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Fig. 1 Location of Wudalianchi Crater

Lake in Heilongjiang Province
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Table 1 Radiocarbon dates of Core TC1 from Wudalianchi

Crater Lake in Heilongjiang Province

TREHS | EEHE | BECm (’iﬁiﬁf) 2
10110 A5 A LR 16 210 90
13190 7 24.5 690 20
13194 7 29 1470 50
10111 A A LR 41.5 2830 40

UOC-1162 - H 52 4017 123
13191 LERZ/RS AN 65 4740 70
13192 LER7/RS AN 83 6360 40

UOC-1163 e 90. 5 6976 180
10112 e A WL 101 7290 30
10114 L H A PR 120 7990 30
10113 S A LR 147 9070 40
10115 A5 A LR 161 9850 80
13194 7 177 10240 20
13195 i 184 13120 70
10116 A A LR 197 13730 50
13196 e 5% AR 197 12690 30
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Fig. 2 Depth-age distribution of Core TC1 from

Wudalianchi Crater Lake in Heilongjiang Province
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Fig. 3 Grain-size {requency and standard deviation
in sediments of Core TC1 from Wudalianchi
Crater Lake in Heilongjiang Province
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Four different lines show frequency distribution of sediments at different
depths, and the black line with triangle dots shows grain size versus
standard deviation curve. The numbers 1, 2, 3 and 4 are four components

indicated by the grain size versus standard deviation curve
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Table 2 Grain size contents at different depths and standard
deviation in sediment of Core TC1 from Wudalianchi

Crater Lake in Heilongjiang Province

LK b TR0

(pm) 1 2 14.5 cm | 30 cm 46 cm | 58.5 cm
0. 0400 0.0013 0. 0023 0. 0016 0. 0035 0. 0009
0. 0439 0. 0017 0. 0030 0.0021 0. 0045 0.0013
0. 0482 0. 0027 0.0047 0. 0032 0.0071 0.0023
0. 0529 0. 0052 0.0093 0. 0064 0.0142 0. 0046
0. 0581 0.0110 0. 0196 0.0134 0.0297 | 0.0095
0. 0638 0. 0207 0. 0364 0. 0250 0. 0551 0.0176
0. 0700 0. 0320 0. 0554 0.0382 0. 0834 0. 0284
0.0768 0. 0422 0.0725 0. 0502 0. 1089 0. 0410
0. 0844 0.0515 0. 0882 0. 0610 0.1322 | 0.0554
0. 0926 0.0610 0. 1042 0. 0720 0. 1560 0.0728

0.1017 0.0702 0.1196 0. 0826 0.1790 | 0.0932
0.1116 0.0783 0. 1330 0.0917 0.1988
0.1225 0. 0851 0. 1445 0.0995 0.2158 | 0.1377
0. 1345 0.0910 0. 1540 0. 1060 0.2300 | 0.1616
0. 1476 0.0956 0.1613 0.1108 0.2408 | 0.1878

0.1621 0. 0988 0.1662 0.1139 0. 2481 0.2146
0.1779 0. 1008 0.1691 0.1156 0.2522 | 0.2400
0.1953 0.1013 0.1695 0. 1157 0.2528 | 0.2627
0.2144 0. 0998 0. 1664 0.1133 0.2483 | 0.2816
0. 2354 0. 0959 0. 1591 0.1081 0.2377 | 0.2934
0. 2584 0. 0896 0. 1486 0. 1007 0.2217 | 0.2926

0. 2836 0. 0811 0. 1345 0.0912 0.2010 | 0.2763
0.3113 0.0705 0.1173 0.0795 0.1755 | 0.2468
0. 3418 0. 0582 0. 0964 0. 0656 0. 1451 0. 2085
0. 3752 0. 0455 0. 0764 0.0519 0.1145 | 0.1565
0.4119 0.0322 0. 0554 0. 0383 0.0837 | 0.0906

0.4521 0.0185 0. 0327 0.0231 0. 0499 | 0.0340
0.4963 0. 0074 0.0126 0. 0094 0.0203 | 0.0062
0. 5449 0.0015 0. 0024 0.0019 0. 0041 0. 0004
0.5981 0. 0001 0. 0002 0. 0001 0.0003 0

0. 6566 0 0 0 0

0.7208 0 0 0 0 0
0.7913 0 0 0 0 0

0. 8686 0. 0004 0. 0007 0. 0007 0. 0006 0

0. 9536 0. 0039 0. 0095 0. 0095 0. 0094 0

1. 0468 0.0188 0. 0508 0.0516 0. 0539 | 0.0006
1. 1491 0. 0447 0. 1348 0. 1399 0. 1551 0.0115
1. 2615 0.0761 0. 2537 0. 2683 0.3088 | 0.0735
1. 3848 0. 1030 0. 3768 0. 4046 0.4788 | 0.2374
1. 5202 0. 1358 0. 5075 0.5520 0.6607 | 0.4918
1. 6688 0.1733 0. 6334 0.6963 0.8376 | 0.7630
1. 8319 0.2136 0. 7537 0. 8372 1. 0091 0.9922
2.0110 0.2514 0. 8543 0. 9592 1. 1558 1. 1480
2.2076 0. 2858 0. 9384 1. 0635 1. 2804 1. 2441
2.4234 0.3161 1. 0046 1. 1475 1. 3774 1. 2798
2.6603 0. 3417 1. 0582 1. 2133 1. 4519 1. 2889
2.9204 0. 3675 1. 1131 1. 2787 1. 5248 1. 2855
3. 2059 0.3903 1.1617 1.3339 1. 5882 1. 3022
3.5193 0. 4158 1. 2258 1. 4059 1. 6725 1. 3664
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R T e EE () R P FROD
(pm) 1 2 14.5 cm | 30 cm 46 cm | 58.5 cm (pm) 1 2 14.5 cm | 30 cm 46 cm | 58.5 cm
3. 8634 0.4363 1. 2782 1. 4637 1. 7413 1. 4538 594. 8690 0. 2209 0 0 0 0
4. 2411 0. 4585 1. 3480 1.5398 1. 8318 1. 5694 653. 0250 0.1168 0 0 0
4. 6557 0.4747 1. 3972 1.5932 1. 8946 1. 6426 716. 8660 0.0663 0 0 0
5.1109 0.4922 1. 4608 1. 6625 1. 9767 1.7121 786. 9490 0. 0306 0 0 0 0
5.6105 0.5052 1.5084 1. 7171 2. 0400 1.7378 863. 8830 0.0094 0 0 0
6.1590 0.5178 1. 5698 1. 7880 2.1220 1.7802 948. 3380 0.0016 0 0 0 0
6.7611 0.5284 1. 6305 1. 8604 2.2037 1. 8109 1041. 0500 0.0001 0 0 0 0
7.4221 0.5371 1. 6945 1. 9366 2.2892 1. 8394 1142. 8300 0 0 0 0 0
8. 1477 0. 5467 1. 7769 2. 0340 2.3981 1. 8767 1254. 5500 0 0 0 0 0
8.9443 0. 5499 1. 8475 2.1197 2.4901 1.8912 1377. 2000 0 0 0 0 0
9. 8187 0.5535 1.9477 2.2386 2.6174 1. 9435 1511. 8400 0 0 0 0 0
10. 7786 0. 5469 2.0198 2.3270 2.7039 1.9642 1659. 6400 0 0 0 0 0
11. 8323 0. 5417 2.1158 2.4419 2.8174 2.0035 1821. 8900 0 0 0 0 0
12. 9891 0. 5281 2.1718 2.5133 2.8781 1.9814 )
14.2589 | 0.5120 | 2.2120 | 2.5717 | 2.9203 | 1.9023 ithout s debris i o s
15. 6529 0. 4867 2.2018 2.5755 2. 8986 1. 7527 24.0 cm — 240cm
17.1832 | 0.4526 | 2.1523 | 2.5357 | 2.8213 | 1.5403 81 e S S
18. 8630 0.4162 2.1082 2.4943 2.7399 1. 3379 54.5em
20. 7071 0. 3825 2.0872 2.4697 2.6719 1. 1588 @6_
22.7315 0. 3685 2.1423 2.5252 2.6900 1. 0476 = 44
24. 9538 0.3711 2. 2283 2.6177 2. 7456 0.9764 %—I
27.3934 0. 3879 2.3153 2.7261 2.8122 0.9196 24
30.0714 0. 4066 2.3180 2.7581 2.7895 0. 8374 [ I ),: e —
33.0113 0. 4220 2.2000 | 2.6703 2.6268 | 0.7087 0.01 0.1 1 10 100 1000 10000
36.2385 | 0.4196 | 1.9566 | 2.4382 | 2.3081 | 0.5495 REA2(pum)
39. 7813 0.3942 1. 6368 2.0910 1. 8813 0.4029 K 4 jjf“]]:ﬁ‘j(ﬁmj(mlj{ﬁﬂ TC1 ]ﬂfﬂ*ixﬁi%fgﬁjn
43.6704 0. 3556 1. 3191 1. 6951 1. 4443 0. 3177
47.9397 0. 3199 1. 0655 1. 3207 1. 0847 0. 3166 ﬁHL%%MLE/‘J{ﬁ‘*ﬂ%#ﬂ'*ﬁﬁ‘gﬁ%\:%%ﬁEﬁigj{‘
52. 6264 0.2938 | 0.9125 | 1.0326 | 0.8597 | 0.4090 Fig. 4 Distribution of grain-size frequency of sediment samples
57.7713 0.2761 | 0.8506 | 0.8557 | 0.7636 | 0.5852 with and without organic debris at different depths in Core
63. 4192 0. 2681 08537 | 0.7929 | 0.7647 | 0.8095 TC1 from Wudalianchi Crater Lake in Heilongjiang Province
69.6192 0. 2653 0. 8836 0. 8254 0. 8131 1.0347
76.4253 0. 2597 0.9109 0.9271 0. 8639 1.2353 >83 umél A R
83. 8969 0.2538 0. 9310 1. 0486 0.9117 1. 4033 median size of the >83 pum sensitive component
92.0988 | 0.2618 | 0.9607 | 1.1217 | 0.9858 | 1.5448 0T e anition 6
101.1030 0. 2847 1.0247 1. 0818 1.1337 1.5823 .
110. 9870 0. 3004 1. 1245 0.9252 1. 3733 1. 3885 S_S g_
121. 8370 0.3093 1. 1862 0. 7884 1. 6416 0. 8762 Q‘g\_g
133. 7480 0. 3670 1. 0964 0. 8108 1. 8060 0. 3456 ) E
146. 8240 0.4723 0.7676 1. 1421 1. 7189 0. 1757 A E
161.1770 | 0.5564 | 0.3657 | 1.8147 | 1.3387 | 0.4276 o T
176. 9350 0. 5810 0.2015 2.6453 0.7653 1. 7601 0 10 20 30\, . 440 30 60 70
K (cm)
194. 2320 0.7292 0. 3446 3.1937 0. 2860 4. 3140
213.2210 | 1.0817 | 1.1774 | 3.0902 | 0.0526 | 6.8996 Bl 5 M VI K I kil T TC1 FL AU AL 9% 4H 43 P (i
234. 0660 1.3914 2.7733 2.3136 0.0037 7.8556 $i42 5 550 CHas: B (Zhou Xin et al. , 2016) [ % L
2969480 | 1.5585 | 4.4656 1 1.2310 0 6. 8829 Fig. 5 Comparison between median size of the sensitive
282. 0680 1. 6400 5.1589 0. 4094 0 4.3112
309. 6440 1. 7539 16345 | 0.0672 0 1. 7806 component and LOI 550 C (Zhou Xin et al. , 2016) in Core
339. 9160 1. 8405 3.1056 | 0.0037 0 0. 3560 TC1 from Wudalianchi Crater Lake in Heilongjiang Province
373. 1470 1. 7836 1. 4382 0 0 0.0293
409.6260 | 1.5274 | 0.3806 0 0 0 T 7K R BE 380 348 J7 0 B8 B8 R A ALAR AR 1 DR A7, R
449.6720 | 1.1395 | 0.0484 0 0 0 EWRESEEZHRBER L XHE5RTA
493.6330 | 0.7542 | 0.0012 0 0 0 (Blackford et al. , 1995; Borgmark et al. , 2005;
541. 8920 0.4321 0 0 0 0

Ma Chunmei et al. , 2009) Jif FH 0% J&5 %8 4k B 45 5 4%
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Table 3 Grain size content at different depths in sediments with and without organic debris of Core TC1 from

x3 BRIZXEMALAS ICLAREARNREEFLENKENRROERHNESE

Wudalianchi Crater Lake in Heilongjiang Province

Kz 2 D fo ARCD
24 cm 34 cm 43.5 cm 54.5 cm 24 cm 34 cm 43.5 cm 54.5 cm

0.0115 0 0 0 0. 0400 0 0.0010 0 0

0.0132 0 0 0 0. 0439 0 0.0014 0 0

0.0151 0 0 0 0 0. 0482 0 0.0023 0 0

0.0174 0 0 0 0.0529 0 0. 0045 0 0

0. 0200 0 0 0 0 0. 0581 0 0. 0094 0 0

0.0229 0 0 0 0.0638 0 0.0175 0 0

0.0263 0 0 0 0 0.0700 0 0.0269 0 0

0.0302 0 0 0 0.0768 0 0.0358 0 0

0. 0347 0 0 0 0. 0844 0 0. 0439 0 0

0. 0398 0 0 0 0 0.0926 0 0. 0525 0 0

0. 0457 0 0 0 0.1017 0 0.0610 0 0

0.0525 0 0 0 0 0.1116 0 0. 0682 0 0

0. 0603 0 0 0 0.1225 0 0.0744 0 0

0.0692 0 0 0 0 0.1345 0 0. 0802 0 0

0.0794 0 0 0 0 0.1476 0 0. 0854 0 0

0.0912 0 0 0 0.1621 0 0. 0892 0 0

0. 1047 0 0 0 0 0.1779 0 0.0913 0 0

0.1202 0 0 0 0 0.1953 0 0.0919 0 0

0. 1380 0 0 0 0 0. 2144 0 0. 0909 0 0

0. 1585 0 0 0 0. 2354 0 0. 0874 0 0

0. 1820 0 0 0 0. 2584 0 0. 0802 0 0

0. 2089 0 0 0 0 0. 2836 0 0.0698 0 0

0. 2399 0 0 0 0.3113 0 0. 0586 0 0

0. 2754 0 0 0 0 0. 3418 0 0.0463 0 0

0.3162 0 0 0 0. 3752 0 0.0296 0 0

0. 3631 0 0 0 0 0.4119 0 0.0130 0 0

0.4169 0 0 0 0 0.4521 0 0.0027 0 0

0.4786 0.1267 0. 1451 0.1158 0. 1346 0.4963 0 0. 0002 0 0

0. 5495 0.2470 0.2741 0.2302 0. 2564 0. 5449 0 0 0 0

0. 6310 0.3718 0.4013 0. 3481 0. 3758 0. 5981 0 0 0 0

0. 7244 0. 4581 0. 4870 0. 4281 0. 4514 0. 6566 0 0 0 0

0. 8318 0. 5256 0. 5557 0. 4892 0. 5052 0.7208 0 0 0 0

0. 9550 0.5694 0. 6026 0. 5277 0.5338 0.7913 0 0 0 0

1. 0965 0. 6059 0. 6440 0.5598 0.5543 0. 8686 0. 0001 0 0.0002 0

1. 2589 0. 6489 0. 6926 0.5996 0. 5812 0. 9536 0.0031 0 0. 0046 0.0010

1. 4454 0. 7152 0. 7645 0. 6636 0.6310 1. 0468 0.0214 0.0012 0.0292 0. 0130

1. 6596 0. 8149 0. 8690 0.7618 0.7133 1. 1491 0.0745 0.0157 0.0939 0. 0680

1. 9055 0.9534 1.0110 0. 8988 0. 8316 1. 2615 0.1661 0. 0836 0.1992 0.1792

2.1878 1.1276 1. 1881 1. 0707 0.9814 1. 3848 0. 2781 0.2224 0. 3225 0. 3304

2.5119 1. 3361 1. 4012 1. 2754 1. 1600 1. 5202 0. 3968 0.4100 0. 4532 0. 4858

2. 8840 1. 5811 1. 6555 1. 5155 1. 3698 1. 6688 0.5104 0. 5872 0.5795 0. 6349

3.3113 1. 8687 1. 9599 1. 7986 1. 6191 1. 8319 0.6189 0. 7407 0.7010 0.7760

3. 8019 2.2066 2.3239 2.1366 1. 9202 2.0110 0. 7098 0. 8530 0. 8036 0. 8945

4.3652 2.5969 2. 7487 2.5370 2.2832 2.2076 0. 7869 0.9332 0.8911 0.9961

5.0119 3.0433 3.2351 3.0106 2.7219 2.4234 0. 8440 0.9779 0.9575 1. 0718

5. 7544 3.5317 3.7626 3. 5491 3.2336 2.6603 0. 8864 1. 0007 1. 0084 1. 1288

6. 6069 4. 0545 4. 3159 4. 1497 3.8222 2.9204 0.9263 1.0120 1. 0573 1. 1812

7.5858 4.5776 4. 8506 4. 7756 4. 4588 3. 2059 0.9617 1. 0278 1. 1009 1. 2307

8. 7096 5. 0837 5. 3396 5.4043 5.1281 3.5193 1.0114 1. 0718 1. 1600 1. 2982

10. 0000 5.5264 5.7302 5.9714 5. 7690 3. 8634 1. 0519 1. 1206 1. 2087 1. 3559

11. 4815 5. 8844 5.9969 6.4381 6. 3445 4. 2411 1. 1066 1. 1895 1.2734 1. 4274
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24 cm 34 cm 43.5 em 54.5 ecm 24 cm 34 cm 43.5 cm 54.5 cm

13. 1826 6.1153 6.1051 6.7352 6. 7754 4. 6557 1. 1421 1. 2273 1. 3172 1.4732
15. 1356 6.2012 6. 0457 6. 8256 7.0146 5.1109 1. 1905 1. 2735 1.3752 1.5307
17. 3780 6.1243 5. 8241 6.6792 7.0094 5.6105 1. 2260 1.2974 1. 4189 1.5694
19. 9526 5. 8804 5. 4554 6.2916 6. 7371 6. 1590 1. 2763 1. 3460 1.4777 1. 6207
22.9087 5.4841 4.9783 5.6968 6.2109 6.7611 1. 3273 1. 3949 1. 5366 1. 6672
26. 3027 4.9506 4.4223 4.9369 5.4626 7.4221 1. 3829 1. 4503 1.5994 1.7138
30. 1995 4. 3185 3. 8308 4. 0898 4.5696 8. 1477 1. 4561 1.5262 1. 6799 1.7743
34. 6737 3.6199 3. 2287 3.2194 3. 6048 8.9443 1.5220 1. 5979 1. 7496 1. 8201
39. 8107 2.9028 2.6442 2. 3985 2.6653 9. 8187 1. 6179 1.7216 1. 8482 1. 8926
45. 7088 2.2078 2.0928 1. 6755 1. 8136 10. 7786 1. 6938 1. 8319 1. 9205 1. 9355
52. 4807 1.5763 1. 5889 1. 0833 1.1124 11. 8323 1. 7937 1.9723 2.0141 1. 9966
60. 2560 1. 0424 1. 1459 0.6342 0.6214 12.9891 1. 8584 2.0527 2. 0660 2.0130
69. 1831 0.6217 0.7729 0. 3303 0. 0225 14. 2589 1. 9078 2.0813 2. 0985 2.0038
79. 4328 0.3341 0. 4787 0.1253 0 15. 6529 1. 9126 2. 0365 2. 0810 1. 9411
91. 2011 0.1328 0.2711 0.0232 0 17. 1832 1. 8875 1. 9500 2.0252 1.8334
104. 7129 0. 0319 0.1228 0 0 18. 8630 1. 8729 1. 8981 1.9723 1.7274
120. 2264 0 0.0371 0 0 20. 7071 1. 8836 1. 9041 1.9319 1.6333
138. 0384 0 0 0 0 22.7315 1. 9598 2.0074 1. 9476 1. 5986
158. 4893 0 0 0 0 24.9538 2. 0555 2. 1429 1. 9762 1. 5882
181. 9701 0 0 0 0 27.3934 2.1428 2.2582 1. 9982 1. 5844
208. 9296 0 0 0 30.0714 2.1508 2. 2720 1. 9525 1. 5331
239. 8833 0 0 0 0 33.0113 2.0622 2.1723 1. 8240 1. 4124
275. 4229 0 0 0 0 36. 2385 1. 8842 1. 9842 1. 6215 1. 2275
316. 2278 0 0 0 0 39. 7813 1. 6635 1. 7682 1. 3880 1. 0149
363. 0781 0 0 0 0 43. 6704 1. 4539 1.5727 1.1782 0. 8284
416. 8694 0 0 0 0 47. 9397 1. 2877 1.4152 1. 0267 0. 7057
478. 6301 0 0 0 0 52. 6264 1. 1787 1. 2915 0. 9482 0. 6626
549. 5409 0 0 0 57.7713 1.1112 1. 1804 0. 9282 0. 6875
630. 9573 0 0 0 0 63.4192 1. 0687 1. 0845 0.9452 0. 7565
724. 4360 0 0 0 69.6192 1. 0364 1. 0229 0.9756 0. 8358
831. 7638 0 0 0 76.4253 1.0141 1. 0377 1. 0080 0. 8985
954. 9926 0 0 0 0 83. 8969 1. 0100 1.1616 1. 0415 0.9332
1096. 4782 0 0 0 0 92. 0988 1. 0269 1. 3877 1. 0762 0.9439
1258. 9254 0 0 0 0 101. 1030 1. 0577 1. 6204 1. 1083 0. 9458
1445. 4398 0 0 0 110. 9870 1. 0845 1. 6728 1. 1300 0. 9535
1659. 5869 0 0 0 121. 8370 1. 0905 1. 3820 1.1372 0.9749
1905. 4607 0 0 0 0 133. 7480 1. 0804 0. 8081 1. 1406 1. 0130
146. 8240 1. 0840 0. 4575 1. 1621 1. 0715

161. 1770 1. 1516 0. 4883 1. 2302 1. 1695

176. 9350 1. 3368 1. 2749 1. 3698 1. 3448

194. 2320 1. 6739 2.9267 1. 5939 1.6413

213. 2210 2.1636 4.9101 1. 9028 2. 0895

234. 0660 2.7434 5.8917 2.2754 2. 6675

256. 9480 3.2997 5. 4599 2.6700 3.2859

282. 0680 3.6999 3.7915 3.0232 3.7997

309. 6440 3.8323 1. 8329 3.2535 4. 0560

339.9160 3. 6495 0.5237 3. 2858 3. 9600

373. 1470 3.1872 0.0730 3.0719 3.5174

409. 6260 2.5345 0.0026 2.6156 2. 8185

449. 6720 1. 8260 0 1. 9881 2.0223

493. 6330 1. 1811 0 1. 3035 1. 2850

541. 8920 0.6191 0 0. 6644 0. 6559

594. 8690 0. 2407 0 0.2359 0. 2466

653. 0250 0.0475 0 0. 0425 0. 0474
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HR3
HROD i OZD)
2 24 cm 34 cm 43.5 em 54.5 ecm A ] 24 cm 34 cm 43.5 cm 54.5 cm
716. 8660 0. 0042 0 0. 0031 0. 0041
786. 9490 0 0 0 0
863. 8830 0 0 0 0
948. 3380 0 0 0 0
1041. 0500 0 0 0 0
1142. 8300 0 0 0 0
1254. 5500 0 0 0 0
1377. 2000 0 0 0 0
1511. 8400 0 0 0 0
1659. 6400 0 0 0 0
1821. 8900 0 0 0 0
TE R 2 48 R BRAT DL RIS DR RE RIS R 1 48 oK 25 B AT HILAR R B O AR A A T R 21
R PO, R GE W R MU ) > 83 pm R R A FR AT A FE I sk 1 2 KU AR AE R R
535 75 MUK K A2 A %% U0 AH 5%, T fei 2% 2 90 b A0 5 H MU (An Zhisheng et al. , 2012) &%
SR 7R 2 R K i 55 A2 4k e sic s (Hong Yetang et al. , 2005) 5 1y
3.2 FRREKEWL HERIEIR AT (- 7) Kok B il 3 Wos

bR R Ut Y > 83 pum A HLER R 4H 4>
XoF 2 JRU I 7K A8 A 3858 Sy SO 21 2 XL R K B 3 g i e
RIS =S DI E R R S by NS A B 2% R R
Y>83 pm A LR ML 53 v KL AR AR Ry B2 XU K
T b o A R W) 3 2 UG 5 B K 3 22 S il
e 5 2 Z Bk b Sfs T 5

H A K% b ok Ll I DTRR Y =83 pm 4431
e P ER AR AT I (] 6) . FRATE & T K
T L R A T T B R XURR K AR D . K
DU =83 pm A HLER AR kAR & i 5 P Bk 72 AR
EAEH — 3L P E 2 B EAM R (R=0.93, P<
0.0001), FhA4 7t — 35 34 2 8 W 2 0 T A AR RUEE
P Horp ar R B ~8. 6 ka, ~9. 2 ka, ~10. 2 ka
F~11.6 ka PR B 2 55 = B REEKFF. ZIEF
AR, b ~11.6 ka FEWREJE T F 4
Bt AR B AL L AR S
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Fig. 6 Variations in median size and content of
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sensitive component in Core TC1 from Wudalianchi

Crater Lake in Heilongjiang Province

T Iy NG R T SR NI AR R SR ES i
(Yang Yan et al., 2010; Dong Jinguo et al.,
20103 Zhang Huiling et al. , 2013; Huang Wei et
L., 2016) FlH [E A L AL 72 82 A1 (Wu Jiangying et
L, 201155 43 540 5% iy B 40 th 52 2 XU %8 T 3 o
A — B, T RE T A A 98 AR A R M 2% S BT 3K
(Tan Ming et al. , 2009), 1 A] §E & A 7] X 3 =, f&
M) SO ATL i) P 22 S I 380, R R il C AR kL 32 T S
8 Bt T AR RUBE 55 2 U e AR AR 2540
Bl A5 77 T W T AR R 2 XUAR AR AR B S e ] T i B
Z= XURE K e JE 8 i 2T 4 3R 0" CARME 1 A B4 )
JOE 5% A o KA o 2 AR A1 55 61 O JR 81 i %
TORH L 0 558 B 2 KR A R R T AR R
55 5 22 WA TR B 22 U IX 5l A AE . 5380 AR
TF R 2 R MORE B2 0 53¢ 1 1 47 1 T i 4F R 55
B2 75 A S I ) 007 B S A e il St
R A2 ]
3.3 HLEERN

H R 22 Bk 58 2 A O 7 40 1 T 1 4R R 55
PP R L e | NG B O R L S N G R ARSI R SIS S
2016) . Kt UL AR WAL T
SR R At DO R T B AR RO 55 2 R KR 50K
PEVEPU YA 4 (Bond et al. , 2001) fE4E QR 2530
N B AW & i — 20 R U 0 i T 45 R 55
BN 5 ARV oK S AR OG . WFSE
(Dykoski et al. , 2005; An Zhisheng et al. , 2012;
Wang Shaowu et al. , 2013)IA g K EIR /KB LI
pNVARE SR IR 2R E IS A U N RE S 7 @i ]

(Liu Xingxing et al. ,
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Fig. 7 Comparison of median size of the sensitive
grain size component in Core TC1 and other
climate records in early Holocene

(a)—db R PG #E vk A& DT BLE 5% (Bond et al. , 2001) 5 (b)— A BH 2 1%k
(Solanki et al. , 2004); (c)—H 2= K 48 b5 ( An Zhisheng et al.,
2012); (dD—m5 R % 6 C i8 % (Hong Yetang et al. , 2005); (e)—
TCL AL BB F 20 53 P E R AR

(a)—North Atlantic ice-raft record (Bond et al. . 2001); (b)—
Sunspot number (Solanki et al. , 2004); (c¢)— Summer monsoon
index (An Zhisheng et al. , 2012); (d)
(Hong Yetang et al., 2005); (e)

81 C record of Hani peat
Median size of sensitive

component in Core TC1

Gl (TTCZ) AL &k 1 52 w22 XUER . R TR
W hL B 1 SR 1 5 B 2 K PR A I i) 2 2 )
T E 7 KX A S 1 SR AT RE R IR KR
ITCZ 8 Kt 7% 8l i 2ok 52 Wi $A s 2 XU T 52 el
S 2 ZE IR I . R UGS 5 AR 26 1% i 22 1 40
) 3K 15 A3 I L AH NS 45558 BMH < 1 4R 2 I ) 5 H Al
SEIE B . SR . X — B4 B0 i R AT W g
Sy LR GH AR A By 1) A8 Ak DL K A8 A Y RO AR B AN ]
Xf b R A REATY o i — AP SR IE

PN R NS RTINS R DN
L 51 C B Beid 5605 b #r 45 2R 14 3R B R4 ik
T A A R 55 2 2 KA A TE R s g 4
RN K FH AT B %% V) AH 56 (Magny et al. . 1995;
Wang Yongjin et al. , 2005; Yin Zhiqiang et al. ,

2014; Zhang Huasheng et al. , 2016), RibUTFRY)
B0 R 8. 6 ka,9. 2 ka,10. 2 ka 1 11. 6 ka 552
PR A 1 e % 0 K FH R 5 B (Solanki et al.
2004) CIEL 6 5 B R 55 19 0K B3 2l i — 20 R B T
T AR RUEE 355 3 22 MR K AR — @ FE I b 5 K PR TR
A K

4 gEip

S5 A TRt K 1Ly 1T A R 1 b B KA
FRAE S AR 5 FL TR A RL B B8 43 A S i 45 2 L 15 3]
PLF£598

(YT h =83 pum UK 2 4 20 o A HL R
A, I F i UK B AR AL 32 A7 2R KU K e . R UG
=>83 pm HLRL A MR IR & & 5 P ERAR PR B AR
M B 75 R K A AR T FE b ARG K 48R 5=
DK 8 B3 TR I A T 5 S =z B 2 Xk 55 PR

(2) Rl PO R FE 7 H 5 1 R it 8. 6
ka.9.2 ka,10.2 ka 1 11. 6 ka PUIR T & 4E K B Y
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¢ T W AR ) A0 S 0 55 2 R A AR AR R 22
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M) A% ey 4 8 2 RGER L » 2 AUIE 5 1 i 2 v 2 0l 33 » 3
i R AR 5, H T AR AR 5 1 S o3
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Grain-size of Organic Debris in Sediments from Wudalianchi Crater Lake in
Heilongjiang Province Record the Evolution of Summer Monsoon Precipitation

at Millennial- to Centennial-Scale in the Early Holocene
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Abstract

Millennial- to centennial-scale climate events in the early Holocene have been detected from numerous
geological records in China, but records in high latitudes are still limited. Therefore, it could contribute to
this research if such records are reconstructed in higher latitude regions of China. In the present study,
grain sizes of a sediment core retrieved from a crater lake in Northeast China were analyzed. Sensitive grain
size component of >>83 pym was extracted by analyzing the grain size versus standard deviation curve of
sediment, organic debris was not excluded. This component was mainly organic debris and can be used as
a proxy of summer monsoon precipitation. Based on chronology from precise '*C dates and the results of
grain size analysis, a sequence of early Holocene summer monsoon precipitation in Northeast China was
reconstructed. The results indicate that early Holocene monsoon precipitation in Northeast China
fluctuated frequently with four millennial to centennial weak events of summer monsoon at ~8.6, 9.2,
10. 2 and 11. 6 ka BP. All of these weak monsoon intervals corresponded well with those in other climate
records within chronological errors, e. g. records from the monsoon regions of China, North Atlantic ice-
raft events and the solar activity records. The synchronicity of these records suggests widely spread
drought events at millennial- to centennial-scale in the monsoon regions of China, and might link closely to
the North Atlantic ice-raft events and solar activity. However, the durations of the four weak summer
monsoon precipitation events recorded by grain sizes in the Wudalianchi lake sediments were significantly
shorter than those in other climate records. One possible explanation is that the North Atlantic ice-raft
events impacted high latitude regions via summer monsoon, while monsoon signal weakened gradually

from low latitudes to high latitudes, resulting in the shorter duration of the events in our record.

Key words: Early Holocene; crater lake; sensitive grain size; weak summer monsoon events;
Northeast China



