAl2Si2O8
clintonite/cln				Ca(Mg,Al)3(Al3Si)O10(OH)2
corundum/cor				Al2O3
coulsonite				(Fe,Mg)(V,Al)2O4
(diopside-kushiroite)ss/Al-di 		(CaMgSiO6CaAl2SiO6)ss
dmisteinbergite/dms*			CaAl2Si2O8(hex)
ferroan olivine/ol			(Fe,Mg)2SiO4
forsterite/fo				Mg2SiO4
(grossular-almandine-pyrope)ss/grl	(Ca3Al2Si3O12Fe3Al2Si3O12	Mg3Al2Si3O12)ss
heazlewoodite				Ni3S2
hedenbergite/hed			CaFeSi2O6
hutcheonite				Ca3Ti2(SiAl2)O12
ilmenite/ilm				FeTiO3
kirschsteinite/krt			CaFeSiO4
larnite					Ca2SiO4
magnetite/mgt				FeFe2O4
margarite     				CaAl2(Al2Si2)O10(OH)2
molybdenite				MoS2
monticellite/mnl			Ca(Mg,Fe)SiO4
montmorillonite 			(Na,Ca)0.3(Al,Mg)2Si4O10(OH)•2n(H2O)
Na-melilite/Na-mel			(CaNa)2(Al,Mg)[(AlSi)2O7]
nepheline/nph				NaAlSiO4
pentlandite/pnt 			(Fe,Ni)9S8
rankinite 				Ca3Si2O7
scheelite 				CaWO4
sodalite/sod 				Na8Al6Si6O24Cll2
spinel/sp				(Mg,Fe)Al2O4
tilleyite/tlt				Ca5Si2O7(CO3)2
titanite/tit				CaTiSiO5
troilite/tr 				FeS
wadalite/wad*				Ca12Al10Si4O32Cl6
wollastonite/wol			CaSiO3
*EBSD is required to identify mineral phase

Table SM5. List of secondary minerals, their formulae and abbreviations used in the text identified in igneous CAIs from CK3.73.8 chondrites.

mineral/abbreviation		formula
(anorthite-albite)ss/pl		(CaAl2Si2O8NaAlSi3O8)ss
andradite/andr			Ca3Fe2Si3O12	
Cl-apatite/Cl-apt		Ca5(PO4)3Cl
clintonite/cln			Ca(Mg,Al)3(Al3Si)O10(OH)2
(diopsidehedenbergite	
kushiroitegrossmanite)ss 	(CaMgSi2O6CaFeSi2O6CaAl2SiO6CaTi2SiO6)ss
ferroan olivine/fa		(Fe,Mg)2SiO4
forsteritic olivine/fo		(Mg,Fe)2SiO4
(grossular-almandine- 	
schorlomite)ss/grl		(Ca3Al2Si3O12Fe3Al2Si3O12Ca3Ti2Si3O12)ss
(salitehedenbergite)ss	Ca(Fe,Mg)Si2O6
ilmenite/ilm    			FeTiO3
magnetite/mgt			FeFe2O4
pentlandite/pnt 		(Fe,Ni)9S8
(spinelhercynite)ss/sp	(Mg,Fe)Al2O4
titanite/tit			CaTiSiO5
troilite/tr			FeS
wadalite/wad			Ca12(Al,Mg,Si)14O32Cl6

Table SM6. The inferred initial 53Mn/55Mn ratios of secondary fayalite and kirschsteinite in CVs, COs, and UOCs.

chondrite		mineral	standard	 (53Mn/55Mn)0		reference        
Mokoia (CV3oxB)	fayalite		SC olivine	(2.32±0.18)106  Hutcheon et al. (1998)
Kaba (CV3oxB)	  −“−		  −“−		(2.07±0.17)106  Hua et al. (2005)
Vigarano (CV3red)*	  −“−	 	  −“−		(2.3±0.5)106	        Jogo et al. (2009)
EET 90161 (L3.05)	  −“−		fayalite		(4.35±1.23)106  Doyle et al. (2015)
A-881317 (CV3oxB)	  −“−		  −“−		(3.04±0.44)106  	     −“−
MAC 88107 (CO3.1)	  −“−		  −“−		(2.58±0.21)106  	     −“−
1Y-86009 (CV3oxB)	  −“−		SC olivine	(1.9±0.4)106	        Jogo et al. (2017)
2Y-86009 (CV3oxB)	  −“−		  −“−		(1.6±0.3)106	        	     −“−
3A-881317 (CV3oxB)	  −“−		  −“−		(1.9±0.8)106	        	     −“−	
MET 01074 (CV3oxB)	  −“−		  −“−		(1.6±0.8)106	        	     −“−
MET 00430 (CV3oxB)	  −“−		  −“−		(1.4±0.5)106	        	     −“−
4Vigarano (CV3red)	kirschsteinite	kirschsteinite	(3.66±0.61)106   MacPherson et al. (2017) 
5Vigarano (CV3red)	  −“−		  −“−		(4.46±2.00)106   	     −“−
6Vigarano (CV3red) &	
Efremovka (CV3red)	  −“−		  −“−		(3.71±0.50)106   	     −“−
Notes: *CV3oxB material in the CV3red breccia Vigarano; 1one clast; 2six clasts and host; 3four clasts; 4model isochron forced through 0; 5grains around CAI 1623-5; 6combined isochron.
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