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Supplementary Figure 1: Backscattered electron (BSE) images of organic grains/aggregates
(black) in the clast in the Zag clast.
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Supplementary Figure 2: Oxygen isotope composition of the Zag clast shown in relation to
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various chondrite groups and carbonaceous clasts in other meteorites. (a) A0 vs. 5180 plot,
and (b) 5170 vs. 5180 plot. The clast in Zag meteorite is distinguished from any other chondrites,

Cl clasts in Kaidun meteorite nor xenolith clasts from various meteorites. Ordinary chondrite (H,

L, LL) data from Clayton et al. (1991)%, Cl, CM chondrite data from Clayton and Mayeda (1999)?,
CR chondrite data from Clayton and Mayeda (1999)? and Schrader et al. (2011, 2014)%*4, CV and
CK chondrite data from Greenwood et al. (2010)°, CO chondrite data from Alexander et al.,
(2018)°, Tagish Lake data from Brown et al. (2000)’. Cl clasts in Kaidun meteorite and xenolith
clasts data from Clayton et al. (1991)%and Clayton and Mayeda (1999)2. Zag clast (i): this study,
Zag clast (ii): analysis of the same clast reported by Zolensky et al. (2003)%. TFL: terrestrial
fractionation line. The errors are smaller than the symbol sizes.



Supplementary Figure 3: STXM elemental map of the FIB section including the OM
aggregates in the Zag clast. (a) C-map: —In(l292/1280), (b) N-map: —In(l40s/l3gs), (C) O-map: —
In(Is39/1525), (d) Fe-map: —In(l709/1705), and (e) Ca-map: —In(l349/1345). The C-map indicates the OM
aggregate. The matrix region is dominated in oxygen and contains some iron, likely associated
phyllosilicates and carbonates.
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Supplementary Figure 4: O-XANES spectra of the Zag clast. The OM aggregate is shown in red,
and surrounding matrix is in green.
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Supplementary Figure 5: NanoSIMS isotope images of the FIB section containing the organic

matter (OM) aggregate in the Zag clast. (a) 2C image, (b) O image and (c) Selected 5'°N
image of OM area.



A B

0.05 800
] N J
| *® +
0.04 e* s 0 600
] Bells 0. ]
el
[N %S\D%% i
003_' o DS =N 4004 OBells
B o 8 1
@) o cl g
= - O cMm £ ]
0.02- N N ¢ CMheated | *© 500 1 N
.02+ N CR =
] © é a X CV | @
| na + Co Mes ¢ ¢
] b a oc I
0.01 g g™ ® EC 0 ﬁx o9R W gqa °
1 “a b Un 1 a
] e X g i
+ ﬁ? X & Tagish Lake
» A Zagclast 1
H-—-=4r——T——1————— 200
0 02 04 06 0'8 A -1000 0 1000 2000 3000 4000 5000 6000 7000
H/C 5D %

Supplementary Figure 6: Elemental and isotopic compositions of the Zag clast OM shown in
relation to insoluble organic matter from various chondrite groups. (a) N/C vs. H/C ratios
(atomic), and (b) 8D vs. §*°N. CI, CM, CR, CV, CO chondrites, ordinary chondrites (OC) enstatite
chondrites (EC), and ungrouped chondrites (Ung) data from Alexander et al.®, and Tagish Lake
data from Herd et al.*°.
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