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Elemental composition of NIST 610 sample

The elemental composition of the NIST 610 sample is shown in Table S1.

already used in our previous study !.

Table S1. Elemental composition of the NIST 610 sample

The sample was

Element mg/kg Element mg/kg Element mg/kg
Antimony(Sb) 415.3 Gold(Au) 25 Selenium(Se) 115.2
Arseric(As) 340 Iron(Fe) 458 Silver(Ag) 268
Barium(Ba) 453 Lead(Pb) 426 Strontium(Sr) 515.5
Boron(B) 651 Lithium(L1) 488 Thallium(Tl) 61.8
Cadmium(Cd) 244 Manganese(Mn) 457 Thorium(Th) 457.2
Chromium(Cr) 415 Nickel(Ni) 458.7 Titanium(T1) 437

Cobalt(Co) 390 Potassium(K) 461 Uranium(U) 461.5
Copper(Cu) 444 Rubidium(Rb) 425.7 Zinc(Zn) 433
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Sampling detail of biotite sample

Ningyo-toge U mine is located on the border between Okayama and Tottori Prefectures in Japan.
The Ningyo-toge U mine is a sandstone-type U deposit. The geology of Ningyo-toge is Mesozoic granite
as basement rock. The sedimentary rock layer containing conglomerate, sandstone, and mudstone,
namely the Ningyo-toge layer, was formed in the Upper Miocene to Pliocene overlying the weathered
granite. The upper part of the granite was weathered. Figure S1 shows a geological columnar section
of the core and the appearance of the core samples. The barren ore layer after U extraction was present
above the weathered granite layer. The U from the barren ore had likely migrated to the lower layers

through groundwater.
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Figure S1. (a) Schematic illustration of boring core. Photographs of the boring core samples of

(b) 9.0-12.0 m.
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The XRF spectra fitting.

XRF spectra fitting was performed based on the previous report’. XRF spectra were fitted by Gaussian
peaks. The Rb and U intensities of XRF spectra by SDD were fitted by the two components of the
fluorescent X-ray of Rb Ko and U La lines. The Rb and U intensities of XRF spectra by TES were
fitted by the three components of the fluorescent X-ray of Rb Ko, Rb Koz and U La lines. Rb intensity
by TES were calculated by combining the peaks of Rb Ko and Rb Kat,. Figures S2 and S3 show the
fitting results of XRF spectra by SDD and by TES, respectively. Table S2 shows the XRF intensities
calculated by the Gaussian peak fitting results of XRF spectra. Measured spots are shown in Fig. 4 in

the main article.
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Figure S2. XREF fitting results of the thin biotite sample measured by SDD at spots (a) A, (b) B,

(c) C, and (d) D. Measured spots are shown in Fig. 4 in the main article.
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Figure S3. XRF fitting results of the thin biotite sample measured by TES at spots (a) A, (b) B,

(c) C, and (d) D. Measured spots are shown in Fig. 4 in the main article.

Table S2. XRF intensities calculated by the Gaussian peak fitting of XRF spectra by SDD and TES.

Measured spots are shown in Fig. 4.
SDD TES
Spot | Rb intensity U intensity Rb/U Rb intensity U intensity Rb/U
/ counts / counts / counts / counts
A 1574079 252655 6.2 10195 2120 4.7
B 2591093 80748 32.1 20869 1385 15.1
C 2550045 9759 261.3 23714 1332 17.8
D 3082884 18205 169.3 27089 1249 21.7
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The XANES spectra of UO2 measured by SDD and TES

UO> was used as U(IV) standard samples. The sample was already characterized in our
previous study’. The XANES measurements were performed in florescence mode by employing
an SDD or TES. The XANES spectra at the U L-edge were collected in 0.6 eV steps, with an
exposure time of 30 s per step for the sample. The background signals of SDD and TES were
32,000 and 1,000 counts per 30 s, respectively. The sample signals of SDD and TES were 77,4000

and 24,800 per 30 s, respectively.
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Figure S4. Comparison of the experimental U L3 edge XANES spectra of UO; by SDD (black

line) and by TES (red line).
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