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(��������	
�, � 266071; ���������������, � 266003)

�� �������� E017 	
��	�����, �����	������

AMS14C��� !"����#��$%&', ( 18 cal. ka BP)*�����#��
+,

-./01234$%. �567�����#�
��	" 9.2 cal. ka BP) �89-8:

9) Bulimina aculeata (d’Orbigny), Uvigerina peregrina (Cushman), Hispid Uvigerina� Uvigerina

dirupta (Todd);<=. " 9.2 cal. ka BP )*�8>9) Epistominella exigua (Brady), Pullenia

bulloides (d’Orbigny), Cibicidoides hyalina (Hofker), Sphaeroidina bulloides (d’Orbigny) �

Globocassidulina subglobosa (Brady);<=. 
��	?@AB(BFAR)CDEF��GHIJ


��	KLMN;OPQR�����#�89-8:96+SDEF��TUV�WX8

>9, YZ"89-8:96+SDEF[��#�\��]^_`, abCcdefgU�h

i�jk�l. m�n�TUop�qrs E. exigua" 9.2 cal. kaBP)>�t�uvabQR8

>9wxyz{m�n|p}89-8:97~_�, �Z����h�wxyz{|p���

abtX#�. 
+,���CxV�������s����~r�����#�89-8:

9�
+,xV��}8>9�, QR89�������+,./��(�����#�


+,-{UED��. ��, ���
��	����/����� ¡¢67 18 cal. ka BP

)*��������� ¡¢]^_�, £� 9.2 cal. ka BP¤¥���� ¡¢¦§_`, Y

X¨© 3 cal. ka BPª«¬Nv�®�¯°.
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&�'����()*+,#-./[2,3]. 0123

�, Duplessy45678$%123� 700~2600 m

��9:;��(�<=>?@6A, BC$%&

�123�DEFG“HI�”JK [4]. Berger[5]�

Shackleton 4[6]LMN��23�OP+QRGS

T� AMS14C UVW078X$%-Y�Z, BC

GUV[\�“123��I�”]^_. `ab

4<c�N�$%���	d)� !efgh7

8X$%G123�“�I�”K , ijkl@

1000~2500 m��9:;[7]. 0m123�, Keigwin

e56n0$%coHpHI��<q=>rsn

#-�tu [8]. vw , 78$%&m123�H�

I�)*+6AG-YWx. yz�{�Cm12

3�|}�~pOI�(����@ 1000∼ 1200 m

�m123�H�I� [9], OI�	)*+m12

3�H�I����� . �� , yz�{078$

%�X%���3�, �yz�{+m123�

��=�tu, ��m123�H�I���
�

��yz�{�I��)*_�����, G�

@��yz�{����
�M���. � !�

<c�yz�{HN�E017S�OPGST��, �

� ¡�yz�{N� 255 S� !¢£[10], �yz

�{HN� 18 ka¤�OI�	)*���¥¦§¨.

1 �����

E017 S©@yz�{HN� (126ª01.38«E,

26ª34.45«N, ¬ 1), �� 1826 m, ® 2.98 m, ¯°

±²¤³´µ¶·*¸¹C�, pH 246∼ 248 cmº

³´µGST·I. =»¼ 2 cm�½¾¥¦»¿

�À, ÁÂÃÄ»¿ 148 °. GST��¼ 4 cm

�½¾¥¦Ä», Â��n 76 °»¿. »¿¼ÅÆ

�ÇÈÉÊËÌ, Í»ÎÏÐ� 63 µm �ÑÒyÓ,

Ô��ÕÖ×Ø×ÍÐÙ�, ÚÛÔ��(>63 µm)

�Ü�ÝÞ. �'@ 150 µm���¥¦nQR�O

PGSTßà�Ú, pHOPGST3áâ»�Ú

210 ã~Âr 90 ä 177 å. �OPGSTæçèM

¥¦ËÌ , é��K�êë�^�äå¥¦�ì ,

íîïð0 3 °»¿HÝÞñ 2%¤ò� 52 °äå

¥¦n Që�ó��.


 1 ������ E017 �� 255 ���


QRGSTôõ/©ö÷ø0ùúûü'�

Godwinýþ� !��, ��� 300∼ 350 µm��

�H�íhQRGST Globigerinoides sacculifer°(

20∼ 30ã0 SIRAë*��ò¥¦÷ø, pHδ18O��

	
�@±0.08‰, δ13C��	
�@±0.06‰. � 7°

I©¥¦n AMS14C UA÷ø, ���íhQRGS

T�å Neogloboquadrina dutertrei 1000ã¤ò, 0

ú������ !� AMS UA÷øH�÷øn

3 ° AMS14C UV, p� 4 °�1�'���t��

�����÷à . �æç÷UèM�� CALIB4.3

o�¥¦n� UV!"[11], 400 a�'�+��½�

Á�õ#$Wx%�o��&'((" 1).

� 1 ��� E017 � AMS14C ����/aBP

��/cm ���� 14C�� 	
�� ����

14~24 N.dutertrei 3170±60 2946 a)

98~100 N.dutertrei 8760±120 9234 a)

152~158 N.dutertrei 10750±85 12047 b)

172~176 N.dutertrei 11600±180 13064 a)

228~232 N.dutertrei 13560±140 15702 a)

246~248 N.dutertrei 15250±70 17653 b)

280~286 N.dutertrei 14950±75 17307 b)

a) �������������; b) ����� !"#

$% AMS�&��'(
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2 ����

2.1 �����

E017�� 84~88 cm� 248~266 cm�����

	
� , �
������������ , ��

������� !"#�$%&'(���)

(*+,); � 114~122 cm �-./0123��;

246∼ 248 cm �-��%#�$�	4� , 5

AMS14C 6789: 280∼ 286 cm %67�;<=,

>?�@��ABC#DEFG!"#�$

Ammonia spp.

HI E017 �% 7 J AMS14C 6KLIM�NO

P, NOPQR%6KSTUVWXYZ[\, ]^

_@�%6K`�ab, �cd@�e;fg_hi

jkl 18 cal. ka BPmn%jopqr�. 5
�s

t(uv./01��	
��wx)� 9.2 cal. ka BP

y+(�z 100cm �)#-J���� ({ 2), 9.2 cal.

kaBPmy
�st|}, ~�� 21.6 cm/ka; 9.2 cal.

kaBPm+
�st���), ~��9.2 cm/ka. ��,

��#�$ Pulleniatina obliquiloculata%&'A �

9.2 cal. ka BPy+������, ��������

��hijk[12].

��#�$δ18O � AMS14C 6K��%`��

�-�, 5� 232~203 cm� 156~120 cm�� (l�

��15.7∼ 14.4 cal. ka BP�12∼ 10.2 cal. ka BP)�δ18O

%�J�s���. �>�����J����s

� , ¡¢£¤¥¦§��s¨©%ª«� IA �ª

«� IB
[13]. ��, ��#�$%¬>���l9∼ 17

cal. ka BP�R��� , � ®'~�l 0.26‰, �

�¡¢¯°¦¨�±²~o% δ
13C³®)X´µ[14],

¶·_¸�G¹%r�.

2.2 ���	
��

E017�º#|&2%!"#�$»§, ¼ 5g½

¾�!"#�$&'��� 30~250¿ÀÁ(���v

�) ({ 3), 18 cal. ka BPmn%!"#�$&'Â§

�ÃCÄÅ�)%ÆÇ, � 9.2 cal. ka BPmy%¦�

-¦¨�&'|}, È�Q+%¦+�&'���).

� 84~88 cm� 248~266 cm�, !"#�$%&'�

�<), ¡¢%ÉÊ��¤��%ºËA�ÌÍ);

� 246∼ 248 cm�!"#�$&'�ÉÊ�(ÎÏ_

¤�Í}. !"#�$&'��Ð��%��ÑÒ

�� �	
�%ÓÔ.

ÕÇÖ×e;# Bulimina aculeata (d’Orbigny),

Uvigerina peregrina (Cushman), Uvigerina dirupta

(Todd), Hispid Uvigerina, Pullenia bulloides (d’Orbi-
gny), Cibicidoides hyalina (Hofker), Epis-tominella

exigua (Brady), Hoeglundina elegans (d’Orbigny),
Sphaeroidina bulloides (d’Orbigny), Gyroidina spp.,

Bulimina mexicana (Cushman)� Globocassidulina


 2 ��� E017 ��)��(-./�012

��������	
��
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 3 E017 �$%&�'34567859:&�';<=�>?<$%&�'34@,

����������

subglobosa (Brady)ÁØ�ÙJÖ×%ºË�ÚJÛÜ

�Ý¤ÞÂ§% 70%m�. ß{ 4�mcd, ÕÇÖ

×%�à� 100 cm�(l 9.2 cal. ka BP)Bá_��%

��, � 9.2 cal. ka BPm+%¦+�, m P. bulloides,

C. hyaline, E. exigua, S. bulloides�G. subglobosaÁ�

e; � 9.2 cal. ka BPmy%¦�-¦¨�, âá× B.

aculeate, U. dirupta, U. peregrina� Hispid Uvigerina

Ýeã`�. ��, äå�%zjæÓ»!"#�$

Cyclammina compressa (Cushman), Trochammina glo-

bigeriniformis (Parker and Jones), Rhabdammina spp.Á

çdC�ÛÜ 20 cmm�.

�èé`êë!"#�$Ö×%�àÑÒØ¡

52 Je;!"#�$Ö×ìí_ Q �îï�ð, [

\_�JYñòîï, óô_ÂYñ% 83.4%. H

I Q�îïõö�à({ 5)ØE017�Ú§��m��

�9��Øml 9.2 cal. ka BP�÷ØQye;øî

ï 1(F1)NOØQ+ùmîï 2(F2)�eØ��K¸ú

����À>%!"#�$Êû. îï 1(F1)óô_

ÂYñ% 60.8%, e;�à� 9.2 cal. ka BP my%¦

�-¦¨�, HIîï\��mcd(¸ 2), ¡@Êû

üýÍ%!"#�$# B. aculeate, U. peregrina,

Hispid Uvigerina� U. diruptaÁ, e;mbþ»�e

§; îï 2(F2)óô_ÂYñ% 22.6%, e;�à�

9.2 cal. ka BPm+%¦+�, ¡@ÊûüýÍ%Ö

×�°� E. exigua, P. bulloides, C. hyaline, S. bulloides

� G. subglobosaÁ, e;m~����»§�e.

3 ��

3.1 �������������

!"#�$��st(BFAR)�#��
��Ë

���	, }% BFAR ¡¢}%¸�jG
á��

�#��
��Ë,  ���á��%-J��

��%��[15,16]. E017� 18 cal. ka BPmn% BFAR

ÃÄÅ�)%ÆÇ, ��m�� 3 �, � 18∼ 13.5

cal. ka BP�R BFAR�¤�Í}; 13.5∼ 9.2 cal. ka BP

�R BFAR �¡��, ���-J�¡|}%G~;

9.2 cal. ka BPm+%BFARù�s�). Â§cn9.2

cal. ka BP my% BFAR ¶·_|}%#���Ë,

9.2 cal. ka BPm+ÏÎj!%#���Ë���).

ST Herguera %
¸���á��(pPP)%��

�þ: pPP=0.4ZkmBFAR0.5 ¡hijk¸���á�

�ìí_�[17], ÓÔ¸� 18 cal. ka BPmnhij
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 4 ������ E017 �� 255 �AB$%&�'CDEF34@,GFH

��������	
����; ������������


 5 E017 �$%&�' Q IJKLM5$%&�'NOP=(BFAR)5QRSTUV� BuliminaWUvigerina #34@,

��������	
����; ������������

k%¸���á��Ú§ÃÄÅ�)%ÆÇ({ 5): 9.2

cal. ka BPmy%¦�-¦¨�~� 161.9 gC m−2 a−1,

��}£hijk�:% 255 �¤��my%�

X[10]. 9.2 cal. ka BPm+%¦+���á�����

), ~��79.8 gC m−2 a−1, �255�¤��%�X

 !"#[10], $�C%hijk��G¹%6�3

&��á�� IP(106.5 gC m−2 a−1)[18]��'.

¸�jG��á��%�ër�ÑÒ���#

�$δ13C ���A�(Ï�¢%)I. ¸�G*+

��,'%��-./¸�jGδ13C � [19]. î�,

E017�l 9.2 cal. ka BP my% G. sacculifer δ13C)

X��¡¢_¸�jG*+��,'%��, 9.2 cal.
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� 2 E017 �$%&�'X 2 YJKZ#[\]^JK_8

�� �� 1 �� 2 �� �� 1 �� 2

Uvigerina peregrina 1.618 0.368 Pullenia bulloides 0.043 3.092

Uvigerina dirupta 1.125 0.260 Pullenia spp. 0.254 1.082

Hispid Uvigerina 1.531 0.878 Globocassidulina subglobosa −0.051 1.822

Bulimina aculeata 6.726 −0.205 Cassidulina carinata 0.232 0.296

Bulimina mexicana 0.552 0.386 Cassidulina laevigata 0.084 0.248

Bulimina submarginata 0.027 0.138 Islandiella islandica −0.029 0.202

Bulimina exilis 0.044 0.034 Epistominella exigua −0.473 4.203

Bulimina rostrata 0.165 0.227 Pseudoeponides japonicus 0.096 0.583

Bolivina spp. 0.113 0.399 Osangularia bengalensis 0.012 0.483

Praeglobobulimina spp. 0.391 0.257 Cibicidoides hyalina 0.106 2.820

Chilostomella spp. 0.006 0.761 Oridorsalis spp. 0.279 0.784

Globobulimina pacifica 0.030 0.039 Gyroidina broeckiana 0.012 0.922

Fursenkoina rotundata 0.107 0.005 Gyroidina orbicularis 0.017 0.580

Nodosaria inflexa 0.011 0.178 Gyroidina neosoldanii 0.111 0.150

Ehrenbergina pacifica 0.104 0.116 Gyroidina nipponica 0.048 0.240

Eggerella spp. −0.047 1.221 Lenticulina spp. 0.124 0.493

Sigmoilopsis spp. 0.112 0.098 Cibicides pseudoungerianus 0.067 0.291

Qinqueloculina spp. 0.446 0.147 Cibicides wuellerstorfi 0.197 0.373

Pyrgo depressa 0.251 0.174 Discorbis sp. 0.027 0.153

Pyrgo spp. 0.130 0.105 Nonion spp. 0.038 0.286

Biloculinella spp. 0.066 0.014 Nonionella spp. 0.083 0.161

Fissurina spp. 0.058 0.418 Pseudononion sp. 0.060 0.011

Parafissurina spp. 0.048 0.135 Melonis barleeanum 0.605 0.196

Hoeglundina elegans 0.827 0.061 Martinotiella spp. 0.073 0.181

Sphaeroidina bulloides −0.295 2.663 Trochammina globigeriniformis −0.023 0.198

Florilus spp. 0.080 0.090 Cyclammina compressa −0.022 0.186

ka BP m+ G. sacculifer δ13C��, ��¸�jG*

+��,'%�)({ 2).

hijk��:18 cal. ka BPmn
á��%r

����j~0���D1*+��%2�#	 .

¦�-¦¨�%)j~0, 3	4n%D1*+��

5"6�Ïhijk, ã�_¸���á��%7

}; ¤��¦+�8j~0�9, ì�jk:%*+

��;< , ã�_¸���á��%9� [10]. ß

E017 � 255 �%¡8nc, ¦�-¦¨�hijk�

:%��á��;}£�:, ���D1*+��

%"=Ëñ>#	.

!"#�$Þ?Ê&A���
á��%��.

Altenbach� SarntheinBC�¤¥@#jA�!"#

�$%�à(¸CdBN£¸�joá���ÏÎ

j!%#�¬�Ë%��[20], ¸�_C�D¢ w

x!"#�$BE%-J�;î�. î�, �À>%

C�D¢pq9ABE_À>×�%!"#�$ .

!"#�$âá× Uvigerina� BuliminaÖ!Tn¶

·}#���Ë�)�,'%
�pq[21]. ¡�j

%!"#�$FGBC, B. aculeata�U. peregrina�

#�¬�Ë£ 3.5 gC m−2 a−1%pq�Ýeã`�.

�hijk, B. aculeata AHTn¶·}¸�á�

�[22]. E017 ��, B. aculeate, U. peregrina, Hispid

Uvigerina�U. diruptaÁ}#���Ë�)�,'¶

·×e;dC� 9.2 cal. ka BPmy%¦�-¦¨�({

4), ¡¢£Êû F1, 5� Uvigerina � Bulimina %Â

ºË� 9.2 cal. ka BPmy~�Î 57%({ 5). @Êû

�hijk�: 255 �%¦�!"#�$Êû[10]%

e;Ö×-�({ 4 ). ¸�¦�-¦¨��R, hij

k��:�#|}%¸�jG
á���#��


��Ë, !�Gº�Ë|).

E017� 9.2 cal. ka BPmn%!"#�$Êûm

F2�e. @ÊûÍ�;%K¸× E. exiguae;áI

�
���G÷0%��JK�LM��ØmN�O
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P�CØQ¢£RSV��%C�D¢pq[23,24], �

RSV��|T%U*+:V5#WX�� [15,25],

 Yhþ#��2�%#Z¶·[\[26]. E. exigua�

)]'±oA )á��Êû%K¸�ï[27]Ø�h

ijkA^HTn¶·)á��pq [28]. î� , �

E017��, E. exigua� 9.2 cal. ka BPm+%ËdC,

À_��¸�
á���), >?A��_¦+�

`	RSVYhþ6�ab%���T. cd� 255

��8¦+�!"#�$Êû%e;�ï !�e,

�255��%E. exiguaf�£�¡°;%`�[10], ¸

�¤��¦+�hijk�:"B`	RSV6�

%T'��£�:.

F2Êû�%5gK¸×, h P. bulloides, C. hya-

lina� G. subglobosa�!AdC�#���ËUi%

U*+:, ¶·)á��pq[10, 27~30]. Êû F2�%�

ÐK¸�ï��_ 9.2 cal. ka BPmn¸�jG
á�

��#���Ë���), !�G¹%*+jk|).

��, F2 Êû�l-J�;Ö× S. bulloides, @×

�m²~oHn� }á��%¶·×[31]. È� E017

�� 255��, S. bulloides��¶·)á��%Ö×o

&Êû, ��¸�@×%&'�hijk��:�B

Ï5ghº�Ë�×RWXÁî�%wx.

3.2 ��������	
�

!"#�$À� !�G*+jk�¸�
á

��%pK¶[, >?A !�Gº�Ë�	�j

k%qr%¶·[\. E017 �� 255 ���· B.

aculeata%}&'XdC�¦�-¦¨�%���, È

�¦+�&'ò), Æ£¨s. U. peregrina%&'t

�·¦�-¦¨���}£¦+�%�àÑÒ({ 4).

��, E017 5gâá×, h Hispid Uvigerina � U.

dirupta mu 255 ��%v�)�ºË¶·×

Chilostomella oolina[10](#� B. aculeata� U. pere-

grina�>%�àÆÇ.

�� , !�G}©ó�ºË%v�¶·× C.

hyalina � G. subglobosa[21]��¤��¦+��·d

}%&'X, È� 9.2 cal. ka BPmy%¦�-¦¨�

`��&' !), ¸�cd�#|}%*+��

�Ë, �!�G%|)º�Ëw�ÀQû C. hyalina

� G. subglobosaÁx�×áy.

î�, HIC#!"#�$Þ?Ê&ÑÒ, hi

jk��:!�G¦+�%	�|¦�-¦¨�Iz,

ßÈ{�¦�-¦¨�?%!�G|��}#BÏ¦

�±~²~o�z�Gr�[4~6,8]%��wx. 5�

î�� ¦�-¦¨�)j0?, jkâ!�G�±

~²~o%�z�GQR%G§��b'<�, h

Ô����T%j�9#3	6�jk, -ã�j

G����ßÈì-�<�!�jG%	�T'.

3.3 ������

E017 ��£CKhijk¬��©z0

(1600∼ 1700 m)z'm9[32~33], ß@�%��#�$

O»t¶[�!"#�$�æÓ»��ºËc, l

9.2 cal. ka BP mn%¦+�¬��©óMT���

T, �hijk%©óMT�¦+��T�-�[10].

��#�$O»t��_ 18 cal. ka BPmnhijk

%¬��©óMT�m�� 3 J�� ({ 3): l

18∼ 13.5 cal. ka BP, ¬��©óMT|�; 13.5∼ 9.2

cal. ka BP, ¬��©óMT#@�T; 9.2 cal. Ka BP

Ì%¬��©óMT����, $�Í# 3 cal. la BP

mn¬��©óT'�ÌÍ. ¡¢%, E017�äå

�zjæÓ» Cyclammina compressa, Trochammina

globigeriniformis, RhabdamminaÖÁçdC�ÛÜ 20

cm m�, #��¸�hijkCKF©z0 Í#

3 cal. ka BP���o&%.

4 ��

hijk��:18 cal. ka BPmn%!"#�$

ÊûBá_����, � 9.2 cal. ka BPmy%¦�-

¦¨�m B. aculeate, U. peregrina, Hispid Uvigerina

� U. diruptaÁbþ»�e. � 9.2 cal. ka BPm+%

¦+�m E. exigua, P. bulloides, C. hyaline, S. bul-

loides� G. subglobosaÁ~����»§�e. !"

#�$��st(BFAR)�!"#�$Þ?Ê&Á�

�¶[-���hijk��:¦�-¦¨�¸�


á���#���Ë}£¦+�. �Ë�ÓÔì

-�¸�¦�-¦¨�¸�
á��ø��~ÄÅ�

T, ���D1*+��%"=Ëñ>#	. ��,
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Yhþ#��2�%¶·× E. exigua �¦+�%

ËdC����¦+�`	RSVYhþ6�|¦

�-¦¨����T, $�jk�:"B`	RSV

6�%T'��£�:.

!�Gº�Ë�	�jk%v�[\×�àÑ

Ò�·hijk��:¦�-¦¨�%!�G	�j

k|ñ, }#��)I�·¦�±~²~o�z�

Gr�¡hijk��:!�G¹V��á��%

wx. 5�î�� ¦�-¦¨�)j0?, hij

k��j��T, !�G�±~²~o%�z�G

QR%G§��b'<�@�. ��, !"#�$�
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