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ɂɋɌɈɑɇɂɄ�ɂɇɎɈɊɆȺɐɂɂ�Ɉ�ɉɊɈɒɅɈɃ�ɂ�ɋɈȼɊȿɆȿɇɇɈɃ�
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ɈɊȽȺɇɂɑȿɋɄɈȽɈ�ȼȿɓȿɋɌȼȺ

ɋɟɛɚɫɬɶɹɧ�ȼɟɬɬɟɪɢɯ��Ɇɚɬɢɚɫ�Ɏɭɤɫ��Ⱥɥɟɤɫɚɧɞɪ�Ʉɢɡɹɤɨɜ��Ƀɟɧɫ�
ɒɬɪɚɭɫɫ��ɂɧɝɦɚɪ�ɇɢɬɰɟ��Ɇɢɤɚɷɥɶ�Ɏɪɢɰ��ɘɥɢɚɧɟ�ȼɨɥɶɬɟɪ��Ɍɨɦɚɫ�
Ɉɩɩɟɥɶ��ɏɚɧɧɨ�Ɇɟɣɟɪ��Ⱥɥɟɤɫɟɣ�Ⱥɤɫɟɧɨɜ��Ʌɭɰ�ɒɢɪɪɦɚɣɫɬɟɪ��

Ƚɜɢɞɨ�Ƚɪɨɫɫɟ
�ɂɧɫɬɢɬɭɬ�ɢɦ��Ⱥɥɶɮɪɟɞɚ�ȼɟɝɟɧɟɪɚ�±�ɐɟɧɬɪ�ɩɨɥɹɪɧɵɯ�ɢ�ɦɨɪɫɤɢɯ�
ɢɫɫɥɟɞɨɜɚɧɢɣ�Ⱥɫɫɨɰɢɚɰɢɢ�ɢɦ��Ƚɟɥɶɦɝɨɥɶɰɚ��ɝ��ɉɨɬɫɞɚɦ��Ƚɟɪɦɚɧɢɹ
Ɇɨɫɤɨɜɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɢɦ��Ɇ�ȼ��Ʌɨɦɨɧɨɫɨɜɚ��

Ƚɟɨɝɪɚɮɢɱɟɫɤɢɣ�ɮɚɤɭɥɶɬɟɬ��ɝ��Ɇɨɫɤɜɚ��Ɋɨɫɫɢɹ
Ⱥɪɤɬɢɱɟɫɤɢɣ�ɢ�ɚɧɬɚɪɤɬɢɱɟɫɤɢɣ�ɧɚɭɱɧɨ�ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ�ɢɧɫɬɢɬɭɬ��

Ɉɬɞɟɥ�ɝɟɨɝɪɚɮɢɢ�ɩɨɥɹɪɧɵɯ�ɫɬɪɚɧ��ɝ��ɋɚɧɤɬ�ɉɟɬɟɪɛɭɪɝ��Ɋɨɫɫɢɹ

Abstract.�7KH�SUHVHQW�VWXG\�RI�WKH�SHUPDIURVW�H[SRVHG�WKH�6RER�6LVH�<HGRPD�FOL൵�
in the eastern Lena Delta provides a comprehensive cryostratigraphic and organic matter 
(OM) inventory, insights into permafrost aggradation and degradation over the last about 
52 thousand years and their climatic and morphodynamic controls on regional scale of the 
Central Laptev Sea coastal region in NE Siberia.
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Ⱥɧɧɨɬɚɰɢɹ��ɂɫɫɥɟɞɨɜɚɧɨ�ɨɛɧɚɠɟɧɢɟ�ɦɧɨɝɨɥɟɬɧɟɦɟɪɡɥɵɯ�ɩɨɪɨɞ�ɧɚ�ɛɟɪɟɝɨɜɨɦ�
ɨɛɪɵɜɟ� ɟɞɨɦɵ�ɨ�ɜɚ�ɋɨɛɨ�ɋɢɫɷ�� ɤɨɬɨɪɨɟ� ɫɨɞɟɪɠɢɬ� ɩɨɥɧɭɸ� ɡɚɩɢɫɶ� ɤɪɢɨɫɬɪɚɬɢɝɪɚɮɢɢ�
ɢ�ɨɪɝɚɧɢɱɟɫɤɨɝɨ�ɜɟɳɟɫɬɜɚ��ɩɨɡɜɨɥɹɸɳɭɸ�ɩɨɥɭɱɢɬɶ�ɢɧɮɨɪɦɚɰɢɸ�ɨɛ�ɚɝɪɚɞɚɰɢɢ�ɢ�ɞɟɝ�
ɪɚɞɚɰɢɢ�ɤɪɢɨɥɢɬɨɡɨɧɵ�ɜ�ɬɟɱɟɧɢɟ�ɩɨɫɥɟɞɧɢɯ����ɬɵɫ��ɥɟɬ��ɚ�ɬɚɤɠɟ�ɨ�ɤɥɢɦɚɬɢɱɟɫɤɢɯ�ɢ�
ɦɨɪɮɨɞɢɧɚɦɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɹɯ�ɟɟ�ɞɢɧɚɦɢɤɢ�ɜ�ɪɟɝɢɨɧɚɥɶɧɨɦ�ɦɚɫɲɬɚɛɟ�ɜ�ɰɟɧɬɪɚɥɶɧɨɣ�
ɱɚɫɬɢ�ɩɨɛɟɪɟɠɶɹ�ɦɨɪɹ�Ʌɚɩɬɟɜɵɯ�ɧɚ�ɋɟɜɟɪɨ�ȼɨɫɬɨɤɟ�ɋɢɛɢɪɢ�

The Lena Delta in eastern Siberia is the largest Arctic delta, whose terrestrial 
surface is shaped by four geomorphologic units, i.e. terraces and the modern 
ÀRRGSODLQ�>�@��7KH�ROGHVW�XQLW�LV�EXLOW�RI�UHPQDQWV�RI�ODWH�3OHLVWRFHQH�<HGRPD�,FH�
Complex (IC) and its degradation features.

7KH�VWXGLHG�<HGRPD�FOL൵�RQ�6RER�6LVH�,VODQG�LQ�WKH�6RXWK�(DVWHUQ�SDUW�RI�WKH�
GHOWD�UDQJHV�IURP�ULYHU�OHYHO�WR�DERXW����P�KHLJKW�DQG��LV�DERXW�����NP�ORQJ��'XULQJ�
D�¿HOG�FDPSDLJQ�LQ�������WKH�HQWLUH�SHUPDIURVW�VHTXHQFH�RI�WKH�6RER�6LVH�<HGRPD�
FOL൵�KDV�EHHQ�VDPSOHG�LQ�����P�YHUWLFDO�LQWHUYDOV�E\�D�MRLQW�5XVVLDQ�*HUPDQ�WHDP�
>�@��)LJXUH����

)LJXUH����3UR¿OH�SRVLWLRQV�RI�VHGLPHQW�SUR¿OHV�62%�������62%������DQG�
62%������DV�ZHOO�DV�LFH�ZHGJH�SUR¿OHV�DW�WKH�6RER�6LVH�<HGRPD�FOLৼ�LQ������

DQG�����

The geochronological record of the Sobo Sise Yedoma spans the last 52 
ND� FDO� %3� EDVHG� RQ� UDGLRFDUERQ� GDWLQJ� DQG� DJH�KHLJKW�PRGHOOLQJ�� 7KH� VHTXHQFH�
GL൵HUHQWLDWHV�LQWR�WKUHH�FU\RVWUDWLJUDSKLF�XQLWV�WKDW�DUH�0,6���<HGRPD�,&����±���ND�
FDO�%3���0,6���<HGRPD�,&����±���ND�FDO�%3��DQG�0,6���+RORFHQH�FRYHU���±��ND�FDO�
BP). The cryostratigraphic sequence is not continuous, but has chronological gaps at 
36–32.5 ka cal BP, at 20.5–18 ka cal BP and at 12.5–9 cal ka BP (Figure 2). 
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)LJXUH����$JH�KHLJKW�UHODWLRQ�RI�WKH�6RER�6LVH�<HGRPD�FOLৼ�H[SRVXUH�VKRZQ�
LQ�FDOLEUDWHG�UDGLRFDUERQ�DJHV��1RWH�WKH�VDPSOLQJ�RYHUODS�RI�WKH�SUR¿OHV�62%���
����FLUFOHV���62%�������GLDPRQGV��DQG�62%�������VWDUV��DQG�WKHLU�DOLJQPHQW�WR�

FU\RVWUDWLJUDSKLF�XQLWV�$��%�DQG�&��7KH�KROORZ�V\PEROV�DJHV�RI�UHGHSRVLWHG�PDWHULDO�RU�
LQGLFDWH�LQ¿QLWH�UDGLRFDUERQ�DJHV

These gaps represent traces of past changes in climatic conditions as well as in 
permafrost deposition and/or erosion regimes. Similar observation have been made 
RQ�DGMDFHQW�<HGRPD�,&�VLWHV�RQ�%\NRYVN\�3HQLQVXOD�DQG�.XUXQJQDNK�6LVH�,VODQG�
�)LJXUH����DQG�DUH�OLNHO\�UHODWHG�WR�UHSHDWHG�RXWEXUVW�ÀRRGV�RI�JODFLDO�/DNH�9LWLP�
along the Lena Valley into the Arctic Ocean during MIS 3 and MIS 2 as proposed by 
0DUJROG�HW�DO��>�@�

7KH�FU\RVWUDWLJUDSKLF�XQLWV�RI�WKH�<HGRPD�FOL൵�DUH�FKDUDFWHUL]HG�E\�GL൵HULQJ�
properties of their clastic, organic and ice components. All units are built of poorly 
VRUWHG�VDQG\�VLOW�EXW�GL൵HU�LQ�SUHYDOHQW�JUDLQ�VL]H�IUDFWLRQV�UDQJLQJ�IURP�¿QH�VLOW�WR�
middle sand. The organic matter (OM) content is highest in the thin MIS 1 Holocene 
FRYHU��72&�RI����������ZW���71�RI���������ZW����EXW�VWLOO�VXEVWDQWLDO� LQ�0,6���
<HGRPD�,&��72&�RI���������ZW���71�RI���������ZW���DQG�LQ�0,6���<HGRPD�,&�
�72&�RI���������ZW���71�RI���������ZW����7KH�SUHVHQFH�RI�V\QJHQHWLF�LFH�ZHGJHV�
in all units and the high content of intrasedimentary ice amount to a total volumetric 
LFH�FRQWHQW�RI������YRO���7KH�KLJK�LFH�FRQWHQW�LQ�FRPELQDWLRQ�ZLWK�WKH�H[SRVLWLRQ�
RI� WKH�FOL൵� WRZDUGV� WKH�PDLQ� ULYHU�FKDQQHO� UHVXOWV� LQ�D�YHU\�KLJK�VXVFHSWLELOLW\� WR�
WKDZ�DQG�ÀXYLDO� WKHUPR�HURVLRQ��7KH�KLJK�PHDQ� FOL൵� HURVLRQ� UDWH� RI� �����P�\Uí�
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������������UHVXOWV�LQ�ODUJH�20�TXDQWLWLHV�HQWHULQJ�WKH�/HQD�5LYHU����������[���6 kg 
RUJDQLF�&�SHU�\HDU����������[���6�NJ�1�SHU�\HDU�������������DORQJ�WKH�����NP�ORQJ�
<HGRPD�FOL൵�>�@�

)LJXUH����&RPSDULVRQ�RI�LQWHUSUHWHG�FKURQRORJ\�JDSV��VKDGHG�UHFWDQJOHV��LQ�WKH�<HGRPD�
,&�UHFRUGV�IURP�%\NRYVN\�3HQLQVXOD�>�@��6RER�6LVH�,VODQG��WKLV�VWXG\��DQG�.XUXQJQDNK�
6LVH�,VODQG�>����@��,Q¿QLWH�UDGLRFDUERQ�GDWHV�DUH�JLYHQ�DV�KROORZ�V\PEROV��$JH�HYLGHQFH�
IRU�UHSHDWHG�PHJDÀRRGV�IURP�WKH�JODFLDO�/DNH�9LWLP�DORQJ�WKH�/HQD�9DOOH\�LQWR�WKH�$UFWLF�

2FHDQ�>�@�LV�VKRZQ�IRU�FRPSDULVRQ

2QJRLQJ�ÀXYLDO�G\QDPLFV�DQG�FKDQJLQJ�UXQR൵�UHJLPHV�ZLWK�H[WHQGHG�LFH�IUHH�
VHDVRQV�DQG�ZDUPHU�ZDWHU�ZLOO�PRVW� OLNHO\�PDLQWDLQ�KLJK�SHUPDIURVW�FOL൵�HURVLRQ�
UDWHV�LQ�WKH�IXWXUH�DQG�IXUWKHU�IDFLOLWDWH�KLJK�ÀX[HV�RI�WHUUHVWULDO�IRVVLO�20�LQWR�WKH�
riverine and eventually marine ecosystems. 

References

1. Grigoriev, M. N. Kriomorfogenez ust’evoi oblasti reki Leny, RAS SB, MPIY, 1993.
���:HWWHULFK�HW�DO���7KH�FU\RVWUDWLJUDSK\�RI�WKH�<HGRPD�FOL൵�RI�6RER�6LVH�,VODQG��/HQD�

Delta) reveals permafrost dynamics in the Central Laptev Sea coastal region during the last 
DERXW����ND��7KH�&U\RVSKHUH�'LVFXVVLRQV��XQGHU�UHYLHZ��KWWSV���GRL�RUJ���������WF����������

���0DUJROG�HW�DO��5HSHDWHG�PHJDÀRRGV�IURP�JODFLDO�/DNH�9LWLP��6LEHULD��WR�WKH�$UFWLF�
2FHDQ�RYHU�WKH�SDVW��������\HDUV��4XDWHUQDU\�6FL��5HY��������������������

���)XFKV�HW�DO��5DSLG�ÀXYLR�WKHUPDO�HURVLRQ�RI�D�\HGRPD�SHUPDIURVW�FOL൵�LQ�WKH�/HQD�
River Delta, Front. Earth Sci., 2020, 8, 336.

���6FKLUUPHLVWHU�HW�DO��/DWH�4XDWHUQDU\�KLVWRU\�RI�WKH�DFFXPXODWLRQ�SODLQ�QRUWK�RI�WKH�
&KHNDQRYVN\�5LGJH��/HQD�'HOWD��5XVVLD����D�PXOWLGLVFLSOLQDU\�DSSURDFK��3RODU�*HRJUDSK\��
������������������

���:HWWHULFK� HW� DO�� 3DODHRHQYLURQPHQWDO� G\QDPLFV� LQIHUUHG� IURP� /DWH� 4XDWHUQDU\�
SHUPDIURVW�GHSRVLWV�RQ�.XUXQJQDNK�,VODQG��/HQD�'HOWD��1RUWKHDVW�6LEHULD��5XVVLD��4XDWHUQDU\�
6FL��5HY�����������������±�����



ɍɋɌɈɃɑɂȼɈɋɌɖ�ɉɊɂɊɈȾɇɕɏ
ɂ�ɌȿɏɇɂɑȿɋɄɂɏ�ɋɂɋɌȿɆ�ȼ�ɄɊɂɈɅɂɌɈɁɈɇȿ

ɆȺɌȿɊɂȺɅɕ�ȾɈɄɅȺȾɈȼ�ȼɋȿɊɈɋɋɂɃɋɄɈɃ�ɄɈɇɎȿɊȿɇɐɂɂ
�ɋ�ɆȿɀȾɍɇȺɊɈȾɇɕɆ�ɍɑȺɋɌɂȿɆ�

ɩɨɫɜɹɳɟɧɧɨɣ����ɥɟɬɢɸ��ɨɛɪɚɡɨɜɚɧɢɹ�ɂɧɫɬɢɬɭɬɚ�ɦɟɪɡɥɨɬɨɜɟɞɟɧɢɹ�
ɢɦ��ɉ��ɂ��Ɇɟɥɶɧɢɤɨɜɚ�ɋɈ�ɊȺɇ

ɝ��əɤɭɬɫɤ��Ɋɨɫɫɢɹ���������ɫɟɧɬɹɛɪɹ������ɝ�

Ɋɚɛɨɬɚ�ɜɵɩɨɥɧɟɧɚ�ɜ�ɚɜɬɨɪɫɤɨɣ�ɪɟɞɚɤɰɢɢ
Ʉɨɦɩɶɸɬɟɪɧɚɹ�ɜɟɪɫɬɤɚ�Ⱥ��Ⱥ��Ɏɺɞɨɪɨɜɨɣ�

ɉɨɞɩɢɫɚɧɨ�ɜ�ɩɟɱɚɬɶ��������������Ɏɨɪɦɚɬ���ɯ���������
Ƚɚɪɧɢɬɭɪɚ�©Ɍɚɣɦɫª��Ȼɭɦɚɝɚ�ɩɢɫɱɚɹ�ʋ����ɍɫɥ�ɩɟɱ��ɥ���������ɍɱ��ɢɡɞ��ɥ������

Ɍɢɪɚɠ������ɷɤɡ��Ɂɚɤɚɡ�ʋ����

ɂɡɞɚɬɟɥɶɫɬɜɨ�ɢ�ɬɢɩɨɝɪɚɮɢɹ�ɎȽȻɍɇ�ɂɧɫɬɢɬɭɬ�ɦɟɪɡɥɨɬɨɜɟɞɟɧɢɹ�
ɢɦ��ɉ��ɂ��Ɇɟɥɶɧɢɤɨɜɚ�ɋɈ�ɊȺɇ�

��������ɝ��əɤɭɬɫɤ��ɭɥ��Ɇɟɪɡɥɨɬɧɚɹ������ɂɆɁ�ɋɈ�ɊȺɇ


