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Supplementary Materials:

Table S1. Selected statistical parameters of the bulk and clay matrix geochemical compositions of
the pottery in the complete data set of twelve analyzed samples. *! Clarke values (Cv) were taken
from data provided in [56,57]. *>* Percentiles. ** Median values. *>Mean (average) values. *¢ Coeffi-
cient of variations (CV, %). *” Constants indicating the ratios of the median amounts of analytes to
corresponding Cv. —: not analyzed. Analytes are sorted according descending Cv values.

Variable  Co 25h*2 75Mm*3  50Mm*4  Mean*> CV*  50%/Cv*”  25% 75t 50"  Mean CV 50%/Cv
Bulk composition Clay matrix composition
Major elements, wt.%
SiO2 66.6 552 612 589 58.4 8.5 0.88 51.1 56.6 54.9 53.9 7.6 0.82
ALOs 15.4 149 181 16.1 16.2 12.1 1.04 19.8 21.9 21.0 21.0 10.1 1.36
Fex0s3 5.6 563 721  6.60 6.57 16.4 1.18 10.2 115 10.4 10.8 15.8 1.86
CaO 3.57 0477 0.613 0.532 0.56 25.7 0.15 0.550 0935 0.656 0.733  31.0 0.18
Na20 327 0425 0.698 0.554 0.58 35.7 0.17 0213 0303 0288 0258 291 0.09
K0 2.80 359 427  4.02 3.91 13.1 1.44 4.47 5.02 4.80 4.71 12.6 1.71
MgO 2.48 119 192 164 1.63 33.5 0.66 2.32 2.99 2.59 262 243 1.05
TiO2 0.64 0780 0919 0.849 0.84 11.8 1.33 0.992 1.21 1.07 125 404 1.68
P20s 015 068 143  1.00 1.18 61.7 6.68 0.902 1.86 1.11 136 477 7.41
MnO 0.10 0119 0.180 0.138  0.160 63.8 1.38 0.032 0.095 0.057 0.074 765 0.57
Microelemets, pg g
S 621 203 229 207 212 10 0.33 - - - - - -
Sr 320 89.3 193 124 150 60 0.39 - - - - - -
Zr 193 119 149 131 131 22 0.68 - - - - - -
\Y 97 82.8 103 93.6 93.6 16 0.96 - - - - - -
Cr 92 794 971 953 89.5 15 1.04 - - - - - -
Rb 84 522 785 582 64.5 26 0.69 - - - - - -
Zn 67 529 724 5938 64.2 34 0.89 - - - - - -
Ni 47 384 443 404 429 25 0.86 - - - - - -
Cu 28 149 173 151 15.8 13 0.54 - - - - - -
Nb 12 814 101  8.96 9.55 23 0.75 - - - - - -
Hf 53 6.00 628 611 6.11 3.4 1.15 - - - - - -
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Table S2. Elemental content of the light (LMC) and dark (DCM) clay matrix parts of the pottery
samples (%, average values of the SEM-EDS analysis data for the sample’s clay matrix type). *! Area

occupied by a clay matrix type in a pottery sample (OA)

ID AlLOs CaO Fe203 K0 MgO MnO Na20 P20s 5i0:2 TiO:2 OA, %
Light clay matrix (LCM)
CW-E_M1 20.7 0.53 13.98 3.61 3.12 0.0258 0.2157 3.02 48.71 1.88 42
CW-E_M2 214 0.71 4.99 6.04 1.61 0.0194 0.2426 1.99 59.83 1.80 4.0
CW-E_M3 20.0 0.92 10.89 425 3.15 0.1162 0.2561 0.87 53.65 0.87 44
CW-L_M4 16.8 0.95 9.56 4.08 242 0.0904 0.3235 0.37 58.16 0.92 94
HG-E_M5 21.1 0.52 9.66 5.20 1.64 0.0904 0.3640 0.87 53.76 1.17 8.8
CW-L_S1 20.7 0.94 14.50 494 1.94 0.0904 0.2292 4.54 46.72 1.30 37
CW-L_S2 18.2 0.66 15.74 543 2.62 0.2841 0.2157 3.44 48.05 0.98 4.3
HG-E_S3 24.8 091 11.28 4.18 1.96 0.0516 0.3505 1.28 47.68 1.27 36
HG-L_B1 22.7 1.13 10.33 4.61 3.94 0.0191 0.0896 2.07 52.00 2.73 88
HG-L_B2 214 0.59 11.28 5.26 3.03 0.2453 0.3505 1.08 51.88 0.97 52
HG-L_B3 20.1 0.50 10.67 5.44 3.05 0.0387 0.2561 0.96 51.34 1.10 54
HG-L_B4 22.6 0.53 9.84 4.75 2.65 0.0258 0.3235 2.64 51.34 0.98 18
Dark clay matrix (DCM)

CW-E_M1 23.5 0.35 14.85 345 1.91 0.1033 0.1213 0.66 52.82 1.47 48
CW-E_M2 19.3 1.01 7.63 4.82 2.65 0.0516 0.2157 0.87 60.69 1.05 96
CW-E_M3 19.2 0.76 10.02 4.87 291 0.0898 0.3346 0.82 59.54 1.04 56
CW-L_M4 18.6 1.08 10.85 3.58 2.50 0.1291 0.6470 0.57 58.16 0.97 5.6
HG-E_M5 19.9 0.56 10.38 4.69 1.63 0.0258 0.2831 1.31 56.77 1.02 91
CW-L_S1 224 0.45 11.51 5.04 1.71 0.2841 0.2831 0.99 53.80 1.12 63
CW-L_S2 20.6 0.69 11.08 5.24 3.00 0.0516 0.2022 1.72 55.51 1.00 96
HG-E_S3 25.8 0.94 12.38 4.01 2.06 0.0516 0.2696 0.71 46.70 1.18 64
HG-L_B1 No data

HG-L_B2 21.6 0.48 9.58 4.88 3.30 0.0387 0.2157 0.82 57.69 0.97 48
HG-L_B3 19.5 0.51 9.17 5.99 2.56 0.0256 0.4137 0.75 59.32 1.32 46
HG-L_B4 21.6 0.62 10.55 5.06 2.55 0.0258 0.3100 222 47.34 1.08 82
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Table S3. Selected statistical parameters of the elemental contents in the light and dark clay matrixes
of the independent (not harmonized in matched pairs) pottery samples (%). *'~* Percentiles. *> Me-
dian values. **Mean (average) values. *> Coefficient of variations (%). *¢ Parameters for the results of
12 pottery samples with light shades. *” Parameters for the results of 11 pottery samples with dark
shade. *® Constants indicating the ratios of median values of analytes for light to dark clay matrix
and formula for their calculation. * Part of the area of the light or dark clay matrixes in the set of
studied samples (%).

] 25t *1 75th*2 - 50t*  Mean* CV* 251 75t 50  Mean CV 50t np =
Variable Light clay matrix (LCM) *¢ Dark clay matrix (DCM)* 50thrcm/50tpem *8
SiO:2 48.5 53.7 51.6 51.9 7.8 53.3 58.7 56.8 55.3 8.6 0.91
ALOs 20.1 21.7 20.9 20.9 9.9 194 22.0 20.6 21.1 10 1.01
Fex0s 9.79 12.0 10.8 11.1 25 9.80 11.3 10.6 10.7 17 1.02
K0 4.23 5.31 4.84 4.82 15 4.35 5.05 4.87 4.69 16 0.99
MgO 1.95 3.07 2.64 2.59 27 1.98 2.78 2.55 2.43 22 1.03
TiO2 0.980 1.43 1.13 1.33 41 1.01 1.15 1.05 1.11 14 1.08
P20s 0.94 2.73 1.64 1.93 66 0.73 1.15 0.82 1.04 49 1.99
CaO 0.532 0.927  0.686 0.741 29 0.494 0.851 0.62 0.676 36 1.11
Na20 0.226 0.330 0256  0.268 29 0216 0322 028 0300 46 0.90
MnO 0.026 0.097  0.071 0.091 96 0.032 0.097 0.052 0.080 95 0.91
Area® 15.8 52.0 394 40.1 74 47.0 84.2 63.1 59.9 48 0.76
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Table S4. The Spearman rank order correlation coefficients calculated in eleven pottery samples
between the ratios of the content in the lighter clay matrix to respective content in the darker clay
matrix. The marked correlations are significant at p <0.05.

Variable
5i0:2
AlOs
Fe20s
MgO
K20
TiO2
Na20
CaO
P20s
MnO

S5iO2 Al203 Fex0s MgO K0 TiO2 Na20 CaO P20s MnO
1.000 0282 -0.818 -0.227 0.373 0.136 0.155 -0591 -0309 -0.351
0.282 1.000 -0.409 -0.218 0.045 -0.064 -0.082 -0.518 -0.345 0.210

-0.818 -0.409 1.000 0245 -0582 -0245 -0.036 0.664 0.336 0.392
-0227 -0.218 0.245 1.000 -0.555 -0.191 -0.200 0.564 0.027 -0.369
0.373 0.045 -0582 -0.555 1.000 0.655 0.382 -0.400 0.000 -0.150
0.136 -0.064 -0245 -0.191 0.655 1.000 0.636 0.064 0.655 —0.483
0.155 -0.082 -0.036 -0.200 0.382 0.636 1.000 0.200 0.436 0.036
-0591 -0.518 0.664 0.564 -0.400 0.064 0.200 1.000 0436 -0.073
-0.309 -0.345 0.336 0.027 0.000 0.655 0.436 0.436 1.000 -0.433
-0.351 0.210 0392 -0369 -0.150 -0.483 0.036 -0.073 -0.433 1.000
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Table S5. Selected main statistical parameters of the geochemical bulk compositions in the hunter-
gatherer and Corded Ware pottery. *1 50t percentile (median values). *>? Mean (average) value. *3
Coefficient of variations (%). **Number of analyzed samples. > p-level of the differences in the values
between the hunter-gatherer and Corded Ware pottery data sets according to the Mann-Whitney U-
test.

50th*1 Mean *2 Ccv= 50t Mean Ccv U'test p-value *°

Hunter-gatherer pottery, n=6* Corded Ware pottery, n=6

Major (crustal) elements, wt.%

AlOs 18.1 17.6 8.4 14.8 14.8 7.9 0.0104
CaO 0.47 0.54 37 0.57 0.59 13 0.1495
Fe20s 7.32 7.23 13 5.56 5.91 14 0.0250
K20 4.15 4.07 11 3.85 3.74 15 0.2623
MgO 1.80 1.77 37 1.44 1.49 29 0.5218
MnO 0.18 0.22 46 0.12 0.10 53 0.0104
Na20 0.51 0.53 30 0.61 0.63 40 0.5218
P20s 1.16 1.25 47 0.77 1.11 81 0.4233
5i02 55.4 56.2 8.8 60.5 60.7 6.9 0.1093
TiO2 0.89 0.88 8.1 0.78 0.79 13 0.1495

Microelements, ug g

Cr 95 94 12 86 85 18 0.4233
Cu 10 11 21 8.1 8.2 13 0.0250
Hf 6.1 6.1 3.3 6.1 6.1 3.8 0.7483
Nb 16 17 12 15 15 12 0.0782
Ni 44 49 25 38 37 13 0.0163
Rb 144 141 20 131 121 22 0.3367
S 132 172 64 108 127 52 0.4233
Sr 58 65 30 59 64 23 0.7488
\Y% 99 100 14 88 87 15 0.1495
Zn 74 77 31 51 52 22 0.0250

Zr 205 208 12 220 215 8.9 0.5218
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Table Sé6. Selected main statistical parameters of the geochemical clay matrix compositions in the
hunter-gatherer and Corded Ware pottery. *! 50t percentile (median value). *?Mean (average) value.
*3 Coefficient of variations (%). ** Number of analyzed samples. * p-level of the differences in the
values between the hunter-gatherer and Corded Ware pottery data sets according to the Mann-
Whitney U-test.

50th*1  Mean*? Ccv= 50t Mean cv U'test p-value *°

Hunter-gatherer pottery, n=6*  Corded Ware pottery, n=6

Al203 21.6 219 9.4 20.0 20.1 9.5 0.1495
CaO 0.58 0.71 36 0.76 0.76 28 0.5218
Fe20s 10.37 10.58 6.7 10.8 11.0 22 0.7488
KO 4.87 4.87 11 473 4.55 14 0.3367
MgO 2.70 2.69 31 2.54 2.55 18 0.7488
MnO 0.032 0.051 93 0.080 0.098 61 0.0547
Na20 0.29 0.27 33 0.24 0.25 26 0.5218
P20s 1.11 1.39 45 1.34 1.33 55 0.5218
5i02 53.3 52.2 7.5 56.1 55.5 7.0 0.1495

TiO2 1.13 1.37 49 1.04 1.14 24 0.3367
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Table S7. The Spearman rank order correlation coefficients of the major analyte values in the clay
matrix of the hunter-gatherer and Corded Ware pottery. The marked correlations are significant at
p < 0.05. _HG: correlation coefficients linked to hunter-gatherer pottery. _CW: correlation coeffi-
cients linked to Corded Ware pottery.

Variable
AlLOs_HG
CaO_HG
Fe20Os_HG
K:0_HG
MgO_HG
MnO_HG
Na:0O_HG
P:0s_HG
Si02_HG
TiO2_HG

Variable
ALOs_ CW
CaO_CW
FexOs_CW
K:O0_CW
MgO_CW
MnO_CW
NaO_CW
P20s_CW
SiO2_CW
TiO2_ CW

ALOs_HG CaO_HG Fex0s_HG K:O_HG MgO_HG MnO_HG NaO_HG P:0s_HG SiO:_ HG TiO:_HG
1.000 0.886 0.771 -0.829 0.086 -0.143 -0.371 0.314 —-0.886 0.543
0.886 1.000 0.429 -0.886 0.086 -0.543 —-0.486 0.543 —-0.657 0.657
0.771 0.429 1.000 —-0.486 -0.029 0.429 -0.257 0.086 -0.771 -0.029

-0.829 —-0.886 —-0.486 1.000 0.257 0.257 0.429 -0.257 0.543 —-0.543
0.086 0.086 -0.029 0.257 1.000 -0.143 -0.429 0.086 - 0.086 0.257
-0.143 -0.543 0.429 0.257 -0.143 1.000 0.143 -0.714 0.029 —-0.486
-0.371 —-0.486 -0.257 0.429 —-0.429 0.143 1.000 -0.371 -0.029 -0.029
0.314 0.543 0.086 -0.257 0.086 -0.714 -0.371 1.000 -0.200 -0.029
- 0.886 —-0.657 -0.771 0.543 —-0.086 0.029 -0.029 —-0.200 1.000 —-0.486
0.543 0.657 -0.029 -0.543 0.257 —-0.486 -0.029 -0.029 —-0.486 1.000

AlLOs_CW CaO_CW Fex0s_CW K:O_CW MgO_CW MnO_CW NaO_CW P0s_CW SiO2 CW TiO2_CW

1.000 -0.943 0.943 0.029 -0.143 0.200 -0.714 0.771 -0.943 0.829
-0.943 1.000 —-1.000 0.086 0.257 -0.371 0.543 —-0.657 1.000 —-0.657
0.943 —1.000 1.000 -0.086 -0.257 0.371 -0.543 0.657 —-1.000 0.657
0.029 0.086 - 0.086 1.000 0.143 - 0.086 - 0.086 0.600 0.086 —-0.029
-0.143 0.257 -0.257 0.143 1.000 -0.371 -0.143 -0.257 0.257 -0.314
0.200 -0.371 0.371 -0.086 -0.371 1.000 0.543 0.086 -0.371 —-0.086
-0.714 0.543 -0.543 -0.086 -0.143 0.543 1.000 —-0.600 0.543 -0.771
0.771 —-0.657 0.657 0.600 -0.257 0.086 -0.600 1.000 —-0.657 0.714
-0.943 1.000 —-1.000 0.086 0.257 -0.371 0.543 —-0.657 1.000 —-0.657
0.829 -0.657 0.657 -0.029 -0.314 —-0.086 -0.771 0.714 —-0.657 1.000
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Table S8. Conditionally color-formatted ratios of the mean values and the coefficient of variations of the
major crustal elements in the clay matrix of the pottery, which is clustered in dendrogram groups in
accordance with Figure 8a panel. *! ID of the tree branches. *2 Cultural assignment of the pottery samples
to the hunter-gatherer (HG) and/or Corded Ware (CW) cultures. The number before the cultural group’s
abbreviation indicates the quantity of samples. ** The main clusters, named by the dendrogram
branches. ** The sample sub-branches joined in the first-level clusters or by chains of them (FLC). The
samples in an FLC are joined at a linkage distance of less than 10.

Clusters *1 Cultures *2 A1203 FeZO3 P205 TiOZ MnO CaO SiOZ Kzo Mgo Nazo

Main clusters *>

Mean values, %

B'L 3HG+H4CW
B'R 3HG+2CW
The first-level clusters ( FLC) **
B'L2a 2HG 1992 10.14 1.07 55.77

B'L2b HG+2CW 2052 1071 1.20 0.68 55.61 497

B'L1 2CW
B'R1aR HG+CW
Main clusters Coefficients of variations (CV), %

B'L, n7 3HG+HCW
B'R, n5 3HG+2CW

The first-level clusters ( FLC)

B'L2a, n2 2HG
B'L2b, n3 HG+H2CW
B'L1, n2 2CW

B'R1a'R,n2 HG+CW
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Table S9. Conditionally color-formatted ratios of the mean values and the coefficient of variations of the
major and trace elements in the bulk composition of the pottery, which is clustered in dendrogram
groups in accordance with Figure 9. *! ID of the tree branches. *? Cultural assignment of the pottery
samples to the hunter-gatherer (HG) and/or Corded Ware (CW) cultures. The number before the cultural
group’s abbreviation indicates the quantity of samples. ** The main clusters, named by the dendrogram
branches. ** The sample sub-branches joined in the first-level clusters or by chains of them (FLC). The
samples in an FLC are joined at a linkage distance of less than 25.

Clusters *! Main clusters *° The first-level clusters (FLC) x The first-level clusters (FLC)
CL CR CL CR2 CRlal CRlaR CRil1b CL CR2 CRlalL CRIlaR CRI1b
Cultures ** 3HG 3HG+6CW| 3HG 2CW  HG+CW 2CW 2HG+1CW| 3HG 2CW  HG+CW 2CW 2HG+1CW
Mean values, % Coefficients of variations (CV), %
AlLO;
Fe, O3
TiO,
A%
Cr
Nb 14.93
MgO 1.67
Cu 8.35 9.32 8.41
Zn 60 59 59
Ni 39.01 41.30

Hf

221
6.20
60.54

213
6.03
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Table S10. Representative SEM-EDS analyses of the feldspar minerals. Abbreviations: Ab—albite, An—anorthite, Mc—microcline, Olg—oligoclase,
Or—orthoclase. * The number of ions in the chemical formulae for potassium feldspar and plagioclase were calculated on an 8-oxygen basis.

Sample CW- CW- CW- CW- CW- HG- CW- CW- CW- CW- CW- CW- CW- CW- HG- HG- HG- CW- CW- CW- HG- HG- HG- HG- HG- HG-
EM3 EM3LM4TL M4 1.S2 L B2 EMIEM3EM3EM3IL MALMAL MAL M4EM5EM5EM5L.S1 L.S2 1.S2 E.S3 E.S3 L.B3 L_B3 L. B4 L_B4
weo% Me Cenniberthioye ye Pethiog oig Ab o;g Ap Ab olg Ab AP o1z olg Ab A0MACM b Ab Ab Ol Ol Ab
SiO2  63.85 63.77 65.11 655 64.6 6431 5741 60.58 64.68 62.99 66.38 68.09 63.72 66.59 50.97 63.21 60.14 64.85 56.62 65.73 66.92 69.55 67.15 62.67 642 67.77
TiOz2 0 0.22 0 0 0 0.26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AlOs 17.66 17.86 1824 18.18 1821 18.16 21.51 23.88 20.06 23.73 18.77 19.24 22.76 20.62 19.69 2221 24.24 19.25 21.2 19.08 19.22 19.8 20.7 23.6 23.18 20.1
FeO 0.2 0 0 033 122 032 0 029 0.16 0.12 0 0 0 0 1.67 017 013 0 0.73 0 024 0.31 0 0.16 0.54 0
MnO
MgO 0 0 0 0 0.21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CaO 0 0 0 0 0.15 012 456 587 164 528 016 025 45 168 1.62 369 658 1.09 072 052 03 02 167 52 42 09
Na2O 021 125 0.89 0 013 173 797 832 104 891 1086 11.28 9.16 10.75 7.02 922 798 1084 7.75 11.1 1134 1194 10.8 872 947 1031
KO 1562 1485 1544 166 1571 14.02 0.18 028 0.11 022 213 0.17 029 008 201 009 028 015 235 0.12 015 009 015 024 022 1.09
P205
Total 9754 97.95 99.68 100.61 100.23 98.92 91.63 99.22 97.05 101.25 98.3 99.03 100.43 99.72 83.08 98.59 99.35 96.18 89.37 96.55 98.17 101.89 100.47 100.59 101.81 100.17

Number of ions in the chemical formulae *

Si 3.04 3.00 3.01 3.02 299 299 2778 2.711 2.926 2.756 2.952 2979 2.807 2.928 2.722 2.835 2.692 2.950 2.803 2.976 2.980 2.982 2.933 2.763 2.789 2.977
Ti
Al 099 099 099 099 0.99 1.00 1.227 1.259 1.070 1.224 0.984 1.018 1.182 1.068 1.239 1.174 1.279 1.032 1.237 1.018 1.009 1.000 1.066 1.226 1.187 1.041
Fe+2 0.01 0.00 0.00 0.01 0.05 0.01 0.000 0.011 0.006 0.004 0.000 0.000 0.000 0.000 0.075 0.006 0.005 0.000 0.030 0.000 0.009 0.011 0.000 0.006 0.020 0.000
Mn
Mg
Ca 0.00 0.00 0.00 0.00 0.01 0.01 0.236 0.281 0.079 0.248 0.008 0.012 0.212 0.079 0.093 0.177 0.316 0.053 0.038 0.025 0.014 0.009 0.078 0.246 0.195 0.042
Na 0.02 0.11 0.08 0.00 0.01 0.16 0.748 0.722 0.912 0.756 0.936 0.982 0.782 0.916 0.727 0.802 0.693 0.956 0.744 0.974 0.979 0.993 0.915 0.745 0.798 0.878
K 095 0.89 091 098 093 0.83 0.011 0.016 0.006 0.012 0.121 0.010 0.016 0.008 0.137 0.005 0.016 0.009 0.148 0.007 0.009 0.005 0.008 0.013 0.012 0.061

Tot.cat. 5.00 5.00 500 5.00 500 5.00 500 5.00 5.00 500 500 500 500 500 500 5.00 500 500 500 500 500 5.00 500 5.00 5.00 5.00
Tot.oxy. 8.05 8.00 802 803 8.02 800 801 800 800 798 791 799 800 800 791 802 798 798 797 799 799 798 800 8.00 798 8.03
An 0.00 0.00 0.00 0.00 0.79 0.60 2375 27.61 796 2437 0.72 120 21.01 7.88 9.69 18.02 30.81 522 4.10 251 143 091 7.81 2445 1945 432
Ab 200 1134 8.05 0.00 1.23 1570 75.13 70.82 91.40 7442 87.94 97.83 77.38 91.28 75.99 81.46 67.63 93.93 79.95 96.81 97.72 98.60 91.36 74.20 79.34 89.46
Or 98.00 88.66 91.95 100.0 9798 83.70 1.12 157 064 121 1135 097 161 084 1432 052 156 0.86 1595 0.69 0.85 049 083 134 121 6.22
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Table S11. Representative SEM-EDS analyses of the mica and amphibole minerals. Abbreviations: Bt—biotite, Chl—chlorite, Hbl—hornblende,
111 —illite, Ms—muscovite, Phl—phlogopite, w —weathered. * The number of ions in the chemical formulae for muscovite, biotite, and chlorite were
calculated on a 22-oxygen basis, for amphibole on a 23-oxygen basis, respectively.

CW- CW- CW- CW- CW- CW- HG- HG- HG- CW- CW- CW- HG- HG- HG- HG- HG- HG- HG- HG- HG- HG- HG- CW- CW- HG-
Sample EM2 EM3EM3IL M4 L M4 LMAEMSEMSEMSL. S1 L.S1 L.S2 ES3 B3 LB3L B3L B3LB3LB3 L B4 LB4 LLB4L B4E M2E M2 E_S3
W% Phlw Btw Bt Bt SPL Chl Bt Bt Btw Btw Chl Chl Chl Btw S® Bt Bt Bt Bt Bt Bt Ms Ms Hbl Hblw Hbl
SiO2 4593 39.1 35.73 36.13 3294 23,5 34.12 35.18 39.55 33.26 26.64 25.15 29.89 49.78 36.84 36.46 34.97 359 37.83 35.85 33.68 44.22 4242 44.74 37.69 41.06
TiOz2 09 221 418 3.52 0 0.16 3.16 287 0 061 053 016 051 0.84 253 276 262 254 267 234 224 076 043 1.33 0 1.34
AlOs 2849 21.75 1505 17.87 23.81 19.58 1522 165 20.47 21.08 20.19 21.57 20.87 32.73 21.08 17.09 16.88 16.79 17.74 16.56 16.07 29.29 27.66 8.32 2093 10.7
FeO 0.83 13.82 23.03 2223 27.64 3574 2721 2841 10.58 16.98 36.01 34.42 21.39 3.02 2091 26.54 24.71 26.35 24.54 25.04 2226 256 254 15.87 329 23.67
MnO 0 0 0 0 0 0 049 0.61 021 028 0.14 0.15 0.22 0 0 02 0 021 022 0.13 0 0 0 0 051 1.01
MgO 261 692 782 788 808 699 534 66 1886 942 10.1 951 13.85 152 703 629 6 659 6.66 646 6.09 129 137 109 276 6.12
CaO 0 06 0.15 0 034 022 0 045 064 075 012 0 0.29 0 091 0 023 0 0 0 0 0 0 1096 094 11.45
Na20 0.2 0 0 0 0.13 0 0 0 0 021 O 0 012 0.18 0 0 0 0 0 0 0 022 0.16 0.86 0 1.31
K0 998 245 895 9.2 0.64 0 893 759 027 264 065 0 131 1134 044 98 799 92 976 939 86 1031 973 073 0.18 1.54
P20s 0 0.31 0 0 0 1.01 0 0 069 219 038 0 0.64 0 0 0 0 0 0 0 0 0 0 0 0 0
SOz 0 0.17 0 0 0 0 0.15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 88.94 87.33 9491 96.83 9358 87.2 94.62 98.21 91.27 87.42 94.76 90.96 89.09 99.41 89.74 99.16 93.4 97.58 99.42 95.77 88.94 88.65 84.31 93.71 9591 98.2
Number of ions in the chemical formulae *
Si 3269 2986 2.785 2.734 2516 2.105 2.745 2.701 2.838 2.693 2.158 2.100 2.392 3.204 2.815 2.760 2.774 2.757 2.814 2.793 2.800 3.196 3.220 6.918 5.955 6.409
Ti 0.048 0.127 0.245 0.200 0.000 0.011 0.191 0.166 0.000 0.037 0.032 0.010 0.031 0.041 0.145 0.157 0.156 0.147 0.149 0.137 0.140 0.041 0.025 0.155 0.000 0.157
Al 2390 1.957 1.382 1.594 2143 2.067 1.443 1.493 1.731 2.011 1.927 2.122 1.969 2.483 1.898 1.525 1.578 1.520 1.555 1.521 1.574 2.495 2.475 1.516 3.898 1.968
Fe*? 0.049 0.883 1.501 1.407 1.765 2.677 1.831 1.824 0.635 1.150 2.439 2.403 1.432 0.163 1.336 1.680 1.639 1.693 1.526 1.632 1.548 0.155 0.161 2.052 4.347 3.090
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.033 0.040 0.013 0.019 0.010 0.011 0.015 0.000 0.000 0.014 0.000 0.014 0.014 0.009 0.000 0.000 0.000 0.000 0.068 0.134
Mg 0.277 0.788 0.909 0.889 0.920 0.933 0.640 0.755 2.018 1.137 1.220 1.184 1.653 0.146 0.801 0.710 0.710 0.755 0.738 0.750 0.755 0.139 0.155 2.512 0.650 1.424
Ca 0.000 0.049 0.013 0.000 0.028 0.021 0.000 0.037 0.049 0.065 0.010 0.000 0.025 0.000 0.074 0.000 0.020 0.000 0.000 0.000 0.000 0.000 0.000 1.816 0.159 1.915
Na 0.000 0.000 0.000 0.000 0.019 0.000 0.000 0.000 0.000 0.033 0.033 0.000 0.019 0.022 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.031 0.024 0.258 0.000 0.396
K 0.906 0.239 0.890 0.888 0.062 0.073 0.917 0.743 0.025 0.273 0.067 0.000 0.134 0.931 0.043 0.947 0.809 0.901 0.926 0.933 0.912 0.950 0.942 0.144 0.036 0.307
H 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
Mg/
(Mg+Fe) 85 47 38 39 34 26 26 29 76 50 33 33 54 47 37 30 30 31 33 32 33 47 49 55 13 32
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Table S12. Representative SEM—-EDS analyses of the accessory minerals. Abbreviations: Mt—mag-
netite, Ilm —ilmenite, Rt—rutile, Ap—apatite, Zrc—zircon. * The number of ions in the chemical
formulae for magnetite were calculated on a 4-oxygen basis, for ilmenite and zircon on a 3-oxygen
basis, for rutile on a 2-oxygen basis, for apatite on a 25-O,0H,CLF basis, respectively.

Sample CW- CW- HG- HG- HG- CW- HG- CW- CW- HG- HG- HG- HG- HG- HG-
EMI L M4 EM5 EM5 EM5 E M1 L B4 L M4 LS1 ES3 LB4 L B4 L B3 L B4 L B3

Wt. % Mt Mt Mt Mt Mt Ilm Ilm Rt Rt Rt Rt Ap Ap Zrc  Zrc
SiO: 204 691 068 134 184 025 0.2 03 018 026 042 022 047 32.05 30.69
TiO: 0 0.26 0 013 0.6 49.35 5248 95.33 92.68 94.22 97.86

AOs 127 472 049 059 581 0 0 0.16 0.2 0 0 0.17 0.6
FeO 8845 66.99 88.74 88.88 6549 4318 44.58 156 124 249 0.52 0.21 0 0.63 094
MnO 0 0 0 0 0 178 1.81

MgO 0 0 0 0 0 0.2 0

CaO 0 0.32 0 0 029 0 0 0 009 5475 54.89 0 0.33
Na20 0 0 0 0 026 0.18 0

K0 0 0.3 0 0 3.62 0 0 0 0.06

P20s 43.56 43.67

F 526 4.64

Cl

ZrO: 66.17 65.07
502

Total 9176 79.82 8991 90.94 9447 9476 99.07 9735 943 9697 98.95 98.92 99.97 99.02 97.63

Number of ions in the chemical formulae *

Si

Total

0.08
0.00
0.06
1.78
1.08
0.00
0.00
0.00
0.00
0.00

3.00

0.30
0.01
0.24
1.14
1.29
0.00
0.00
0.01
0.00
0.02

3.01

0.03 0.05 0.67 0.01 0.01 0.00 0.00 0.00 0.01 0.03 0.07 0.65 0.64
0.00 0.00 0.02 099 1.01 098 099 098 0.99
002 003 0.25 0.00 0.00 0.00 0.00 0.00 0.00
192 186 0.34 0.01 -0.02
1.03 1.06 1.65 094 0.97 0.02 0.01 0.03 0.01 0.03 0.00
0.00 0.00 0.00 0.04 0.04
0.00 0.00 0.00 0.01 0.00
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 9.17 9.22
0.00 0.00 0.02 0.00 0.00 0.05 0.00
0.00 0.00 0.17 0.00 0.00
576 5.79
260 230

135 1.36

3.00 3.00 3.12 2.00 2.00 1.01 1.01 1.01 1.00 16.05 16.08 2.00 2.00
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Table S13. Representative SEM-EDS analyses of the illite minerals. Abbreviations: Gth—goethite, Ill —illite. * The number of ions in the chemical
formulae for the clay minerals were calculated on a 22-oxygen basis.

CW- CW- CW- CW- CW- CW- CW- CW- CW- CW- HG- HG- HG- HG- HG- HG-  HG-

Sample g np EM2 EM2 EM2 EM3 EM3 EM3 EM3 LM4 L M4 ES3 LB2 LB3 LB3 LB3 LB4i L B4
Wt. % 1m 11 11 11 11 m 1 M+Gth 1l m 111 111 111 111 11 11 1

SiO2 4864 4111 4225 4575  51.02 4434 46.75 3999 5874 5716  47.14 46 48.82 5502 4382 4652 4588

TiO: 1.05 1.21 0.67 0.38 0.81 0.55 0.92 0.97 0.34 1.81 1.46 1.06 0.97 0.63 0.58 1.61 0.64

ALO:s 24 1756 2272 2569  35.79 19.06 19.25 1834 2224 1985  33.05 202 2222 2408 2517 1711 284

FeO 13.78 5.76 5.09 2.77 2.26 7.9 8.61 22.62 7.64 8.26 1.33 7.53 8.42 9.16 4.79 8.51 5.8
MnO 0.52 0 0 0 0 0 0 1.17 0 0 0 0 0 0 0 0.74 0
MgO 5.88 2.25 2.28 2.04 0.78 2.49 3.34 2.62 2.27 2.59 0.51 2.69 3.03 4.46 224 2.08 191
CaO 0.87 0.72 0.68 0.36 0 0.68 0.84 0.65 0.69 0.91 0.24 0.5 0.38 1.32 1.45 0.32 0.19
Na20 0 0 0.37 0 0.44 0.13 0.15 0 0.24 0.41 0.55 0 0 0.24 0.28 0 0.39
K0 4.25 3.75 4.63 5.06 9.99 4.73 4.65 3.13 8.07 3.07 9.19 4.86 5.66 3.97 7.1 3.59 6.93
P20s 1.04 1.21 0.9 0 0 0.77 1 2.21 0.36 1.25 0.55 1.17 0.63 0.83 0.43 1.29 0.84

SOz 0 0.18 0 0 0 0 0 0 0 0 0 0.15 0.25 0.15 0 0 0

Total 100.03 7375 7959 8205  101.09 80.65 85.51 91.7 100.59  95.31 94.02 8416 9038 99.86 8586 8177  90.98

Number of ions in the chemical formulae *

Si 6.46 7.15 6.77 6.87 6.36 7.07 7.05 6.19 7.46 7.56 6.35 7.06 6.98 7.04 6.57 7.35 6.49
AlV 1.54 0.85 1.23 1.13 1.64 0.93 0.95 1.81 0.54 0.44 1.65 0.94 1.02 0.96 1.43 0.65 1.51
All 222 2.76 3.05 3.42 3.62 2.65 247 1.53 2.79 2.66 3.59 2.72 2.72 2.66 3.02 2.54 3.22

Ti 0.10 0.16 0.08 0.04 0.08 0.07 0.10 0.11 0.03 0.18 0.15 0.12 0.10 0.06 0.07 0.19 0.07
Fell 1.53 0.84 0.68 0.35 0.24 1.05 1.09 2.93 0.81 0.91 0.15 0.97 1.01 0.98 0.60 1.12 0.69
Mn 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00
Mg 1.16 0.58 0.54 0.46 0.15 0.59 0.75 0.60 0.43 0.51 0.10 0.62 0.65 0.85 0.50 0.49 0.40

Ca 0.12 0.13 0.12 0.06 0.00 0.12 0.14 0.11 0.09 0.13 0.03 0.08 0.06 0.18 0.23 0.05 0.03
Na 0.00 0.00 0.11 0.00 0.11 0.04 0.04 0.00 0.06 0.11 0.14 0.00 0.00 0.06 0.08 0.00 0.11
K 0.72 0.83 0.95 0.97 1.59 0.96 0.89 0.62 1.31 0.52 1.58 0.95 1.03 0.65 1.36 0.72 1.25

Total 13.92 13.30 1354 13.30 13.78 13.47 13.48 14.05 13.52 13.02 1375 1346 1356 1344 1386 1322 13.76

(Fe+tMg) 57 59 56 43 62 64 59 83 65 64 59 61 61 54 55 70 63
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Table S14. Representative SEM—-EDS analyses of the clay matrix points. The elevated Ti, Al, Fe, Ca, K and P content is highlighted.

CW- CW- CW- CW- CW- CW- HG- HG- CW- CwW- CW- HG- HG- HG- HG-

1
Sample .\ EMI EMI EMI EMI EM EM5 EM5 LSl LSl LS ES3 ES3 LB3 LB3

Wt. %
S5iO2 35.6 62.33 28.3 22.8 33.39 24.3 3698 29.66 3357 2799 3137 4591 3461 5295 4681
TiO2 0.76 5.19 0.56 0.73 0.69 0.52 1.37 0.63 1.04 0.78 0.8 0.97 4.33 0 2.11
AlLOs 1656 1775 21.11 16.33 2258 1726 2817 2382 2054 1792 19.94 18 26.09 36.14 31.05

FeO 11.75 7.03 22.88 274 2642 3911 1149 1794 9.37 1252 1353 7.02 1279 215 512

MnO 1.34 0 0.39 0.33 1.5 0.18 0 0 0 0.4 0.38 0 0 0 0

MgO 1.5 1.2 1.95 1.79 2.04 2.14 2.7 1.98 1.39 1.14 1.64 1.26 3.08 095 1.62
CaO 0.63 0 0.33 0.31 0.53 0.41 0.42 0.67 0.25 057  0.66 0.74 3.8 015 0.34
Na20 0 0 0 0 0.15 0 0 0.3 0.12 0 0 0 0 062 015
K20 3.57 1.63 1.57 1.42 1.01 0.39 3.18 1.61 3.53 333 319 1.73 288 1074 7.19
P20s 0.83 1.06 0.8 0.8 1.69 1.65 6.88 6.18 0.95 554 591 3.84 8.5 0 0.34
SO2 0 0 0 0 0 0 0 0 0.13 0.13  0.19 0.22 0.18 0 0

Total 7254 96.19 7789 7191 90 8596 91.19 8279 70.89 7032 7825 79.69 96.26 103.7 94.73

Fe/ (FetMg) 89 85 92 94 93 95 81 90 87 92 89 85 81 69 76
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Figure S1. The volume ratios of the major minerals in the samples, containing mineral temper. Abbreviations: Qtz —quartz, Kfs—K-feldspar, P1—
plagioclase, Bt—biotite, Chl—chlorite, Ms —muscovite, Hbl—hornblende, Ap—apatite, Ilm —ilmenite, Mnz—monazite, Mt —magnetite, Rt—rutile,
Spn—sphene, Zrc—zircon.
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Figure S2. The boundary between the dark main clay matrix and the light upper layer of mature, sponge-textured clay in the sample HG-E_MS5, as
seen in: (a) a stereomicrograph (green square shows the location of Figure S2b, red square shows the location of Figure S2c; (b) SEM BSE image; (c)
SEM SE image.
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