
 

Appendix 1: Chemical compositions of glauconite fractions. 

Major elements (wt.%) Trace elements (µg.g-1) Sample 
(Depth - m) Fa 

Al2O3 MgO CaO Fe2O3 MnO TiO2 Na2O K2O P2O5 Sr Ba Zr Rb Pb Th U V Y Co Cr Zn Sc 
Fe/Mgb Ca/Mgb 

Sr/Cab 
(×10-2) U/Thb K/Rbb 

BAG 28 G 6.57 2.90 0.53 26.06 0.002 0.04 0.15 6.58 bdl 207.0 9.00 54.0 219.3 4.97 0.83 0.18 99.0 5.40 8.51 58.5 85.5 9.0 10.4 0.22 5.5 0.22 249 
(468.5) S 13.68 2.53 0.84 17.19 bdl 0.28 0.42 4.39 0.11 210.5 70.18 70.2 225.2 30.43 4.86 1.12 70.2 10.53 15.67 175.4 105.3 3.5 7.9 0.40 3.5 0.23 162 

BAG 47 G 8.68 4.31 0.42 20.26 0.005 0.08 0.02 6.99 0.08 54.9 4.99 69.9 235.9 1.75 0.95 0.34 254.5 7.98 12.50 289.4 74.9 13.5 5.5 0.12 1.8 0.36 246 
(790.2) S 9.51 4.21 0.45 19.94 0.005 0.10 0.03 7.16 0.11 68.9 4.60 55.2 312.2 3.04 1.80 0.93 243.6 5.97 15.17 317.1 82.7 11.0 5.5 0.13 2.2 0.52 190 

BAG 83 G 8.59 2.89 0.58 23.30 0.004 0.07 0.17 5.90 bdl 121.4 9.71 68.0 202.9 5.82 1.45 0.18 116.5 7.28 12.50 97.1 43.7 10.7 9.4 0.24 2.9 0.12 241 
(435.0) S 10.02 2.77 0.68 20.51 0.000 0.14 0.16 5.08 0.02 139.9 23.31 93.2 229.9 14.62 2.26 0.44 23.3 20.98 15.93 116.6 46.6 2.3 8.6 0.29 2.9 0.19 184 

BAG 91 G 10.20 4.68 0.57 18.61 0.004 0.07 0.01 6.79 0.20 89.3 4.25 55.3 241.7 1.18 1.91 0.68 212.5 10.62 12.33 250.7 59.5 10.6 4.6 0.15 2.2 0.36 233 
(795.5) S 11.02 4.74 0.73 17.32 bdl 0.10 0.04 6.73 0.39 105.0 13.12 65.6 287.9 3.61 4.14 2.62 183.7 22.31 12.88 301.8 52.5 6.6 4.2 0.18 2.0 0.63 194 

BAG 114 
(468.3) G 8.07 2.88 0.76 24.70 0.002 0.07 0.12 6.88 0.05 139.4 9.61 72.1 190.0 4.19 1.70 0.17 115.3 8.65 8.76 81.7 52.9 12.0 10.0 0.31 2.6 0.10 301 

BAG 115 G 8.33 3.03 0.77 22.93 0.002 0.07 0.13 6.25 0.06 159.0 9.63 62.6 191.1 2.99 1.05 0.11 101.2 5.30 6.68 106.0 53.0 9.2 8.8 0.30 2.9 0.11 272 
(498.2) S 9.46 3.05 0.73 23.40 bdl 0.12 0.17 5.79 0.05 165.5 23.64 94.6 229.9 7.67 1.42 0.28 47.3 26.00 9.04 94.6 141.8 7.1 8.9 0.28 3.2 0.20 209 

 

Rare earth elements (µg.g-1)  
Sample 

(Depth - m) Fa 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu  ΣREE  Ce*

pn
c Eu*

pn
c (La/Yb)pn

c 

BAG 28 G 1.38 5.90 0.40 1.92 0.48 0.10 0.22 bdl 0.24 0.05 0.08 bdl 0.05 bdl  10.86  1.77 1.46 1.68 
(468.5) S 12.22 35.12 2.91 11.23 1.65 0.37 1.45 0.20 1.22 0.20 0.59 bdl 0.62 bdl  67.99  1.36 1.14 1.32 

BAG 47 G 2.77 9.84 0.73 3.11 0.57 0.14 0.38 0.05 0.40 0.08 0.15 bdl 0.11 bdl  18.36  1.58 1.45 1.79 
(790.2) S 3.83 13.48 1.13 4.72 0.89 0.21 0.79 0.11 0.57 0.11 0.25 0.03 0.18 0.03  26.33  1.51 1.19 1.56 

BAG 83 G 2.39 8.82 0.57 2.29 0.33 0.08 0.17 bdl 0.15 0.03 0.05 bdl 0.04 bdl  14.94  1.73 1.48 2.40 
(435.0) S 4.86 14.62 1.17 4.34 0.73 0.14 0.56 bdl 0.24 bdl 0.13 bdl 0.21 bdl  27.16  1.44 1.07 9.10 

BAG 91 G 12.84 38.05 2.82 11.86 2.38 0.57 1.77 0.25 1.34 0.25 0.53 0.06 0.32 0.05  73.08  1.40 1.30 3.13 
(795.5) S 15.70 51.13 4.40 17.13 3.21 0.74 2.75 0.38 1.91 0.35 0.80 0.10 0.51 0.07  99.19  1.46 1.18 2.48 

BAG 114 
(468.3) G 3.24 13.48 0.94 3.93 0.85 0.18 0.51 0.06 0.39 0.06 0.15 bdl 0.07 bdl  23.90  1.80 1.28 2.67 

BAG 115 G 1.44 5.50 0.38 1.57 0.32 bdl 0.11 bdl 0.13 0.03 0.05 bdl 0.05 bdl  9.67  1.71 1.66 1.65 
(498.2) S 2.68 7.80 0.66 2.10 0.21 0.07 0.21 bdl 0.15 bdl 0.15 bdl 0.13 bdl  14.23  1.45 1.61 4.29 

bdl for below detection limit. 
a Fraction: G stands for glauconite grain, S for suspended matter after ultrasonic treatment 
b Elementary ratios in ppm/ppm. 
c Ce*

pn and Eu*
pn stands for Ce and Eu anomalies, and (la/Yb)pn for the coefficient of fractionation, all calculated from PAAS-normalized REE contents. 



 

Appendix 2: Chemical compositions of Albian clay fractions (Samples from surrounding sandstones in italics). 

Major elements (wt.%) Trace elements (µg.g-1) Sample Depth 
(m) Al2O3 MgO CaO Fe2O3 MnO TiO2 Na2O K2O P2O5 Sr Ba Zr Rb Pb Th U V Y Cr Zn Sc 

Mg/Caa Fe/Mga Sr/Caa 
(×10-2) 

K/Rba U/Tha 

Fraction <2 µm                             
MAR 17297 507 7.45 1.91 0.48 15.95 0.007 0.21 0.07 3.91 0.04 25.04 70.1 65.10 182.4 5.20 4.14 0.65 115.2 3.00 140.2 nd 7.01 3.4 9.7 0.7 178 0.16 
MAR 17306 510 17.21 2.10 0.72 7.41 0.004 0.31 0.14 2.40 0.07 68.23 214.4 92.59 136.8 13.19 10.66 2.11 97.5 20.96 126.7 48.73 10.72 2.5 4.1 1.3 146 0.20 
MAR 17341 524 12.25 1.49 0.59 5.69 0.002 0.35 0.14 1.87 0.09 62.59 187.8 77.03 93.7 8.75 6.56 1.74 110.7 16.37 43.3 33.70 6.74 2.2 4.4 1.5 166 0.27 
MAR 17376 538 14.70 1.79 0.60 6.61 0.004 0.50 0.13 2.22 0.08 63.11 184.5 82.52 118.5 9.61 8.79 1.72 97.1 19.42 111.7 67.96 9.22 2.5 4.3 1.5 156 0.20 
MAR 17430 551 13.53 1.35 0.50 5.23 0.004 0.45 0.16 1.91 0.07 76.74 220.6 95.92 98.9 15.87 9.82 2.25 86.3 19.66 81.5 43.17 8.63 2.3 4.5 2.1 160 0.23 
MAR 17494 571 17.45 1.48 0.73 3.71 0.002 0.18 0.16 1.99 0.07 77.37 222.4 67.70 96.2 10.52 8.93 1.91 77.4 19.34 91.9 53.19 9.19 1.7 2.9 1.5 172 0.21 
MAR 18818 577 15.99 1.66 0.89 5.36 0.004 0.49 0.10 1.74 0.02 55.47 151.3 131.11 108.8 14.81 6.11 1.50 100.9 10.09 110.9 nd 11.09 1.6 3.7 0.9 133 0.25 
MAR 18858 584 15.15 1.46 0.66 3.06 0.003 0.20 0.13 1.86 0.06 73.86 206.8 64.01 96.4 8.81 6.61 1.62 68.9 17.73 54.2 34.47 8.86 1.9 2.4 1.6 160 0.25 
MAR 18870 591 15.72 1.23 0.63 3.10 0.005 0.62 0.14 1.76 0.02 78.62 206.4 113.02 97.9 12.50 7.15 1.67 83.5 20.64 73.7 93.37 9.34 1.7 2.9 1.8 149 0.23 
MAR 18891 598 15.07 1.76 0.88 3.19 0.002 0.32 0.12 1.64 0.05 67.15 158.3 81.53 80.2 8.05 5.98 1.20 86.3 16.79 71.9 33.57 6.71 1.7 2.1 1.1 169 0.20 
MAR 17502 605 14.22 1.28 0.54 2.65 0.003 0.50 0.15 1.89 0.07 72.92 184.7 97.23 97.6 10.06 7.15 1.73 87.5 20.90 77.8 34.03 7.29 2.0 2.4 1.9 160 0.24 
MAR 17521 612 17.21 1.96 1.05 3.90 0.004 0.45 0.28 1.94 0.02 69.84 160.2 90.39 94.2 10.30 6.00 1.19 102.7 15.61 94.5 57.52 8.22 1.6 2.3 0.9 171 0.20 
MAR 17543 618 15.25 1.89 0.88 4.37 0.003 0.21 0.14 1.89 0.06 67.93 184.4 72.78 87.8 7.93 6.39 1.49 97.0 17.95 67.9 38.82 7.76 1.8 2.7 1.1 179 0.23 
MAR 18970 625 13.71 1.39 0.61 3.82 0.005 0.59 0.14 1.89 0.04 78.49 193.6 109.89 100.7 11.56 6.96 1.55 94.2 19.88 83.7 31.40 8.37 1.9 3.2 1.8 156 0.22 
MAR 18986 632 14.31 1.75 0.71 4.78 0.003 0.18 0.14 2.13 0.07 63.38 224.3 63.38 103.7 8.94 7.70 nd 87.8 16.58 82.9 34.13 8.78 2.1 3.2 1.3 171 0.00 
MAR 17576 640 16.13 2.10 0.92 6.82 0.005 0.52 0.62 2.42 0.06 61.07 178.1 106.87 123.9 14.19 5.81 1.55 106.9 18.32 101.8 55.98 8.65 1.9 3.8 0.9 162 0.27 
MAR 17581 647 14.35 2.03 0.76 5.43 0.003 0.26 0.12 2.08 0.09 58.14 213.2 82.36 105.1 11.76 7.49 1.60 106.6 16.96 87.2 43.60 7.75 2.3 3.1 1.1 164 0.21 
MAR 17602 653 19.12 2.93 1.09 6.65 0.003 0.32 0.13 2.96 0.08 63.08 218.3 97.04 135.6 10.92 9.11 1.77 111.6 21.35 121.3 53.37 10.67 2.3 2.6 0.8 181 0.19 
MAR 17588 659 18.41 3.74 0.61 12.52 0.004 0.38 0.14 4.15 0.09 43.97 332.2 107.47 200.1 17.79 6.54 3.38 180.8 21.98 166.1 87.93 11.72 5.2 3.9 1.0 172 0.52 
MAR 17622 664 11.15 3.66 1.60 19.95 0.062 0.14 0.25 5.76 0.41 86.66 134.8 38.52 259.2 21.62 11.84 3.49 158.9 26.48 197.4 72.22 9.63 1.9 6.3 0.8 185 0.29 
MAR 18926 680 10.40 4.92 0.52 16.01 0.005 0.25 0.10 4.30 0.30 72.71 213.3 82.40 195.1 10.72 7.50 3.10 203.6 21.33 160.0 101.79 7.76 8.0 3.8 2.0 183 0.41 

Fraction 0.2-2 µm                             
MAR 17306 510 17.48 2.07 0.64 6.87 0.008 0.48 0.10 2.49 bdl 62.59 173.33 101.11 116.9 35.79 9.86 1.93 115.6 15.89 110.7 52.96 10.59  2.7 3.9 1.4 177 0.20 
MAR 17376 538 14.24 1.51 0.66 6.20 0.005 0.54 0.11 2.06 bdl 63.60 205.48 102.74 104.5 18.04 8.32 1.71 83.2 16.14 83.2 29.35 11.25  1.9 4.8 1.4 164 0.20 
MAR 17494 571 16.79 1.48 0.74 3.42 0.008 0.61 0.03 1.88 bdl 96.76 203.19 120.95 88.1 13.77 7.77 1.75 101.6 18.87 77.4 29.03 7.74  1.7 2.7 1.8 177 0.23 
MAR 18870 591 13.14 0.99 0.39 2.42 0.003 0.53 0.12 1.70 bdl 71.67 200.67 76.45 82.5 17.34 6.38 1.60 71.7 19.11 52.6 33.44 8.60  2.1 2.8 2.6 171 0.25 
MAR 18891 598 14.56 1.56 0.75 2.98 0.003 0.41 0.11 1.64 bdl 68.63 147.06 93.14 82.4 12.57 6.20 1.39 78.4 18.63 73.5 29.41 5.88  1.8 2.2 1.3 165 0.23 
MAR 18970 625 12.35 1.24 0.52 3.35 0.003 0.44 0.12 1.70 bdl 63.45 175.70 102.49 83.7 12.60 5.99 1.59 73.2 16.59 53.7 29.28 8.78  2.0 3.1 1.7 169 0.26 
MAR 17581 647 12.59 2.00 0.60 5.14 0.004 0.48 0.11 1.85 bdl 55.61 176.95 131.45 92.4 25.67 5.85 1.59 141.6 23.76 96.1 40.44 5.56  2.8 3.0 1.3 166 0.27 
MAR 17622 664 13.81 3.75 1.16 19.01 0.008 0.43 0.09 5.92 0.49 65.26 195.78 120.48 267.5 29.77 15.02 4.45 195.8 29.12 165.7 115.46 11.55  2.7 5.9 0.8 184 0.30 

Fraction <0.2 µm                             
MAR 17306 510 20.09 2.47 0.86 8.22 0.007 0.38 0.07 2.30 bdl 57.66 100.91 110.52 115.2 56.19 9.74 1.57 149.0 14.90 110.5 115.33 13.46  2.4 3.9 0.9 166 0.16 
MAR 17376 538 18.23 2.50 1.22 9.14 0.006 0.36 0.07 2.59 bdl 53.19 120.89 72.53 131.7 39.44 10.07 1.45 120.9 14.51 116.1 77.37 12.09  1.7 4.2 0.6 163 0.14 
MAR 17494 571 23.11 2.25 0.93 5.29 0.003 0.36 0.08 2.12 bdl 48.05 105.72 96.11 108.8 27.83 9.01 1.39 134.6 12.01 120.1 67.28 12.97  2.1 2.7 0.7 162 0.15 
MAR 18870 591 22.73 2.45 0.90 5.18 0.004 0.43 0.08 2.34 bdl 52.76 153.48 95.92 128.8 42.63 8.41 1.84 119.9 15.83 110.3 86.33 9.11  2.3 2.5 0.8 151 0.22 
MAR 18891 598 21.12 2.74 1.34 4.62 0.003 0.26 0.06 1.86 bdl 48.66 97.32 82.73 100.2 34.06 7.49 1.19 126.5 11.19 116.8 87.59 10.71  1.7 2.0 0.5 154 0.16 
MAR 18970 625 20.38 2.60 1.06 5.99 0.002 0.34 0.08 2.39 bdl 49.12 117.88 98.23 114.7 29.23 6.92 1.35 147.4 12.77 122.8 78.59 11.79  2.1 2.8 0.7 173 0.19 
MAR 17581 647 19.60 2.75 1.07 7.07 0.003 0.36 0.09 2.75 bdl 47.80 119.50 100.38 129.7 34.63 6.58 1.38 172.1 12.91 100.4 81.26 13.38  2.2 3.0 0.6 176 0.21 
MAR 17622 664 11.10 3.71 0.66 21.15 0.003 0.11 0.05 6.51 0.11 47.85 47.85 76.56 320.5 20.54 3.12 1.43 239.2 10.05 191.4 81.34 10.53  4.8 6.6 1.0 169 0.46 



 

Appendix 2 (continued) 
Rare earth elements (µg.g-1)  Sample Depth (m)

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu  ΣREE  
Ce*

pn
b Eu*

pn
b (La/Yb)pn

b

Fraction <2 µm                     
MAR 17297 507 7.89 19.27 2.08 7.80 1.22 0.23 0.91 0.13 0.70 0.14 0.42 0.07 0.45 0.06 41.36 1.13 1.04 1.30 
MAR 17306 510 28.61 51.08 5.90 20.63 nd 0.76 2.64 0.42 2.29 0.49 1.30 0.24 1.52 0.24 116.15 0.92 - 1.39 
MAR 17341 524 18.82 30.07 3.64 13.05 nd 0.44 1.59 0.25 1.56 0.33 0.95 0.17 1.04 0.16 72.07 0.83 - 1.34 
MAR 17376 538 23.71 39.41 4.62 16.07 nd 0.62 2.09 0.35 2.02 0.43 1.19 0.21 1.31 0.20 92.24 0.87 - 1.33 
MAR 17430 551 23.81 45.41 5.21 18.36 nd 0.69 2.45 0.40 2.30 0.46 1.33 0.24 1.49 0.23 102.39 0.96 - 1.18 
MAR 17494 571 19.79 33.19 3.99 14.32 nd 0.55 2.00 0.32 1.96 0.43 1.19 0.20 1.30 0.19 79.44 0.86 - 1.13 
MAR 18818 577 14.48 27.65 3.32 11.97 2.10 0.47 1.58 0.25 1.51 0.33 0.86 0.16 0.98 0.14 65.80 0.94 1.20 1.09 
MAR 18858 584 16.32 27.74 3.43 12.16 nd 0.49 1.64 0.28 1.69 0.35 0.95 0.18 1.11 0.17 66.52 0.86 - 1.09 
MAR 18870 591 17.72 38.39 3.65 12.86 2.37 0.49 1.77 0.28 1.64 0.34 0.92 0.16 1.03 0.16 81.77 1.11 1.14 1.27 
MAR 18891 598 13.40 21.45 2.67 9.50 nd 0.36 1.30 0.22 1.34 0.28 0.78 0.14 0.93 0.14 52.51 0.83 - 1.06 
MAR 17502 605 17.61 29.13 3.56 12.74 nd 0.48 1.76 0.29 1.69 0.35 1.01 0.18 1.18 0.18 70.17 0.85 - 1.10 
MAR 17521 612 13.79 31.36 2.90 10.36 1.88 0.41 1.44 0.22 1.24 0.26 0.74 0.12 0.77 0.12 65.61 1.15 1.19 1.31 
MAR 17543 618 16.43 27.41 3.41 12.11 nd 0.46 1.53 0.26 1.51 0.31 0.91 0.16 1.01 0.15 65.65 0.85 - 1.20 
MAR 18970 625 16.06 35.10 3.38 11.70 2.18 0.45 1.60 0.25 1.50 0.34 0.90 0.16 1.00 0.15 74.75 1.12 1.13 1.18 
MAR 18986 632 15.53 27.14 3.23 11.51 nd 0.44 1.58 0.26 1.58 0.32 0.93 0.16 1.00 0.17 63.85 0.89 - 1.15 
MAR 17576 640 14.94 35.61 3.22 11.99 2.14 0.45 1.62 0.24 1.34 0.28 0.75 0.14 0.84 0.14 73.72 1.18 1.14 1.31 
MAR 17581 647 16.27 32.24 3.63 13.44 nd 0.52 1.78 0.29 1.64 0.31 0.97 0.16 1.05 0.16 72.47 0.97 - 1.14 
MAR 17602 653 19.09 36.14 3.96 14.25 nd 0.60 1.99 0.30 1.78 0.37 1.04 0.18 1.22 0.18 81.11 0.96 - 1.15 
MAR 17588 659 19.23 34.26 4.01 13.91 nd 0.53 1.87 0.29 1.69 0.39 1.16 0.23 1.52 0.24 79.34 0.92 - 0.93 
MAR 17622 664 20.64 54.19 5.77 22.64 nd 0.95 3.47 0.51 2.83 0.57 1.61 0.26 1.81 0.28 115.53 1.17 - 0.84 
MAR 18926 680 16.33 39.65 4.15 16.16 nd 0.69 2.46 0.37 2.00 0.40 1.04 0.17 0.97 0.15 84.52 1.12 - 1.24 

Fraction <0.2-2 µm                     
MAR 17306 510 33.34 65.17 5.02 18.69 3.53 0.76 2.65 0.39 2.21 0.44 1.21 0.21 1.33 0.20 135.18  1.09 1.17 1.84 
MAR 17376 538 27.94 51.86 4.20 15.68 3.06 0.64 2.21 0.36 2.01 0.40 1.10 0.20 1.20 0.19 111.03  1.04 1.15 1.71 
MAR 17494 571 23.50 42.32 3.60 13.43 2.66 0.56 1.98 0.33 1.90 0.39 1.08 0.18 1.20 0.17 93.30  1.00 1.14 1.45 
MAR 18870 591 21.40 36.53 3.12 11.56 2.32 0.50 1.73 0.28 1.63 0.34 0.94 0.17 1.03 0.15 81.72  0.97 1.17 1.53 
MAR 18891 598 18.07 31.34 2.69 9.96 1.92 0.40 1.44 0.24 1.39 0.29 0.80 0.15 0.90 0.14 69.72  0.98 1.12 1.49 
MAR 18970 625 21.36 38.62 3.20 12.18 2.44 0.55 1.86 0.28 1.68 0.35 0.96 0.16 1.04 0.16 84.84  1.01 1.21 1.52 
MAR 17581 647 21.45 42.12 3.32 12.64 2.43 0.53 1.74 0.29 1.69 0.33 0.91 0.17 1.01 0.16 88.79  1.08 1.21 1.57 
MAR 17622 664 33.79 95.91 6.57 27.21 5.82 1.24 4.40 0.64 3.59 0.71 1.91 0.34 2.01 0.31 184.45  1.41 1.16 1.24 

Fraction <0.2 µm          
MAR 17306 510 24.61 54.18 4.05 15.00 2.64 0.55 1.83 0.27 1.65 0.34 0.95 0.18 1.05 0.17 107.46  1.20 1.18 1.74 
MAR 17376 538 27.11 48.04 3.56 13.05 2.46 0.51 1.84 0.27 1.52 0.31 0.90 0.15 0.96 0.15 100.84  1.04 1.14 2.08 
MAR 17494 571 16.24 37.94 2.86 10.55 1.87 0.41 1.33 0.19 1.35 0.28 0.77 0.15 0.90 0.15 74.99  1.24 1.22 1.34 
MAR 18870  591 23.91 39.28 3.06 10.83 2.06 0.46 1.55 0.25 1.53 0.31 0.95 0.17 1.09 0.18 85.63  0.99 1.22 1.62 
MAR 18891 598 13.43 28.95 2.32 8.45 1.50 0.32 1.05 0.15 1.09 0.22 0.61 0.12 0.79 0.11 59.11  1.16 1.22 1.25 
MAR 18970 625 15.67 36.47 2.84 10.16 1.82 0.39 1.28 0.20 1.32 0.25 0.77 0.14 0.89 0.13 72.32  1.24 1.19 1.30 
MAR 17581 647 15.96 42.93 3.07 11.69 2.06 0.45 1.37 0.20 1.31 0.26 0.74 0.12 0.83 0.13 81.13  1.38 1.25 1.42 
MAR 17622 664 5.27 17.12 1.20 4.74 0.93 0.22 0.64 0.10 0.67 0.14 0.39 0.08 0.47 0.09 32.07  1.55 1.36 0.82 
bdl for below detection limit- nd not determined. 
a Elementary ratios in ppm/ppm. 
b Ce*

pn and Eu*
pn stands for Ce and Eu anomalies, and (la/Yb)pn for the coefficient of fractionation, all calculated from PAAS-normalized REE contents. 


