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Appendix DR1: Varicorbula gibba and Lentidium mediterraneum data sets  

Number, identification code, mass, amino acid racemization values, locality and sample 
information, estimated ages and covariance screening for each analyzed right valve. Valves are 
grouped at sample level. Abbreviation: Obs─number of analyzed valves per sample; Asp─aspartic 
acid; Glu─glutamic acid; Aspx─Asp D/L derived age; Glux─Glu D/L derived age; x─the exponent 
that best linaerizes the time versus D/L data; Y25%─specified cut off value between Asp and Glu 
derived ages, calculated on mean Asp and Glu D/L derived age; Yes─specimen that shows good 
Asp and Glu derived age covariation, the difference between the two ages is < 250 yr or 25% of its 
mean derived age (see also Appedix DR2). In locality info, numbers identify the studied cores or 
recent environments, letters identify the studied horizons; n─total abundances of the two studied 
species in the sample. 

 
Varicorbula gibba dataset 

Obs Lab ID Mass  D/L  AAR age (yr B.P.) Y25% Yes=retained 

(UAL-) (mg) Asp  Glu  Aspx Glux Mean [Aspx-Glux] (yr) No=discarded 

Locality 12 (core depth = 0.0-0.1 m, systems tract = HST, sample sizes: V. gibba (n = 63), L. mediterraneum(n = 530) 

1 6874_A 30.9 0.093 0.024 42 117 80 75 250 Yes 

2 6874_B 18.4 0.076 0.020 -13 5 -4 18 250 Yes 

3 6874_C 16.7 0.081 0.020 1 5 3 4 250 Yes 

4 6874_D 14.3 0.079 0.025 -5 148 71 153 250 Yes 

5 6874_E 14.3 0.084 0.021 10 32 21 21 250 Yes 

6 6874_F 24.2 0.089 0.019 27 -21 3 48 250 Yes 

7 6874_G 17.5 0.095 0.022 50 59 54 10 250 Yes 

8 6874_H 20.5 0.062 0.021 -45 32 -7 77 250 Yes 

9 6874_I 19.3 0.095 0.019 50 -21 14 71 250 Yes 

10 6874_J 19.7 0.096 0.018 54 -46 4 100 250 Yes 

Locality 10 (core depth = 0.0-0.1 m, systems tract = HST, sample sizes: V. gibba (n = 42), L. mediterraneum(n = 0) 

1 6830_A (1) 24.8 0.062 0.018 -45 -46 -45 1 250 Yes 

2 6830_B 12.0 0.068 0.017 -33 -70 -51 37 250 Yes 

3 6831_A 19.1 0.075 0.018 -16 -46 -31 30 250 Yes 

4 6831_B 7.4 0.069 0.016 -31 -93 -62 63 250 Yes 

5 6831_C 24.6 0.078 0.018 -8 -46 -27 38 250 Yes 

6 6831_D 11.3 0.068 0.018 -33 -46 -39 13 250 Yes 

7 6831_E 22.5 0.073 0.017 -21 -70 -46 49 250 Yes 

8 6831_F 7.3 0.075 0.015 -16 -115 -66 99 250 Yes 

9 6832_A 27.0 0.070 0.018 -28 -46 -37 18 250 Yes 

10 6832_B 10.7 0.071 0.017 -26 -70 -48 44 250 Yes 

11 6832_C 4.1 0.067 0.016 -35 -93 -64 58 250 Yes 

12 6832_D 2.7 0.073 0.020 -21 5 -8 26 250 Yes 

13 6832_E 3.6 0.071 0.019 -26 -21 -23 5 250 Yes 

 

Locality 2-i (core depth = 14.8-14.9 m, systems tract = HST, sample sizes: V. gibba (n = 21), L. mediterraneum (n = 25) 

1 6841_A 18.5 0.279 0.080 2631 2914 2773 283 693 Yes 

2 6841_B 13.2 0.266 0.076 2294 2648 2471 354 618 Yes 



3 6841_C (2) 18.2 0.281 0.083 2686 3120 2903 434 726 Yes 

4 6841_D 7.3 0.259 0.074 2124 2518 2321 394 580 Yes 

5 6841_E 6.3 0.305 0.070 3394 2266 2830 1128 708 No 

6 6841_F 8.2 0.243 0.062 1765 1791 1778 26 444 Yes 

7 6841_G 3.6 0.305 0.075 3394 2583 2988 812 747 No 

8 6841_H 1.5 0.279 0.085 2631 3260 2945 629 736 Yes 

9 6841_I 2.2 0.296 0.071 3116 2328 2722 788 681 No 

10 6841_J 1.2 0.305 0.087 3394 3402 3398 8 850 Yes 

Locality 1-h (core depth = 25.0-25.1 m, systems tract = CS, sample sizes: V. gibba (n = 112), L. mediterraneum (n = 0) 

1 6843_A 52.5 0.334 0.082 4393 3051 3722 1343 930 No 

2 6843_B 20.5 0.322 0.082 3960 3051 3505 910 876 No 

3 6843_C 34.2 0.315 0.088 3721 3474 3597 247 899 Yes 

4 6843_D 8.8 0.382 0.101 6419 4460 5439 1959 1360 No 

5 6843_E (2) 4.7 0.355 0.100 5220 4381 4800 840 1200 Yes 

6 6843_F 9.2 0.303 0.081 3331 2982 3157 349 789 Yes 

7 6843_G 8.2 0.322 0.083 3960 3120 3540 841 885 Yes 

8 6843_H 3.7 0.328 0.092 4173 3767 3970 406 993 Yes 

9 6843_I 3.8 0.308 0.091 3490 3693 3592 203 898 Yes 

10 6843_J 1.3 0.331 0.108 4282 5028 4655 746 1164 Yes 

11 6843_K 1.0 0.293 0.108 3027 5028 4028 2001 1007 No 

12 6843_L 3.4 0.312 0.078 3621 2780 3200 841 800 No 

13 6843_M 2.8 0.310 0.083 3555 3120 3337 435 834 Yes 

14 6843_N 1.6 0.332 0.092 4319 3767 4043 552 1011 Yes 

15 6843_O 2.2 0.350 0.109 5015 5111 5063 96 1266 Yes 

16 6843_P 1.9 0.307 0.082 3458 3051 3254 408 814 Yes 

17 6843_Q 1.2 0.311 0.106 3588 4863 4225 1275 1056 No 

18 6843_R 1.5 0.320 0.096 3891 4070 3980 179 995 Yes 

19 6843_S 1.0 0.333 0.117 4356 5797 5076 1441 1269 No 

20 6843_T 10.8 0.327 0.109 4137 5111 4624 974 1156 Yes 

Locality 6-g (core depth = 26.9-27.0 m, systems tract = CS, sample sizes: V. gibba (n = 447), L. mediterraneum(n = 60) 

1 6842_A 11.6 0.310 0.092 3555 3767 3661 212 915 Yes 

2 6842_B 14.1 0.323 0.109 3995 5111 4553 1116 1138 Yes 

3 6842_C(2) 19.3 0.417 0.146 8213 8550 8381 337 2095 Yes 

4 6842_D 18.2 0.301 0.074 3269 2518 2894 751 723 No 

5 6842_E 9.0 0.258 0.082 2100 3051 2575 950 644 No 

6 6842_F 10.3 0.271 0.064 2420 1906 2163 514 541 Yes 

7 6842_G 3.0 0.343 0.126 4737 6607 5672 1870 1418 No 

8 6842_H 14.9 0.327 0.094 4137 3917 4027 220 1007 Yes 

9 6842_I 6.8 0.327 0.090 4137 3620 3878 518 970 Yes 

10 6842_J 3.2 0.397 0.151 7153 9066 8110 1912 2027 Yes 

Museum collections (systems tract = HST) 

1 6966_A(2) 12.0 0.082 0.018 4 -46 -21 50 250 Yes 

2 6966_B 11.3 0.084 0.017 10 -70 -30 80 250 Yes 
 

 
 



 
 
 

Lentidium mediterraneum dataset 

Locality 11 (core depth = 0.0-0.1 m, systems tract = HST, sample sizes: V. gibba (n = 0), L. mediterraneum (n >2000) 

1 6873_A (1) 4.4 0.033 0.016 -58 -51 -54 7 250 Yes 

2 6873_B (1) 4.5 0.038 0.015 -49 -60 -54 11 250 Yes 

3 6873_C (1) 3.2 0.036 0.016 -53 -51 -52 2 250 Yes 

4 6873_D (1) 2.3 0.035 0.016 -55 -51 -53 4 250 Yes 

5 6873_E (1) 3.0 0.038 0.017 -49 -40 -45 8 250 Yes 

6 6873_F 4.9 0.044 0.018 -34 -29 -31 5 250 Yes 

7 6873_G 4.9 0.039 0.014 -46 -67 -57 20 250 Yes 

8 6873_H 5.0 0.041 0.017 -42 -40 -41 1 250 Yes 

9 6873_I 3.6 0.049 0.018 -17 -29 -23 12 250 Yes 

10 6873_J 2.5 0.052 0.017 -5 -40 -23 35 250 Yes 

Locality 9-n (core depth = 1.2-1.3 m, systems tract = HST, sample sizes: V. gibba (n = 0), L. mediterraneum (n = 429) 

1 6820_A 15.3 0.091 0.027 328 174 251 154 250 Yes 

2 6820_B 11.8 0.094 0.030 371 293 332 78 250 Yes 

3 6820_C 4.7 0.096 0.031 402 340 371 62 250 Yes 

4 6820_D 3.1 0.095 0.030 386 293 340 93 250 Yes 

5 6820_E 3.5 0.095 0.031 386 340 363 47 250 Yes 

6 6820_F 2.5 0.101 0.034 484 504 494 20 250 Yes 

7 6819_A 12.8 0.087 0.026 275 141 208 134 250 Yes 

8 6819_B 4.4 0.103 0.035 519 567 543 47 250 Yes 

9 6819_C 3.7 0.111 0.039 677 868 773 191 250 Yes 

10 6819_D 2.2 0.092 0.029 342 250 296 92 250 Yes 

11 6819_E 2.1 0.089 0.027 301 174 238 127 250 Yes 

12 6819_F 1.0 0.103 0.036 519 635 577 115 250 Yes 

13 6819_G 0.4 0.100 0.034 467 504 485 37 250 Yes 

14 6818_A 1.9 0.102 0.032 502 390 446 111 250 Yes 

15 6818_B 4.0 0.098 0.034 434 504 469 70 250 Yes 

16 6818_C 1.6 0.097 0.032 417 390 404 27 250 Yes 

17 6818_D 11.6 0.090 0.027 314 174 244 140 250 Yes 

18 6818_E 0.7 0.109 0.040 635 957 796 322 250 No 

Locality 9-m (core depth = 1.65-1.75 m, systems tract = HST, sample sizes: V. gibba (n = 0), L. mediterraneum (n = 1151) 

1 6823_A (2) 14.5 0.083 0.024 227 84 156 143 250 Yes 

2 6823_B 3.7 0.091 0.029 328 250 289 78 250 Yes 

3 6823_C 4.1 0.088 0.027 288 174 231 114 250 Yes 

4 6823_D 2.2 0.089 0.030 301 293 297 8 250 Yes 

5 6823_E 1.9 0.093 0.030 356 293 325 64 250 Yes 

6 6823_F 1.0 0.096 0.032 402 390 396 12 250 Yes 

7 6823_G 0.8 0.085 0.027 250 174 212 76 250 Yes 

8 6824_A 3.4 0.084 0.025 239 111 175 127 250 Yes 

9 6824_B 2.0 0.092 0.033 342 445 393 103 250 Yes 

10 6824_C 1.0 0.098 0.035 434 567 500 133 250 Yes 

11 6824_D 1.7 0.093 0.028 356 210 283 146 250 Yes 

12 6824_E 1.9 0.085 0.025 250 111 181 139 250 Yes 

13 6824_F 1.5 0.088 0.030 288 293 290 5 250 Yes 

14 6825_A 5.0 0.095 0.031 386 340 363 47 250 Yes 

15 6825_B 11.3 0.082 0.026 216 141 179 74 250 Yes 

16 6825_C 12.5 0.072 0.019 118 -15 52 133 250 Yes 

17 6825_D 7.0 0.088 0.028 288 210 249 77 250 Yes 

18 6825_E 6.1 0.088 0.030 288 293 290 5 250 Yes 



19 6825_F 5.0 0.079 0.024 184 84 134 100 250 Yes 

20 6825_G 2.9 0.104 0.030 538 293 415 245 250 Yes 

Locality 5-l (core depth = 3.00-3.10 m, systems tract = HST, sample sizes: V. gibba (n = 0), L. mediterraneum (n >2000) 

1 6835_A (2) 16.4 0.117 0.041 812 1051 931 239 250 Yes 

2 6835_B 5.4 0.111 0.041 677 1051 864 374 250 No 

3 6835_C 8.9 0.130 0.045 1159 1487 1323 328 331 Yes 

4 6835_D 4.4 0.131 0.043 1190 1256 1223 67 306 Yes 

5 6835_E 2.6 0.123 0.045 963 1487 1225 525 306 No 

6 6835_F 2.1 0.126 0.044 1044 1369 1206 325 302 No 

7 6835_G 0.4 0.130 0.045 1159 1487 1323 328 331 Yes 

8 6835_H 0.9 0.124 0.043 989 1256 1123 267 281 Yes 

9 6835_I 1.7 0.126 0.046 1044 1613 1328 569 332 No 

10 6835_J 1.8 0.121 0.042 911 1151 1031 240 258 Yes 

11 6836_A 2.9 0.114 0.042 742 1151 946 408 250 No 

12 6836_B 4.5 0.123 0.044 963 1369 1166 406 291 No 

13 6836_C 3.9 0.124 0.046 989 1613 1301 623 325 No 

14 6836_D 6.4 0.115 0.037 765 708 736 58 250 Yes 

15 6836_E 5.2 0.113 0.040 720 957 838 237 250 Yes 

16 6836_F 3.5 0.118 0.051 836 2348 1592 1512 398 No 

17 6836_G 2.8 0.120 0.040 885 957 921 71 250 Yes 

18 6836_H 8.3 0.123 0.043 963 1256 1110 294 277 No 

19 6836_I 0.2 0.128 0.040 1101 957 1029 144 257 Yes 

20 6836_J 2.6 0.130 0.043 1159 1256 1208 97 302 Yes 

Locality 5-k (core depth = 5.45-5.55 m, systems tract = HST, sample sizes: V. gibba (n = 0), L. mediterraneum (n >2000) 

1 6815_A 15.3 0.119 0.041 860 1051 955 190 239 Yes 

2 6815_B 8.1 0.125 0.043 1016 1256 1136 240 284 Yes 

3 6815_C 6.2 0.123 0.040 963 957 960 6 250 Yes 

4 6815_D 7.1 0.126 0.047 1044 1745 1395 701 349 No 

5 6815_E 4.3 0.125 0.045 1016 1487 1252 471 313 No 

6 6815_F 3.8 0.130 0.046 1159 1613 1386 453 347 No 

7 6815_G 3.9 0.127 0.046 1072 1613 1342 540 336 No 

8 6815_H 3.5 0.137 0.048 1380 1884 1632 504 408 No 

9 6815_I 2.6 0.122 0.047 936 1745 1341 809 335 No 

10 6816_A 14.6 0.119 0.042 860 1151 1005 290 251 No 

11 6816_B 8.1 0.125 0.049 1016 2031 1524 1015 381 No 

12 6816_C 6.1 0.121 0.042 911 1151 1031 240 258 Yes 

13 6816_D 5.8 0.131 0.048 1190 1884 1537 695 384 No 

14 6816_E 8.2 0.123 0.047 963 1745 1354 782 338 No 

15 6816_F 3.4 0.127 0.047 1072 1745 1409 673 352 No 

16 6816_G 5.0 0.126 0.043 1044 1256 1150 212 288 Yes 

17 6816_H 5.0 0.134 0.047 1283 1745 1514 462 378 No 

18 6816_I 4.1 0.129 0.049 1130 2031 1581 901 395 No 

19 6816_J 3.5 0.132 0.045 1220 1487 1354 267 338 Yes 
 
Locality 4-j (core depth = 10.00-10.10 m, systems tract = HST, sample sizes: V. gibba (n = 0), L. mediterraneum (n = 421) 

1 6827_A 9.4 0.132 0.042 1220 1151 1185 70 250 Yes 

2 6827_B 13.6 0.140 0.043 1483 1256 1370 226 342 Yes 

3 6827_C 9.2 0.134 0.038 1283 785 1034 497 258 No 

4 6827_D 10.7 0.130 0.040 1159 957 1058 203 250 Yes 

5 6827_E 3.1 0.135 0.045 1315 1487 1401 173 350 Yes 

6 6827_F 7.7 0.142 0.046 1554 1613 1583 59 396 Yes 

7 6827_G 2.7 0.125 0.040 1016 957 987 60 250 Yes 

8 6827_H 10.6 0.122 0.037 936 708 822 229 250 Yes 

9 6827_I 8.6 0.125 0.040 1016 957 987 60 250 Yes 

10 6827_J 7.6 0.138 0.048 1414 1884 1649 470 412 No 

11 6837_A (2) 27.6 0.117 0.038 812 785 799 27 250 Yes 



12 6837_B 14.5 0.119 0.039 860 868 864 8 250 Yes 

13 6837_C 17.9 0.133 0.043 1251 1256 1254 5 313 Yes 

14 6837_D 16.4 0.130 0.039 1159 868 1014 291 250 No 

15 6837_E 13.7 0.125 0.041 1016 1051 1034 34 250 Yes 

16 6837_F 12.9 0.140 0.048 1483 1884 1684 402 421 Yes 

17 6837_G 13.7 0.122 0.039 936 868 902 68 250 Yes 

18 6837_I 1.6 0.126 0.043 1044 1256 1150 212 288 Yes 

Locality 2-i (core depth = 14.80-14.90 m, systems tract = HST, sample sizes: V. gibba (n = 21), L. mediterraneum (n = 25) 

1 6839_A 5.8 0.174 0.060 3008 4198 3603 1190 901 No 

2 6839_B 13.1 0.189 0.072 3922 7986 5954 4064 1488 No 

3 6839_C (2) 5.0 0.170 0.052 2791 2518 2654 273 664 Yes 

4 6839_D 3.5 0.182 0.058 3475 3721 3598 246 900 Yes 

5 6839_E 5.3 0.194 0.069 4263 6877 5570 2614 1392 No 

6 6839_F 3.9 0.181 0.061 3414 4451 3933 1037 983 No 

7 6839_G 3.1 0.190 0.065 3988 5572 4780 1584 1195 No 

8 6839_H 2.5 0.199 0.067 4624 6200 5412 1576 1353 No 

9 6839_I 3.7 0.172 0.064 2898 5275 4087 2377 1022 No 

10 6839_J 2.9 0.208 0.063 5324 4990 5157 334 1289 Yes 

Locality 6-g (core depth = 26.90-27.00 m, systems tract = CS, sample sizes: V. gibba (n = 447), L. mediterraneum (n = 60) 

1 6840_A 8.2 0.263 0.120 8420 9101 8760 681 2190 Yes 

2 6840_B 4.3 0.266 0.127 8452 9240 8846 787 2211 Yes 

3 6840_C 2.7 0.288 0.148 8691 9656 9174 965 2293 Yes 

4 6840_D 4.2 0.285 0.142 8659 9537 9098 879 2274 Yes 

5 6840_E 3.1 0.277 0.127 8572 9240 8906 668 2226 Yes 

6 6840_F 2.2 0.286 0.141 8669 9517 9093 848 2273 Yes 

7 6840_G 2.6 0.291 0.145 8724 9597 9160 873 2290 Yes 

8 6840_H 1.5 0.296 0.164 8778 9974 9376 1196 2344 Yes 

9 6840_I 1.2 0.283 0.142 8637 9537 9087 900 2272 Yes 

10 6840_J 0.8 0.309 0.151 8919 9716 9318 796 2329 Yes 

Locality 8-f (core depth = 16.00-16.10 m, systems tract = CS, sample sizes: V. gibba (n = 0), L. mediterraneum (n = 96) 

1 6822_A (2) 8.9 0.238 0.072 5682 7986 6834 2304 1709 No 

2 6822_B (2) 12.4 0.259 0.079 8376 8287 8332 89 2083 Yes 

3 6822_C 4.3 0.259 0.072 8376 7986 8181 390 2045 Yes 

4 6822_D 6.2 0.259 0.081 8376 8327 8351 49 2088 Yes 

5 6822_E 5.0 0.250 0.065 8278 5572 6925 2706 1731 No 

6 6822_F 3.6 0.267 0.083 8463 8366 8415 97 2104 Yes 

7 6822_G 1.3 0.270 0.074 8496 8188 8342 308 2085 Yes 

8 6822_H 1.5 0.280 0.077 8604 8247 8426 357 2106 Yes 

9 6822_I 2.2 0.265 0.057 8441 3498 5970 4943 1492 No 

10 6822_J 0.8 0.269 0.092 8485 8545 8515 60 2129 Yes 

11 6822_K 1.6 0.251 0.080 8289 8307 8298 18 2075 Yes 

12 6822_L 0.7 0.310 0.083 8930 8366 8648 564 2162 Yes 

13 6822_M 1.7 0.246 0.079 8235 8287 8261 52 2065 Yes 
14 6822_N 2.6 0.249 0.071 8267 7603 7935 664 1984 Yes 

15 6822_O 1.0 0.293 0.085 8746 8406 8576 340 2144 Yes 

16 6822_P 0.4 0.281 0.097 8615 8644 8630 29 2157 Yes 

17 6822_Q 0.6 0.287 0.081 8680 8327 8504 354 2126 Yes 

18 6822_R 2.4 0.244 0.069 8213 6877 7545 1336 1886 Yes 

19 6822_S 1.4 0.261 0.078 8398 8267 8332 131 2083 Yes 

Locality 8-e (core depth = 17.00-17.10 m, systems tract = TST, sample sizes: V. gibba (n = 0), L. mediterraneum (n = 165) 

1 6826_A 2.7 0.293 0.094 8746 8585 8665 161 2166 Yes 

2 6826_B 2.5 0.252 0.066 8300 5880 7090 2420 1773 No 

3 6826_C 2.9 0.268 0.066 8474 5880 7177 2594 1794 No 

4 6826_D 6.5 0.249 0.058 8267 3721 5994 4546 1499 No 

5 6826_E 1.4 0.220 0.062 6364 4715 5539 1649 1385 No 



6 6826_F 0.5 0.294 0.082 8756 8346 8551 410 2138 Yes 

7 6826_G 3.6 0.220 0.068 6364 6532 6448 169 1612 Yes 

8 6826_H 2.0 0.246 0.069 8235 6877 7556 1358 1889 Yes 

9 6826_I 1.8 0.228 0.064 7128 5275 6202 1853 1550 No 

10 6826_J 2.7 0.239 0.067 8159 6200 7180 1959 1795 No 

11 6826_K 1.1 0.268 0.082 8474 8346 8410 127 2103 Yes 

12 6826_L 0.9 0.261 0.072 8398 7986 8192 412 2048 Yes 

13 6826_M 1.7 0.245 0.074 8224 8188 8206 36 2051 Yes 

14 6826_N 0.8 0.261 0.063 8398 4990 6694 3408 1673 No 

15 6826_O 2.3 0.271 0.067 8507 6200 7353 2306 1838 No 

16 6826_P 1.5 0.280 0.077 8604 8247 8426 357 2106 Yes 

17 6826_Q 0.4 0.283 0.082 8637 8346 8492 290 2123 Yes 

18 6826_R 1.6 0.267 0.071 8463 7603 8033 860 2008 Yes 

19 6826_S 0.8 0.247 0.072 8246 7986 8116 260 2029 Yes 

20 6826_T 0.6 0.273 0.096 8528 8624 8576 96 2144 Yes 

Locality 7-d (core depth = 22.15-22.25 m, systems tract = TST, sample sizes: V. gibba (n = 2), L. mediterraneum (n = 416) 

1 6828_A 4.1 0.217 0.101 6092 8724 7408 2631 1852 No 

2 6828_B 2.8 0.254 0.089 8322 8485 8404 164 2101 Yes 

3 6828_C 2.2 0.276 0.112 8561 8942 8751 381 2188 Yes 

4 6828_D 2.0 0.254 0.095 8322 8604 8463 283 2116 Yes 

5 6828_E 1.7 0.227 0.086 7029 8426 7728 1397 1932 Yes 

6 6828_F 1.7 0.237 0.086 8137 8426 8281 289 2070 Yes 

7 6828_G 2.2 0.238 0.092 8148 8545 8346 397 2087 Yes 

8 6828_H 0.9 0.227 0.070 7029 7234 7131 204 1783 Yes 

9 6828_I 0.6 0.258 0.093 8365 8565 8465 200 2116 Yes 

10 6828_J 0.6 0.275 0.098 8550 8664 8607 114 2152 Yes 

11 6829_A 13.6 0.229 0.080 7228 8307 7767 1079 1942 Yes 

12 6829_B 2.6 0.258 0.100 8365 8704 8534 338 2134 Yes 

13 6829_C 2.6 0.228 0.082 7128 8346 7737 1219 1934 Yes 

14 6829_D 1.8 0.224 0.058 6739 6720 6729 18 1682 Yes 

15 6829_E 3.0 0.237 0.079 8137 8287 8212 150 2053 Yes 

16 6829_F 2.8 0.230 0.078 7328 8267 7798 939 1949 Yes 

17 6829_G 1.1 0.235 0.092 8115 8545 8330 430 2083 Yes 

18 6829_H 1.6 0.251 0.091 8289 8525 8407 236 2102 Yes 

19 6829_I 0.6 0.286 0.089 8669 8485 8577 184 2144 Yes 

20 6829_J 2.0 0.252 0.088 8300 8466 8383 165 2096 Yes 

Locality 8-c (core depth = 18.70-18.80 m, systems tract = TST, sample sizes: V. gibba (n = 0), L. mediterraneum (n = 175) 

1 6817_A 6.2 0.249 0.065 8267 5572 6920 2696 1730 No 

2 6817_B 1.1 0.294 0.107 8756 8843 8800 86 2200 Yes 

3 6817_C 2.1 0.287 0.106 8680 8823 8752 142 2188 Yes 

4 6817_D 4.6 0.275 0.100 8550 8704 8627 154 2157 Yes 

5 6817_E 5.0 0.242 0.074 8191 8188 8190 4 2047 Yes 

6 6817_F 1.9 0.259 0.078 8376 8267 8322 109 2080 Yes 

7 6817_G 4.6 0.265 0.070 8441 7234 7837 1208 1959 Yes 

8 6817_H 2.6 0.251 0.068 8289 6532 7411 1757 1853 Yes 

9 6817_I 2.6 0.258 0.069 8365 6877 7621 1489 1905 Yes 

10 6817_J 1.0 0.299 0.086 8811 8426 8618 385 2155 Yes 

11 6817_K 2.8 0.259 0.076 8376 8227 8302 149 2075 Yes 

12 6817_L 0.9 0.332 0.099 9169 8684 8927 485 2232 Yes 

13 6817_M 1.4 0.250 0.075 8278 8208 8243 71 2061 Yes 

14 6817_N 1.1 0.317 0.119 9006 9081 9044 74 2261 Yes 

15 6817_O 1.2 0.253 0.086 8311 8426 8368 115 2092 Yes 

16 6817_P 1.5 0.243 0.067 8202 6200 7201 2002 1800 No 

17 6817_Q 0.5 0.290 0.090 8713 8505 8609 208 2152 Yes 

18 6817_R 1.7 0.268 0.070 8474 7234 7854 1240 1963 Yes 

19 6817_S 1.2 0.276 0.093 8561 8565 8563 4 2141 Yes 

20 6817_T 0.5 0.284 0.090 8648 8505 8577 143 2144 Yes 



 
 

Locality 4-b (core depth = 31.50-1.75 m, systems tract = TST, sample sizes: V. gibba (n = 0), L. mediterraneum (n = 183) 

1 6833_A (2) 3.7 0.284 0.103 8648 8763 8705 115 2176 Yes 

2 6833_B 3.1 0.293 0.132 8746 9339 9042 593 2261 Yes 

3 6833_C 3.2 0.310 0.139 8930 9478 9204 547 2301 Yes 

4 6833_D 3.5 0.276 0.098 8561 8664 8612 103 2153 Yes 

5 6833_E 2.0 0.301 0.120 8832 9101 8967 268 2242 Yes 

6 6833_F 2.6 0.301 0.115 8832 9001 8917 169 2229 Yes 

7 6833_G 1.7 0.296 0.119 8778 9081 8929 303 2232 Yes 

8 6833_H 2.8 0.282 0.116 8626 9021 8824 395 2206 Yes 

9 6833_I 2.8 0.292 0.123 8735 9160 8947 425 2237 Yes 

10 6833_J 2.8 0.282 0.116 8626 9021 8824 395 2206 Yes 

11 6834_A 0.7 0.292 0.116 8735 9021 8878 287 2219 Yes 

12 6834_B 0.8 0.276 0.108 8561 8862 8712 302 2178 Yes 

13 6834_C 0.8 0.286 0.116 8669 9021 8845 352 2211 Yes 

14 6834_D 0.9 0.290 0.128 8713 9259 8986 546 2247 Yes 

15 6834_E 0.8 0.283 0.118 8637 9061 8849 424 2212 Yes 

16 6834_F 0.7 0.283 0.125 8637 9200 8918 563 2230 Yes 

17 6834_G 0.6 0.280 0.112 8604 8942 8773 338 2193 Yes 

18 6834_H 0.7 0.283 0.109 8637 8882 8760 245 2190 Yes 

19 6834_I 0.7 0.289 0.119 8702 9081 8891 379 2223 Yes 

20 6834_J 0.7 0.282 0.116 8626 9021 8824 395 2206 Yes 

Locality 4-a (core depth = 32.50-32.60 m, systems tract = TST, sample sizes: V. gibba (n = 0), L. mediterraneum (n = 55) 

1 6838_A 2.8 0.320 0.116 9039 9021 9030 18 2258 Yes 

2 6838_B (2) 3.1 0.334 0.123 9191 9160 9176 31 2294 Yes 

3 6838_C 2.3 0.321 0.105 9050 8803 8926 247 2232 Yes 

4 6838_D 3.7 0.340 0.128 9256 9259 9258 3 2314 Yes 

5 6838_E 1.9 0.337 0.137 9224 9438 9331 214 2333 Yes 

6 6838_F 2.1 0.331 0.130 9158 9299 9229 141 2307 Yes 

7 6838_G 2.3 0.334 0.136 9191 9418 9305 227 2326 Yes 

8 6838_H 1.9 0.368 0.136 9560 9418 9489 142 2372 Yes 

9 6838_I 2.8 0.354 0.147 9408 9636 9522 228 2381 Yes 

10 6838_J 3.8 0.341 0.136 9267 9418 9343 151 2336 Yes 

11 6838_K 2.3 0.339 0.128 9245 9259 9252 14 2313 Yes 

12 6838_L 2.7 0.335 0.130 9202 9299 9250 97 2313 Yes 

13 6838_M 0.8 0.357 0.128 9441 9259 9350 182 2338 Yes 

14 6838_N 1.2 0.345 0.131 9311 9319 9315 8 2329 Yes 

15 6838_O 0.8 0.349 0.129 9354 9279 9317 75 2329 Yes 

16 6838_P 0.8 0.353 0.130 9397 9299 9348 98 2337 Yes 

17 6838_Q 2.5 0.334 0.133 9191 9359 9275 168 2319 Yes 

18 6838_R 2.5 0.337 0.140 9224 9498 9361 274 2340 Yes 

19 6838_S 2.1 0.347 0.137 9332 9438 9385 106 2346 Yes 

20 6838_T 1.8 0.332 0.121 9169 9120 9145 49 2286 Yes 
Footnotes: (1) live-collected specimen; (2) 14C-dated specimens used to derive the amino acid calibration curves. 



Appendix DR2:  Methods, detailed information 

 
Targeted Bivalve Species 
 

Lentidium mediterraneum (O. G. Costa, 1829) and Varicorbula gibba (Olivi, 1792) belong to the 
family Corbulidae and share similar ecological characteristics. Both are shallow infaunal 
opportunistic filter feeders and both adopt an r-selective reproductive strategy, responsible for 
recurrent population explosions triggered, usually, by seasonal or environmental instabilities. 
However, the two species differ in their preferred habitat. In the present-day Adriatic Sea, L. 
mediterraneum is most abundant in proximity of river mouths to outer lagoon environments, 
preferentially inhabits shallow sands and silty muds. In contrast, V. gibba is most abundant in 
offshore-transition to offshore silty muds.  
 The two targeted species were selected for amino acid racemization dating because: 1) they  
allowed a continuous coverage along the studied successions; 2) are the two most abundant bivalve 
species in the sedimentary sequence; 3) of their small body size (maximum shell length is 1.5 cm 
for V. gibba, and 1.0 cm for L. mediterraneum), numerous specimens could be recovered from 
volumetrically small core samples (~500 cm3). 
 Specimens selected for dating came primarily from samples that included large numbers of 
individuals of one of the targeted species. 

 
Amino Acid Racemization  
 

The analytical method employed pre-column derivatization with o-phthaldialdehyde (OPA) together 
with the chiral thiol, N-isobutyryl-L-cysteine (IBLC), to yield fluorescent diastereomeric 
derivatives of chiral primary amino acids. The derivatization was performed on-line prior to each 
injection using the auto-injector of an integrated Agilent 1100 or 1200 series HPLC. Separation was 
by a reverse-phase column packed with a C18 stationary phase (Hypersil BDS, 5 µm) using a linear 
gradient of aqueous sodium acetate, methanol, and acetonitrile. Detection was by fluorescence.  
 The extent of amino acid racemization (AAR) was measured as the peak-area ratio of D-  and L- 
enantiomers of the amino acids that are among the most abundant in intra-crystalline proteins of 
mollusk shells and that can be well resolved using high-performance liquid chromatography. These 
include aspartic acid (Asp), glutamic acid (Glu), and serine acid (Ser). Analytical precision for the 
analyzed amino acids as measured by the coefficient of variation for multiple injections of 
laboratory standards is 2-5%. Both intra- and inter-laboratory comparative (ILC) samples were 
analyzed routinely to monitor machine performance (Wehmiller, 1984). 
 To identify potentially unreliable AAR estimates, we employed the approach of Kosnik and 
Kaufman (2008), in which the covariance of Asp and Glu D/L is used to highlight suspect 
specimens for geochronologic analysis (i.e., those with inconsistent signatures of the two compared 
amino acids), and the relative concentration of Ser was used to check for laboratory contamination. 
Strong deviations from D/L covariance of Asp and Glu may indicate: 1) a preferential diagenetic 
loss of one of the two amino acids; 2) analytical errors, or 3) contamination with non-indigenous 
amino acids (especially likely when high Ser content is observed). 
 

Radiocarbon Analyses 
 

To calibrate the AAR rate in our study area, and to acquire geochronological data for other related 
projects, twelve anterior halves of L. mediterraneum, seven anterior halves of V. gibba, and one 
peat sample were submitted for accelerator mass spectrometry (AMS) 14C dating (Table DR1). For 
this study, only those 14C-dated specimens that showed a good covariation between Asp- and Glu-
D/L values were used for developing AAR age-calibration curves (see sections below). 



 Shell fragments were first cleaned mechanically and then treated with <0.25 M HCl to remove 
at least of 30% of the mass. Conventional ages were converted to calendar years using CALIB 5.0.2 
(http://calib.qub.ac.uk/calib/), the Marine04 global marine radiocarbon calibration curve (Hughen et 
al., 2004), and a ΔR value of 139 ± 28 yr based on dated bivalves found 30 km from the study area 
(see Marine Reservoir Correction Database, http://intcal.qub.ac.uk/marine/). A reservoir-age 
estimate was also obtained from a V. gibba valve, sampled approximately 150 km southeast of the 
study area in 1915 ± 5 yr and housed in the Museo Geologico G. Capellini of Bologna (6966_A, 
Table DR1). The valve yielded a ΔR value of 70 ± 15 yr, which is somewhat lower, but not 
dramatically different from the value provided by the database. In this project the ΔR estimates 
from the Marine Reservoir Correction Database was used in all analyses. 
 

Developing Calibration Curves 
 

Multiple mathematical models, including first-order and apparent parabolic kinetics equations, have 
been used to describe the rate of AAR (D/L values) using locally derived independent ages (e.g., 
14C ages). These models were reviewed by Clarke and Murray-Wallace (2006), and Kosnik et al. 
(2008) recently summarized previous studies that have used radiocarbon to calibrate the rate of 
AAR in marine mollusks, including the exponent values that were used to linearize AAR rates.  
 Because racemization rates are species dependent, AAR rates require independent 14C 
calibration for each of the analyzed taxa. Following the protocol of Kosnik et al. (2008), age 
calibration curves were derived separately for Glu and Asp using the reduced major axis (RMA) 
linear regression (Miller and Kahn, 1962). The calibration curves were additionally constrained 
with live-collected specimens used to estimate initial D/L values (i.e., for L. mediterraneum -58 yr 
B.P.) (0 yr B.P. = 1950 AD). 
 Whereas individual calibration curves provide a predictive model for inferring numerical ages 
of all specimens, the quality of the resulting data can be improved notably by combining 
(averaging) the Glu and Asp calibration estimates and identifying suspect specimens with 
inconsistent Glu vs. Asp ages (Kosnik et al., 2008). Because each specimen has a unique age, values 
derived using different amino acids should yield consistent age estimates. Here, the maximum 
acceptable inconsistency is assumed to be ± 25% of the mean inferred age (i.e., the mean age 
derived using Asp and Glu ages, or ± 250 yr for specimens with the mean inferred age below 1 kyr 
cal. B.P.). A high level of inconsistency is an indicator of suspect (anomalous) age estimates 
rendering the affected specimens unsuited for the geochronological analysis. Consequently, all 
specimens that failed the above consistency test were rejected and excluded from subsequent 
analyses.  
 
Radiocarbon Calibration for Varicorbula gibba 
 
Prior to developing the final AAR calibration curve, all specimens were evaluated in terms of amino 
acid covariance. To this end, the RMA linear regression model for relating exponential fit of Asp-
D/L vs. Glu-D/L values was calculated (the optimal linearization, found iteratively, was for Asp 
D/L1.73 vs. Glu D/L). The threshold was defined as 0.975 percentile of the Glu-D/L residual values 
derived from the RMA model forced thorough the minimum Glu-D/L value (Fig. 1).  
 This preliminary evaluation identified four specimens (two of which were already 14C-dated for 
other studies) that plotted outside the above-mentioned threshold. However, these specimens did not 
show a strong deviation from the RMA regression model used here (Fig. 1), and were included in 
the final dataset (although the two suspect 14C-dated specimens were not used when developing the 
amino acid calibration model; Table DR1). 
 



 
 The amino acid age calibration curve was derived based on four 14C-dated specimens that 
passed the above consistency test and one live-collected specimen (Fig. 2; Table DR1). 
 The 14C calibration of the rate of AAR was based on data linearized by exponential 
transformation of D/L values. For Holocene molluscs, amino acid D/L values raised to an exponent 
tend to display a strong linear relationship with age (e.g., Kaufman, 2006; Kosnick et al., 2008; 
Krause et al., 2010). A live-collected specimen (#6830_A) was used to constrain the D/L value for 
modern specimens (Tables DR1). The linear RMA regression model for Asp, forced thorough D/L 
values of a live collected specimen and linearized using the exponent value of 2.778, is (see also 
Fig. S2): 
 
Eq. 1: t = 94243 * (D/L2.778) – 86.66  (r2 = 0.99, p <5.38*10-4, sYX = 343.12 yr) 
 
Where t─specimen age (yr B.P.), r2─coefficient of determination, p─a two-tailed probability that 
the r2 = 0, and sYX─standard error of estimate (or standard error of the regression). 
  
The best-fit model for Glu D/L (optimal exponent value = 1.681) is: 
 
Eq. 2: t = 224910 * (D/L1.681) – 308.58 (r2 = 1.00, p <2.47*10-4, sYX = 137.88 yr) 
 
Thus, the individual calibration curves suggest that D/L is an excellent predictor of radiocarbon age 
for either of the two amino acids (Fig. 2).  
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Figure DR1. Best-fit exponential 
relation between Asp D/L vs. Glu D/L 
for V. gibba dataset. Shells are reported 
as grey dots. Shells outside the 
0.975percentile of Glu D/L y-residuals 
are orange (i.e., 6843_A, _D, _K and 
6842_G in Appendix DR1). The black 
line is the best-fit reduced major axis 
(RMA) linear regression. 
Abbreviation: r2─best-fit regression; 
x─best fit Asp D/L exponent; n─sample 
size.  
 

Figure DR2. Radiocarbon calibration for V. gibba. Aspartic acid and glutamic acid D/L age-calibration functions 
for V. gibba, based on four 14C ages plus a live-collected specimen (Table DR1). The black lines are the RMA 
forced thorough the amino acid D/L values of the live-collected specimen (i.e., 6830_A in Appendix DR1). 
Calibration curves have calendar year before 1950 A.D. (i.e., 0 yr = 1950 AD) on ordinate and amino acid D/L 
raised to the optimal exponent (also reported in the text along with other regression parameters) on abscissa. 
Abbreviation: r2─best-fit regression; x─best fit amino acid D/L exponent; n─sample size. 



 
However, cross-checking the Asp and Glu inferred ages for each specimen (as each specimen has a 
unique age), revealed significant inconsistencies in a few cases (Fig. 3 and Y >25% in Appendix 
DR1). 
 

 
 
 A total of 52 specimens of V. gibba passed the covariance test based on the age-calibrated D/L 
values of Asp vs. Glu and have been included in the geochronological dataset of 14C-calibrated 
AAR individual specimen dates. In total, 13 specimens with anomalous amino acid covariance 
relation were discarded (i.e., 20% of the C. gibba dataset, Appendix DR1). 
Radiocarbon Calibration of Lentidium mediterraneum 
A visual examination of the bivariate plot of Asp D/L and Glu D/L reveals a marked bimodality: 
younger specimens that lived in HST time and older specimens that lived in TST times representing 
two distinct bivariate populations (Fig. 4). Compared with the younger (HST) shells, the older 
(TST) shells are more variable in terms of the D/L values and show a different covariance structure. 
Thus, it is appropriate to carry out the two separate radiocarbon calibrations for HST and TST 
specimens. 
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A total of 8 out of 12 radiocarbon-dated specimens passed the amino acid covariation test (Table 
DR1) and were used in developing the amino acid age calibration curves. The relation between D/L 
values (for both, Asp and Glu) and calibrated radiocarbon age is different for younger versus older 
shells (Fig. 5) reinforcing the need for separate calibrations: the early Holocene specimens (8 to 9.5 
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Figure DR3. Departures of the Asp and 
Glu inferred ages relative to the mean 
calibrated age for 65 right valves (grey 
circles) of V. gibba. Orange dots are 
specimens that were considered suspect 
because they fall off the trend between 
Asp D/L and Glu D/L defined by the 
other subsamples (see Fig. 1). The black 
horizontal line indicates perfect 
concordance of the Asp and Glu ages, 
whereas the dotted lines indicate the 
boundary for outliers, for which the 
difference between the Asp and Glu 
inferred age exceed ± 25% of the mean 
age or, for specimens “younger” than 
1000 yr B.P., 250 yr (0 yr = 1950 AD).  
 

Figure DR4. Bivariate plots of 
Aspartic acid (Asp) D/L vs. Glutamic 
acid (Glu) D/L for the individually 
analyzed valves (grey diamonds) of 
L. mediterraneum. The vertical red 
line (Asp D/L = 0.20) separates 
younger specimens with low D/L 
values and  strong covariance (almost 
all are from HST), from older 
specimens, which derive from TST 
and have lower covariance. 



kyr cal. B.P.) align along a low-angle trajectory (high racemization rate), whereas the middle-to-late 
Holocene specimens display an exponential-like increase in D/L value with radiocarbon age.  
 
 

 
 
 
 
 
 
Given the differences in Glu-Asp covariance (Fig. 4) and D/L-14C relationship (Fig. 5), the rate of 
AAR in L. mediterraneum was calibrated using two separately developed RMA linear regression 
models (Fig. 6).  
 
The best-fit model for Asp D/L (optimal exponent value = 3.14) is: 
 

Eq, 3: t = 747430 * (D/L3.14) – 74.65   (r2 = 1.00, p <8.10*10-12, sYX = 118.61 yr) 
 
The best-fit model for Glu D/L (optimal exponent value = 3.47) is: 
 
Eq, 4: t = 74559*103 * (D/L3.47) – 94.46   (r2 = 1.00, p <1.58*10-9, sYX = 229.72 yr) 
 

 
 
 
 
 
 
 
The second regression model (the early Holocene calibration) was developed for amino acid dates 
ranging from 0.072 to 0.123 for Glu D/L and from 0.238 to 0.334 for Asp D/L (Fig. 7). The early 
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Figure DR5. Aspartic acid (Asp) and Glutamic acid (Glu) D/L values plotted against calibrated 
radiocarbon ages for the twelve L. mediterraneum 14C-dated specimens and five live-collected 
specimens (0 yr = 1950 AD). Each specimen is represented by a diamond (grey are those used to 
calibrate the rate of AAR). 

Figure DR6. Aspartic acid (Asp) and Glutamic acid (Glu) D/L age-calibration functions for middle to late 
Holocene L. mediterraneum, based on five 14C ages plus five live-collected specimens (Table DR1). The black 
lines are the reduced major axis (RMA) linear regressions forced thorough the amino acid D/L values of the 
live-collected specimen (i.e., 6873_D; Table DR1). The exponent (x), coefficient of determination (r2), and 
sample size (n) are indicated. Calibration curves have calendar year before 1950 A.D. (i.e., 0 yr = 1950 A.D.) 
on ordinate and amino acid D/L raised to the optimal exponent (also reported in the text) on abscissa. 



Holocene calibration was forced thorough the 14C- calibrated AAR datum, which marks the onset of 
the low-angle trajectory in D/L-14C relationship mentioned above (this is the oldest datum employed 
in the middle-to-late Holocene regression model discussed above; Eq. 3 and 4). The best-fit 
exponent for Asp D/L is 1.0 (i.e., the rate of AAR is linear) and the age equations are: 
 

Eq, 5: t = 10865 * (D/L1.00) + 5562.10 (r2 = 0.82, p <9.54*10-2, sYX = 174.49 yr) 
 
The best-fit model for Glu D/L (optimal exponent value = 1.00) is as follows: 
 
Eq, 6: t = 19845 * (D/L1.00) + 6719.20 (r2 = 0.93, p <3.35*10-2, sYX = 104.33 yr) 
 

 
 
 
 
 
 
The individual calibration curves for L. mediterraneum, summarized in Eq. 3-6, suggest 
consistently that D/L values are an excellent predictor of radiocarbon age for either of the two 
amino acids and for both time intervals (Figs. 6-7). 
 A total of 47 (out of 244) specimens of L. mediterraneum dated using AAR methods (19% of 
the entire dataset; Y >25% in Appendix DR1) failed the covariance test (based on the age-calibrated 
D/L values of Asp vs. Glu; Fig. 8).  
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Figure DR7. Aspartic acid (Asp) and Glutamic acid (Glu) D/L age-calibration functions for early 
Holocene L. mediterraneum, based on four 14C ages (Table DR1). The black lines are the reduced 
major axis (RMA) linear regressions forced thorough the youngest datum (i.e., 6822_A).  For 
abbreviations explanation see Fig. 6. 

Figure DR8. Departures of the 
Asp and Glu inferred ages 
relative to the mean calibrated 
age for 244 right valves (grey 
diamonds) of L. mediterraneum. 
The black horizontal line 
indicates perfect concordance of 
the Asp and Glu ages, whereas 
the dotted lines indicate the 
boundary for outliers, for which 
the difference between the Asp 
and Glu inferred age exceed ± 
25% of the mean age or, for 
specimens “younger” than 1000 
yr BP, 250 yr (0 yr = 1950 AD). 



These specimens come primarily from samples 5k and 2-i. Sample 2-i included only three AAR-
dated specimens that passed the covariance test (Appendix DR1), and is not considered in final 
analyses (none of the conclusions of this study would be affected by the inclusion of this sample). 
All in all, 197 specimens of L. mediterraneum passed the covariance test based on the calibrated 
D/L values of Asp vs. Glu and have been included in the geochronological dataset of 14C-calibrated 
AAR ages of individual specimen.  
 
All statistical analyses were carried out using R 2.12.1 and Past 2.01 (Hammer and Harper, 2005; R 
Development Core Team, 2011). 
 
   
 
  



Table DR1. Radiocarbon dates for L. mediterraneum, V. gibba, and  peat sample 
 

AAR lab ID 
 (UAL-) 

Sample name 
AMS lab ID 
(UCIAMS) 

14C age 
(yr B.P.) 

± D/L Asp D/L Glu 
Cal. yr B.P. (0 cal yr= 1950) 

2σ 
lower 

2σ 
upper 

med. prob. 

L. mediterraneum 

6873 A hor. 11 

Live collected 

0.033 0.016 

Live collected 

-58 

6873 D hor. 11 0.035 0.016 -58 

6873 C hor. 11 0.036 0.016 -58 

6873 B hor. 11 0.038 0.015 -58 

6873 E hor. 11 0.038 0.017 -58 

6823 A hor. 9-m 47522 970 25 0.083 0.024 388 526 467 

6835 A hor. 5-l 47526 1080 25 0.117 0.041 488 620 541 

6837 A hor. 4-j 47527 1390 30 0.117 0.038 699 897 796 

6839 C hor. 2-i 51670 3250 15 0.170 0.052 2779 2987 2885 

6839 B (1) hor. 2-i 47529 4305 25 0.189 0.072 4124 4384 4247 

7269 (1) loc. 5 51671 7790 20 0.282 0.072 8004 8189 8107 

6822 A hor. 8-f 51669 7825 20 0.238 0.072 8032 8262 8148 

6822 B hor. 8-f 47521 7890 41 0.259 0.079 8173 8278 8227 

6840 A (1) hor. 6-g 47530 7975 30 0.263 0.120 8193 8383 8308 

6829 A (1) hor. 7-d 47523 8180 30 0.229 0.080 8397 8588 8495 

6833 A hor. 4-b 47525 8485 30 0.284 0.103 8755 9049 8930 

6838 B hor. 4-a 47528 8575 35 0.334 0.123 8944 9214 9050 

V. gibba 

6830 A hor. 10 47524 modern 25 0.062 0.018 
live collected 

1996AD -46 

6966 A  Museum  51674 505 15 0.082 0.018 30 40 35 

6841 C hor. 2-i 47531 3435 25 0.281 0.083 3000 3263 3144 

6843 E hor. 1-h 51673 4590 20 0.355 0.100 4517 4777 4634 

6843 A (1) hor. 1-h 47534 4670 25 0.334 0.082 4607 4829 4737 

6843 D (1) hor. 1-h 51672 4960 15 0.382 0.101 4987 5253 5121 

6842 C hor. 6-g 47533 8075 30 0.417 0.146 8318 8502 8396 

Peat 

7269 loc. 5  47532 7085 20 -- -- 7862 7963 7927 
Footnotes: (1) Specimens excluded from the calibration models due to anomalous Asp vs Glu-D/L relation. 
 

  



Table DR2. Geochronological data and estimates of net accumulation rates (NAR) 
for predefined core intervals.  
 
Due to calibration errors and anomalous stratigraphic reversals in mean and/or median ages of age 
frequency distributions of adjacent horizons, only core intervals with thicknesses ≥1 m and time spans 
≥0.4 kyr were considered. Average NAR for each systems tract are as follows: lowstand systems tract 
(LST) = 0.3 m/kyr; transgressive systems tract (TST) = 1.9 m/kyr; highstand systems tract (HST) = 10.2 
m/kyr (average estimates are based on 3, 3 and 5 data points, respectively). Abbreviation: u—upper; med-
p-age—median probability age; l—lower; TS—transgressive surface; WRS—wave ravinement surface; 
AFD—age frequency distribution. 

 
 

Loc. 
(sample)
 

Core 
depth 
(m) 

Systems tract 
(surface/interval) 

 

Age 
(kyr cal

B.P.) 

Time 
 marker 

 

Thickness
(m) 

 

Time span
   (kyr) 

 

NAR 
(m/kyr) 

 

Observation 

 

(1h) 25.1 TST/HST (u-CS) 3.3 10th AFD (1) 25.1 3.3 7.6 HST prodelta -->back barrier deposits 

1 0.0 HST (top core) 0.0 historical data   land reclamation 1960-1964 (3-4) 

(2i) 14.9 HST  2.1 10th AFD (1) 14.9 2.0 7.5 HST prodelta --> flood plain 

2 0.0 HST (top core) 0.1 historical data   land reclamation 1960-1964 (3-4) 

4 35.5 LST 18.0 14C med-p-age 3.0 8.9 0.3 LST alluvial --> coastal deposits 

(4a) 32.5 lower TST 9.1 10th AFD (2) 1.0 0.4 2.5 l-TST back barrier deposits 

(4b) 31.5 lower TST 8.7 10th AFD (2)   back barrier deposits 

(4j) 10.1 HST  0.8 10th AFD (2) 9.8 0.5 19.6 HST beach ridges-back barrier deposits 

4 0.3 HST (top core)  0.3 historical data   manufact - Medioeval-Renaissance(5) 

(5k) 5.5 HST  1.0 10th AFD (2) 5.5 0.5 11.0 HST 10th percentile Lentidium 

5 0.0 HST (top core) 0.5 historical data   manufact - Renaissance (5) 

6 33.4 LST 22.4 14C med-p-age 2.1 11.7 0.2 LST alluvial deposits 

6 31.3 TST (TS) 10.7 14C med-p-age   coastal-->offshore transition deposits 

6 8.4 HST  1.9 14C med-p-age 8.4 1.9 4.4 HST peat layer/organic rich clay 

6 0.0 HST (top core) 0.0 historical data   Napoleonic map 1814 (5) 

7 33.7 LST  18.8 14C med-p-age 3.4 6.4 0.5 LST alluvial deposits 

7 30.3 TST (TS) 12.4 14C med-p-age 6.6 4.8 1.4 l-TST coastal-->back barrier deposits 

(7d) 23.7 TST (WRS) 7.6 10th AFD (2)   

8 22.4 TST (TS) 10.7 14C med-p-age     

8 20.5 lower TST 7.9 14C med-p-age 1.9 2.8 0.7 l-TST coastal--> inner back barrier deposits 

(8e) 17.1 TST (WRS) 7.6 10th AFD (2) 5.3 3.1 1.7 l-TST coastal-->outer lagoon deposits 
Footnote: (1) Varicorbula gibba AFD; (2) Lentidium mediterraneum AFD. 

 
  



Table DR3. Age-frequency distribution metrics 
Estimates of the principal descriptors of central tendency, dispersion and shape for the analyzed age-frequency distributions (AFD) obtained across the TST-HST 
Holocene sequence of the Po Plain. Diastem estimates (expressed by 10th-to-90th percentile range); depositional resolution estimates [expressed by 25th-to-75th 
percentile range (IQR)], and frequency of depositional events (FE), at sample and systems tract level are also reported. Whereas diastem estimate is expected to 
correlate somewhat with IQR, it is more effective in capturing tails of age distributions. Depositional resolution and FE estimates at the systems tract level are 
computed without considering highly reworked (6g and 8f) samples. Estimates in brackets include also recent depositional environments (i.e., Loc. 10-12). 
Abbreviation: u—upper; l—lower; Var.—Varicorbula gibba; Len.—Lentidium mediterraneum. 
 

Sample ID 12 11 10 9-n 9-m 5-l 5-k 4-j 2-i 1-h 6-g 6-g 8-f 8-e 7-d 8-c 4-b 4-a 

Systems Tract HST HST HST HST HST HST HST HST HST CS CS CS CS u-TST u-TST l-TST l-TST l-TST

Taxon Var. Len. Var. Len. Len. Len. Len. Len. Var. Var. Var. Len. Len. Len. Len. Len. Len. Len. 

Specimen # 10 10 13 17 20 11 6 15 7 13 7 10 16 12 19 18 20 20 

Max (yr) 80 -23 -8 773 500 1323 1354 1684 3398 5063 8381 9376 8648 8665 8751 9044 9204 9522 

Min (yr) -7 -57 -66 208 52 736 955 799 1778 3157 2163 8760 7545 6448 6729 7411 8612 8926 

Range 86 34 58 564 449 587 398 885 1620 1907 6218 616 1103 2217 2022 1633 592 596 

Mean (yr) 24 -43 -42 402 271 1062 1098 1139 2655 3970 5124 9082 8331 8139 8140 8370 8870 9280 

Standard deviation 32 13 17 147 110 196 151 273 918 634 2017 196 275 613 530 450 131 138 

Median (yr) 9 -48 -45 371 286 1031 1084 1058 2773 3970 4027 9096 8347 8308 8346 8466 8863 9310 

10th percentile (yr) -4 -55 -64 242 153 838 958 839 2104 3271 3062 8837 8058 7604 7608 7773 8711 9133 

25th percentile (yr) 3 -54 -51 296 180 926 977 944 2396 3540 3770 8951 8289 8095 7782 8203 8811 9245 

75th percentile (yr) 46 -34 -31 485 334 1215 1147 1312 2924 4624 6331 9170 8506 8507 8464 8625 8934 9349 

90th percentile (yr) 72 -23 -24 636 334 1215 1147 1510 3029 4771 8218 9323 8603 8551 8583 8838 8997 9396 

Skweness 0.9 0.7 0.4 0.9 0.1 -0.1 1.0 0.7 -0.4 0.4 0.8 -0.2 -1.7 -2.2 -1.4 -0.7 0.4 -0.8 

Kurtosis -0.8 -1.2 -0.2 1.0 -0.1 -1.0 0.7 -0.4 0.5 -1.2 -0.9 -0.6 3.8 5.4 1.7 -0.2 1.3 1.6 

Diastem estimate (yr) 77 32 39 394 181 377 189 671 926 1500 5156 486 544 948 975 1065 286 262 

IQR (yr) 43 20 20 189 154 289 169 367 528 1084 2562 219 218 411 682 422 123 104 

Average IQR 283 (198) 647 

FE  131 314 253 25 27 55 53 15 11 7 2 21 18 11 10 9 35 38 

Average FE 31 (98) 17 



Table DR4. Alternative estimates of depositional events 
 
A) Time-span estimates of depositional units inferred by offsets between averaged 14C ages of their sequence 
stratigraphic bounding surfaces. The latter are based on all geochronological data available for the studied cores (Figure 
DR1 and Table DR2). B) Number of lithologically homogeneous intervals retrieved in each core log in Figure DR1 
(except for Loc. 9, which encompasses only the uppermost HST succession) grouped by depositional unit. Counts are 
based on logs with stratigraphic resolution of ~0.2 m, hence intervals ≤0.2 m were not estimated. 1) average = number 
of lithologically homogeneous interval per systems tract (or sub-unit); 2) average = number of lithologically 
homogeneous interval per systems tract (or sub-unit) normalized by time. That is, the average number of intervals in 
each unit divided by its time-span estimate (Table DR4A) multiplied by 10 kyr to make this estimate readably 
comparable to FE index (Table DR3). 

 
A 

Depositional 
sequence 

Time span 
(kyr) 

Loc. 8 
 

Loc. 7
 

Loc. 6 
 

Loc. 4 
 

Loc. 5 
 

Loc. 1 
 

Loc. 2 
 

Average age  
(kyr cal. B.P.) 

unit           surface 

SB 10.7 18.8 22.4 18.0 17.5 

LST 6.0 

TS 10.7 12.4 11.3 11.5 

lower TST 3.3 

WRS 8.1 8.1 8.1 

upper TST 1.6 

CS early 8.2 4.8 6.5 

CS 3.3 

CS late 3.1 3.3 3.2 

HST 3.0 

Topmost horizon 0.0 0.1 0.3 0.5 0.0 0.1 0.2 

 
 

 
 
 
 
 
 
 

 
 

 
  

 
B 

Locality LST TST CS HST 

  lower upper     
8 - 6 2 1 22 
7 4 13 2 4 23 
6 2 8 1 4 16 
2 >1 1 1 2 20 
1 - >4 1 3 21 
4 3 1 3 2 26 
5 >4 3 1 4 13 

1) average  2 5 2 3 20 
2) average  3 16 10 9 67 



Figure DR1. Geological cross sections of the Po coastal plain along the regional depositional gradient (A) and along strike (B).  
Detailed stratigraphic correlations and architectural interpretations of the late Quaternary successions in the study area (based on faunistic and sedimentologic data, Amorosi et 
al., 2003 and references therein). Stratigraphic location of the studied samples is indicated by light  (L. mediterraneum) and dark grey (V. gibba) dots. The 2σ range and median 
probability ages (calibrated kyr B.P.) of radiocarbon-dated peat and organic-rich horizons are shown by asterisks and reported in years B.P. (0 = 1950 A.D.). The age estimates 
based on historic data of the topmost part of core (see Table DR2 for additional details) are shown by arrows and reported in kyr B.P. Abbreviation:  TS─transgressive surface; 
WRS─wave ravinement surface; CS─condensed section; FSST─falling-stage systems tract; LST─lowstand systems tract; TST─transgressive systems tract; HST─highstand 
systems tract. Systems tract terminology follows the “Depositional sequence IV” approach, as reported in Catuneanu et al. (2009 and references therein). Locality 3 cores is not 
shown as not included in this study. 
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