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Supplementary Table S1. Uranium and thorium isotopic compositions and 230Th ages. Analytical errors are 2σ of the mean.

Sample ID

GC10-10A

GC10-10B

Lab.
code

1964bis

1979

238U

232Th

230Th/232Th

δ234U

230Th/238U

Age (ka)

(ppb)

(ppb)

(atomic.10-6)

(measured)*

(activity)

(uncorrected)

LSCE

122 ± 0.02

20.4 ± 0.01

71.8 ± 0.71

482 ± 1.4

0.727 ± 0.01

70.5 ± 1.0

580 ± 6

65.02 ± 3.64

LSCE

91 ± 0.01

38.2 ± 0.01

27.2 ± 2.1

464 ± 1.8

0.695 ± 0.00

67.6 ± 0.7

541 ± 11

54.03 ± 7.07

Lab.

δ234UInitial**

Corrected Age
(ka BP)***

Observation

Stalagmites covering
a debris talus injected

GC10-8B

1965bis

LSCE

148 ± 0.43

1.96 ± 0.020

759.0 ± 42.9

610 ± 20

0.611 ± 0.03

50.5 ± 4.3

703 ± 24

50.03 ± 4.44

GC10-8A

2561

LSCE

111 ± 0.02

11.89 ± 0.003

111.8 ± 0.9

581 ± 1.8

0.727 ± 0.01

64.4 ± 0.8

690 ± 5

61.01 ± 2.46

Cham J

-

IGEC

106.2 ± 0.1

82.62 ± 1.66

18 ± 0

1196.7 ± 3.1

0.8620 ± 0.0034

51.754 ± 0.265

1346 ± 28

41.67 ± 7.18

from surface

Old corroded
stalagmites, covered

Cham E
Chameav
A1
Chameav
A2

-

IGEC

114.6 ± 0.2

11.48 ± 0.23

114 ± 2

1213.4 ± 3.5

0.6953 ± 0.0030

39.673 ± 0.212

1352 ± 5

38.36 ± 0.91

537

CAS

152.4 ± 0.5

2.26 ± 0.01

79.0 ± 0.3

2209.0 ± 1.6

2.0698 ± 0.0096

97.6 ± 0.6

2909.5 ± 53

NA

by phosphate crust

Old corroded
flowstone standing

538

CAS

150.3 ± 0.8

6.73 ± 0.05

27.3 ± 0.2

2100.0 ± 2.3

2.1266 ± 0.0124

107 ± 1

2840.3 ± 8.5

NA

out of the wall

U decay constants: λ238 = 1.55125x10-10 (Jaffey et al., 1971) and λ234 = 2.82206x10-6 (Cheng et al., 2013). Th decay constant: λ230 = 9.1705x10-6 (Cheng et al., 2013).
*δ234U = ([234U/238U]activity – 1) x 1000.
** δ234Uinitial was calculated based on 230Th age (T). i.e., δ234Uinitial = δ234Umeasured x eλ234xT.
For IGEC: corrected 230Th ages assume the initial 230Th/232Th atomic ratio of 4.4 ± 2.2 x10-6. Those are the values for a material at secular equilibrium, with the
bulk Earth 232Th/238U value of 3.8. For LSCE, corrected ages assume the initial 230Th/232Th activity ratio of 1.5. The errors are arbitrarily assumed to be 50%.
***B.P. stands for “Before Present” where the “Present” is defined as the year AD 1950.

Mineralogical analysis by XRD and electron microscopy
The minerals were identified by powder XRD. Most of the measurements were done on a Panalytical diffractometer, model X’Pert Pro MPD, θ–θ geometry, Cu
radiation (λ = 0.15418 nm). The measurements were done in the 2θ range 5-70º. The diffraction patterns were then analyzed using the X'Pert Highscore program
with the PDF-2 - ICDD database (release 2004). For some samples, electron microscopy (SEM and TEM) was used. The measurements in θ-θ geometry are
affected by the Z position of the sample (inducing a shift of the diffraction pics), mainly due to the difference of the penetration depth of the X-rays in the
samples. All the measurements were corrected for the Z error using the quartz 101 reflection situated at 0.3343 nm (PDF file 00-046-1045. Supplementary Table
S2), the quartz was naturally present in the samples. The existent sample were in fine powder form, difficult to find single crystals large enough to do a chemical
analysis on a single crystal by SEM. For more reliable results, a future re-sampling would be necessary, in order to find larger crystals to complete the powder
XRD by improved electron microscope characterization.
Supplementary Table S2. Reference files (PDF 2 – ICDD database) that correspond to the identified (or possible) minerals in the measured samples. (*) The
reference file that really correspond to variscite, in our case is the 00-025-0018, despite its quality "Doubtful (O)". This reference is also given for variscite in
Webmineral http://webmineral.com/data/Variscite.shtml#.YE8w_3njJaQ

Mineral name

Reference code

Quality

Mineral name

Reference code

Quality

Anatase

01-078-2486

Calculated (C)

Muscovite

01-080-0742

Calculated (C)

Ardealite

00-041-0585

Indexed (I)

Olenite, manganoan

00-018-1411

Blank (B)

Birnessite

00-043-1456

Star (S)

Orthoclase

01-071-1540

Calculated (C)

Brushite

00-011-0293

Blanc (B)

Orthoclase

01-086-0438

Calculated (C)

Calcite

00-005-0586

Star (S)

Orthoclase

00-031-0966

Star (S)

Crandallite-H

00-033-0257

Indexed (I)

Phosphosiderite

00-033-0666

Star (S)

Crandallite

01-070-2069

Calculated (C)

Phosphosiderite

01-072-0471

Calculated (C)

Fluorapatite

00-015-0876

Star (S)

Quartz

00-046-1045

Star (S)

Gypsum

01-074-1433

Calculated (C)

Rutile

00-021-1276

Star (S)

Hydroxylapatite

01-084-1998

Calculated (C)

Spheniscidite

00-041-0593

Blanc (B)

Hydroxylapatite

00-009-0432

Indexed (I)

Spheniscidite

01-082-1164

Calculated (C)

Illite

00-026-0911

Indexed (I)

Strengite

00-033-0667

Indexed (I)

Leucophosphite

01-073-0284

Calculated (C)

Strengite Aluminian

00-015-0391

Blank (B)

Melanterite

01-072-1106

Calculated (C)

Titanite

01-085-1744

Calculated (C)

Microcline

00-019-0932

Indexed (I)

Variscite*

00-025-0018

Doubtful (O)

Minyulite

00-037-0467

Star (S)

Variscite 1O

01-070-0310

Calculated (C)

Minyulite

01-083-1219

Calculated (C)

Variscite ferrian

00-007-0069

Blank (B)

Minyulite was observed in two samples, in BalU 2 in quite large amount, and in BalD 3b in low amount, where only the most intense reflections were visible.
The positions and intensities of the reflections are in good agreement with the reference for minyulite (Supplementary Fig. S1).

Supplementary Fig. S1. Measured diffraction pattern of sample BalU 2 with reference reflections for minyulite and hydroxylapatite. For clarity not all the
measured diffraction pattern is shown. The others minerals identified in this sample were: muscovite, Fe-rich variscite, small amount of brushite (or gypsum), and
spheniscidite/leucophosphite.

Strengite and phosphosiderite. Many samples show reflections that correspond to a variety of variscite-strengite. For sample Cham 16T, the pole strengite
shows reflections a bit shifted towards variscite, whereas it clearly matches with variscite in Cham 5N; sample Cham 12R shows reflections in between
corresponding to Al-rich strengite (Supplementary Fig. S2). In the diffraction pattern of sample Cham 16T, reflections present are in good agreement with the
reference of phosphosiderite (Supplementary Fig. S3).

Supplementary Fig. S2. Measured diffraction pattern for samples Cham16T, Cham 12R, and Cham 16T with reference reflections for strengite and variscite.

Supplementary Fig. S3. Measured diffraction pattern of sample Cham 16T with the reference reflections for strengite and phosphosiderite. The others minerals
identified in this sample were quartz showing the strongest reflections, some rutile and an unidentified reflection at 0.3519 nm that could come from anatase.

Electron microscope observations with EDX analysis were realized on sample Cham 16T. These observations indicate that the strengite crystals are small, less
than 1 µm, growing on larger crystals of quartz (Supplementary Fig. S4). The sum of analyses indicates a chemical composition in agreement with the presence of
strengite containing a small amount of Al, supporting thus the XRD measurements (Supplementary Table S3). Three out of all the analyzed points show more Al.
pointing toward a possible small amount of Al-rich strengite crystals. Ti was also found concentrated in small elongated crystals. The EDX analysis, the shape of
this crystals, and the presence of the reflection at 0.3249 nm in the XRD measurement strongly indicate the presence of rutile, from obvious detrital origin.

Supplementary Fig. S4. A) SEM image with indication of the points where EDX analyses were realized. B) Result of the EDX analysis.

Supplementary Table S3. Sum of EDX analysis, showing composition of Al, P, and Fe elements. Lines in red correspond to highest Al content, pointing toward
the presence of Al-rich strengite.
Spectrum

Al

P

Fe

Cham 16T 1

30.3

19.6

50.2

Cham 16T 2

5.1

41.9

53.0

Cham 16T 3

3.4

39.8

56.8

Cham 16T 4

3.8

40.3

55.9

Cham 16T 5

26.0

18.5

55.5

Cham 16T 6

5.5

35.2

59.3

Cham 16T 7

3.0

45.3

51.7

Cham 16T 8

4.3

45.4

50.3

Cham 16T 9

18.5

34.9

46.6

Cham 16T 10

4.1

44.6

51.2

Cham 16T 11

4.2

46.3

49.5

Cham 16T 12

3.9

46.3

49.7

Cham 16T 13

5.3

47.1

47.7

Cham 16T 14

4.9

48.2

46.9

Cham 16T 15

3.3

45.6

51.1

Mean

8.4

39.9

51.7

Sigma

8.9

9.4

3.8

Crandallite was clearly identified in samples Cham 6N and Cham 10N (Supplementary Fig. S5).

Supplementary Fig. S5. Measured diffraction pattern of sample Cham 10N with the reference reflections for crandallite and Al-rich strengite. The others identified
minerals were quartz, which showed the strongest reflections, gypsum, muscovite, and probably small amount of variscite.

Spheniscidite and leucophosphite. It should be noticed that for the measured samples, it was not possible by XRD only, to clearly differentiate between
spheniscidite and leucophosphite, due to the small difference between their diffraction patterns. However, the reflections peaks are generally closer to
spheniscidite, pointing more toward this last option. The spheniscidite was present in different samples, in various amount. In some samples, the reflections
correspond very well to the reference (BalD 6, Cham 13R), but in few others (BalD 2a, Cham 6N, and Cham 7N) the reflections are shifted towards larger 2θ
angles (Supplementary Fig. S6).

Supplementary Fig. S6. Measured diffraction patterns of sample Cham 6N and Cham 13R with the reference reflections for spheniscidite. A small shift of the
spheniscidite reflections is visible in sample Cham 6N, whereas for sample Cham 13R the reflections correspond very well to the reference.
Ardealite. Two out of the three identifications (Cham 3N, Cham 8N) remained uncertain: the 0.773 nm peak was present and quite intense, however, peaks at
0.387 and 0.308 nm were at the limit of the detection.
Mineral references
Small differences exist between different reference files of the same minerals. For this reason, the reference file that correspond better in our case was chosen
(Supplementary Table S2). The calculated (C) were used also for a semi-quantitative estimation of the minerals presents in larger amounts in the samples.

