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Fig. S1: EDS spectra of minerals and encrustations of filamentous kerite. All mineral
identifications were made on the basis of the spectra and morphology, not verified by XRD.
(a,b,c) Information to Fig. 3a; (d) to Fig. 3b; (e) to Fig. 3c; (f) to Fig. 3e; (g) to Fig. 3f; (h) to Fig.
3h.
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Fig. S2(a-f): EDS spectra 5,6, and 7 of flaky kerite in etch pits of beryl. The sample V-2008 was
coated with C (in contrast to the other kerite samples, which were coated with Ir).
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Fig. S3: BSE image (a) and corresponding EDS analyses (b-f), labeled 5-2 to 5-6, of
filamentous kerite with sheath-like structure. The peak count ratio for C/O decreases from
the central (analysis 6) to the outer part (analyses 5 & 2).



fluorite

14-08 14-09

100pm ZEIMI 2/18/2020 — 10pm ZELMI 2/18/2020
15.0kV COMPO NOR WD 11.0mm 14:42:38 15.0kV COMPO NOR WD 11.0mm 14:44:

6.9 mass% N,
15-01

— 10pm ZELMI 2/18/2020 — 10pm ZELMI 2/18/2020
15.0kV COMPO NOR WD 10.8mm 09:38:34 X1 15.0kV COMPO NOR WD 10.9mm 09:59:

»

- 10pm ZELMI 6/16/2020
15.0kV COMPO NOR WD 11.9mm 11:54:38

Fig. S4: BSE images of grain mounts in epoxy, showing fluorite, closely intergrown with kerite
(OM), and zoned buddingtonite

(a,b) Kerite 14

(c,d) Kerite 15; inclusions with high contrast are Fe-oxide

(e) Kerite 11; outer zones with high contrast are rich in K, poor in NH4. Inner, irregular white
grain is relict, igneous K-feldspar.
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Fig. S5: BSE images of selected areas for element mapping (a, b, e, f); (c) is combined
SEM/BSE after mapping. (a,b) are for element distribution maps in Fig. S5.



Fig. S6: Element distribution of cross section of filament, sample kerite 0.



Fig. S7: Element distribution of globular-flaky object of kerite (sample 11). Note clearly
visible phosphatization.
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Fig. S8: Analytical TEM investigation, sample kerite O; FIB foil #5047



Results of open system pyrolysis
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Fig. S9: Pyrolysis results of samples kerite 1 to 7, and OM sample 9.



Table S1: Trace and major elements of black opal;

samples BO31, 41 and 72 were used for U-Pb age determination

Element Signal BO31 BO41
walg ualg
As AsT5(HR) 0.04 017
Ba Bal37(LR) 0.10 16.27
Be Bed(MR) 0.07 5.82
Cd Cd114{LR) 0.00 0.02
Co CoS9{MR) 0.02 0.74
Cr Cr52(MR) 0.13 179
Cs133(MR) 0.01 0.79
Cu CuB3(MR) 0.49 0.89
Ga GabO(MR) 0.02 0.84
Hf Hf178(LR) 0.00 118
Li Li7(LR) 5.13 79.13
Mo Mo9B(MR) 0.03 0.62
Nb NbS3(MR) 0.16 072
Ni NiBO(MR) 0.12 085
Pb tot 0.92 2.06
Rb Rb85(MR) 0.07 24.68
Sc Sed5(MR) 0.01 294
Sn Sn118(LR) 0.06 041
Sr Sra6(MR) 0.07 4.26
Ta TalB1(LR) 0.01 0.12
Th Th232(LR) 0.00 9.88
u U23B(LR) 0.01 1148
\ V51 (HR) 0.02 5.68
W W182({HR) 0.02 0.54
Zn 2ZnBE(MR) 0.50 29.53
Zr Zr90(MR) 0.11 7217
Sample V-2008 EMPA
Analysis No. 1 2 3
Oxide wi%h with wtih
Si02 95.84 96.8 95.32
Tio2 0.009 bd 0.013
Al203 0.75 0.61 071
Cr203 0.01 0.01 0.01
V203 bd bd bd
MgQ 0.07 0.06 0.08
FeOD 0.18 0.10 0.16
MnO 0.01 0.02 bd
Ca0 0.26 0.23 0.28
Na20 0.03 0.02 0.02
K20 0.06 0.05 0.05
Total 97.21 97.9 96.64
bd below
detection

Table S2: U-Th isotope data
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